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PREFACE

The AISCLoad and Resistance Factor Design (LRFD) Specification for Structural
Steel Buildingsis intended @ o ver the @ mm n design criteria in r utioe ffice
practice. Aco rdingly, it is n t feasibleot als oc ver the many special and unique
problems eno untered within the full range f structural design practice. This AISC
Seismic Provisions for Structural Steel Buildinga separatead cument that addresses
one such ¢ pic: the design and ¢ nstraction f structural steel and © mp site structural
steel/reind rced ¢ ncrete building systems in seismicaegi ns. These Ry visi ns are
in three parts: Part | is intended f r the design aind ¢ nstouati n f structural steel
buildings; Part Il is intendedof r the design and ¢ nstracto n of canp site structural
steel/reind rced @ ncrete buildings; Part Il is anaall wable stress design alternative
to the LRFD povisbns br structural steel buildings in Part I. Additi nally, a lst f
SymloIs, a Gb ssary, and an n-mandat rg C mmentary with backgr urd inf omati n
are povided. The first letter(s) fov rds r terms that appear in the gl ssary are
generally capitalized tor ugh ut theseoPr wisi ns.

The AISC @ mmitteeo n Specificati n, TaskoC mmittee 113—Seismi Provisi ns is
resm nsibled o ng ing devel pmemt fthesedr \isi ns. Additi nally, the AIS&€ C m-
mitteeo n Specificati n has enhanced these Provisi ns thr ugh careful scrutiny, discus-
sion, suggest nd r imps vements, and end rsement. AISC further ackn wledges the
various @ ntributd nso f several @r up®t theoc mpleticn fthi®d cument: the Build-
ing Seismic Safety € uncil (BSSC), the Nati nal Scienoe F umndati n (NSF), the SAC
Joint Venture, and the Structural Engineersé\ss oiat n f @alif rnia (SEAOC).

The principal changes in this revisi ; f the Seismio Pr @isi ns are: extensive m d-
ifications o Special M ment Frames (SMF), the addition f special requirements f r
welded and b Ited@ nneati ns, an expanded diversity f structural steel systems, such
as Intermediate @ ment Frames (IMF), Special Truss M ment Frames (STMF), and
Special @ ncentrically Braced Frames (SCBF); the additi n f Part Il, whith ¢ vers
composite structural steel/reiaf rce@dc ncrete seismic systems; and, the inc o rati n
of Appendix S with po visb ns & r the evaluati © fm mentoc nneati n perf rmance
through testing.

By the AISC @ mmittee n Specificati ns, TasloC mmittee 113—Seismic Design,
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Symo s

Numbers in parentheses after the definito n fa sgmb | refert the &ecti n in either
Part lor Il of these Po visb ns in which the synab | is first used.

A Flange area, iA. (I-8)

Aq Gross area, id. (1-9)

Ag Cross-sect nal area f structural steel elementsdn comp site membérs, in.
(11-6)

AJ/ A, Ratio of cross-sect nal area f structural steelt the@gr ss area da ® mp site
column. (11-6)

A, Minimum areao f tie reind rcement, if. (11-6)

Asp  Horizontal areao f the steel plate iroc mp site shear walf, in. (I1-5)

Ay Areaof Link stiffener, in? (I-15)

A, Linkweb area, irt. (I-15)

D Dead bad dued the weiglat fthe structural elements and permanent features
on the building, kips. (I-4)
Outside diametes fa und HSS, in. (Table 1-9-1)

E Effectof horizontal and vertical earthquake-induced | ads. (I-4)
The no duluso f elasticity f steel, ksi. (1-6)

El Flexural elastic stiffness fthe oh rd members fthe special segment Kip-in.
(I-12)

Fy Specified minimum yield stress fthetype fsteelt be used, ksi. Asusedinthe
LRFD Specificat n, “yield stress” den tes either the minimum specified yield
point (for those steels that have ayield p i) rthe specified yield strength (f r
those steels thatad o t have yield p int). (I-5)

Fyw  Fyof abeam, ksi. (1-9)

Fyc  Fyof acolumn, ksi. (I-9)

Fye  Expected Yield Strength fstealt be used, ksi. (I-6)

Fyt+  Fyof coumn flange, ksi.

Fyn  Specified minimum yield strength f transverse reinf rcement, ksi. (11-6)

Fyw  Fyof the panel-p ne steel, ksi.

Fu Specified minimum tensile strength, ksi. (I-7)

H Average st ry height ab ve and lbel w a beam-b -c lunon ¢ nreecti n, in. (I-15)

K Effective length faai ré r prismatic member. (I-13)

L Live load due b o ccupancy and on veable equipment, kips. (I-4)
Span lengtlo f the truss, in. (1-12)
Unbraced lengtlo f@ mpressi m r bracing member, in. (I-13)

Lp Limiting laterally unbraced lengttof r full plastic flexural strength, wnif romm -
ment case, in. (1-12)

Ls Lengtho f the special segment, in. (I-12)

Mn.  Nominal flexural strengtio fthe dh rd member fthe special segment, kip in.
(I-12)



xii ® Symbols

MP
Mpa
pe

Nominal plastic flexural strength, kip-in. (1-9)

Nominal plastic flexural strength on dified by axial | ad, kip-in. (I-15)

Nominal plastic flexural strength using Expected Yield Streregth f steel, kip-in.
(I-8)

Required flexural strengthh n a memlweror j int, kip-in. (1-8)

Seo ndo rder effecd fe lumn axiabl ads and lateral deflecth n @ m ments in
members, kip-in. (1-9)

Nominal axial strengtto fa@ lumn, kips. (I-8)

Nominal axial strengtlo fa@ mp siteoc lumn, kips. (11-6)

Nominal axial ® mpressive strength f diag nal members f the special seg-
ment, kips. (I-12)

Nominal axial tensile strengtb f diag nal membars f the special segment,
kips. (1-12)

Nominal axial strengtlo fa@ mp siteoc lumn at zer eccentricity, kips. (11-5)
Required axial strengtth n ac lunmn ra Link, kips. (I-8)

Required axial strengthh f aoc mp site ¢ lumn, kips. (11-5)

Required axial strength nac lumninc mpressi n, kips. (I-9)

Nominal axial yield strengtlo f a member, which is equaFyA; , kips. (I-9)
Maximum unbalanced vertical | ad effectappliedt abeam by the braces, kips.
(I-13)

Effectof horizontal seismic 6 rces r duced by the base shéar, . (I-4)
Nominal strength. (1-9)

Required strength. (1-9)

Ratio of the Expected Yield Strengtky. ot the minimum specified yield
strengthF, . (I-5)

Srow load, kips. (I-4)

Design spectral resp nse accelarati n. (I-4)

Nominal shear strength f a member, kips. (I-9)

Nominal shear strength f the steel plate inca c anp site plate shear walls, kips.
(11-5)

Nominal shear strength f an active Link, kips. (I-15)

Nominal shear strength fan active Linkan dified by the axal | ad magnitude,
kips. (I-15)

Required shear strength n a member, kips. (I-9)

Distance fo mo po f steel beanotot p fa ncrete slab rencasement, in. (11-6)
Plastic secti nrm dulus fa member3n. (I-9)

Angle that diag nal members make with the horiz ntal. (I-12)

Width of compressd n element as defined in LRFD Specificati n $ecti n B5.1,
in. (Table 1-9-1)

Width of column flange, in. (I-9)

Flange width, in. (1-9)

Width of the @ ncrete ar ss-secti n minus the width fthe structural shape mea-
sured perpendiculaot the diregtion f shear, in. (11-6)

Nominal fastener diameter, in. (I-7)

Overall beam depth, in. (1-9)

Overall @ lumn depth, in. (1-9)

Overall panel-a ne depth betweem ¢ ntinuity plates, in. (1-9)

EBF Link length, in. (I-15)

Specified 0 mpressive strength d ¢ ncrete, ksi. (11-6)
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Cross-sect nal dimensi o f reiof rcedoc ncrete bc mp site ¢ lumn, in.
(11-6)

Assumed web deptlof r stability, in. (Table 1-9-1)

Cross-sect nal dimensi 0 ftheoc nfinedc re regi nin ¢ onp site ¢ lumns
measured centeot -center fthe transverse ceinf rcement, in. (11-6)

unbraced length between stitchies f built-up bracing members, in. (1-13)
Governing radius fgyrat n, in. (I-13)

Radiuso f gyratb nab w axis, in. (I-9)

Spacingo f transverse reimf rcement measured al ng dhe | ngitudinaloaxis f
the structural @ mp site member, in. (11-6)

Thickness f o nnected part, in. (I-7)

Thickness f beam flange, in. (1-9)

Thickness f o lumn flange, in. (1-9)

Thicknes= f flange, in. (Table 1-9-1)

Thickness f panel@ ne includingpd ubler plates, in. (1-9)

Thickness fweb, in. (Table 1-9-1)

Thickness f panel@ ne @ ubler-plate thickness n t necessarily included), in.
(1-9)

Width of panel-o ne betweernoc lumn flanges, in. (1-9)

Minimum plastic secti n m dulus at the Reduced Beam $ecti #, in. (1-9)
Design sb ry drift, in. (I-6)

Moment at beam andoc lumn centerline determined oy pr jecting thessum fthe
nominal @ lumn plastic m ment strength, reduced by the axial sttgs®\;, /
from the top and I tb mo f the beam @ menbc nnexti n. (1-9)

Moment at the intersedii b fthe beam and ¢ lumn centerlines determined by
projecting the beam maximum dewel pedm ments fr mthe ¢ lumn face. Max-
imum deved ped ma ments shall be determinea fr m test results. (1-9)
Horizontal seismico verstrength faat r. (1-4)

Deformation quantity usedot @ ntr Id ading fthe Test Specimen. (S6)
Valueof debrmatb n quantity at first significant yield f Test Specimen. (S6)
Ratio of required axial 6 rcd®, @ required shear strengtho fa Link. (I-15)
Slenderness parameter. (1-13)

Limiting slenderness parameter f # ¢ mpact element. (Table 1-9-1)

Limiting slenderness parameter f on n-c mpact element. (I-14)

Resistance faot r. (I-8)

Resistance faot rof re mpressi n. (I-13)

Resistance faot rof r shear strength f panel-zane f beamet -c lumn ¢ nnec-
tions. (1-9)

Resistance faot rof r the shear strength foa camp stte ¢ lumn. (11-6)

Ratio of distributed verticab r b rip ntal reird rcementt theagr ss wall area.
(11-5)
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Part | Gbssary

Applicable Building CodeThe building ©® de under which the building is designed.

Beam. A structural member that primarily funoti net carry | ads transverse t its
longitudinal axis; usually ad riz ntal member in a seismic frame system.

Braced Frame.A vertical truss system fa@ ncentric r eccentric type that resists lat-
eral forceso n the structural system.

Connection.A combination of joints used ¢ transmitd rces betweendw ram re
members. @ nnedcti ns are categ rized by the type arm ano uat ff rce transferred
(moment, shear, end reagti n).

Continuity Plates.Column stiffeners at theot p andobott ra f the panal-z ne;oals
known as transverse stiffeners.

Design EarthquakeThe earthquake represented by the Design Resp nse Spectrum as
specified in the Applicable Building&C de.

Design Story Drift. The amplified si ry drift determined as specified in the Applicable
Building Code.

Design StrengthResistance (f rce, m ment, stress, as appr priate) pr vided by el-
ementor o nnecti n; the pr duad f theon minal strength and the resistance
factor.

Diagonal Bracing. Inclined structural members carrying primarily axial | ad that are
empbyed b enable a structural fram® t actas atrasst resist lateral | ads.

Dual System A structural system with theof dl wing features: (1) an essentiatly ¢ m-
plete space frame thatqr vides soppatf r graviy | ads; (2) resistamce t lateral
load provided by no ment resisting frames (SMF, IMF r OMF) that are capable
of resisting at least 25 perceot fthe base shear and ¢ nerete r steel shear walls
or steel braced frames (EBF, SCBF r OCBF); and, (3) each system designed t
resist thed tal laterabl adin pr@ i ot its relative rigidity.

Eccentrically Braced Frame (EBF)A diagonally braced frame meeting the require-
ments in Secti n 15 that has at least ne end f each bracing menober ¢ n-
nected 6 a beam a sh rt distance fr moan ther beam-t -brace ¢ onexti n ra
beam-b -© lumn 0 nneati n.

Expected Yield StrengtiThe Expected Yield Strength f steel in structural members
is related ¢ the Specified Yield Strength by the multipigr

Fully Restrained (FR).Sufficient rigidity exists in the@ nnecti ot maintain the an-
gles between intersecting members.

Inelastic Rotation of Beam-to-Column Connectidine btal angle change between
the ® lumn face at theoc nnecti n and a line ¢ nnecting the beam irdlecti n p int
to the wlumn face, less that past f the angle change ccurring poi rt yield f
the beam.

Intermediate Moment Frame (IMF)A moment frame system that meets the require-
ments in Secti n 10.

Inverted-V-Braced FrameSee V-Braced Frame
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Joint. An area where two rra re ends, surfaces r edges are attached. J ints are cat-
egorized by the type ffastener rweld used and the meth @ ff rce transfer.

K-Braced Frame.An OCBF in which a paio fdiag nal braces | catedon ne side f
a @lumnis © nnectedbt a singlep int within the clear ¢ lumn height.

Lateral Support MemberA member that is designed t inhibit lateral buckliog r
lateral-b rsb nal bucklingp f primary framing members.

Link. In EBF, the segment fa beam thatés | cated between the@nds ftwodiag nal
braceso r between the emd f a diag nal brace and a ¢ lumn. The length f the
Link is defined as the clear distance between the endso f tw odiag nal bvaces r
between the diagy nal brace and tlee ¢ lumn face.

Link Intermediate Web Stiffenersfertical web stiffeners placed within the Link in
EBF.

Link Rotation Angle.The Link Rotatd n Angle is the inelastic angle between the Link
and the beam utside fthe Link when ttee t tad st ry drifEiSE / times the drift
derived using the specified base shear

Link Shear Design Strengtilhe lessep fthe design shear strength fthe Link devel-
oped from the no menb r shear strength f the Link.

Load and Resistance Factor Design (LRF).method of proportioning structural
components (memberspc nnect r& ¢ nnecting elements, and assemblages) such
that ro applicable limit state is exceeded when the building is subjeoted t all
appo priate b ad 0 mbinadi ns.

Moment Frame A building frame system in which seismic shear f rces are resisted
by shear and flexure in members amd ¢ nreectb ns f the frame.

Nominal loads.The magnitude® f theol ads specified by the Applicable Building
Code.

Nominal strength.The capacity fabuilding re mp nendt resistthe effectso fl ads,
as determined byoc mputati ns using specified material strengths and dimensi ns
and brmulas derived &r m accepted principkes f structural mechamics r by field
testso r lalo rat ry tests fscaledan dels,all wing f rom deling effects, and dif-
ferences between lab mt ry and field ¢ ndliti ns.

Ordinary Concentrically Braced Frame (OCBFA diagonally braced frame meeting
the requirements in Seoti n 14 in which all members f the bracing system are
subjected primarilyd axiald rces.

Ordinary Moment Frame (OMF)A moment frame system that meets the require-
ments in Secti n 11.

P-Delta Effect. Seo nde rder effead fe lumn axiabl ads after lateral deflectd n fthe
frameo n the shears andan ments in members.

Panel-zone.The web area fthe beam-tac lumo c nnecti n delineated by the exten-
sion of beam and @ lumn flanges thr ugh the ¢ nnecti n.

Partially Restrained (PR)lInsufficient rigidity exists in the@ nnecti mt maintain the
angles between intersecting members.

Reduced Beam SectioA ductile reductd nin co ss-seai o ver a discrete length that
promotes a » ne finelasticity in the member.

Required StrengthThe load effect (6 rce, m ment, stress, ras appr priate) aating n
amembep ro nnedi nthatis determined by structural analysis fr m the fact red
loads usingthe rm stappr priate critical | ad ¢ mbirati os, ras specifiedin these
Provisions.

Resistance FactorA factor that aco untsd r unav idable deviati ns in the actual
strengtlo famember @ nneoti ndr mtheoN minal Strength amd f r the manner
and © nsequences ffailure.
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Seismic Design CategonA classificato n assigneat a building basedup n such fac-
tors as itso ccupancy and use.

Seismic Force Resisting Systeithe assembly f structural element in the building
that resists seismiof rces.

Slip-critical Joint. A bolted joint in which slip resistance n the faying surface¢s) f
the @ nnecb n is required.

Special Concentrically Braced Frame (SCBHA.diagonally braced frame meeting
the requirements in Seoti n 12 in which all members f the bracing system are
subjected primarilyd axiald rces.

Special Moment Frame (SMFA moment frame system that meets the requirements
in Secton 9.

Special Truss Moment Frame (STMFA.truss mo ment frame system that meets the
requirements in Secti n 13.

Static Yield StrengthThe strengtlo f a structural member @ ¢ nnecti n that is deter-
minedo n the basig ftesting thatis ¢ nducted under sh @i a mic | ading until
failure.

Structural SystemAn assemblag® fol ad-carryingoc mp nents that ase j ined t -
getherd po vide interacti m rinterdependence.

V-Braced Frame.A concentrically braced frame (SCB¥# r OCBF) in which a pair f
diagonal bracesdl cated either@b we riel wabeanoisc nneotedt asiogle p int
within the clear beam span. Where the diag nal braces ace bel w the beam, the
systemis als referredt as an Inverted-V-Braced Frame.

X-Braced Frame.A concentrically braced frame (OCBF) in which a pair fdaag nal
braces av sses near mid-length fthe braces.

Y-Braced Frame An Eccentrically Braced Frame (EBF) in which the stem fthe Y is
the Link of the EBF system.
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1.

SCOPE

These Py vigh ns are intendeal f rthe design and ¢ nswucti n fstructural steel
members and nneoti ns in the Seismic F rce Resisting Systems in buildings
for which the designd rces resultingdr m earthquake m ti ns have been deter-
minedo n the basie fvasi uslevets fenergy dissipati nin the inelastic range
of resppnse. These Br visi ns shall appty t buildings that are classified in the
Applicable Building @ de as Seismic Design Caieg ryd ( r equivalent) and
highero r when required by the Engineer f Rec rd.

These Po vig) ns shall be applied io ¢ njurecti n with the AllSéad and Re-
sistance Factor Design (LRFD) Specification for Structural Steel Buildings,
hereinafter referreat asthe LRFD Specifioati n. Allmembers and ¢ rmecti ns
in the Seismic B rce Resisting System shall have a design strength as pr vided
in the LRFD Specificati nd resiste. ad&C mbinati ns A4-1thr ugh A4-6 and
shall meet the requirements in these Pr osisi ns.

Part | includes a @l ssary, which is specifically applicalde t this Part, and
Appendix S.

REFERENCED SPECIFICATIONS, CODES AND STANDARDS

The b cuments referenced in these Pr wisi ns shall include th se listed in
LRFD Specificath n Seati n A6 with theof d wing additi ns andan dificati ns:

American Instituteo f Steel € nstructi n

Load and Resistance Factor Design Specification for Structural Steel Build-
ings,December 1, 1993

Specification for the Design of Steel Hollow Structural Sectidpsi 15, 1997

American 9 cietyo f Civil Engineers

ASCE 7-95

American 9 ciety é r Testing and Materials

ASTM A6-96b ASTM A500-93 ASTM A673-95
ASTM A36-96 ASTM A501-93 ASTM A913-95a
ASTM A53-96 ASTM A572-94c

ASTM A283-93a ASTM A588-94

American Welding 8 ciety
AWS D1.1-96

Research @ uncid n StructuraloC nnexti ns
Load and Resistance Factor Design Specification for Structural Joints Using
ASTM A325 or A490 Boltdune 3, 1994

SEISMIC DESIGN CATEGORIES

Seismic po visd ns, the required strength f r Seismic Design Gateg ries, Seis-
mic Use Go up® r Seismic@ nes and the limitati ms n height and irregularity
shall be as specified in the Applicable Building C de; r,whenn buildimgc de
is applicable, as dictated by the ¢ nditi nsinv Ived.
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TABLE [|-4-1
System Overstrength Factor,
Seismic Force Resisting System Q,
All moment-frame systems meeting Part | requirements 3

Eccentrically Braced Frames (EBF) meeting Part | requirements | 2%

All other systems meeting Part | requirements 2

LOADS, LOAD COMBINATIONS AND NOMINAL STRENGTHS
Loads and Load Combinations

The lbads andd ad @ mbinati ns shall beoth se in LRFD Specificati n Sec-
tion A4.1, except as m dified tbr ugh ut theseoPr wisi ns.

Qe is the ho rio ntal © mp nenb f the earthquake | ad E required in the Ap-
plicable Building @ de. Where required in thes@Pr @isi ns, an amplified h r-
izontal earthquaked a@,Qe shall be used in lieuQf  as givenin the |l ad
combinatons bed w. The terf), is the System Overstrengthd-act r as defined
in the Applicable Building @ de. In the absenze fsuch definitilg, shall be
as listed in Table 1-4-1.

The additd nal b ad o mbinati ns using the amplified h @iz ntal earthquake
load are:

12D+ 05L+ 0B+ Q. Q (4-1)
0.9D — Q,Q¢ (4-2)

Excepton: Theb adfact o b inb ad @ mbinati n 4-1 shall equal 100 f r
garages, areas ccupied as plazes f public assembly and all areas where the
live load is greater than 100 psf.

Orthogonal earthquake effects shall be included in the analysis as required in the
Applicable Building @ de, except that, when ¢ nsiderato n f the 10a@e
is requiredp rtlo @ nal earthquake effects need n t be included.

Nominal Strength

The ro minal strengtlo f systems, members and ¢ noecti ns shall meet the re-
quirements inthe LRFD Specificati n, exceptas m dified thraugh utthese Pr -
visions.

STORY DRIFT

The Design St ry Drift and st ry drift limits shall be determined as specified in
the Applicable Building @ de.

MATERIALS

Material Specifications

Structural steel used in the Seismic F rce Resisting System shall meet the re-
quirements in LRFD Specificati n Secti n A3.1a, except as m dified in this
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6.2.

6.3.

7.2.

Sectb n. F r buildingso ven ne st ry in height, the steel used in the Seismic
Force Resisting Systems described in Secti ns 9, 10, 11, 12, 13, 14 and 15
shall meeb ne fthed b wing ASTM Specificaii ns: A36, A53, A500 (Grade

B or C), A501, A572 (Grade 42 r 50), A588 r A913 (Grade 60 r 65). The
steel usedd re lumn base plates shall meetone fthe preceding ASTM spec-
ifications or ASTM A283 Grade D. The specified minimum yield strength f
steelb be usedf rmembers in which inelastic bebavi ris expected urder L ad
Combinatbns 4-1 and 4-2 shallon t exceed 50 ksi unless the suitability fthe
material is determined by testitng or ther @ti nal criteria. This lim@ation d es
not apply b @lumns 6 r which the nly expected inelastic belmvi ris yielding
at the © lumn base.

Material Properties for Determination of Required Strength
for Connections or Related Members

When required in these ®r visi ns, the required strergth 6a ¢ nmecti n r
related member shall be determined fr m the Expected Yield Stréfigth f
the ® nnected member, where

Fye = RyFy (6-1)

F, is the specified minimum yield strength f the gramle f steel t be used.

For rolled shapes and barR, shall be taken as @.5f r ASTM A36 and 1.3
for A572 Grade 42. B ro lled shapes and barso f ther gragles fsteel@and f r
plates,R, shall be taken as 1.1. Other valoe®, f  are permitted t be used if
the valueo fFy. is determined by testing that s ¢ nducted iracc rdance with

the requirementf r the specified gragle f steel.

Notch-Tough Steel

When they are used as members in the Seismic F rce Resisting System, ASTM
A6 Group 3 shapes with flanges,1 / -in. thick and thicker, ASTM A& Gr ups

4 and 5 shapes, and plates that ake 1/-in. tbick r thicker in built-ap cr ss-
sectb ns shall have a minimum Charpy \éN tch (CVN) t ughness f 20 ft-Ibs
at 70 degrees F, determined as specified in LRFD Specificati noSecti n A3.1c.

CONNECTIONS, JOINTS AND FASTENERS

Scope

Connectb ns, ¢ ints and fasteners that are part f the Seismic F rce Resisting
System shall meet the requirements in LRFD Specificati n Chapter J, except
as no dified in this Seati n.

Bolted Joints

7.2a. All bdts shall be fully tensd ned high-strengttob Its. All faying sur-
faces shall be prepared as required f r Class A r better slip-critical
joints. The design shear strength 6 b Ited j ints is permitted t be
calculated as thabf r bearing-type j ints.

7.2b. Bolted joints shall ro t be designeadt sham | ad io ¢ mbinati n with
weldso n the same faying surface.

7.2c. The bearing strength fd Itedj ints shall beopr vided using either
standard b les rsh rt-gl ttecbh les with thesl t perpendicutart the



7.3.

8.2.

7.2d.

7.2e.
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line of farce, unless an alternativeoh le type is justified as part f a
tested assembly; see Appendix S.

The design strengthh fdo Ite@] ints in shear amd/or ¢ mbined ®@nsi n
and shear shall be determined in@acc rdance with LRFD Speaificati n
Sectb ns J3.7 and J3.10, except that tbe n minal bearing strength at
bolt holes shall o t be taken greater than@®B,

Bolted connecto ns & r members that are a part f the Seisndc F rce
Resisting System shall be c nfigured such that a ductile limit-state
either in the o nnecdi m rin the membeo c atr Is the design.

Welded Joints

7.3a.

7.3b.

7.3cC.

Welding shall be ped rmed in aoc rdance with a Welding Pr cedure
Specificatb n (WPS) as required in AWS D1.1 and appr ved by the
Engineen fReo rd. The WPS variables shall be within the parameters
established by the filler-metal manufacturer.

All camplete-joint-penetrath n goo ve welds used in the Seisméc F rce
Resisting System shall be made with a filler metal that has a minimum
CVN toughness f 20 ft-lbs at minus 20 degrees F, as determined by
AWS classificath o r manufacturer certificati n. This requirementf r
notch toughness shall als apply m ther cases as required in these
Provisions.

For members anda: nneoti ns that are part fthe Seismic F rce Re-
sisting System, disc ntinuities created byocerrors r by fabrecat n r
erectd no perab ns, such as tack welds, erecti n aids, air-arc g uging,
and flame cutting, shall be repaired as required by the Engmeer f
Remrd.

COLUMNS

Scope

Columns in the Seismicd- rce Resisting System shall meet the requirements in
the LRFD Specificati n and in this Seati n.

Column Strength

WhenP, kP, is greater than 0.4, the requirements in $ecti ns 8.2a, 8.2b and
8.2c shall be met.

8.2a.

8.2b.

8.2c.

The required axial@ mpressive strength, ¢ nsidered in the absence f
any applied m ment, shall be determineal fr m L aol C mbimati n 4-1.

The required axial tensile strengtig ¢ nsidered in the absence fany
applied no ment, shall be determined fr m L ad C mbipati n 4-2.

The required strengths determined in Secti ns 8.2a and 8.2b weed n t
exceed eitheo ftheof d wing:

a. The maximumd ad transferred t the ¢ lumo c nsideringR] 1
times the 0 minal strengths f the@c nnecting beam r brace ele-
mentso f the building.

b. The limit as determined dr m the resistanze f tloe f unaation t
overturning uplift.
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8.3.

9.2.

Column Splices

The design strengih foc lumn splices shallmeet r exceed the required strength
determined fo m Seati n 8.2.

8.3a.

8.3b.

Column splices that are made with fillet welds r partial-j int-
penetrath n goo ve welds shallon tbe | cated within 4 firor ne-half
the @ lumn clear height f beanot ec lummc nnexti ns, whichever is
less. Welded@ lumn splices that are subjectt a calculated net tensile
stress under & ad € mbinati n 4-2 shall be made using filler metal
with CVN toughness as required in Sexti n 7.3b and shall meet b th
of the foll aving requirements:

1. The design strength f partiad-j int-penetmti nogr ve welded
joints shall be at leastequalt 200 percent fthe required strength.

2. The minimum required strength f r each flange shall be 0.5 times
R, Fy As, where R, F, is the Expected Yield Strength fthe ¢ lumn
material andd; is the flange area fthe smaller ¢ luran c nnected.

Beveled transit ns areon t required when changes in thickness and
width of flanges and webs ccur inoc lumn splices where partial-
joint-penetrato n goo ve weldedj ints are permitted acc rdiegt Sec-
tion 8.3a.

SPECIAL MOMENT FRAMES (SMF)

Scope

Special M ment Frames (SMF) are expected t withstand significant inelastic
deformatb ns when subjected t the f rces resulting fr m the m tions f the
Design Earthquake. SMF shall meet the requirements in thisdSecti n.

Beam-to-Column Joints and Connections

9.2a.

The desigro f all beamet & lumroj ints andc nnexti ns used in the
Seismic B rce Resisting System shall be based up n qualifying cyclic
testresults in ae rdance with Appendix S that dem nstrate an inelas-
tic rotation of at least 0.03 radians. Qualifying test results shall ¢ nsist
of at least two cyclic tests and are permitted t be based up no ne f
the following requirements:

a. Testsrep rted in research @ d cumented testoperf rmedl f r ther
projects that are dem nstrated t reas nably matah pr ject ¢ ndi-
tions.

b. Tests that areacc nducted specifically f r the pr ject and are repre-
sentativeo f po ject member sizes, material strengtos, ¢ nmecti n
configuratb ns, and matchingoc nneati n@r cesses.

Interpolationor extra latd no f test resultof r different member sizes
shall be justified by rabti nal analysis that dem nstrates stress distri-
butions and magnitudes f internal stresses that are ¢ nsistent with
the tested assemblies and that ¢ nsiders the adverse effects f larger
material and weld thickness and vargati ns in material pr perties. Ex-
trapo lation of test results shall be basedoup n similar ¢ mbimations f
member sizes.
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The actual 0 nneati ns shall b c nstructed using materials, ¢ nfig-
urations, po cesses and qualitp ¢ otr | and assurance oneth ds that
match as d sely as is practicableth se fthe tested ¢ nmecti ns. As
a minimum, the qualitye ntr | and assurance neeth ds shall meet the
requirements in Secti n 16. Beams with a tested yield strength that
is more than 15 percent bel #,. shalbn t be used in qualifecati n
testing.

Beam-b -© lumn o© nnecti n testing shall dem nstrate a flexural
strength, determined at the ¢ lumn face, that is at least equal t the
nominal plastic ne meno f the beaml, at the required inelastic
rotation (see Appendix S), except as DIl ws:

a. When beamal cal buckling rather than beam vyielding limits the
flexural strengtto f the beano, r wherm c nnecti nsdn® rp rating
a Reduced Beam Segti n are used, the minimum flexural strength
shall be 0 81, o f the tested beam.

b. Connectd ns that acc mon date the required r dati ns within the
connecting elements and maintain the design strength as specified
in Sectd n 1 are permitted, pr vided it can be dem nstrated by rati -
nal analysis that any additi nal drift due to c nnecti ndef rmati n
can be ace mm dated by the building. Suchaati nal analysis shall
include the effects & verall frame stability including ec ad- rder
effects.

The required shear strength o f a beam-b -c lunon ¢ nmecti n shall
be determined using the | addc mbimati n2 . 1065 . D2 plus
the shear resulting ér m the application f RIF,Z  in the gp site
sensen n each eml fthe beam. Alternatively, a lesser valMg f is
permitted if justified by rati nal analysis. The required shear strength
need o t exceed the shear resulting fr m L aal C mbmati n 4-1.

9.3. Panel-Zone of Beam-to-Column Connections
(beam web parallel to column web)

9.3a.

Shear Strength: The required shear strefiyth fthe panel-z ne shall
be determined by applyingoll adoC mbinati ns 4-1 and 4-2t the c n-
nected beano r beams in the plame f the frame at the c IuRpn.
need o t exceed the shear f rce determined fr m 0.8 g3V, o f
the beams framingot theoc lumn flanges at tloe ¢ nmecti n. The de-
sign shear strength,R, 0 f the paneal-z ne shall be determined using
¢y = 0.75. WhenP, = 07%, ,

(9-1)

2
R, = 0.6Fydctp[1+ 3b°ft°‘}

dbdctp

WhenP, > Q 7%, ,R, shall be calculated using LRFD Specificati n
Equato n K1-12. In the abb ve equati n,

tp, = total thickness f panela ne includingpd ubler plate(s), in.
d. = overall column depth, in.
b.s = width of the wlumn flange, in.
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9.4.

9.5.

9.6.

9.3b.

9.3c.

te thickness f the @ lumn flange, in.

dp overall beam depth, in.

F, = specified minimum yield strength f the panel-z ne steel,
ksi.

Panel-5 ne Thickness: The individual thicknesses of c lumn webs
and d ubler plates, ifused, shatl conf rmt the DIl wing requirement;

t = (d, + Wy)/90 (9-2)

where

t = thicknes® fo lumnwelo rd ubler plate, in.
d, = panel-o ne depth between c ntinuity plates, in.
w, = panel-o ne width betweeroc lumn flanges, in.

Alternatively, when ¢ cal buckling f the@ lumn web andd ubler
plate is prevented with plug welds between them, the t tal pamel-z ne
thickness shall satisfy Equati n 9-2.

Panel-5 ne @ ubler Plates:d ubler plates shall be welded t the ¢ I-
umn flanges using either @ c mplete-j int-penetrati oogr ve-welded
or fillet-welded jint that deved ps the design shear strermgth fthe full
doubler plate thickness. Wherod ubler plates are placed against the
column web, they shall be welded acr ssthet p andd tt m edges t
devebpthe pp p rd no fthed tald rce thatis transmitted t the d u-
bler plate. Whend ubler plates are placed away fr m the ¢ lumn web,
they shall be placed symmetrically in pairs and weldedat ¢ ntinuity
platest deveal pthe pr @ i o ftheot talf rce thatis transmitted t
the b ubler plate.

Beam and Column Limitations

9.4a.

9.4b.

Beam Flange Area: Abrupt changes in beam flange areagare n t per-
mitted in plastic hinge regi ns. Thedrillirgy fflangeh les rtrimming

of beam flange width is permitted if testing dem nstrates that the re-

sulting @ nfigurath n can devel p stable plastic hinges that meet the

requirements in Seati n 9.2b. The Reduced Beam &ecti n shall meet
the design strength as specified in Secti n 1.

Width-Thickness Rati s: Beams shafl c mply with  in Table I-9-1.
When the rath in Equati n 9-3 is less than requalt 1.25, ¢ lumns
shall @ mply withA, in Table I-9-1. Otherwisepc lumns shall c mply
with A, in LRFD Specificat n Table B5.1.

Continuity Plates

Continuity plates shall be pr videdt match the tested ¢ nmecti n.

Column-Beam Moment Ratio

The following relationship shall be satisfied at beam-t-c lunm ¢ nnecti ns:

> Mg

P> 10 (9-3)
Z Mpb
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TABLE [-9-1
Limiting Width Thickness Ratios Ap
for Compression Elements

Wwidth- Limiting Width-
Thickness Thickness Ratios

Description of Element Ratio Ay
Flanges of |-shaped bit 52/ /F,
rolled beams, hybrid
or welded beams and
channels in flexure
Webs in combined helt, For P,/¢pP, = 0.125
flexural and axial
compression 520 {1 — 154 Pu }

JE PPy

For Py/¢pPy, > 0.125

191 [ Py } _ 253
ARG

Round HSS in axial Dit 1300/F,
compression or flexure
Rectangular HSS in bit or h/t 110//F,
axial compression or
flexure
where

> Mg, = The suno fthe m ments in thec lumnab ve anddel wihej int
atthe interseati w fthe beam and ¢ lumn centerlingdd ;. is
determined by summing the@r jecti s fthe n minal flexural
strengtho f the@ lumn (including haunches where used) ab ve
and beb w the ¢ intd the beam centerline with a redaction f r
the axial brce in the @ lumn. It is permittedt take My, =
> Z(Fyc — Pud Ag. When the centerlines d mp sing beams in
the sameq intd o to incide, the mid-line between centerlines
shall be used.

> Mg, = The sunp fthe m ment(s) in the beam(s) atthe interseati n fthe
beam ande lumn centerlines, My, is determined by summing
the pojectd nso f the n minal beam flexural strength(s) at the
plastic hinged cat n(s)d thea lumn centerline. It is permitted
totake> My, = > (1 R/ M, + M, ), whereV, is the additi nal
moment dued shear amplificati ndr m the | catia f the plas-
tic hinge b the o lumn centerline. Alternatively, it is permitted
to determine>, M, fo m test results as required in Secti n 9.2a
or by rational analysis based ap n the tests. When ¢ nnecti ns
with Reduced Beam Seoti ns are used, it is permitted t take
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> My, = >(L.1IRFyz+ M), wherez is the minimum plastic
sectd n o dulus at the Reduced Beam Secti n.

Aq = gross are@ fo lumn, iA.

Fyc = specified minimum yield strength tc lumn, ksi.

Puc = required o lumn axiale mpressive strength, kips¢a p sitive num-
ber).

Z: = plastic sect nm dulus fthea lumn, .

When © lumns o n§ rmd the requirements in Secti n 9.4, this requirement
does ro t apply in the case® c vered in Secti ns 9.6a and 9.6b:

9.6a. Columns withP,. < Q0 F, Ay Or all bad © mbinat n® ther than
those specified in b ad € mbinati ns 4-1 and 4-2 that meet either f
the following requirements:

1. Columnsusedina net rybuilding rthet st oy famultist ry
building.

2. Columns where: (1) the sum fthe design shear strergths fall ex-
empted o lumns in thest ry is less than 20 peraent fthe required
story shear strength; and (2) the sam fthe design shear stremgths f
allexempted @ lumne n eaclvc lumn line within that st ry is less
than 33 percent fthe requiredst ry shear strermgth n thatc lumn
line. Forthe purp s@ fthisexcepti n, @c lumn line is defined as a
single lineo f ® lumn9 r parallellines fa lumnsl cated within 10
percenb fthe plan dimernsi n perpendiculart the lmeofc lumns.

9.6b. Columns in any si ry that has a ratd f design shear strength t re-
quired shear strength that is 50 percent greater thandhe story ab ve.

9.7. Beam-to-Column Connection Restraint

9.7a. Restrained @ nnedi ns:

1. Columnflanges atbeans-t ac lumoc nnecti nsrequire lateral sup-
port only at the leveb fthet p flanges fthe beamswheroac lumn
isstown b remain elastic utside fthe panal-z ne under either f
the following conditions:

a. Therath calculated using Equati n 9-3 is greater than 1.25.
b. The ® lumn remains elastic undeo L ad C mbinati n 4-1.

2. When a 0 lumn carin t be sh wnt remain elastic utside fthe
panel-o ne, thed B wing requirements shall apply:

a. The o lumn flanges shall be laterally sapp rted at the lewels f
both the bp and b tt m beam flanges.

b. Each o lumn-flange lateral supp rt shall be desigreed f r a re-
quired strength that is equal t 2 percent fthe n minal beam
flange strengthRy bty ).

c. Column flanges shall be laterally supp rted, either direotly r
indirectly, by means ftheac lumnweb r by the flanges fper-
pendicular beams.
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10.1.
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9.7b. Unrestrained @ nnedcti ns: Aoc lumnoc ntaining a beam-b -c lumn
connectd n with ro lateral supp rt transverse t the seismic frame at
the @ nnecb n shall be designed using the distance between adjacent
lateral supp rts as theoc lumn heightt f r buckling transvese t the
seismic frame and shalbc of rnot LRFD Specifiaati n Chapter H,
except that:

1. The required @ lumn strength shall be determined fr m LRFD
Specificatd n lo ad © mbinati n A4-5, excepttiat shall be taken
as the lesser f:

a. The amplified earthquake f rék,Qe

b. 125 percenb f the frame design strength based up n either
the beam design flexural strengith r panel-z ne design shear
strength.

2. The slendernedsr /of rthec lumn shadl n t exceed 60.

3. The © lumn required flexural strength transverse t the seismic
frame shall include that m ment caused by the applicati n f the
beam flanged rce specified in Secti n 9.7a.2.b in additon t the
se® nde rder m ment du@t the resulting ¢ lumn flange displace-
ment.

Lateral Support of Beams

Both flangeso f beams shall be laterally swpp rted directly r indirectly. The
unbraced length between lateral sopp rts shall n t exceed 26Q0 / . In addi-
tion, lateral supp rts shall be placed near ¢ ncentrated f rces, changes in cr ss-
sectb n ando therd cati ns where analysis indicates that a plastic hinge will
form during inelastic def rmati ns fthe SMF.

If members with Reduced Beam Secti ns, tested imacc rdance with Appendix
S are used, the placement f lateral support f r the member shabl be ¢ nsistent
with that used in the tests. Any lateral sopp rt adjacentt the Reduced Beam
Sectd n shall meet the requirements in Secti n 15.5.

INTERMEDIATE MOMENT FRAMES (IMF)
Scope

Intermediate M ment Frames (IMF) are expectedt withstand m derate inelas-
tic deformatb ns when subjected t the f rces resulting fr m the m tions fthe
Design Earthquake. IMF shall meet the requirements f this &ecti n and shall
be designeds that the earthquake-induced inelastic def amati ns are acc m-
modated by the yielding fmembeos fthe frame when FR m mentc noecti ns
are used r by yielding fe nnedi n elements when PR m ment ¢ naecti ns
are used. FR and PRan memt ¢ nnecti ns are described in LRFD Speaificati n
Sectbn A2.2.

IMF shall onform o the requirementsof r SMF in Seati n 9 except f r the
fal aving m ddificati ns:

Replace Sections 9.2a and 9.2b with Sections 10.2a and 10.2b as follows:
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10.2. Beam-to-Column Joints and Connections

10.2a. The desigm f all beamet « lumroj ints andc nnexti ns used in the
Seismic B rce Resisting System shall be based up n qualifying cyclic
testresults in ae rdance with Appendix S that dem nstrate an inelas-
tic rotation of at least 0.02 radians. Qualifying cyclic tests results shall
consistof at least tw cyclic tests and shall meet the requirements in
Sectbn 9.2a.

10.2b. Beam-b -@ lumn © nnecti n testing shall dem nstrate a flexural
strength, determined at the ¢ lumn face, that is at least equal t the
nominal plastic no menio f the beaml, at the required inelastic
rotation (see Appendix S), except as Bll ws:

a. When beamadl cal buckling rather than beam vyielding limits the
flexural strengtto f the beanm, r whem ¢ nnecti nsan® rp rating
a Reduced Beam Segti n are used, the minimum flexural strength
shall be 0 81, o f the tested beam.

b. Connectd ns that acc me date the required rdati ns within the
connectd n elements and maintain the design strength as specified
in Sectdb n 1 are permitted, pr vided it can be dem nstrated by rati -
nal analysis that any additi nal drift due to c nnecti ndef rmati n
can be acc mm dated by the building. Suchaati nal analysis shall
include the effects & verall frame stability including sec md rder
effects.

Replace Section 9.4b with 10.4b as follows:

10.4b. Width-Thickness Rabi s: Beams shalb c mply with, in LRFD
Specificatb n Table B5.1. When the mati in Equati n 9-3 is less
thanor equald 1.25,@ lumns shalbc mply witf  in Table [-9-1.
Otherwise, o lumns shalloc mply with, in LRFD Specifiaati n
Table B5.1.

Replace Section 9.8 with 10.8 as follows:

10.8. Lateral Support at Beams

11.

11.1.

Both flangeso f beams shall be laterally sopp rted directly r indirectly. The
unbraced length between lateral sapp rts shall n t exceedrd,BQ0 / . In addi-
tion, lateral supp rts shall be placed near ¢ ncentrated f rces, changes in cr ss-
sectb n ando therd cati ns where analysis indicates that a plastic hinge will
form during inelastic def rmati ns fthe IMF.

ORDINARY MOMENT FRAMES (OMF)

SCOPE

Ordinary Moment Frames (OMF) are expected t withstand limited inelastic

deformato ns in their members ana ¢ nnecti ns when subjeaied t dhe f rces
resulting fo m the o ® no f the Design Earthquake. OMF shall meet the re-

quirements in this Sedti n.
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11.2. Beam-to-Column Joints and Connections

11.2a. Beam-b -© lumn © nnecti ns shall be made with welds r high-
strength b Its. @ nnedii ns are permittedl t be BR r PR m ment
connectb ns asd b ws:

1. FRnomento nneadi nsthatare part fthe Seismic F rce Resisting
System shall be designed f r a required flexural streijth that
is at least equabt .1R, M, 0 fthe beamn rgirder rthe maximum
moment that can be delivered by the system, whicheveris less. F r
connectd ns with welded flangej ints, weld backing and n- ff
tabs shall be rem ved and repaired including theaise faaeinf rc-
ing fillet weld, except that theot p-flange backing is permitted t
remain in place if it is attached t thec lumn flange withca ¢ ntin-
uous fillet weldo n the edge bel w theoc mplete-j int-penetati n
groove weld. Partial- int-penetradi ngo ve welds and fillet welds
shall rot be usedot resist tensile f rces in thee ¢ nnecti ns.

Alternatively, the design fall beanot ec lumnj ints and ¢ nnec-
tions used in the Seismicd- rce Resisting System shall be based
upon qualifying cyclic test results in agc rdance with Appendix S
that deno nstrate aninelastr tation fatleast0.01 radians. Cyclic
test results shallec nsist fatleastdw tests and shall be based up n
the po cedures described in Secti n 9.2a.

2. PR o menta nnedi ns are permitted when thedf Il wing require-
ments are met:

1. Such o nnecti ns shall pr videf r the design strength as spec-
ified in Secto n 1.

2. The m minal flexural strength f theoc nnexti n shall be equal
to or exceed 50 percemt M, o ftheoc nnected beamorc lumn,
whichever is less.

3. Adequateo tati ncapacity shall be dem nstrated in the ¢ nnec-
tions by cyclic testing ata tati nsa rresp ndingt the Design
Story Drift.

4. The stiffness and strength fthe PR m meat ¢ nmecti ns shall
be @ nsidered in the design, including the efieco n verall frame
stability.

FR and PR mm menta nneoti ns are described in LRFD Specificati n
Sectbn A2.2.

11.2b. For FR mpoment © nnecti ns, the required shear stre¥gth fabeam-
to-column connectd n shall be determined using tbe | @d ¢ mbimati n
1.2D+ 0.5.+ Q 5 plusthe shearresultingfr M, ,asdefinedin Sec-
tion11l.2a.1.B® rPRm mentc nneoti N, shallbe determined fr m
thelbad ® mbinat nab ve plus the shear resultirgy fr m the maximum
end no ment that the PRan merd ¢ nnecti ns are capable fresisting.

11.3. Continuity Plates

When FR no mente nnecati ns are made by means fwelds fbeam flanges r
beam-flange@ nnecti n platesdirectty b ¢ lumnflanges, ¢ ntinuity plates shall
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12.
12.1.

12.2.

be povided v transmit beam flange f rcas t the ¢ lumn veeb r webs. Such
plates shall have a minimum thickness equalt that fthe beam flange rbeam-
flange © nnecti n plate. The welded j inds fthe c ntinuity platest the c I-
umn flanges shall be made with either c mpleate-j int-penetrationgr ve welds,
two-sided partial4$ int-penetrati ngo ve weld®c mbined with rainf rcing fil-

let welds,o r tw -sided fillet welds and shall@r vide a design strength that is
at least equalat the design strength f the ¢ ntact area f the plate with the
column flange. The weldedj ints f theoc ntinuity plates t the ¢ lumn web
shall have a design shear strength that is at least equal t the tesser f the
fall aving:

a. The suno fthe design strengths at tbe ¢ niwectd ns fthe ¢ ntinuity mate t
the @ lumn flanges.

b. The design shear strengih fthe ¢ ntact area fthe plate withahe ¢ lumn
web.

c. The weld design strength that davel ps the design shear stength o the ¢ |-
umn panel-a ne.

d. The actuald rce transmitted by the stiffener.

Continuity plates are m t required if tested ¢ nnecti ns dem nstrate that the
intended inelasticor tati n can be achieved with ut their use.

SPECIAL TRUSS MOMENT FRAMES (STMF)
Scope

Special Truss M ment Frames (STMF) are expected t withstand significant
inelastic ded rmat n within a specially designed segment f the truss when
subjectedd thed rcesdr mtheendi rs fthe Design Earthquake. STMF shall
be limited b span lengths betweem c lumms o tt exceed 65 foand verall depth
not to exceed 6 ft. The@ lumns and truss segments utside fthe special seg-
ments shall be designealt remain elastic underdhe f rces that can be generated
by the fully yielded and strain-hardened special segment. STMF shall meet the
requirements in this Seoti n.

Special Segment

Each o rio ntal truss that is paot f the Seismic F rce Resisting System shall
have a special segment thatas | cated within the middle ne-half lemgth fthe
truss. The lengtb fthe special segment shall be between 0.1 and 0.5 times the
truss span length. The length-t -deptheati f any panel in the special segment
shall neither exceed 1.%n r be less than 0.67.

Panels within a special segment shall either be all Vierendeel panels r all X-
braced panels; neither a ¢ mbirati n thereof n rtheaise f thertrusediag nal
configuratb ns is permitted. Where diag nal members are used in the special
segment, they shall be arranged in an X pattern separated by vertical members.
Such diag nal members shall be interc nnectedat p ints where they cr ss. The
interam nnectd n shall have a design strength adequate t resest a f rce that is
at least equalot 0.25 times the n minal tensile strerigth f theadiag nal mem-
ber. Bolted ® nnecti ns shall; t be used f r web members within the special
segment.



12.3.

12.4.

12.5.

Seismic Provisions for Structural Steel Buildirgs7

Splicingof chord members ism t permitted within the special segmemt, n r
within one-half the panel lengthdr m the ends f the special segment. Axial
forces due® faat red dead plus live | ads in diag nal web members within the
special segment shalbn t exceed (FQA,

Nominal Strength of Special Segment Members

In the fully yielded state, the special segment shall devel p vertical n minal
shear strength thr ugh th@n minal flexural strength fthe ch rd members and
through the 1 minal axial tensile andc mpressive strengths f theodiag nal
web members. Thet p an@bott meh rd members in the special segment shall
be madeo f identical secti ns and shalbpr vide at least 25 perwent f the re-
quired vertical shear strength in the fully yielded state. The axial strength in
the clo rd members shalbn t exceed 0.45 timdesA;  , where . 09. Diag-
onal members in any panel fthe special segment shall be made fidentical
sectb ns. The endac nneoti m f diag nal web members in the special segment
shall have a design strength that is at least equal t the expezted n minal axial
tensile strengtio f the web memb&;,F, A,

Nominal Strength of Non-special Segment Members

All members and @ nneati ng f STMF, excepbth se in the special segment
in Sectb n 12.2., shall have a design strength t resistdhe load ¢ mbinati n f
factored gravity b ads as specified in LRFD Specifioati @ L aol C mbimati ns
A4-5 and A4-6 and the laterad | ads necessaryt devel p the expected vertical
nominal shear strength in all segmelg  given as:

Ve = 3.75Ry Mhe + 0.075E|(L L3LS) + Ry(Pnt+ 0.3Py)sine  (12-1)
S S
where
R, = Yield stress m dificati n fact r, see Seeti n 6.2.
Mne = Nominal flexural strengtio f the ach rd member f the special seg-
ment, Kips-in.
El = Flexural elastic stiffness fthe oh rd members f the special seg-
ment, kip in?
L = Spanlengtlo fthe truss, in.
Ls = Lengtho fthe special segment, in.
P.: = Nominal axial tensd n strength f diag nal membars f the special
segment, kips.
P.. = Nominal axial ® mpressi nstrength fdiag nal members fthe spe-
cial segment, kips.
a = angleo f dia@ nal members with the@h dz ntal.
Compactness

Diagonal web members within the special segment shall be made f flat bars
with a width-thickness rati that is less than r equal t 2.5. The width-
thickness rati o f cb rd members shalbn t exceed the limitipg  values
from Table [-9-1. The width-thickness ratb f angles and flanges and webs f
tee sect ns usedf r ¢h rd members in the special segment ghall n t exceed

52/ /F, .
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12.6.

13.
13.1.

13.2.

Lateral Bracing

Theopandb t mch rds fthe trusses shall be laterally braced at thecends f
special segment, and at intervats rott exckgd oacc rdingt LRFD Specifi-
cation Sectdb n F1, @ ng the entire length fthe truss. Each lateral brace at the
endso f and within the special segment shall have a design strangth t resist at
least 5 percerd fthemn minal axiabc mpressive strefytho f the special seg-
ment cto rd member. Lateral braces utside fthe special segment shall have a
design strengthot resist atleast 2.5 pereent fthe n mimal c mpressive strength
P of the largest adj ining cbh rd member.

SPECIAL CONCENTRICALLY BRACED FRAMES (SCBF)
Scope

Special ® ncentrically Braced Frames (SCBF) are expected t withstand sig-
nificant inelastic def rmadi ns when subjected t tloe f rces resulting fr m the
motions of the Design Earthquake. SCBF have increased ductility ver OCBF
(see Secti n 14) duet lesser strength degradati n wieen ¢ mpressi n braces
buckle. SCBF shall meet the requirements in this $ecti n.

Bracing Members
13.2a. Slenderness: Bracing members shall hsve =/ 1080/

13.2b. Required © mpressive Strength: The required strength f a bracing
member in axial 6 mpressi n shalbn t excekdP,

13.2c. Lateral Fo rce Distribub n: Ab ng any lin@ f bracing, braces shall be
depbyed in alternate directi ns such that, f r either directh no ff rce
parallel b the bracing, at least 30 percent boit ro m re than 70 percent
of the total horizontal force is resisted by tersi n braces, unless the
nominal strengthP, o f each brace imc mprassi n is larger than the
required strengt®, resultingdr m the application 6L ad C mbina-
tions 4-1or 4-2. 1o r the purp ses fthispr visi n,alire fbracing is
defined as a single lire r parallel lineswh se ptan ffsetis 10 percent
or lesso f the building dimensi n perpendiculart the lime fbracing.

13.2d. Width-thickness Rabi s: Width-thickness mtios f stiffened and un-
stiffened © mpressi n elements f braces shall meet the requirements
in LRFD Specificath n Table B5.1 and the foll wing requirements:

1. Braces shall beoc mpact (i.&.,< A, ). The width-thicknes®rati
of angles shall o t exceed 82F,

2. Round HSS shall have an utside diameter t wall thickness rati
conforming to Table I-9-1 unless theor und HSS wall is stiffened.

3. Rectangular HSS shall have a flat widiht wall thicknessrati ¢ n-
forming to Table I1-9-1 unless the rectangular HSS walls are stiff-
ened.

13.2e. Built-up Members: The spacing f stitches shall be such that the
slenderness ratil r /o findividual elements between the stitches d es
not exceed 0.4 times theog verning slendernessmti  f the built-up
member.
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The ptal design shear strength f the stitches shall be at least equal
to the design tensile strength f each element. The spaxing f stitches
shall be unib rm and a t less than tw stitches shall be used. B Ited
stitches shall o t beol cated within the middle ne-f ugh fthe clear
brace length.

Excepto n: Where it can be sh wn that braces will buckle with ut
causing shear in the stitches, the spacing f the stitches shall be such
that the slenderness ratir ¢ f the individual elements between the
stitches @ esm t exceed 0.75 times tloe g verning slendernesorati  f
the built-up member.

13.3. Bracing Connections

13.3.a. Required Strength: The required strength f braciag ¢ noecti ns (in-

13.3b.

13.3c.

13.3d.

cluding beam4d -0 lumn @ nnedti ns if patt f the bracing system)
shall be the lesser fthefdl wing:

a. The m minal axial tensile strength f the bracing member, deter-
mined asR,Fy Ay .

b. The maximumd rce, indicated by analysis, that can be transferred
to the brace by the system.

Tensile Strength: The design tensile strergth f bracing members and
their ®nnectd ns, based ap n the limit states ftensi nrupture nthe

effective net seati n and dl ck shear rupture strength, as specified in
LRFD Specificath n Chapter D, shall be at least equal t the required

strengtho f the brace as determined in Secti n 13.3a.

Flexural Strength: In the directi n that analysis indicates that the
brace will buckle, the design flexural strength ftlee ¢ nreecti n shall
be equal ¢ o r greater than the expectenl n minal flexural strength
1.1R, M, of the brace ab ut the critical buckling axis.

Excepto n: Brace @ nnedi ns that meet the requirements in Sec-
tion 13.3b., can aat mm date the inelastic r ¢ati nscass ciated with
brace p st-buckling def rmati ns, and have a design strength that is
at least equalt then minabc mpressive strerfgity 0 fthe brace
are permitted.

Gusset Plates: The design f gusset plates shall inclade ¢ nsaerati n
of buckling.

13.4. Special Bracing Configuration Special Requirements

13.4a.

V-Type and Inverted-V-Type Bracing: V-type and inverted-V-type
braced frames shall meet the D Il wing requirements:

1. A beam that is intersected by braces shall be ¢ ntinu us between
columns.

2. A beam that is intersected by braces shall be designed t osupp rt
the effecto f all tributary dead and live | adefr m LRFD Specifi-
cation Load @ mbinatb ns A4-1, A4-2 and A4-3 assuming that the
bracing is o t present.
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13.5.

14.
14.1.

14.2.

3. A beam that is intersected by braces shall be designed t resist the
effectso f LRFD Specificati n b ad € mbinati ns A4-5 and A4-6
except that ad a€Q, shall be substituted f r the t&nQ),. is the
maximum unbalanced vertical | ad effect applied t the beam by
the braces. Thiol ad effect shall be calculated using a minimum f
Py for the brace in tensi n and a maximum f 0.3 timgsP, o fr
the brace ine mpressi n.

4. Thebpandb tt mflanges fthe beam atttee pdnt fintersecti n
of braces shall be designealt supp rtalatecal f rce thatis equal t
2 percenb fthe o minal beam flange strengb ty s

Exceptd n: Limitatons 2 and 3 needn tapplyt penth uses, re-st ry
buildings, ro rthed p st no f buildings.

13.4b. K-Type Bracing: K-type braced frames are n t permitted f r SCBF.

Columns
Columns in SCBF shall meet the foll wing requirements:

13.5a. Width-thickness Rati s: Width-thickness matios f stiffened and un-
stiffened © mpressi n elements bc lumns shall meet the require-
ments b r bracing members in Sexti n 13.2d.

13.5b. Splices: Inaddib na meeting the requirementsin Secti n &3, ¢ lumn
splices in SCBF shall be designedt devel p atleastthe n minal shear
strengtho fthe smallercc nnected member and 50 perwent fahe n mi-
nal flexural strengtlo f the smalleoc nnected secti n. Splices shall be
located in the middl@ ne-third ftheoc lumn clear height.

ORDINARY CONCENTRICALLY BRACED FRAMES (OCBF)

Scope

Ordinary @ ncentrically Braced Frames (OCBF) are expeatedt withstand lim-
ited inelastic ded rmati ns in their members ar@ ¢ nreecti ns when subjected
to the forces resulting 8 m the m ¢ ns fthe Design Earthquake. OCBF shall

meet the requirements in this Secti n.

Bracing Members

14.2a. Slenderness: Bracing members shallhgve </ 7BQ/  exceptas
permitted in Secti n 14.5.

14.2b. Required © mpressive Strength: The required strength f a bracing
member in axial 6 mpressi n shalbn t exceed 0.8 tighg’,

14.2c. Lateral Fo rce Distribub n: Ab ng any lin@ f bracing, braces shall be
depbyed in alternate directi ns such that, f r either directh no ff rce
parallel b the bracing, at least 30 percent bat o m re than 70 percent
of the total horizontal force is resisted by tersi n braces, unless the
nominal strengthP, o f each brace imc mprassi n is larger than the
required strengtlP, resultingdr m the application 6L ad C mbi-
nations 4-10 r 4-2. A lineo f bracing,d r the pup ses f thisqr vi-
sion, is defined as a single lire r parallel linesavh se ptan ffset is
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10 percenb rless fthe building dimensi n perpendicutar t the line
of bracing.

Width-thickness Rati s: Width-thickness matios f stiffened and un-
stiffened ® mpressi n elements in braces shall meet the requirements
in LRFD Specificath n Table B5.1 and the foll wing requirements:

1. Braces shall beac mpast on m-c mpact, bat n tslender {i.€.,
Ar). The width-thickness ratio f angles shabhn t exceed 52/

2. Round HSS shall have an utside diameter t wall thickness rati
conforming to Table I-9-1 unless ther und HSS wall is stiffened.

3. Rectangular HSS shall have a flat widih t wall thicknessrati ¢ n-
forming to Table I-9-1 unless the rectangular secti nwalls are stiff-
ened.

Built-up Member Stitches: ¢ r all built-up braces, the first b lted r

welded stitcho n each side f the mid-length f a built up member
shall be designeat transmitaf rce equalt 50 percent fihe n mi-
nal strengtlo © ne elemendt the adjacent elememnt. N tless than tw
stitches shall be equally spacedab ut the member centerline.

14.3. Bracing Connections

14.3a.

14.3b.

14.3c.

14.3d.

Required Strength: The required strength f bracing ¢ nnecti ns (in-
cluding beamd -0 lumn @ nnedti ns if patt f the bracing system)
shall be the least f theof d¢l wing:

a. The m minal axial tensile strength f the bracing member, deter-
mined asRyFy Ay .

b. The brceinthe brace thatresults fr lfL ad C mbinati ns 4-1 and
4-2.

c. The maximumd rce, indicated by analysis, that can be transferred
to the brace by the system.

Tensile Strength: The design tensile strergth f bracing members and
their mnnectd ns, based op nthe limit states ftensi nrupture nthe
effective net seati n and dl ck shear rupture strength, as specified in
LRFD Specificath n Chapter D, shall be at least equoal t the required
strengtho f the bracingec nneoti n as determined in ®ecti n 14.3a.

Flexural Strength: In the directi n in which analysis indicates that
the brace will buckle, the design flexural strength f tle ¢ nmecti n
shall be equaldto rgreater than the expected n minal flexural strength
1.1R, M, of the brace ap ut the critical buckling axis.

Exceptd n: Bracing 0 nneati ns that meet the requirements in &ecti n
14.3b., that can acc mmn date the inelastic raati n®oass ciated with
brace p st-buckling def rmati ns, and that have a design strength that
is atleast equabt theon minabc mpressive strefigthg 0 fthe brace
are permitted.

Gusset Plates: The design f gusset plates shall inclode ¢ nsaerati n
of buckling.
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14.4.

14.5.

15.
15.1.

15.2.

Bracing Configuration Special Requirements

14.4a. V-Type and Inverted-V-Type Bracing: V-type and inverted-V-type
braced frames shall meet the b Il wing requirements:

1. Thedesignstrength fbrace members shall be atleast 1.5 times the
required strength using LRFD Specificati m L ad C mbinati ns
A4-5 and A4-6.

2. A beam that is intersected by braces shall de ¢ ntinu us between
columns.

3. A beam that is intersected by braces shall be designed tosupp rt
the effecto f all tributary dead and live | ad®fr m LRFD Specifi-
cation Load @ mbinatb ns A4-1, A4-2 and A4-3 assuming that the
bracing is o t present.

4. Thevpandb t mflanges fthe beam atthe pdnt fintersecti n
of braces shall be designedl t supp rtalatecal f rce thatis equal t
2 percenb fthe o minal beam flange strengb t;

14.4b. K-Type Bracing: Buildings using K-type bracing shatl n t be permit-
ted except as described in Secti n 14.5.

Low Buildings

When Load @ mbinat ns 4-1 and 4-2 are used t determine the required
strengtho f the members and ¢ nnecti ns, it is permitted t design the OCBF
in roof structures and buildings tv et ries rless in height vaith ut the special
requirements f14.2 tor ugh 14.4.

ECCENTRICALLY BRACED FRAMES (EBF)
Scope

Eccentrically Braced Frames (EBF) are expected t withstand significant in-
elastic ded rmati ns in the Links when subjected t tle f rces resulting fr m
the no tionso f the Design Earthquake. The diag nal braces, the ¢ lumns, and
the beam segments utside f the Links shall be designed t remain essen-
tially elastic under the maximunof rces that can be generated by the fully
yielded and strain-hardened Links, except where permitted in thisoSecti n. In
buildings exceeding five st ries in height, the upper sory f an EBF system
is permitted ® be designed as an OCBF r an SCBF and stilldbe ¢ nsidered
to be parto f an EBF systenof r the pusp ses f determining systenmofact rs
in the Applicable Building @ de. EBF shall meet the requirements in this
Secton.

Links
15.2a. Links shall ® mply with the width-thickness rati s in Table 1-9-1.

15.2b. The specified minimum yield stress f steel used f r Links shall n t
exceed 50 ksi.

15.2c. The webo f a Link shall be single thickness wiath wt d ubler-plate re-
inforcement and with ut web penetrati ns.
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15.2d. Except as limited in Sedati n 15.2f., the required shear streagth fthe
Link V, shall mt exceed the design shear strength f the IV

where:
V, = nominal shear strengtth fthe Link, equal t the lessev,, f
or 2M,/e, Kips.
V, = 0.60F, (d — 2t )ty, Kips.
¢ =0.9.
e = Linklength, in.

15.2e. If the required axial strengtl?, in a Link is equal & r less than
0.15Py, wherePy is equabtF,A; , the effeot f axiad f r@e n the
Link design shear strength need n t lwe ¢ nsidered.

15.2f. Ifthe required axial strengtR, in a Link exceeds (P}5 , theof Il w-
ing additb nal requirements shall be met:

1. The Link design shear strength shall be the lessepV§, o r
2¢Mpale, where:

6 =009
Voo = Vp /1= (P/P (15-1)
Mpa = 1.18Mp[1— (P./Py)] (15-2)

2. Thelengtho fthe Link shallm t exceed:
[1.15- 0.5 Ay /A))]L.6M, Vp, wherp” A, /Ay )= Q3 (15-3)

nor
1.6MyNp whenp' A, /Ag)< Q3 (15-4)
where:
Ay = (dp — 2t1)ty
p = PyV,

15.2g. The Link Rotatbn Angle is the inelastic angle between the Link and
the beano utside fthe Link when the t tabst ry drift is equal t the
Design St ry Drift,A . The Link R tati n Angle shall;m t exceed the
foll aving values:

a. 0.08 radiansof r Links flength NG, Vf o rless.
b. 0.02 radiansd r Link® flength.2M, V|, 0 r greater.

c. The value determined by linear interp tati n between the ab ve
values b r Linkso f length between IM, Vj  and 24 V/

15.3. Link Stiffeners

15.3a. Full-depth web stiffeners shall beqr vided n b th sides fthe Link
web at the diag nal brace ends fthe Link. These stiffeners shall have
a ombined width o tlessthab{— t2 )andathicknessn tlessthan
0.75, ror 3/8 in., whichever is larger, whebg  apd are the Link
flange width and Link web thickness, respectively.
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15.4.

15.3b.

15.3c.

Links shall be po vided with intermediate web stiffeners@sof Il ws:

1. Linksoflengths 1 8, YV, o r less shall be@r vided with interme-
diate web stiffeners spaced at intervats n t exceeding, (3@ /5)
for a Link Rotation Angleof 0.08 radian® r (32— d /5)f r Link
Rotation Angleso f 0.02 radians r less. Linear interp tati n shall
be usedd r values between 0.08 and 0.02 radians.

2. Linksof length greater than 2v, V), and less than 5V, /  shall
be pio vided with intermediate web stiffeners placed at a distance
of 1.5 timesbs fom each end fthe Link.

3. Linksoflength between.1M, Vi, and 2 V§ shallbepr vided
with intermediate web stiffeners meeting the requirements f1 and
2 alp ve.

4. Intermediate web stiffeners are n t required in Limks f lengths
greater than Bl, V,, .

5. Intermediate Link web stiffeners shall be full depth. F r Links that
are less than 25 in. in depth, stiffeners are requae@d n only ne
sideof the Link web. The thickness o ne-sided stiffeners shall
not be less thah, 0 %/ in., whichever is larger, and the width shall
be ot less thank /2) t, .d rLinks that are 25 in. in depth r
greater, similar intermediate stiffeners are requredon b th sides f
the web.

Fillet welds @ nnecting a Link stiffeneint the Link web shall have
a design strength adequate t resistoa f ocd=yAg , Whigse is
the areao f the stiffener. The design strength f fillet welds fasten-
ing the stiffenera the flanges shall be adequate t resist a force f
AqF 4.

Link-to-Column Connections

Where a Link is 0 nnecteaddt ac lumn, the foll wing additi nal requirements
shall be met:

15.4a.

15.4b.

The Link-tb-column @ nnect n design shall be basedoup n cyclic
test results that deon nstrate an inelastic rotati n capability that is
20 percent greater than that calculated at the Design St ry Drift,
A. Qualifying test results shall be as described in $ecti ns 9.2a and
9.2b., except that the inelastic r t@ti n angle shall be as described in
Sectbn 15.2g.

Where reinb rcement at the beam-to-c luma ¢ nnecti n at the Link
end precludesyielding fthe beamm verthe reinf rced length, the Link
is permitted & be the beam segmeri fr m the end f the oeinf rce-
ment b the brace@ nnecti n. Where such Links are used and the Link
length ®d es o texceed Mg, V| , cyclictesting fthe reinf rced c n-
necton is ro t required if the design strength f the reinf rced secti n
and the o nneati n equats r exceeds the required strength calculated
based up n the strain-hardened Link as described in &ecti n 15.6a.
Full depth stiffeners as required in Secti n 15.3a. shall be placed at
the Link-to-reinforcement interface.
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Lateral Support of Link

Lateral supp rts shall be pr vided avb th thee t p ard ® tt m Link flanges at
the end® fthe Link. End lateral supp ds f Links shall have a design strength
of 6 percento f the expectedon minal strength fthe Link flange ¢ mputed as
Ry Fybs t;.

Diagonal Brace and Beam Outside of Link

15.6a. The required ¢ mbined axial and flexural strength f the diag nal
brace shall be the axiadf rces an@m ments generated by the expected
nominal shear strength f the LinR,V,, increased by 125 percent t
aco unt br strain-hardening, whe¥g  is as defined in $ecti n 15.2.
The design strengths f the diag nal brace, as determined in LRFD
Specificatb n Chapter H (including Appendix H3), shall exceed the
required strengths as definecab ve.

15.6b. The desigro fthe beam utside the Link shall meet theof Il wing re-
quirements:

1. The required strength f the beam utsie fthe Link shall be the
forces generated by at least 1.1 times the expected n minal shear
strengtho f the LinkR, V, , wheré/, is as defined in Secti n 15.2.
For determining the design strength f this portion fthe beam, it
is permitted @ multiply the design strengths determined fr m the
LRFD Specificath n byR, .

2. The beam shall be pr vided with lateral sapp rt where analysis
indicates that sugp rt is necessaoy t maintain the stalulity fthe
beam. Lateral sugp rt shall beqr vided atb ththet paodd tt m
flangeso f the beam and each shall have a required strength f at
least 2 percend f the beam flange n minal strength ¢ mputed as
Fybrts.

15.6¢c. Atthe mnnectd n betweenthe diag nal brace and the beam at the Link
endof the brace, the intersextian f the brace and beam centerlines
shall be at the end fthe Lin& rin the Link.

15.6d. Therequired strength fthe diag nal brace-t -beam ¢ noecti n at the
Link endof the brace shall be at least the expected n minal strength
of the brace as givenin Secati n 15.6a0N part fthis c nnecti n shall
extendo ver the Link length. If the brace resistsca o rtd n f the Link
end nmo ment, the@ nnecti n shall be designed as an BR m neentc n-
necton.

15.6e. The width-thickness ratio fthe brace shall satiafy  in LRFD Spec-
ification Table B5.1.

Beam-to-Column Connections

Beam-b -@ lumn © nnecti ns awaydr m Links are permittedt be designed as
pinned in the plane fthe web. The c nnecti n shall have a required strength
to resist 0 tatb n alo ut thed ngitudinal axis fthe beam based up otw equal
ando pp site 6 rceo f at least 2 percemt f the beam flange n minal strength
computed a$,b;t; acting lateralty n the beam flanges.
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15.8. Required Column Strength

16.

In addition o the requirements in Seati n 8, the required stremgtho f ¢ lumns
shall be determined dr m LRFD Specificati roL acbC mbimati ns A4-5 and
A4-6, except that the m ments and axial | adsadntr duced int the ¢ lumn at
the @ nnect no f a Linko r brace shallm t be less thao th se generated by the
expected o minal strengithh f the Link multiplied by 1d t acc umt f r strain-
hardening. The expected n minal strength fthe LinRj%, ,whére isas
defined in Secti n 15.2d.

QUALITY ASSURANCE

The general requirements and resp nsibilities f r perf rmance f a quality as-
surance plan shall be in azc rdance with the requirements f the regulat ry
agency and the specificati ns fthe Engineer f&ec rd.

The special inspedti ns and tests necessary t establish thai the ¢ ostructi nis
in conformance with these Br vigi ns shall be included in a quality assurance
plan. The o ntraa r’s quality assuranceopr gram and qualificati ns, such as
participato n in areo gnized quality certificati ngr gram, shall lse ¢ nsidered
when establishing a quality assurance plan.

The minimum special inspeoti n and testing ¢ ntained in the quality assurance
plan bey nd that required in LRFD Specifieati n Secti n M5 shall beoas f I-
lows:

Visual inspect no f welding shall be the primary meth d usedd c nfirm that
the po cedures, materials ancbw rkmanshipoino rp rateddn ¢ nstructi n are
those that have been specified and appr ed f r tlee pr ject. Visual inspecti ns
shall be © nducted by qualified pers nnel,in@acc rdance with a written practice.
Nondestructive testing fwelds inoc af rmance with AWS D1.1 shall serve as
a backup, but shall;m tservet replace visual inspecti n.

All camplete-joint-penetrath n and partiabj int-penetrati n ar ve welded
joints that are subjectebt net tensile f rces as part f the Seismic F rce
Resisting Systems in Seati ns 9, 10, 11, 12, 13, 14 and 15 shall be tested using
appo ved o ndestructive math ds conf rmingt AWS D1.1.

Excepton: The aro und fo ndestructive testing is permitted t be reduced if
appo ved by the Engineexr f Rec rd and the regulat ry agency.
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Qualifying Cyclic Tests of Beam-to-Column and
Link-to-Column Connections

S1.

S2.

S3.

SCOPE AND PURPOSE

This Appendix includes requirements f r qualifying cyclic tests f beam-t -
column noment © nnecti ns in [ ment Frames and Link-b-c lumm ¢ nnec-
tions in Eccentrically Braced Frames, when required in these Pp visi ns. The
purposeo f the testing described in this Appendixds to pr vide evidence that a
moment ® nnectl n satisfies the requirementts f r strength and Inelastic R ta-
tion in these Po vish ns. Alternative testing requirements are permitted when
appo ved by the Engineer f Rec rd and the regulat ry agency.

This Appendix po vide nly minimum re@c mmendati ns f r simplified test
conditions. If conditions in the actual buildingos warrant, additi nal testing
shall be perd rmeda dem nstrate satisfact ry and reliablegerf rmance fm -
ment @ nnect ns during actual earthquake m ti ns.

SYMBOLS

The numbers in parentheses after the definiti n fasymb Ireferst theoSecti n
number in which the synib |is first used.

6 Deformation quantity usedost @ ntr Id ading f Test Specimen. (S6)
oy Valueof debrmatd n quantity at first significant yielol f Test Speci-
men. (S6)

DEFINITIONS

Prototype. The @ nnecth ns, member sizes, stea pr perties,@and ther design,
detailing, and ¢ nstruaii nfeaturest be used inthe actual building frame.

Test SpecimenA portion of a frame used 6 r lab rat ry testing, intended t
model the Po ¢ type.

Test SetupThe supp rting fixtures,ol ading equipment, and lateral bracing
used © supp rtandl ad the Test Specimen.

Test Subassemblag&he @ mbinath no f the Test Specimen and pertinemt p r-
tions of the Test Setup.

Inelastic Rotation.The permanent r plasticop di o fther tati n angle be-
tween a beam and theoc lumn r between a Link and the ¢ lemn f
the Test Specimen, measured in radians. The Inelastic R tati n shall be
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S4.

S5.

S5.1.

S5.2.

computed based wp n an analysis f Test Specimea def omatins. S urces
of Inelastic R tatb n include yielding f members and ¢ nnect rs, yield-
ing of connectbn elements, and slip between members and ¢ rmecti n
elements. InelasticdR tati n shall be ¢ mputed basead up nthe assumpti n
that inelastic acti nis@ ncentrated ata singbe p ntl cated at the intersec-
tion of a line connecting the centerline fthe infleati rop int f the beam

or Link with the centerlineo f the beam at the ¢ lumn face.

TEST SUBASSEMBLAGE REQUIREMENTS

The Test Subassemblage shall replicate @s cl sely as is practical the@ nditi ns
that will occur in the Po ¢ type during earthquake | ading. The Test Subassem-
blage shall include theof dl wing features:

1. The Test Specimen shab ¢ nsgst f at least a single ¢ lumn with b@ams r
Links attachedd o ne@ rt th sides fthec lumn.

2. Pointso finflectb n in the test assemblage shall ¢ incide appr ximately with
the anticipated@ ints finfleati ninthe Pot type under earthquake | ading.

3. Lateral bracing fthe Test Subassemblage is permittedoear| ad agplicati n
orreacton mints as neededt @r vide lateral stabibity fthe Test Subassem-
blage. Addito nal lateral bracing fthe Test Subassemblage is n t permitted,
unless it replicates lateral bracing t be used in thedr t type.

ESSENTIAL TEST VARIABLES

The Test Specimen shall replicate as cl sely as is practical the pertinent design,
detailing, ©® nstructi n features, and materiabpr perties fthedr t type. The
fal aving variables shall be replicated in the Test Specimen:

Sources of Inelastic Rotation

Inelastic R tatd n shall be devel ped in the Test Specimen by inelastie acti n
in the same members and ¢ nnecti n elements as anticipated inalee Pr t type,
i.e., inthe beano rLink, inthec lumnpanedz ne,intle ¢ lumn utside fthe
panel-o nep r within 0 nneati n elements. The fraction f tle t tal Inelastic
Rotation in the Test Specimen that is dewel ped in each member rc mnecti n
element shall be at least 75 percent f the anticipated fracti n fahe t tal In-
elastic P tath ninthe Rra type thatis dewel ped intte ¢ resp nding member
or connectb n element.

Size of Members

1. The sizeo fthe beam r Link used in the Test Specimen shall be within the
foll aving limits:

a. The deptto fthe test beam r Link shall be n less than 90 peccent fthe
deptho f the Po ¢ type beam r Link.

b. The weight perdo to f the test beaim r Link shall be n less than 75
perceni fthe weight peob ¢ fthe Brot type beamn r Link.

2. The sizen fthe @ lumn used in the Test Specimen shall pr perly represent
the inelastic acti nin theac lumn, as per the requirements in &ecti n S5.1
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S5.4.

S5.5.

S5.6.
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Extrapo laton bey nd the limitati ns stated in this Secti n shall be permitted
subjectd qualified peer review and building fficial appr val.

Connection Details

The @ nnect n details used in the Test Specimen shall representdite Pr t type
connectdb n details as al sely a®p ssible. Thee ¢ nreecti n elements used in the
Test Specimen shall be a full-scale represemtadi n f the ¢ nmecti n elements
used in the Rr ¢ typedf r the member sizes being tested.

Continuity Plates

The size and@ nnecti n details 6c ntinuity plates used in the Test Specimen
shall be po p rto nedd match the size and ¢ nnecti n details of ¢ ntinuity
plates used in the Prot typec nnexti nas cl sely as p ssible.

Material Strength

The following additional requirements shall be satisfiesd f r each mentber r
connectb n element f the Test Specimen that supplies Inelasiic R tati n by
yielding:

1. The yield stress shall be determined by material tests n the actual materials
used b r the Test Specimen, as specified in 8ecti n S8. The use fyield stress
values that are rep rteml n certified mill testoep rts ave n t permitiedt be
used b r purp ses fthis Secti n.

2. The yield stress shallon t bean re than 15 percent bélyavo f r the grade
of steel b be usedd rthex rresp nding elemeats fthe Br t type.  shall
be determined in acc rdance with Secti n 6.2.

Welds

The weldso n the Test Specimen shall replicate the welds n the Pr t type as
closely as practicable. Adddi nally, welds n the Test Specimen shall satisfy
the following requirements:

1. Welding shall be peof rmed in stricoc mf rmance with a Welding Pr cedure
Specificath ns (WPS) as required in AWS D1.1. The WPS essential variables
shall meet the requirements in AWS D1.1 and shall be within the parameters
established by the filler-metal manufacturer.

2. The specified minimum tensile strength f the filler metal used f r the Test
Specimen shall be the same asthatt be usedf rthe caresp ndirgg Pr t type
welds.

3. The specified minimum CVNt ughness fthe filler metal used f r the Test
Specimen shallm t exceed the specified minimum C¥N t ughoess f the
filler metal b be usedd rthea@ rresp ndingdo t type welds.

4. The welding p sith ns usedt make the welds n the Test Specimen shall
be the same asdh set be usedf rthe &r t type welds.

5. Detailso f weld backing, weld tabs, access h les, and similar items ased f r
the Test Specimen welds shall be the same@s tl set beased fa the ¢ rre-
sponding Po ¢ type welds. Weld backing and weld tabs shalln tberem ved
from the Test Specimen welds unless tlee ¢ reesp nding weld backing and
weld tabs are rem veddr mthedp t type welds.
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6.

Metho dso f inspecti n anda ndestructive testing and standards f accep-
tance usedd r Test Specimen welds shall be the sam@asth set beusedf r
the Pp b type welds.

S5.7. Bolts

The o Ited o rtd nso f the Test Specimen shall replicate tbe b Ited p rtons f
the Po btype © nnecti nasal sely asp ssible. Additi nallg, b Ited pprtions f
the Test Specimen shall satisfy thee 6 Il wing requirements:

S6.
S6.1.

S6.2.

S6.3.

1.

The v It grade (e.g., ASTM A325, ASTM A490) used in the Test Specimen
shall be the same as thatt be used f r the é&r t type.

. The type and rientati 0 fd It les (standaml, versizeg sh ot sbt, | ng

slot, or other) used in the Test Specimen shall be the sameas th set be
used b r the o rresp ndingd Itd les in thedo t type.

. When Inelastic B tati n isot be dewel ped either by yieldimg r by slip

within a lolted @ rto nof the ® nnecti n, the meth d usealt make the b It
holes (drilling, sub-punching and reaming, or ther) in the Test Specimen
shall be the same as thatt be used in the ¢ wesp nding b It h les in the
Prototype.

. Bolts in the Test Specimen shall have the same installati n (fully¢ensi ned

or other) and faying surface prepamati non specified slip resistance, Class
A slip resistancep b ther) asthait be usedf rtlee ¢ reesp ndimg b Its in
the Pp b type.

LOADING HISTORY

General Requirements

The Test Specimen shall be subjected t cydic | ad®acc rdingt the require-
ments prescribed in Seati ns S6.2 and S6.3. Additi nal increments fl ading
beyond tho se prescribed in Sexti n S6.3 are permitted.

Test Control

The test shall becc nducted by c atr lling the lewel f def rnoati n mp sed
on the Test Specimen.oF r tesb ¢ atr |, any pertinentodef rmati n quadtity

is permitted ® be used. The valoe fthe selectedbdef rnati n quantity at first
significant yieldo f the Test Speciméy  shall be determireed f r thegurp ses
of test mnto | from an analysi® fthe expected resp mse fthe Test Specimen.

Loading Sequence

Loads shall be appliedt the Test Specimen,upt the c mplati n fthe test, t
produce the 6 Ib wing deb rmab ns:

1. 3cyclesn fbadingat: 025 <6 = .08

a > D

3cyclesn fbading at: 0& <6 = .08
3 cycleso fbading atb = &,

3cyclen fbadingatd = &
&

3 cycles fbading atd
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6. 2cyclex fbadingatt = &

7. After ompletd nof the b ading cycles ab¢ |, testing shall ke ¢ ntinued by
applying cyclicbadsd¢ po ducé equaltép §6 4,/ ,etc.dw cyctes f
loading shall be applied at each incremental value bdef rmati n.

Other bading sequences are permitted t be usedt qualify the Test Specimen
when they are dem nstratedl t be fequivalent severity.

INSTRUMENTATION

Sufficient instrumentati n shall be @r vided n the Test Specinwen t permit
measuremerd r calculati m fthe quantities listed in Secti n S9.

MATERIALS TESTING REQUIREMENTS
Tension Testing Requirements

Tenso n testing shall beoc nducted n samples f steel taken fr m the material
adjacent@ each Test Specimen. Tensi n-test results fr m certified mill test re-
ports shall be rep rted but areon t permittedd t be used in ptace f specimen
testing b r the purp ses fthis Secti n. Tensi n-test results shall be baged up n
testing thatis ¢ nducted in agc rdance with Secti n S8.2. Bensi n testing shall
be @ nducted and rep rted f r the foll wingop oti rs f the Test Specimen:

1. Flange(s) and web(s) fbeams amd c lumns at standardd cati ns.
2. Any element fthea nnedi n that supplies Inelastic Raati n by yielding.
Methods of Tension Testing

Tenso n testing shall beoc nducted in acc rdance with ASTM A6, ASTM A370,
and ASTM E8, with thed b wing excepti ns:

1. Theyield stresB, thatisrep rtedfr mthe testshall be based up nthe yield
strength definit nin ASTM A370, using the ffset meth d at 0.002 strain.

2. The bading rated r the tensi n test shall replicate, as cl sely as practical,
the loading rated be usedf r the Test Specimen.

TEST REPORTING REQUIREMENTS

For each Test Specimen, a written testaep rt meeting the requirements f the
regulab ry agency and the requiremeats f this Secti n shall be prepared. The
report shall tlo o ughly @ cument all key features and resalts f the test. The
report shall include thed B wing ind rmat n:

1. A drawingor clear descripti 10 f the Test Subassemblage, including key
dimensb ns, b undaryac ndii ns at | ading and reacti m p ints, and | ca-
tion of lateral braces.

2. Adrawingo f the © nnecti n detail sh wing member sizes, graxles fsteel,
the size® fall 0 nneati n elements, welding details including filler metal,
the sizeandd cabi m fb Ith les, the size and gradde of b Its, anaall ther
pertinent detail® fthea nnecti n.

3. Alisting of all other Essential Variable®f r the Test Specimen, as listed in
Sectb n S5.
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S10.

4.

5.

10.
11.

A listing or plot showing the appliedd aad r displacement list oy f the
Test Specimen.

A plot of the applied b ad versus the displacement fthe Test Specimen.
The displacementrep rtedin thispl tshall be measured at r neaothe p int
of lcad applicaton. Theb cab n® nthe Test Specimenwhere thel ads and
displacements were measured shall be clearly indicated.

. A plot of beam mo ment versust tal InelastioR w@ti n. The beam m ment

and the ¢ tal Inelastic R taidi n shall b@c mputed with respectt the face
of the column.

. The b tal Inelastic B tabi n devel ped by the Test Specimen. The o mp -

nentso fthe Test Specimen c ntributimgt tlet tal Inelastic Rotati n due t
yieldingor slip shall be identified. Theop i @ fthet tal InelastioR tati n
contributed by eacha@ np nent fthe Test Specimen shall be rep rted. The
metho d usedd ¢ mpute InelastioR tati ns shall be clearly sh wn.

. A chrorologic listing of significant tesb bservati ns, including bserva-

tions of yielding, slip, instability, and fracture fanyop i n fthe Test
Specimen as applicable.

. The o nto lling failure no ded r the Test Specimen. If the test is terminated

prior tofailure, the reas nd rterminating the test shall be clearly indicated.
The results fthe material tests specified in Secti n S8.

The Welding Rr cedure Specifiaati ns (WPS) and welding inspecti n re-
ports.

Additional drawings, data, and discussion fthe Test Specimen r test results
are permittedd be included in the ep rt.

ACCEPTANCE CRITERIA

For each © nnecti n used in the actual frame, at least tw tests are required
for each @ nditdo n in which the Essential Variables, as listed in Secti n S4,
remain within the required limits. 8 th tests shall satisfy the criteria stipulated
in Sectons 8.5, 9.2, 10.23 r 15.4, as applicableoln rdert satisfy Inelastic
Rotation requirements, each Test Specimen shall sustain the required r tati n
for at leasto ne 0 mpletedl ading cycle.



Part |l
Composite Structural Steel
and Reind rced G ncrete
Buildings

Part Il Glossary

Applicable Building CodeThe building © de under which the building is designed.

Boundary MembersPortion along wall and diaphragm edges strengthened with struc-
tural steel seati ns ana/ ol ngitudinal steel reinf rcement and transverse rein-
forcement.

Collector ElementsMember that serve®t transfer f rces betweeo fl r diaphragms
and the members fthe Seismio F rce Resisting System.

Composite BeamA structural steel beam that is either an unencased steel beam that
acts integrally with a@ ncrete oc nop site slab using shear ¢ mneot rs ra fully
reinforced-® ncrete-encased steel beam.

Composite BraceA reinforced-® ncrete-encased structural steel section (r ed r
built-up) or concrete-filled steel secti n that is used as a brace.

Composite ColumnA reinforced-® ncrete-encased structural steel section (r tled r
built-up) or concrete-filled steel secti n that is used a®a ¢ lumn.

Composite Plate—Concrete Shear Well wall that @ nsist® f a steel plate with rein-
forced mncrete encasememt on ne @ b th sides that pr vieo ut- f-plane stiff-
ening b prevent buckling fthe steel plate.

Composite Shear WallA reinforced ® ncrete wall that has unencased r reinf rced-
concrete-encased structural steel secti ns@as B undary Members.

Composite SlabA concrete slab that is supp rtedl n and b nded t oa f rmed steel
deck and that acts as a diaphragmt transfer f acet and between elaments fthe
Seismic B rce Resisting System.

Concrete-filled Composite ColumRoundor rectangular structural steel secti n that
is filled with concrete.

Coupling Beam.A structural steed re mp site beam that c nnects adjacentseinf rced
concrete wall elementss that they agtt getheert resist lateral f rces.

Design StrengthThe design resistanceo(f rcepm ment, stress, asoappr priate) that is
provided by an elemert rac nneoti n;thegpr duct fthe n minal strength and the
resistance faot r.

Encased Composite BearA.structural steel beam that is ¢ mpletely encased in rein-
forced @ ncrete that is cast integrally with the slab aad f r which foll comp site
action is pio vided by b nd between the structural steel and oeinf roed ¢ ncrete.

Encased Composite ColumA structural steel@ lumn ¢ lled r built-up) thati®c m-
pletely encased in reinf rcedc ncrete.

Face Bearing PlatesStiffeners that are attachem t structural steel beams that are em-
bedded in reird rceda@ ncrete walls oc lumns. The platesare | cated at the face
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of the reinforced © ncretea pr videa nfinement andl t transfer f rces t the
concrete tho ugh direct bearing.

Fully Composite BeamA composite beam that has a sufficient number f shear c n-
necbrs® devad p them minal plastic flexural strength fthe canp site secti n.

Load-Carrying ReinforcemenReinforcementin e mp site members that is designed
and detailedd resist the required | ads.

Nominal Strength.The strengtto f a membear rar ss-secti;mt resist the effects f
loads, as determined byoc mputati ns using specified material strengths and di-
menso ns andd rmulas that are derived fr m accepted principles f structural me-
chanico rbyfieldtests rlab rat rytesis fscaledm delgyall wing fam deling
effects, and differences betweendaborat ry and field ¢ aditi ns.

Partially Composite BeamAn unencaseda ntp site beam with a n minal flexural
strength thatis@ ntr lled by the strength fthe shear stud ¢ mnect rs.

Partially Restrained Composite ConnectioBartially restraineda@ nnecti ns as de-
fined in the LRFD Specificati n thabc nnect partiatly r fullp c mp site beams
to steel ® lumns with flexural resistanceopr vided bya f roe ¢ uple achieved with
steel reind rcement in the slab and a steel seat amgle r singlar ¢ pnecti n at the
bottom flange.

Reinforced-Concrete-Encased Shap8tuctural steel sedti ns that are encased in re-
inforced cncrete.

Required StrengthThe lbad effect (b rce, m ment, stress, as appr priate) aaing nan
elemento r © nnecti n that is determined by structural analysis fr m the fact red
loads (using the ra st appr priate critical | ad ¢ mbirmati ns).

Restraining Bars.Steel reind rcement in@ nmp site members that és n t desigoed t
carry requiredd rces, butis pr vided t facilitate the erecto o f ther steel rein-
forcementandd pv vide anch ragef rstirrups rties. Generally, suchoeinf rce-
mentis o t splicedd bea@ ntiru us.

Static Yield StrengthThe strengtlo f a structural member @ ¢ nnecti n that is deter-
minedo n the basis ftesting thatis ¢ nducted under shaua mic | ading until
failure.
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SCOPE

These Po vigi ns are intended f r the design awnd ¢ nswuadi no f @ mp site
structural steel and reiaf rce@dc ncrete members and ¢ rmecti ns in the Seis-
mic Force Resisting Systems in buildings f r which the design f rces resulting
from earthquake m @ ns have been determirmed n the basis bvari us levels
of energy dissipati n in the inelastic range fresp nse.

These Po vig ns shall be applied in ¢ njurecti n with the AlSéad and Re-
sistance Factor Design (LRFD) Specification for Structural Steel Buildings,
hereinafter referreat asthe LRFD Specifioati n. Allmembers and ¢ rmecti ns
in the Seismic B rce Resisting System shall have a design strength as pr vided
in the LRFD Specificati nd resisbl adoc mbinati ns A4-1 ¢thr ugh A4-6 and
shall meet the requirements in these Pr orisi ns. The applicable requirementsin
Part | shall be usedf r the design f structural steel comp nentsin c mp site
systems. Reimf rcedec ncrete members subjeated t seismic f rces shall meet
the requirements in ACI 318, except as m dified in these provisi ns. When the
design is based wp n elastic analysis, the stiffness pr perties btheac mp nent
membero fo mp site systems shall reflect thair ¢ rditi n atdhe nset f sig-
nificant yieldingo f the building.

Part Il includes a @Gl ssary, which is specifically applicalde t this Part. The
Part | Gbssary is als applicablet Partll.

REFERENCED CODES AND STANDARDS

The b cuments referenced in these pr @isi ns shall include th se listed in Part
| Sectbn 2 with the 6 Ibwing additd ns and m dificadi ns:

American @ ncrete Institute
ACI| 318-95

American lo n and Steel Institute
Specification for the Design of Cold-Formed Steel Structural MemBi&86
Edition?

American 9 cietyo f Civil Engineers
ASCE 3-91

SEISMIC DESIGN CATEGORIES

Seismic po visd ns, the required strength f r each Seismic Design Gateg ry,
Seismic Use Gr up r SeismicaZ ne and the limitati s f r height and irregu-
larities shall be as specified in the Applicable Building C de; r, whenm c de
is applicable, as dictated by the ¢ nditi nsinv Ived.

1The alternatived ad and strength redacti n (resistancepfact rs specified in ACI 318 Ap-
pendix C shall be used, except that the | addaot r n E shall be rewised © be ¢ nsistent with
that specified in the Applicable BuildingoC de.

°The LRFD m rtonso f this @ cument, which pr vides an integral treatment f LRFD and
ASD, shall be used.
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5.2.

TABLE 11-4-1
System Overstrength Factor,

Seismic Force Resisting System Q,

All moment-frame systems meeting Part Il requirements 3

All Eccentrically Braced Frames (EBF) and wall systems 2%
meeting Part Il requirements

All other systems meeting Part Il requirements 2

LOADS, LOAD COMBINATIONS
AND NOMINAL STRENGTHS

Thelbads andd ade mbinati ns shall bexth sein Part| Secti n 4, including the
requirementsd r the amplifiedoh 1z ntal earthquake (e . The System
Overstrength Faot £2, shall be as defined in the Applicable Building C de.
In the absence fsuch defimiti £,  shall be as listed in Table II-4-1.

MATERIALS
Structural Steel

Structural steel used iroc mp site Seismix F rce Resisting Systems shall meet
the requirements in LRFD Specificati n Secti n A3.1a. Structural steel used in
the @ mp site Seismicd- rce Resisting Systems described incSecti ns 8, 9, 13,
14,16 and 17 shall als meet the requirements in Part | &ecti n 6.

Concrete and Steel Reinforcement

Concrete and steel reiaf rcement used m canp site Seismic F rce Resisting
Systems shall meet the requirements in ACI 318, excluding Chapters 21 and
22, and thed Ib wing requirements:

1. The specified minimumoc mpressive strength of ¢ ncrete an @ mp site
members shall equal r exceed 2.5 ksi.

2. Forthe purp ses fdeterminingthen minal strengthofcanp site members,
f/ shall rot be taken as greater than 10 ksi for n rmal-weight ¢ ncrete n r
4 ksi for lightweight @ ncrete.

Concrete and steel reinf rcement used in the comp site Seismic F rce Resist-
ing Systems described in Sexti ns 8, 9, 13, 14, 16, and 17 shall als meet the
requirements in ACI 318 Chapter 21.

COMPOSITE MEMBERS
Scope

The desigro fo mp site members in the Seismic F rce Resisting Systems de-
scribed in Secti ns 8 thr ugh 17 shall meet the requirements in thisosSecti nand
the material requirements in Sexti n 5.
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Composite Floor and Roof Slabs

The desigro f 0 mp site flo r andoo f slabs shall meet the requirements f
ASCE 3. @ mp site slab diaphragms shall meet the requirements in this Sec-
tion.

6.2a. Details shall be designedt transferf rces between the diaphragm and
Boundary Members, € llect r Elements, and elements fthe o riz n-
tal framing system.

6.2b. The o minal shear strengih oc rop site diaphragms aad ¢ ncrete-
filled steel deck diaphragms shall be taken as tbhe n minal shear
strengtho fthe reind rcedae ncreteab ve tlie bp fthe steel deck ribs
in aco rdance with ACI 318 excluding Chapter 22. Alternatively, the
composite diaphragm design shear strength shall be determined by
in-plane shear tests bc ncrete-filled diaphragms.

Composite Beams

Composite beams shall meet the requirements in LRFD Speciicati n Chapter
I. Composite beams that are part f C-SMF as described in &ecti n 9 shall als
meet the & Ib wing requirements:

1. The distance & m the maximuno ¢ ncrete ¢ mpressi n fiber t the plastic
neutral axis shallm t exceed:

Ycon + db
1,70CF,
1+< 0 )

S

(6-1)

where
Yeon = distance fo mthed w fthe steel beamt the top d c ncrete, in.

dy = deptho fthe steel beam, in.
F, = specified minimum yield strength f the steel beam, ksi.
Es = elastic no duluo fthe steel beam, ksi.

2. Beam flanges shall meet the requirements in Part I&ecti n 9.4, except when
fully reinforced-m ncrete-encasea c mpressi n elements have aoreinf rced
concrete o ver f at least 2 in. andc nfinement i® pr vided loph p rein-
forcement in regd ns where plastic hinges are expeatel t ccur under seis-
mic deb rmatb ns. Ko p reind rcement shall meet the requirements in ACI
318 Secw n 21.3.3.

Reinforced-concrete-encased Composite Columns

This Sectd n is applicableot a lumns that: (19 ¢ nsist f rainf rced-c ncrete-
encased structural steel secti ns with a structural steel areadhat ¢ mprises
at least 4 percent f theot taloc mp site-c lumnocr ss-secti n; and (2) meet
the additd nal limitatd ns in LRFD Specificati n Secti n 12.1. Such ¢ lumns
shall meet the requirements in LRFD Specificati n Chapter |, excepibas m d-
ified in this Secth n. Additb nal requirements, as specified f r intermediate
and special seismic systems in Secti ns 6.4b and 6.4c, shall apply as re-
quired in the descripti n® f theoc nop site seismic systems in 8ecti ns 8
through 17.
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Columns that o nsisb f reirf rcedec ncrete-encased structural steelosecti ns
with a structural steel area that ¢ mprises less than 4 pexent fothe t tal
composite-o lumn co ss-sedi n shall meet the requirememts f reoeinf roed c n-
crete © lumns in ACI 318 except asom dified f r:

1. The steel shape shear ¢ nrect rsin Qecti n 6.4a.2.

2. The o ntributd no f the reind rced@ ncrete-encased structural steelosecti n
to the strengtho fthe@ lumn as pr vided in ACI 318.

3. The seismic requirements f r reinf rced ¢ ncrete ¢ lumns as specified in
the descripth o ftheae mp site seismic systems in Secti ns 8 thr ugh 17.

6.4a. Ordinary Seismic System Requirements

The following requirementsd r reird rcede ncrete-encased comp s-
ite columns are applicabl@t albc nop site systems:

1. The o minal shear strength f the ¢ lumn shall be determined as
the ro minal shear strength f the structural shape plus the n m-
inal shear strength that is @r vided by the tie reinf rcement in
the reinb rced-o ncrete encasement. Te n minal shear strength f
the structural steel secti n shall be determined iroacc rdance with
LRFD Specificath n Seabi n F2. Theon minal shear strength fthe
tie reinforcement shall be determined in acc rdance with ACI 318
Sectons 11.5.6.2 tlr ugh 11.5.6.8. In ACI 318 Secti ns 11.5.6.4
and 11.5.6.8, the dimemnsi ly,  shall equal the width f the ¢ n-
crete co ss-seati n minus the width f the structural shape mea-
sured perpendiculant the direati f shear. The n minal shear
strength shall be multiplied by, equalt 0.7t determine the
design shear strength.

2. Composite © lumns that are designexl t share the appbed | ads
between the structural steel secti n and reinf rced c ncrete shall
have shear@ nnext rs that meet thed Il wing requirements:

1. If an external member is framed directty t the structural steel
sectb n b transfer a vertical reacti\f), , shear ¢ nwect rs shall
be povided ¢ transfer theof rc®¥, @& AFy P, ) between
the structural steel seoti n and the reinf rced c ncrete, where
A is the areao f the structural steel sectiF, is the spec-
ified minimum yield strengtto f the structural steel secti n,
and P, is the n minal @ mpressive strength f the c anp site
column.

2. If an external member is framed directty t the reinf rced ¢ n-
crete b transfer a vertical reagtiVfy, , shear ¢ noect rs shall be
provided b transfer thed rc¥,AsF, H, between the structural
steel secti n and the reimf rced c ncrete, whéyeF, , Bpd
are as defined ab ve.

3. The maximum spacing fsheas ¢ nnect rs shall be 16 in. with
attachment al ng the utside flange faoces f the embedded
shape.
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. The maximum spacing f transverse ties shall be the keast fthe
foll wing requirements:

a. one-half the least dimersi ;1 f the secti n,
b. 16 bngitudinal bar diameters
c. 48 tie diameters

Transverse ties shall be | cated vertically within ne-half the tie
spacing ab ve theot p ftheobd ting ol west beam r slabin any
story and shall be spaced a®pr vided herein within ne-half the tie
spacing bal w thed west beam r slab framingant the ¢ lumn.

Transverse bars shall have a diameter thatois n t lessdghan ne-
fiftieth of greatest side dimernsi @ fthec mp site member, except
that ties shall o t be smaller tharoN . 3 bars and need n t be larger
than Nb . 5 bars. Alternatively, welded wire fabdc fequivalentarea
is permitted as transverse reinf rcement exceptwhen pr hitited f r
intermediate and special systems.

. All laad-carrying reinb rcement shall meet the detailing and splice
requirements in ACI 318 Seoti ns 7.8.1 and 12.1@. L ad-carrying
reinforcement shall be pr vided at everg ¢ rner f a rectangular
cross-sect n. The maximum spacingof ther| ad carrying r re-
straining b ngitudinal reind rcement shall ke ne-half f the least
side dimengi ro fthe@ mp site member.

. Splices and end bearing detaits f r reinf rced-c ncrete-encased
structural steel seati ns shall meet the requirements in the LRFD
Specificatb n and ACI 318 Secti n 7.8.2. If adverse bebavi ral ef-
fects dued the abrupt change in member stiffness and n minal
tensile strengtlo ccur when remnf rced-c ncrete encasement fa
structural steel sedti n is terminated, either at atramsib nt a pure
reinforced ® ncrete @ lumm r at theoc lumn base, they shall be
considered in the design.

Intermediate System Requirements

Reinforced-o ncrete-encased ¢ mp site ¢ lumns inintermediate seis-
mic systems shall meet the foll wing requirements in additon o th se
in Sectb n 6.4a:

The maximum spacing f transverse bars at the t p andb tt m shall

b
a
b
c
d

e the leasd fthed B wing requirements:

. one-half the least dimemsi o1 f the secti n
. 8 longitudinal bar diameters

. 24 tie bar diameters

. 121n.

These spacings shall be maintaireed ver a vertical distance equal t
the greatest f theof 8 wing lengths, measured fr m eagh j int face

a

ndo n to th sides fany secti n where flexural yielding is expeated t

occur:
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a. one-sixth the vertical clear height fthe c lumn
b. The maximum @ ss-seoti nal dimeasi n
c. 18in.

Tie spacing ver the remainingc lumn length shall n t exceed twice
the spacing defined ab ve.

Welded wire fabric is o t permitted as transverse reinf rcementin in-
termediate seismic systems.

6.4c.  Special Seismic System Requirements

Reinforced-o ncrete-encased ¢ lumns f r special seismic systems
shall meet thed b wing requirements in additi o t ¢h se in Secti ns
6.4.a.and 6.4.b.:

1. The required axial strengtb f r remf rced-c ncrete-encased ¢ m-
posite @ lumns and splice details shall meet the requirements in
Part | Secth n 8.

2. Longitudinal bad-carrying reird rcement shall meet the require-
ments in ACI 318 Seati n 21.4.3.

3. Transverse reiof rcement shall beoch p reinf rcement as defined
in ACI 318 Chapter 21 and shall meet tlee 6 Il wing requirements:

a. The minimum area ftie reinf rcemeAt, shall meet the f I-
lowing requirement:

F,A, f!
= 0.09hs{ 1- L= (== 6-2
Ash ccs( Pn )(Fyh> ( )

where

h.. = cross-secti nal dimengi o f theoc nfineadc re mea-
sured centeret -center fthe tie renf rcement, in.

s = spacingo f transverse reimf rcement measured al ng
the bngitudinal axio f the structural member, in.

Fy, = specified minimum yield strength f the structural
steel © re, ksi

As = cross-sect nal area fthe structural ¢ re?in.

P, = nominal axial ® mpressive strength f th@c mp s-
ite column calculated in acc rdance with the LRFD
Specificatd n, kips

f, = specified 0 mpressive strength d c ncrete, ksi

Fyn = specified minimum yield strength f the ties, ksi

Equatbn 6-2 need m t be satisfied if the n minal strength f
the reinb rced-o ncrete-encased structural steelsectbn al ne is
greaterthan1D + 0I5 .

b. The maximum spacing f transverse reinf rcement al ng the
lengtho f the © lumn shall be the lesser f®& | ngitudinal | ad-
carrying bar diameters and 6 in.
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c. When specified in Secti ns 6.4c.4, 6.40.5 r 6.4c.6, the maxi-
mum spacing f transverse reinf rcement shall be the lesser f
one-fourth the least member dimensi n and 4 in. F r this rein-
forcement, co ssties, legs o verlappingd ps, and therc n-
fining reinforcement shall be spaced n bm re than 14adn. n
center in the transverse directi n.

4. Reinbrced-o ncrete-encased ¢ mp site ¢ lumns in braced frames
with axial @ mpresgi nd rces that are larger than 0.2tiRgs  shall
have transverse reimf rcement as specified in S8ecti n 6.4c3.c ver
the ptal element length. This requirement need n t be satisfied if
the ro minal strengtlo f the reinf rcedbc ncrete-encased steel sec-
tion alone is greater than 1M+ .5 .

5. Composite © lumns supp rting reacti nsofr m disc ntinued stiff
members, such as walts r braced frames, shall have transverse
reinforcement as specified in Sexti n 6.4c.8.c ver the full length
beneath the level at which the disc ntinuily ccurs if the axial
compressd n 6 rce exceeds 0.1 tim@g . Transverse oeinf rce-
ment shall extend iot the disc ntinued member f r at least the
length requiredad devel p full yielding in the remf rcea-c ncrete-
encased structural steel secti n awd | ngitudinal einf rcement.
This requirement needon t be satisfied if the n minal stremgth f
the reinbrced-o ncrete-encased structural steel gection al ne is
greaterthan1D + 05 .

6. Reinbrced-o ncrete-encased ¢ mp site ¢ lumns that are used in
C-SMF shall meet theof §f wing requirements:

a. Transverse reinf rcement shall meet the requirements in Sec-
tion 6.4c.3.catthed pandd dt m ftheoc lumm vertheregi n
specified in Secbi n 6.4b.

b. The sto ng-o lumn/weak-beam design requirements in &ecti n
9.5 shall be satisfied.aC lumn bases shall be detafled t sustain
inelastic flexural hinging.

¢. The minimum required shear strength ftle ¢ lumn shall meet
the requirements in ACI 318 Seati n 21.4.5.1.

7. When the ¢ lumn terminates n adf tirmg r mat f undati n, the
transverse reinf rcement as specified in this secti n shall extend
into the footing or mat at least 12 in. When theoc lumn termi-
nateso n a wall, the transverse ranf rcement shall externd int the
wall for at least the length required t dewel p full yielding in the
reinforced-® ncrete-encased structural steel secti nand | ngitudi-
nal reinfo rcement.

Welded wire fabricis o t permitted as transverse reinf rcementf r
special seismic systems.

6.5. Concrete-filled Composite Columns

This Sectd n is applicableot ¢ lumns that: (19 ¢ nsst d ¢ ncrete-filled steel
rectangulan r circulard # w structural secti ns (HSS) with a structural steel
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area that ¢ mprises at least 4 percent f the t @l comp site-c lunon cr ss-
sectb n; and, (2) meet the additi nal limitati ns in LRFD Specificati n Secti n
12.1. Such o lumns shall be designedt meet the requirements in LRFD Spec-
ification Chapter I, except asan dified in this Secti n.

6.5a. The design shear strengih fthe c onp site ¢ lumn shall be the design
shear strength f the structural steel secti m al ne.

6.5b. In addition o the requirements in Segti n 6.5a, in the special seismic
systems described in Sexti ns 9, 13 and 14, the design f rceand ¢ |-
umn splicesd r o ncrete-filledec np sitec lumns shallals meet the
requirements in Part | Seati n 8.

6.5c. Concrete-filled © mp site@ lumns used in C-SMF shall meet the f |-
lowing requirements in additi ot th se in Seati ns 6.5a. and 6.5b:

1. The minimum required shear strength ftle ¢ lumn shall meet the
requirements in ACI 318 Secti n 21.4.5.1.

2. The sto ng-o lumn/weak-beam design requirements in &ecti n 9.5
shall be met. @ lumn bases shall be desigreed t sustain inelastic
flexural hinging.

3. The minimum wall thickness fac ncrete-filled rectangular HSS
shall equal

1.400 /F, [Es (6-3)

for the flat widthb of each face, where is as defined in LRFD
Specificath n Table B5.1.

7. COMPOSITE CONNECTIONS
7.1. Scope

This Sectd n is applicableot & nneoti ns in buildings that utilize c anp site r
dual steel and@ ncrete systems wherein seismic f rce is transferred between
structural steel and reiof rce@c ncrete ¢ aonp nents.

Composite ® nnectl ns shall be dem nstrated t have design strength, ductility
and b ughness that ic mparabte t that exhibited by similar structuralesteel r
reinforced ® ncrete @ nneai ns that meet the requirements in Part | and ACI
318, respectively. Meth d=f r calculating the ¢ nnecti n strength shall meet
the requirements in this Seati n.

7.2. General Requirements

Connectb ns shall have adequate aef rmati n capaadity t resist the critical re-
quired strengths at the DesignoSt ry Drift. Additi nallyy ¢ nnecti ns that are
required b r the lateral stability f the building under seismi f rces shall
meet the requirements in Secti ns 8ahr ugh 17 based up n the specific sys-
tem in which the o nneati n is used. When the required strength is based
upon rominal material strengths and n minal member dimensi ns, the de-
terminatd no f the required @ nnecti n strength shall acc umt f r any effects
that result fo m the increase in the actual n minal strermgth f the ¢ nnected
member.



7.3.

Seismic Provisions for Structural Steel Buildirngs3

Nominal Strength of Connections

The o minal strengtle fe nneati ns imc mp site structural systems shall be
determined n the bass frati nalan dels that satisty b th equilibrum fin-
ternal brces and the strength limitaticn  6c mp nent materials and elements
based up np tential limit states. Unless tlee ¢ nreecti n strength is determined
by analysis and testing, theom dels used f r analgsi® f ¢ noecti ns shall meet
the requirements in Seoti ns 7.3adhr ugh 7.3d.

7.3a.

7.3b.

7.3cC.

7.3d.

When required,d rce shall be transferred between structural steel and
reinforced ® ncrete thr ugh direct bearimg f headed shear studs r
suitable alternative devices, by ther mechanical means, by shear fric-
tion with the necessary clamping f rcegr vided by reinf rcementn r-
mal to the plane fshear transfer, rbyac mbimaton fthese means.
Any potential o nd strength between structural steel and oeinf rced
concrete shall be ign reaf rthe pusp se fthe c nnectionf rce trans-
fer mechanism.

The o minal bearing and shear-frigcti n strengths shall meet the re-
guirements in ACI 318 Chapters 10 and 11, except that the strength
reductd n (resistance) fact rs shall be as given in ACI 318 Appendix
C. Unless a higher strength is substantiated by cyclic testingpthe n mi-
nal bearing and shear-frioti n strengths shall be reduced by 25 percent
for the compo site seismic systems described in Secti ns 9, 13, 14, 16,
and 17.

The required strengtb f structural steal ¢ onp nents én comp site

connectd ns shall o t exceed the design strengths as determined in
Part | and the LRFD Specificati n. Structural steel elements that are
encased in@ nfined reinf rcedc ncrete are permitted t doe ¢ nsid-
ered b be braced against at- f-plane buckling. Face Bearing Plates
consistingo f stiffeners between the flanges f steel beams are re-
quired when beams are embedded in @inf rced ¢ ncrete ¢ lumns
or walls.

The rominal shear strength f remf rced-c ncrete-encased steel
panel-o nes in beanot ec lumnoc nnexti ns shall be calculated as
the sumo f the n minal strengttes f the structural steel amd ¢ nfined
reinforced © ncrete shear elements as determined in Part loSecti n
9.3 and ACI 318 Sedti n 21.5, respectively. The strength reducti n

(resistance) faot rsof r reiof rcedoc ncrete shall be as given in ACI

318 Appendix C.

Reinforcement shall be pr videdbt resist all tensie f rces in re-
inforced wncrete 6 mp nents f theoc nnecti ns. Additi nally, the
concrete shall be@ nfined with transverse reinf rcement. All rein-
forcement shall be fully devel ped in tewmsi @ ©c mprassi n, as
appo priate, bey nd theg intatwhichiti®no | ngerrequiredt resist
the forces. Deval pment lengths shall be determined iroacc rdance
with ACI 318 Chapter 12. Additi nally, devel pment lengtles f r the
systems described in Sexti ns 9, 13, 14, 16 and 17 shall meet the
requirements in ACI 318 Seoti n 21.5.40C nnecti ns shall meet
the following additional requirements:
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8.1.

8.2.

8.3.

1. When the slab transfer®h oiz ntal diaphragm f rces, the slab re-
inforcement shall be designed and aach red t carry the in-plane
tensile b rces at all critical seati ns in the slab, includirgy ¢ nnec-
tions to collector beams, @ lumns, braces and walls.

2. For connectd ns between structural steel © c onp site beams
and reinb rced o ncrete r reinf rcedsc ncrete-encased @ mp site
columns, transversedo p reiof rcement shall be pr vided in the
connecton regh n © meet the requirements in ACI 318 Secti n
21.5, exceptd r thed b wing m dificati ns:

a. Structural steel seoti ns framingont the c nnecti ns are ¢ n-
sidered ® po vide o nfinemermt ver a width equal t that f
face bearing stiffener plates weldedd t the beams between the
flanges.

b. Lap splices are permitted f r perimeterties when c nfinement f
the spliceis p vided by Face Bearing Plates r ther means that
prevents spalling fthea ncretec ver in the systems described
in Sectons 10, 11, 12 and 15.

3. The bngitudinal bar sizes and lay ut in reinf rced ¢ ncrete and
composite ® lumns shall be detailed t minimize slippame f the
bars tho ugh the beanwt ec lumnoc nnexti n due t high f rce
transfer ass ciated with the change m ¢ lumn m ments ver the
heighto f the © nnect n.

COMPOSITE PARTIALLY RESTRAINED (PR) MOMENT
FRAMES (C-PRMF)

Scope

This Sectd n is applicableot frames thab ¢ nsist f structural steel ¢ lumns
and ® mp site beams that are ¢ nnected with partially restrained (BR) m ment
connectb ns that meet the requirements in LRFD Specificati n 8ecti n A2.
C-PRMF shall be designea s that under earthquake | ading yielding ccurs
in the ductile © mp nents ftheoc nap site PR beamn-b-c lumo m menmt ¢ n-
nectbns. Limited yielding is permitted at thes | cati ns, such as the ¢ lumn
base o nneati n. € nnecti n flexibility andc rap site beam acti n shall be
aco unted ¢ r in determining the dynamic characteristics, strength and drift
of C-PRMF.

Columns

Structural steel@ lumns shall meet the requirements in Part IGecti n 8 and
the LRFD Specificati n. The effect f PRan ment ¢ nnecti ms n stabiity f
individual @lumns and the verall frame shall be ¢ nsidered in C-PRMF.

Composite Beams

Composite beams shall meet the requirements in LRFD Specificati n Chapter
I. For the purp se® fanalysis, the stiffness f beams shall be determined with
an effective o mend finertia fthea np site sexti n.



8.4.

9.2.

9.3.

9.4.

9.5.

Seismic Provisions for Structural Steel Buildirngs5

Partially Restrained (PR) Moment Connections

The required strengtlof r the beam-to-c lumn PR m menmt ¢ niecti ns shall be
determined fo m the faot re@d| acdbc mbinati ns, including ¢ nsiderati n fthe
effectso f @ nnecth n flexibility and sec nd- rderan ments. In aduliti b, ¢ m-
posite ® nnect ns shall have aon minal strength that is at least equal t 50
percento fM, , wheréM, is thea minal plastic flexural strength ftlee ¢ n-
nected structural steel beam @n ring ¢ onp site@cti a. C noecti ns shall meet
the requirements in Seoti n 7 and shall have an inelastic o tati n capacity f
0.015radians and at tabr tati n capacity f0.03 radians that is substantiated
by cyclic testing as described in Part | Secti n 9.2a.

COMPOSITE SPECIAL MOMENT FRAMES (C-SMF)
Scope

This Sectd nis applicablet m ment-resisting frames tlwat ¢ msist feitherc m-
positeor reinbrced © ncrete@ lumns and either structural steelo r @ mp site
beams. C-SMF shall be designed assuming that under the Design Earthquake
significant inelastic def rmadi ns wildb ccur, primarily in the beams, but with
limited inelastic ded rmati ns in theoc lumns and/ @ ¢ nnecti ns.

Columns

Composite ® lumns shall meet the requiremerats f r special seismic systems in
Sectbns 6.4 r 6.5. Reiof rcedoc ncrete ¢ lumns shall meet the requirements
in ACI 318 Chapter 21, excluding Seeti n 21.8.

Beams

Composite beams shall meet the requirements in 8ecti n 6.3. Neither struc-
tural steel 0 r 0 mp site trusses are permitted as flexural members t resist
seismic b ads in C-SMF unless it is dem nstrated by testing and analysis
that the particular system @r vides adequate ductility and energy dissipati n
capacity.

Moment Connections

The required strengtb f beam-toc lumnom merd ¢ nnecti ns shall be de-
termined fo m the shear and flexure ass ciated with the n minal plastic
flexural strengtho f the beams framing ont the c nnecti n. The n minal
connectdb n strength shall meet the requirements in $ecti n 7. In additi n, the
connectdb ns shall be capabte f sustaining an inelastic beam o tati n f 0.03
radians. When the beam flanges are interrupted atathe ¢ nnecti n, the inelastic
rotation capacity shall be deon nstrated as specified in Part | &ection ®f rc n-
nectons in SMF. B r o nneati not reinf rcedc ncrete ¢ lumns with a beam
that is @ ntinw us thw ugh theoc lumros that welded j ints ace n t required in
the flanges and theoc nnecti nis mt therwise susceptible t premature frac-
tures, the inelasticor tati n capacity shall be dem nstrated by testing r ther
substantiating data.

Column-Beam Moment Ratio

The minimum flexural strength and design f r@inf rceal ¢ ncredge ¢ lumns
shall meet the requirements in ACI 318 Secti n 21.4.2. The minimum flexural
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10.
10.1.

10.2.

10.3.

10.4.

11.
11.1.

strength and desigm foc nop sit@c lumns shall meet the requirements in Part
| Secton 9.6 with thed 1b wing no dificatd ns:

a. The flexural strength ftheoc rop site ¢ lurktj,  shall meet the require-
ments in LRFD Specificadi n Chapter | wittoc nsideoation f the applied
axial load,P,, .

b. The brce limitforthe excepti nsin Partl Seati n9.6ashalPhe< . Q1

c. Compo site © lumns exempted by the minimum flexural strength require-
ment in Part | Seati n 9.6¢ shall have transverse teinf rcement that meets
the requirements in Seoti n 6.4c.4.

COMPOSITE INTERMEDIATE MOMENT FRAMES (C-IMF)
Scope

This Sectd nis applicablet m mentresisting frames that c msist feitherc m-
positeor reinbrced © ncrete@ lumns and either structural steelo r @ mp site
beams. C-IMF shall be designed assuming that under the Design Earthquake
inelastic ded rmat n willo ccur primarily in the beams but withom derate in-
elastic ded rmat ninthe@ lumns arw/ oc nnexti ns.

Columns

Composite ® lumns shall meet the requiremertds f r intermediate seismic sys-
temsin Secti n6.4 r6.5. Reiaf rcedc ncrete ¢ lumns shall meet the require-
ments in ACI 318 Seati n 21.8.

Beams

Structural steel andoc nop site beams shall meet the requirements in the LRFD
Specificatd n.

Moment Connections

The ro minal © nnecti n strength shall meet the requirements in&ecti n 7. The
required strengtb f beanot ec lummc nnexti ns shall meetone fthef Il w-
ing requirements:

1. The © nnecti n design strength shall meet r exceeddhe f rces ass ciated
with plastic hingingo f the beams adjacentt the ¢ nnecti n.

2. The © nnecti n design strength shall meet r exceed the required strength
generated by & ad € mbinati ns 4el r4-2in Part|.

3. The @ nnecti ns shall desn nstrate an inelastic rotati n capacity f at least
0.02 radians in cyclic tests.

COMPOSITE ORDINARY MOMENT FRAMES (C-OMF)

Scope

This Sectd nis applicablet m mentresisting frames that ¢ msist feitherc m-

positeor reinbrced o ncretec lumns and structural steelor comp site beams.
C-OMF shall be designed assuming that under the Design Earthquake limited
inelastic act n willo ccur in the beamspc lumns aad/or ¢ nnecti ns.



11.2.

11.3.

11.4.

12.

12.1.

12.2.

12.3.

12.4.

12.5.

13.

13.1.
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Columns

Composite © lumns shall meet the requiremerdsd r rdinary seismic systems
in Sectbn 6.40 r 6.5 Reirdf rceda ncret® c lumns shall meet the requirements
in ACI 318, excluding Chapters 21.

Beams

Structural steel andoc nop site beams shall meet the requirements in the LRFD
Specificatd n.

Moment Connections

Connectb ns shall be designed f r the applied éact red | ad ¢ mhinati ns and
their design strength shall meet the requirements in &ecti n 7.

COMPOSITE ORDINARY BRACED FRAMES (C-OBF)

Scope

This Sectd n is applicablet ac ncentrically and eccentrically braced frame sys-
tems thato nsist feitheroc nop site rremf rced ¢ ncrete ¢ lumns, structural
steelo r ® mp site beams, and structural steelo r comp site braces. C-OBF shall
be designed assuming that under the Design Earthquake limited inelastic acti n
will accur in the beams, @ lumns, braces, amd/or ¢ nnecti ns.

Columns

Reinforced-o ncrete-encased ¢ mp site ¢ lumns shall meet the requirements
for ardinary seismic systemsin Segti ns 6.4 C ncrete-filled comp site c lumns
shall meet the requirements in Secti n 6.5. Reinf rced ¢ ncrete ¢ lumns shall
meet the requirements in ACI 318 excluding Chapter 21.

Beams

Structural steel andoc nap site beams shall meet the requirements in the LRFD
Specificatb n.

Braces

Structural steel braces shall meet the requirements in the LRFD Spegificati n.
Composite braces shall meet the requiremeatsé rcomp site ¢ lumnsindecti n
12.2.

Connections

Connectb ns shall be designed f r the applied éact red | ad ¢ mhinati ns and
their design strength shall meet the requirements in &ecti n 7.

COMPOSITE CONCENTRICALLY BRACED FRAMES (C-CBF)

Scope

This Sectb n is applicableot braced systems that ¢ ngisto f ¢ ncentrically
connected members. Min r eccentricities are permitted if they are acc unted
for in the design. © lumns shall be eitheo ¢ mp site structural steel r rein-
forced mncrete. Beams and braces shall be either structuralsteel oc mp site
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13.2.

13.3.

13.4.

13.5.

14.

14.1.

14.2.

structural steel. C-CBF shall be designed s thatundenthe | ading fthe Design
Earthquake inelastic acti nwil ccur primarily thr ugh teasi nyielding and/ r
bucklingof braces.

Columns

Structural steel@ lumns shall meet the requirements in Part I6Secti n 8. C m-
posite structural steeloc lumns shall meet the requirements f r special systems
in Sectb n 6.4o0 r 6.5. Reirf rcedac ncrete ¢ lumns shall meet the requirements
for structural truss elements in ACI 318 Chapter 21.

Beams

Structural steel andoc nap site beams shall meet the requirements in the LRFD
Specificatd n.

Braces

Structural steel braces shall meet the requirements f r OCBF in Part bSecti n
14. G mp site braces shall meet the requiremeats 6 r o mp site ¢ lumns in
Sectbn 13.2.

Bracing Connections

Bracing ® nnect ns shall meet the requirements in $ecti n 7 and Part | Sec-
tion 14.

COMPOSITE ECCENTRICALLY BRACED FRAMES (C-EBF)
Scope

This Sectd n is applicableot braced systerms f r which ne end f each brace
intersects a beam at an eccentricity fr mthe intersecti n fthe centedines fthe
beam ande lumo rintersects a beam at an eccentriaity fr m the intevsecti n f
the centerlines fthe beam and an adjacent brace. C-EBF shall be designed s
that inelastic def rmati ns wilb ccuo nly as shear yielding in the Links. The
diagonal braces,@ lumns, and beam segments utside f the Link shall be de-
signed ® remain essentially elastic under the maximom f rces that can be gen-
erated by the fully yielded and strain-hardened Link. C lumns shall be either
compositeor reinbrced o ncrete. Braces shall be structural steel. Links shall
be structural steel as described in this Secti n. The design strength f members
shall meet the requirements in the LRFD Specificati n, exceptas m dified in
this Sectd n. C-EBF shall meet the requirements in Part | Secti n 15, except as
modified in this Sect n.

Columns

Reinforced © ncrete@ lumns shall meet the requiremeats f r structural truss
elements in ACI 318 Chapter 210C mp site ¢ lumns shall meet the require-
ments b r special seismic systems in Secti ns®.4 r 6.5. Additi nally, where a
Linkis adjacentd areird rcedec ncretec lumn rreinf rced-c ncrete-encased
column, transverse reinf rcement meeting the requirements in ACI 31&Secti n
21.4.4 6r Sect n6.4c.6.@f rcc np sit@c lumns) shall be pr vided ab ve and
belbw the Link @ nnecb n.

All cdumns shall meet the requirements in Part | Secti n 15.8.



14.3.

14.4.

14.5.

15.

15.1.

15.2.
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Links

Links shall be unencased structural steel and shall meet the requiresment f r
EBF Linksin Part1 Secti n 15. Itis permittedt encasetbep ro n fthe beam
outsideo fthe Link with reinb rced @ ncrete. Beams ¢ ntaining the Link are per-
mitted © act © mp sitely with the flo r slab using shear ¢ nrect s al ngall r
any o rtionof the beam if thee mp site acti ni®c nsidered when determining
the ro minal strengtlo f the Link.

Braces
Structural steel braces shall meet the requirements f r EBF in Part bSecti n 15.
Connections

In addition o the requirementf r EBF in Part | Sexti n 1%, ¢ nnecti ns shall
meet the requirements in Sexti n 7.

ORDINARY REINFORCED CONCRETE SHEAR WALLS
COMPOSITE WITH STRUCTURAL STEEL
ELEMENTS (C-ORCW)

Scope

The requirements in this Secti n apply when reinf rced ¢ ncrete wallsoare ¢ m-
posite with structural steel elements, either as infill panels, such asreinf rced
concrete walls in structural steel frames with unencased roeinf roed-c ncrete-
encased structural steel secti ns that act as B undary Memibers, r as struc-
tural steel ® upling Beamsthadt ¢ nnecttw adjacenti@inf raed ¢ ncrete walls.
Reinforced © ncrete walls shall meet the requirements in ACI 318 excluding
Chapter 21.

Boundary Members

15.2a. When unencased structural steel secti ns foncti nas B undary Mem-
bers in reinb rced @ ncrete infill panels, the structural steel secti ns
shall meet the requirements in the LRFD Specificati n. The required
axial strengtto fthe B undary Member shall be determined assuming
that the sheardf rces are carried by the reinf rced ¢ ncrete wall and
the entire gravity anad verturningf rces are carried by the B und-
ary Members in ¢ njuncdi n with the shear wall. The reinf rced
concrete wall shall meet the requirements in ACI 318 excluding
Chapter 21.

15.2b. When fully reinbrced-o ncrete-encased structural steelsecti ns func-
tion as Boundary Members in reiof rcedbc ncrete infill panels, the
analysis shall be basedaip natransf rmed c ncretessecti nusing elas-
tic material po perties. The wall shall meet the requirements in ACI
318 excluding Chapter 21. When the reinf rcex-c ncrete-encased
structural steel B undary Member qualifies aoa comp gite ¢ lumn as
defined in LRFD Specificadi n Chapter I, it shall be desigreedt meet
theordinary seismic system requirements in Secti n 6.4. Otherwise,
it shall be designed as @c mp site ¢ lunint meet the requirements
in ACI 318.
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15.3.

16.

16.1.

16.2.

15.2c. Headed shear studs r welded reinf rcement anch rs shall de pr -
vided b transfer vertical sheao f rces between the structural steel and
reinforced © ncrete. Headed shear studs, if used, shall meet the re-
quirements in LRFD Specificati n Chapter I. Welded reinf rcement
anclo rs, if used, shall meet the requirements in AWS D1.4.

Coupling Beams

Structural steel € upling Beams that are used between tw adjacent reinf rced
concrete walls shall meet the requirements in the LRFD Specijicati n and this
Secton:

15.3a. Coupling Beams shall have an embedment length int theageinf rced
concrete wall that is sufficienbt dewel p the maximum p ssilile ¢ m-
bination of moment and shear that can be generated by the n minal
bending and shear strength f the C upling Beam. The embedment
length shall be @ nsideredt begin inside the first layerof ¢ nfining
reinforcement in the wall B undary MemberoC nnexcti n strength f r
the transfero fé ads between theoC upling Beam and the wall shall
meet the requirements in Sexti n 7.

15.3b. Vertical wall reinbrcement with design axial strength equal t the
nominal shear strengtt f thedC upling Beam shall be plazed ver the
embedmentlengtthh fthe beam withdw -thirdls fthe steel|l cated ver
the first halfo f the embedment length. This wall reinf rcement shall
extend a distance fatleast netemsi ndevel pmentlength ab ve and
below the flanges fthe € upling Beam. Itis permittedt use vertical
reinforcement placedf o ther pugp ses, suchasf rvertioal B undary
Members, as paat fthe required vertical r@inf rcement.

SPECIAL REINFORCED CONCRETE SHEAR WALLS COMPOSITE
WITH STRUCTURAL STEEL ELEMENTS (C-SRCW)

Scope

C-SRCW systems shall meet the requirements in 8ecti 015 f r C-ORCW and
the shear-wall requirementin ACI 318 including Chapter 21, excepbas m dified
in this Sectd n.

Boundary Members

16.2a. In addition o the requirements in Segati n 15.2a, unencased struc-
tural steel o lumns shall meet the requirements in Part | &ecti ns 5, 6
and 8.

16.2b. In addition o the requirements in Segti n 15.2b, the requirements
in this Sectd n shall applyot walls with reinf rcedsc ncrete-encased
structural steel B undary Members. The wall shall meet the require-
ments in ACI 318 including Chapter 21. Reinf rced-c ncrete-encased
structural steel B undary Members that qualify as comp site ¢ lumns
in LRFD Specificath n Chapter | shall meet the special seismic system
requirements in Sedti n 6.4. Otherwise, such members shall be de-
signed as@ mp siteoc mpressi N membars t meet the requirements
in ACI 318 including the special seismic requiremernats for B undary



16.3.

17.
17.1.

17.2.

16.2c.
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Members in Chapter 21. Transverse reinf rcementd r ¢ nfinement f
the ® mp site B undary Member shall extend a distamcén f2o0 int the
wall whereh isthe verall depth fthed undary Member inthe plane
of the wall.

Headed shear studs r welded reinf rcing bar anch rs shall be pr -
vided as specified in Seati n 15.2coF 0 ¢ nnecti;mm t unencased
structural steel seati ns, then minal strength f welded meinf rcing
bar anch rs shall be reduced by 25 percent fr m their Static Yield
Strength.

Coupling Beams

16.3a.

16.3b.

In addition © the requirements in Segti n 15.3a, structural steel C u-
pling Beams shall meet the requirements in Part | $ecti ns 15.2a
through 15.2f, 15.3b and 15.3c. When required in Part | $ecti n 15.3b,
the @ upling o tatd n shall be assumed as 0.08 radians unless a smaller
value is justified by rati nal analysgs fthe inelasticdef rroati ns that
are expected under the Design Earthquake. Face Bearing Plates shall
be povidedo n Io th sides fthe € upling Beams at the face f the
reinforced © ncrete wall. These stiffeners shall meet the detailing re-
quirements in Part | Secti n 15.3a.

Vertical wall reinbrcement as specified in Secti n 15.3b shall be
confined by transverse reimf rcement that meets the requirements f r
Boundary Members in ACI 318 Secti n 21.2.6.

COMPOSITE STEEL PLATE SHEAR WALLS (C-SPW)

Scope

This Sectd n is applicableot structural walls ¢ nsisting f steel plates with re-
inforced mncrete encasement on ne o b th sides f the plate and structural
steelo r ® mp site B undary Members.

Wall Element

17.2a.

17.2b.

Nominal Shear Strength

The ro minal shear strength f C-SPW with a stiffened plate ¢ nf rm-
ing to Sectb n 17.2b shall be determined as:

Vs = 0.6AqFy (17-1)
where
Vns = nominal shear strength  f the steel plate, kips.
Asp = horizontal areao f stiffened steel plateZin .
F, = specified minimum yield strength f the plate, ksi.

The ro minal shear strength f C-SPW with a plate that d @s n t meet
the stiffening requirements in Sexti n 17.2b shall be based up n the
strengtio fthe plate, excluding the strength fthe reinf rced c ncrete,
and meet the requirements in the LRFD Specificati n, including the
effectso f bucklingo f the plate.

The steel plate shall be adequately stiffened by encasement r at-
tachmenta the reimf rcedoc ncrete if it can be dem nstrated with an
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17.3.

17.4.

17.2c.

elastic plate buckling analysis thatthee ¢ enp site wall canresistan m-
inal shear & rce equabtV,s . Theoc ncrete thickness shall be a mini-
mumof 4 in.on each side wheroc ncrete iopr vided @ b th sides f
the steel plate and 8 in. when ¢ ncrete is pr videcb n ne side fthe
steel plate. Headed shear stud ¢ noeat s r ther mechamical ¢ nnec-
tors shall be po videda preventl cal buckling and separat n fthe
plate and reird rced@ ncrete.dH gz ntal and vertical reinf rcement
shall be po vided in the@ ncrete encasementt meet the detailing re-
qguirements in ACI 318 Sedti n 14.3. The renf rcementaati @ b th
directions shall o tbe less than 0.0025; the maximum spacing between
bars shall n t exceed 18 in.

The steel plate shall bec ntinu uslg ¢ nnected n all edgest struc-
tural steel framing and 8 undary Members with welds and/ r slip-
critical high-strength b Itsat devel p theon minal shear strength f
the plate. The design strength f welded amd b Ited ¢ rmect rs shall
meet the addit nal requirements in Part | Secti n 7.

Structural steel andoc nop siteoB undary Members shall be designed t meet
the requirements in Seoti n 16.2.

Boundary Members shall be@r videdoar uad penings as required by analysis.



Part |l
All ovable Stress Design
(ASD) Alternative

As an alternativea the & ad and Resistance Bact r Design (LRFD) pp visions f r
structural steel design in Part I, the use f thecAll wable Stress Design (ASD) pr vi-
sions in this Part is permitted. All requiremets f Part | shall be met excepbas m dified
or supplemented in this Part. When using this Part, the terms “LRFD Spedificati n”,
“FR” and “PR” in Part | shall be taken as “ASD Specifiaati n” (AISC, 1989), “Type
1" and “Type 3", respectively.

Substitute the following for PART | Section 1 in its entirety:

1.

2.

SCOPE

These Pr visi ns are intended f rthe design and ¢ nstwuati n f structural steel
members anda nnecti ns in the Seisma F rce Resisting Systems in buildings
for which the designd rces resultingdr m earthquake o ti ns have been deter-
minedo n the basie fvasi uslevets fenergy dissipati nin the inelastic range
of resppnse. These Br visi ns shall appty t buildings that are classified in the
Applicable Building @ de as Seismic Design Caieg ryd ( r equivalent) and
highero r when required by the Engineer fRec rd.

These Po vigi ns shall be applied in ¢ njurecti n with the AlS@ecification

for Structural Steel Buildings—Allowable Stress Design and Plastic Design,
hereinafter referredt as the ASD Specifioati n. All members and ¢ rmecti ns
in the Seismic B rce Resisting System shall be pr p rti ned as required in the
ASD Specificath no resist the applicable | ad ¢ mbimati ns and shall meet the
requirements in these ®r visi ns.

Part Il includes the Part | @l ssary and Appendix S.
REFERENCED SPECIFICATIONS, CODES AND STANDARDS

Substitute the following for the first two paragraphs of Part | Section 2:

The d cuments referenced in thégevisions  shall include th se listed in ASD
SpecificatiorSectb n A6 with the & Ibwing additd ns and im dificadi ns:

American Instituteo f Steel € nstructi n
Specification for Structural Steel Buildings—Allowable Stress Design and
Plastic DesignJune 1, 1989.

Substitute the following for the last paragraph of Part | Section 2:

Research € uncid n StructuraloC nnexti ns

Allowable Stress Design Specification for Structural Joints Using ASTM A325
or A490 BoltsNovember 13, 1985, reaffirmed withan dificati ot Appendix
A only, June 3, 1994,
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TABLE I-4-1
System Overstrength Factor,
Seismic Force Resisting System Q,
All moment-frame systems meeting Part | requirements 3

Eccentrically Braced Frames (EBF) meeting Part | requirements | 2%

All other systems meeting Part | requirements 2

Substitute the following for Part | Section 4 in its entirety:

4, LOADS, LOAD COMBINATIONS AND NOMINAL STRENGTHS
4.1. Loads and Load Combinations

In addition o loads andd ad ¢ mbinaii ns iv lving n-seismic cases spec-
ified by the Applicable Building @ de, thefdl wing seismicoL adC mbina-
tions shall be investigated, except as m difiecbthr aigh ut tReseisions.

12D+ 10E+ 05+ Q05 (4-a)
0.9D = (L3Wor 1.0E) (4-b)

Qe isthe o rin ntalo mp nent fthe earthquale |E&d required in the Applica-
ble Building @ de. Where required in thesePr wisi ns, an amplified b riz ntal
earthquaked adl,Qg shall be used in lieuQf in thee | aal ¢ mbimati ns

below. The term(), is the System Overstrength Bact r as defined in the Appli-
cable Building @ de. In the absence f such defmitin, shall be as listed in

Table I-4-1.
The additd nal b ad o mbinati ns using the amplified h @iz ntal earthquake
load are:
12D+ 05+ 05+0,Q (4-1)
0.9D — QOQE (4'2)

Excepton: Thet ad fact o b ind ade mbinati n 4-a and 4-1 shall equal
1.0 for garages, areas ccupied as places f public assembly and all areas
where the lived ad is greater than 100 psf.

Orthogonal earthquake effects shall be included in the analysis as required in
the Applicable Building @ de. Where the | 48,Qs is required, ortb g nal
earthquake effects need n t be included.

4.2.  Nominal Strengths

The ro minal strengthe f members armal ¢ nnecti ns shall be determined as f I-
lows:

4.2a. Replace ASD Specificati n Seati n A5.2t read: “The n minal
strengtho f structural steel members angl ¢ nreecti ms f r resisting
seismic b rces actingal ne rimc mbinati nwith dead and lige | ads
shall be determined by multiplying 1.7 times theoall wable stresses
in Secton D, E, F, G, H, J, and K. The 1/3@ll wable stress increase
shall rot be applied in@ njundaii n with this faxt r.”



4.3.

4.2b.

4.2c.

Design

4.3a.

4.3b.
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Amend the first paragraph f ASD Specifiaati n Secti n N1 by delet-
ing “or earthquake” and adding: “Theon minal strength f members
and © nnecb ns shall be determined by the requirememts ¢ ntained
herein. Except as m dified in theseopr wisi ns, all pertinent require-
mentso f Chapters A tlor ugh M shalbg vern.”

In ASD Specificath n Seati n H1 the definiti m i, shallread as f |-
lows:
, =
"o T Wiy
where:
I, = the actual length in the plare f bending.

r, = the @ rresp nding radius f gyrati n.
K = the effective length fact rin the plaree f bending.

Strengths

The design strengthts  f structural steel members and ¢ mnecti ns sub-
jected b seismicd rces inac mbinati n with ther prescribed | ads
shall be determined byoc nverting @ll wable stresses it n minal
strengths and multiplying suclon minal strengths by the resistance
factors herein.

Resistance faot ¢ of ruse in Part Il shall be asd Il ws:

Tensbn
yielding 0.9
rupture 0.75
Compressh n
buckling 0.85
Flexure
yielding 0.9
rupture 0.75
Shear
yielding 0.9
rupture 0.75
Torsion
yielding 0.9
buckling 0.9
CJP goo ve welds
tensbnor @ mpressi na rmal 0.9f r base metal
to effective area 0.9d r weld metal
shearn n effective area 0.9 f r base metal

0.8 for weld metal
PJP goo ve welds
compressd n 0 rmald 0.9d r base metal
effective area 0.9 r weld metal

tenson o rmal b effective area 0.9f r base metal
0.8 for weld metal

shear parallela axis fweld 0.7®f r weld metal
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Fillet welds

shean n effective area 0.76 f r weld metal
Plugor sbt welds

shear parallela faying surface

(on effective area) 0.75f r weld metal
Bolts )

tensb n rupture, shear rupture,

combined tensi n and shear 0.75

slip resistanced r b Itsin
standard b lesy versizeah les,
and slo rt-sb tted b les 1.0

slip resistanced r & Itsin

long-slotted o les with the @l t
perpendiculard the diredi n

of the sbot 1.0

slip resistanced r & Itsin
long-slotted to les with the &l t
parallel b the direct o f the

slot 0.85
Connecting elements
tensb n yielding, shear yielding 0.9

bearing strength atd Itch les,
tensb n rupture, shear rupture,

block shear rupture 0.75

contact bearing 0.75 for bearingp n
steel
0.6 for bearingo n
concrete

Flanges and webs withoc ncentrated f rces
local flange bending,
compressd n buckling fweb 0.9

local web yielding 1.0

web crippling, panel@ ne web
shear 0.75

sidesway web buckling 0.85

7. CONNECTIONS, JOINTS AND FASTENERS
7.2. Bolted Joints
Substitute the following for Part | Section 7.2d in its entirety:

7.2d. The design resistance t shear ard ¢ mbined tensi n and shear f
bolted joints shall be determined in acc rdance with the ASD Specifi-
cation Sectb ns J3.5 and J3.7, except that the all wable bearing stress
atbolt holesF, shall o t be taken greater thanF, 2

8. COLUMNS
Substitute the following for the first paragraph of Part | Section 8.3 in its entirety:
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8.3. Column Splices

The design strength  foc lumn splices shall exceed the required strength deter-
mined fom Secb n 8.2and&r ma ad& mbinati ns 4-1 and 4-2.

9. SPECIAL MOMENT FRAMES
Substitute the following for Part | Section 9.3a in its entirety:

9.3a. Shear Strength: The required shear streiiyth fthe panel-z ne shall
be determined by applyingoll adoC mbinati ns 4-1 and 4-2t the c n-
nected beano r beams in the plame f the frame at the c IURpn.
need o t exceed the shear f rce determined fr m 0.8 tiigaV, o f
the beams framingot theoc lumn flanges at tloe ¢ nmecti n. The de-
sign shear strength,R, 0 f the paneal-z ne shall be determined using
¢y = 0.75. WhenP, = 07%, ,

R, = 0.6F,d.ty| 1+ 3bertey (9-1)
SR Ao ety
WhenP, > Q79 ,
3be 1t 1.2P,
R, = O.6Fydctp[1+ Golot, {1.9— P, } (9-1a)
where
t, = total thicknes® f panel@ ne includingpd ubler plate(s), in.
d. = overall column depth, in.
b.s = width of the wlumn flange, in.
tes = thickneso fthe ¢ lumn flange, in.
dp = overall beam depth, in.

F, = specified minimum yield strength f the pana-z ne steel,
ksi.
Substitute the following for Part | Section 9.7b.1 in its entirety:

9.7.b.1 The required @ lumn strength shall be determined fr on L ad C mbi-
nation 4-b, except thdE shall be taken as the lesser f:

a. The amplified earthquake f rék,Qg

b. 125 percent f the frame design strength basea up n either the
beam design flexural strength r panel-z ne design shear strength.

12. SPECIAL TRUSS MOMENT FRAMES
Substitute the following for the first sentence in Part | Section 12.4:

12.4. Nominal Strength of Non-special Segment Members

All members and @€ nneati ng f STMF, excepbth se in the special segment

in Secton 12.2., shall have a design strength t resst L @d C mioinati ns

4-a and 4-b and the lateral | ads necessary t devel p the expected vertical
nominal shear strength in all segmeMs.  given as: [balance t remain un-

changed]
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Substitute the following for the first sentence in Part | Section 12.6:
12.6 Lateral Bracing

The bpand b  m ch rd® fthe trusses shall be laterally braced at the ends
of the special segment, and at intervals mott exckgd oacc rdingt ASD
Specificatd n Secti n F1, al ng the entire length fthe truss.

13. SPECIAL CONCENTRICALLY BRACED FRAMES (SCBF)

Substitute the following for Part | Section 13.4a.2 in its entirety:

2. Abeam that is intersected by braces shall be designed tosupp rt the effects
of all tributary dead and lived ads assuming that the bracingis n t present.

Substitute the following for Part | Section 13.4a.3 in its entirety:

3. Abeam that is intersected by braces shall be designedt resist the effects f
Load Combinatd ns 4-a and 4-b exceptthabal@d  shall be substitoted f r
the termE Q, isthe maximum unbalanced vertical | ad effect appliedt the
beam by the braces. This | ad effect shall be calculated using a minonum f
Py for the brace in tensi n and a maximum f 0.3 timed®, o f rthe brace
in compresso n.

14. ORDINARY CONCENTRICALLY BRACED FRAMES (OCBF)

Substitute the following for Part | Section 14.4a.1 in its entirety:

1. Thedesign strength fbrace members shall be atleast 1.5 times the required
strength using b ad € mbinati ns 4-a and 4-b.

Substitute the following for Part | Section 14.4a.3. in its entirety:

3. Abeam that s intersected by braces shall be designed tosupp rt the effects
of all tributary dead and lived ads as required by the ASD Specificati n
assuming that the bracing is n t present.
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April 15, 1997

Part I—Structural Steel Buildings

C1.

Experience fo mthe 1994¢ rthridge and 1996 K be earthquakes significantly
expanded the ln wn resp nse characteristics f structural steel building sys-
tems, particularly welded steelan ment frameso Sh rtly after tbe N rthridge
earthquake, the SA@J int Ventdre initiatedoa ¢ mprehensive study fthe seis-
mic perbrmanceo f steel m ment frames. Funded by the Federal Emergency
Management Agency (FEMA), SAC is dewgel ping guidelines f r structural en-
gineers, building fficials and ther interested parties f r the evaluati n, repair,
modification and desigro f welded steelan ment frame structures in seismic
regions. AISC is an active participant in SAC activities.

Many re®@ mmendadi ns in the SAterim Guideline (FEMA, 1995) f rm
the basi® fnew @r visi ns herein. In additi n, a numipen f ther relevant re-
search rep rts have been referenced. While reseaochis ng ing, thisrevisi n f
the AISC Seismic Rr visi ns represents the best availabte kn wlezlge t date.
These Po visi ns were dewel ped simultane usly and ¢ peratively with the
revisions that the Building Seismic SafetyC uncil (BSSC) wilbpr vide f r the
1997 NEHRP Ry vigi ns (FEMA, 1997a). Aac rdingly, it is anticipated that
this document will b rm the basisof r steel seismic desigm pr wisi ns in the
1997 NEHRP Ry vigi ns as well asah se in the 2000 Intemati nal Building
Code (IBC), which is currently under dewel pment by the Intemati nal C de
Council (ICC).

SCOPE

Structural steel building systems in seismic pegi ns are generally expected t
dissipate seismic input energy ¢hr ugh c mtr lled inelastimdef rmato ns fthe
structure. These Br visi ns supplement the AISC LRFD Specificati n (AISC,
1993) br such applicati ns. The seismic design f rces that are specified in the
building @ des have been set with ¢ nsidevato n f the energy dissipati n gen-
erated during inelastic resp nse.

1A jant venture of the Structural Engineers Ass cition f Calif rnia (SEAOC), Applied
Techro bgy (ATC), and Calié rnia Universitiesof r Research in Earthquake Engineering
(CUREe).
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c2.

Cs3.

REFERENCED SPECIFICATIONS, CODES
AND STANDARDS

The specificati ns,@ des and standards referenced in Part | are listed with the
appo priate revigi n date that was used in the devel proent fPartl. While m st

of these @ cuments are als referenced in the LRFD Specificato n, s me have
been revised since its publicati nin 1993.

SEISMIC DESIGN CATEGORIES

In order to design buildingsat resist earthquake no ti ns, each building is cate-
gorized depending up nits ccupancy and use t establishahe p tential earth-
guake hazard that it represents. The determinati n fthe required strength f r
use in design differs significantly in each specificato n r buildimg ¢ de. The
primary purp seo f these Br visi ns i®t @r vide the enf rnati n necessary
to determine the design strengbh f steel buildings. Ttneof Il wing disaussi n
provides a basio verview fthe appr achht categ ripaton f building struc-
tures that is taken in several fthe seismic ¢ des r specificati ns, as well as
the @ rresp nding determinati m f the required strength and stiffness. F r the
variables requiredot assign Seismic Design Categ ries, limitab ns f height,
vertical and b rip ntal irregularities, site characteristics, etc., the Applicable
Building Code slo uld be@ nsulted.

In the 1997 NEHRP Rr visi ns (FEMA, 1997a), buildings are assignedt ne
of three Seismic Use @r ups, dependingpup n ccupamcy r use. Gr up lll in-
cludes essential facilities, while &r ups Il and | include facilities with a lesser
as® ciated degree f public hazard. Buildings are then assigned t a Seismic
Design Categ ry based ap n the Seismic Use Gr up, the seisnucity f the
site and the pesi @ f the building. Seismic Design Categ ries A, B and C
are generally applicablet buildings in areas of | o t om derate seismicity
and special seismic pr visi ns likedh se inthese Pr wisi ns are n t mandat ry.
However, seismic @r vigl ns are mandat ry in Seismic Design Gateg ries D,
E and F, including ¢ nsiderati o f system redundancy. Seismic Design Cat-
egry D is generally applicablet buildings in areas f high seismicity and
Seismic Use Gr up Il buildings in areas fan derate seismicity. Seismic De-
sign Categ ries E and F are generally applicable t buildings in Seismic Use
Groups | and Il and Seismic Use &r up lll, respectively, in areas f especially
high seismicity.

In ASCE 7 (ASCE, 1995), buildings are assignedbt meof f ur Occupancy
Groups. Go up IV, b r example, includes essential facilities. Buildings are then
assignedd a Seismic Perf rmance Categ ry based up nthe Occupamcy Gr up
and the seismicity fthe site. Seismic Design Categ ries A, B and C are gener-
ally applicable ¢ buildings in areas 61 wt m derate seismicity and special
seismic po visd ns like th se in thesedr wsi ns are n t mandat ry. H wever,
seismic po visd ns are mandat ry in Seismic Design Categ ries D and E, which
cover area® f high seismicity.

In the 1997 Unib rm Building © de (ICBO, 1997a) and the 1996 SEAOC Seis-
mic Povisions Appendix C (SEAOC, 1996), buildings are assigioedt Seismic
Design Categ ries basedwp n the Seismic Z ne,dmp rtanceoFact rand S |l
Profile Type.
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LOADS, LOAD COMBINATIONS AND NOMINAL STRENGTH

The load fact rs andd adae mbinati ns given herein and in LRFD Specificati n
Sectbn A4.1 are @ nsistent with ¢h se given in ASCE 7 (ASCE, 1995), the
1997 NEHRP Ry vigi ns (FEMA, 1997a) and the 1997 @nif rm Building C de
(ICBO, 1997a). It is als anticipated that they will be ¢ nsistent with th se in
the 2000 Internadi nal Building € de, which is currently under devel pment.
The no st o table m dificati Ny md ad fact rsand| adc mbinati nsms me
earlier editdo nso f these Br visi ns is the reduction fthe | ad fact E no t
1.0, which is © nsistent with the limit-states | adom del used in the current
load specificath ns. & r the design f structures subjectedt impact | ads, see
LRFD Specificath n Secbi n A4.2.

The earthquakeol aB in ASCE 7, the 1997 NEHRB Provisi ns and the 1997
Uniform Building Code is the 0 mbinati m fthed riz ntal seismic | ad effect
and a simulated effect due t the vertical accelerati ns tteat w uld acc mpany
the o rizo ntal earthquake effects.

The bad fact rs andd ad@ mbinati ns acc umt f r the likaddh d that, when
several transienbl ads act iroc mbirmti n with the dead | ad, such as in the
load case d r © mbined dead, live and earthquake | ads,dw or m re transient
loads will not each be at their maximum lifetime values ¢ ncurrently. While ne
transient® ad is at its maximum lifetime value, ther transient | ads are taken
at their arbitrary-p int-in-time value, which is the magnituale f that particular
load that can be expectedt axt n the structure at any time. Thhe m st critical
combined b ad effect may ccurwhemn me ram re | ads are n t acting.

An amplificaton facb rQ), b the lo rip ntal earthquake | @  is prescribed
for limited use in Load @ mbinat ns 4-1 and 4-2, primarily t acc uotf rthe
overstrength that is inherent in the type fsysteamt be used when determining
the required strengthh foc nneati ns.

The general relati nship between the different structural steel systems is illus-
trated in Table I-C4-1 based ap n similarenf rrati n in the 1997 NEHR® Pr -
visions.R is a seismicd rce reducti nfact rthatisusedt estimate the inherent
overstrength and ductilitp fthe SeismioF rce Resisting Sys@m. is anam-
plification factor that is used with theof rcesf r strength designt calculate the
seismic drift. The use fthese fact rscsh uld e ¢ nsistent with that specified
in the Applicable Building @ de with dueoc nsidemation fthe limi@ti ns and
modifications that are necessary therein duet such issues as building categ ry,
building height, verticab r b ria ntal irregularities, and site characteristics.

STORY DRIFT

Story drift limits, like deflecto n limits, are @ mm nly used in designt assure
the serviceabilityo f the structure, atth ugh they are variable because they de-
pend up n the structural usage ar@ ¢ ntents. Such serviceability limit states
are regarded as a matter f engineering judgement rather than abs lute design
limits (Fisher and West, 1990) and n specific design requirements are given in
the LRFD Specificati o r these ®r visi ns.

Research hassh wn thabst ry drift limits, ath ugh primarily relatedt service-
ability, alo impio ve frame stabilityR & ) and seismic perf rmance because f
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TABLE |-C4-1
Design Factors for Structural Steel Systems

BASIC STRUCTURAL SYSTEM AND
SEISMIC FORCE RESISTING SYSTEM R | Cy4

Systems designed and detailed to meet the requirements in the 313
LRFD Specification but not the requirements of Part |

Systems designed and detailed to meet the requirements of both the LRFD
Specification and Part I:

Braced Frame Systems:
Special Concentrically Braced Frames (SCBF) 6 |5
Ordinary Concentrically Braced Frames (OCBF) 5 | 4%
Eccentrically Braced Frames (EBF)
with moment connections at columns away from link 814
without moment connections at columns away from link 714
Moment Frame Systems:
Special Moment Frames (SMF) 8 | 5%
Intermediate Moment Frames (IMF) 6 |5
Ordinary Moment Frames (OMF) 4 | 3%
Special Truss Moment Frames (STMF) 7 | 5%
Dual Systems with SMF capable of resisting 25 percent of V:
Special Concentrically Braced Frames (SCBF) 8 | 6%
Ordinary Concentrically Braced Frames (OCBF) 6 | 5
Eccentrically Braced Frames (EBF)
with moment connections at columns away from link 814
without moment connections at columns away from link 714
Dual Systems with IMF* capable of resisting 25 percent of V:
Special Concentrically Braced Frames (SCBF) 6 |5
Ordinary Concentrically Braced Frames (OCBF) 5 | 4%

*OMF is permitted in lieu of IMF in Seismic Design Categories A, B and C.

the resulting additi nal strength and stiffness. Alth ugh s me building ¢ des,
load standards and res urce d cuments ¢ ntain specific seismic drift limits,
there are maj r differences @am ng themast what limit is specified and h w
the limit is applied. Furtherm re, it is difficulbt estimate the actual st ry drift
in many cases, such as inom ment frames that exhibit shear yietding f the
panel-o nes. Nevertheless, drifi ¢ mtr | is imp rtaot o b th the serviceability
and the stabilityo f the structure. As a minimum, the designer sh uld use the
drift limits specified in the Applicable Building& de.

The sb ry driftlimits in ASCE 7 (ASCE, 1995) and the 1997 NEHRPB Pr ovisi ns
(FEMA, 1997a) ared ra mpares ot an amplifiedst ry drift that appr ximates
the difference in defleai n betweentlet p arad b ttom fthe st ry under c n-
siderato n during a large earthquake. The amplified st ry drift is determined by
multiplying the to rio ntal © mp nent fthe earthquake f EEe by a deflecti n
amplificaton facb rCy , which is dependent ap n the type f building system
used; see Table |-C4-1.
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MATERIALS
Material Specifications

The structural steels that are explicitly permitted f r use in seismic design have
been selected basedaip n their inelastix pr perties and weldability. In general,
they meet thed b wing characteristics: (1) a mt  f yield strength t tensile
strength o t greater than 0.85; (2) @po n unced stress-strain plateau at the yield
strength; (3) a large inelastic strain capability (f r example, tensile el mgati n
of 20 percenb r greater in a 2-in. gage length); and @) g d weldability. Other
steels sh uld a t be used with ut evidence that the ab ve criteria are met.

In this revisb n, ASTM A53 and ASTM A913 Grades 50 and 65 have been in-
cluded in the lisb f explicitly permitted structural steels. ASTM A53 steel pipe
isoftenusedd r bracing membersin braced frames and meetsdhe ab ve criteria.
ASTM A913 has been accepted f r seismic applcati ns by the AISC C m-
mitteeo n Specificati ns and by the ICBO Lateral F rces C mmittee. ASTM
A913 Grade 65 is intended primarilg f r use in ¢ lumns, especially m ment
frames where a sir ngec lumn/weak-beam (SC/W8) ¢ nceptisempl yed; see
Commentary Secdi n C9.6.

Material Properties for Determination of Required Strength
for Connections or Related Members

Brittle fractureof beamd -o lumn m mentoc nnecti ns in theoN rthridge
Earthquake resulteddr m aoc mplex ¢ mbimation f variables. GQne f the
many © ntributing faai rs was the failure t r@c gnize that actual beam yield
stresses are generally higher than the specified minimum yield Btress , which
elevates the @ nnecti n demand. In 1994, the Structural Shape Pr ducers
Council (SSPC) o nducted a survey t determine the characterigtics f cur-
rent structural steel pr ducti n (SSPC, 1994). FEMA (1995prec mmended
that the mean values F, dr m the SSPC study be used in caloulati ns f
demando n m menta@ nnecti ns. It has beenorec gnized subsequently that
the sameo verstrengthoc ncernsals applyot ther systems as web as t
moment frames.

R, is the ratd of expected yield strength,. ot specified minimum yield
strengthF, . It is used as a multiplier n the specified minimum yield strength
when calculating the required strength o ¢ nnecti ns and ther members that
must withstand the dewvel pmeat finelasticity incan ther member. The speci-
fied valueo R, are® mewhat| wertharoth se that can be calculated using the
mean values rap rtedinthe SSPC survey Th se values were skewed s mewhat
by the inclusd no f a large number f smaller members, which typically have
higher measured yield strengths than the larger memloers 6 mm n in seismic
design. The given values are ¢ nsideredt begeas nable averages, alth ughitis
remgnized that they areon t maxima. Alternatively, the expected yield strength
F,ecan be determined by testing ¢ nducted incacc rdance with the requirements
for the specified grade fsteel. Refert ASTM A370.

The highervalues R, d rASTMA36R, = 15)and ASTM A572 Grade 42

(Ry = 1.3) W-shapes are indicativee f currently bserved pr perties fthese
grades f steel. If the material being used in design was pr duced several years
am, it may be p ssibleot use a reduced vatu&®, f  basem up ntesting fthe
steelb be used o ther supp rting data (Galamb s and Ravindra, 1978).
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C6.3.

Cr7.
C7.2.

Overstrength is primarilyp f interest when the design strergtio f ne mem-
beror mnnecting element must equal r exceed the expected strength f an-
other membelio r 6 nnecting element. It i®s ot finteresy, h wever, when the
required strength (Seoti n 6.2) and design strength caloulati ngaret be made
for the same membear rmc nnecting element. Theref re, wheen b th the required
strength (Seabi n 6.2) and the design strength calaulati ns are made f rthe same
membem r o nnecting elemei®, mayals be applied in the deterrinati n f
the design strength.

Notch Tough Steel

The LRFD Specificati n requirements f on to t ughness ¢ ver Gr ups 4 and
5 shapes and plate elements with thickness that is greatey than requalt 2in.in
tensb n applicat ns. Inthese ®r visi ns, this requirement is exteralea t ¢ ver:
(1) all Group 4 and 5 shapes that are part f the Seismic F rce Resisting Sys-
tem; (2) ASTM Gbo up 3 shapes that are part fthe Seisnic F rce Resisting
System with flange thickness greater tlan requalf 1/ in.; and, (3) plate ele-
ments with thickness greater than requal% 1/ in. that aregart fthe Seismic
Force Resisting System, such as the flanges f built-up girders. Beoause ther
shapes and plates are generally subjeatedd en ugh cr se-secti nalseducti n
during the o lling po cess that the resulting n tah t ughness will exceed that
required ab ve (Cattan, 1995), specific requirements have n t been included
herein.

For rotary-straightened W-shapes, an asea freduaed notch t ughness has been
documented in a limited regi o fthe web immediately adjacentt the flange
as illustrated in Figure C-6.1. Preliminary cec mmenalati ns have been issued
(AISC, 1997) and AISC is currently expl ring the ass ciated implati ;ms f r
design and @ nstructi n. It is anticipated thatoec mmendati ns willde f rth-
coming, albeit after the publicati @ fthisad cumenbF rthisreas n, the reader
is eno urageda maintain an awareness fAlSMrec mmeadati ns as they be-
come available.

CONNECTIONS, JOINTS AND FASTENERS
Bolted Joints

The ptential b r full reversab f desigrol ad and likeblo d finelastic def r-
mationso f members and/ rac nnected parts necessitates that fullyotensi ned
bolts be used in b ltedy ints in the SeismioF rce Resisting Systemn. H wever,
earthquake m ¢ nsare suchthatslip cann tbe preventedin all cases, even with
slip-critical @nnectd ns. Aca rdingly, these &r visi ns call f ob Ited j ints t

be pio p rtioned as fully tensi ned bearing j ints but with faying surfaces pre-
pared asd r Class A r better slip-criticabc nnexcti ns. That i, b Ited ¢ nnec-
tions can be py p riv ned with design strengtles f r bearing ¢ nreecti nsas| ng
as the faying surfaces are still prepared to pr vide a minimum glip ¢ efficient
u = 0.33. Theresultingm minal am unt fslip resistance will minimize dam-
age in no re no derate seismic events. Additi nally, the shaging f design| ad
between welds andob Its n the same faying surface@is n t permitted.

To prevent excessive def rmati s bb ltedj intsdwet slip between the ¢ n-
nected plies under earthquake no ti ns, the aiseo f h lein b tied | ints in the
Seismic B rce Resisting System is limited t standasd h les and sfo rt-s| tted
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Fig. C-6.1. “k-area”.

holes with the directh ro fthe sl t perpendiculart the line o f rce. An excep-
tion is provided for alternative b le types that are justified as a part f a tested
assembly.

To prevent excessive def rmati s bb Ited j ints due t bearing nthe ¢ n-
nected material, the bearing strength is limited by the def natd n-c nsidered
option in LRFD Specificath n Secti n J3.1®%R, = .035 . 2R, ). The
philosophical intento f this limitatd n in the LRFD Specificati ni®t limit the
bearing def rmati nd an appr ximate maximuwni,f / in. Itesh uld beaec g-
nized, lo wever, that the actual bearirng f rce in a seismic event may be much
larger than that anticipated in design and the actual def omati o fh les may
exceed this the retical limit. I netheless, this limit will effectively minimize
damage in m derate seismic events.

Tensb nor shear fracture,ab It shear, ana bl ck shear rupture are examples f
limit states that generally result ion n-ductile faillwe o ¢ nnecti ns. As such,
these limit states are undesirable as the © ntr lling limit state d r ¢ noecti ns
that are parb fthe SeismimF rce Resisting System.cAcc rdingly, it is required
that @ nnecth ns bea nfigured such that a ductile limit state in the member
or connectbn, such as yielding r bearing def rnmti m c atr Is the design
strength.

C7.3. Welded Joints

The general requirements f r welded | ints are given in AWS D1.1 (AWS,
1996), wherein a Welding Br cedure Specifieati n (WPS) is requioed f r all
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C8.
Cc8.2.

welds. Appo val by the Engineer fRec a fthe WP&t be used is required
in this Specificat n.

For CJP goo ve-weldedq ints in the Seismi@F rce Resisting System, weld
metal ro tch o ughness is required in these Pr wisi ns. &lth ughSAE
Interim Guideline(FEMA, 1997b) indicates the acceptability f electr des
that po vide a specified minimunot ughness f 20 ft-Ibs at O degrees F, elec-
trodes with a specified minimunot ughnegs f 20 ft-lbs at minus 20 degrees
F have been utilized in m st testing t daten F r this eas n, and to acc unt
for minor variations between manufacturer qualifiaati n testing and end-use
results, a specified minimuro t ughness f 20 ft-lbs at minus 20 degrees F has
been o nservatively specified in these Pr @isi ns. N te thatibis n tthe iotent f
these Py vigd nsd require testieg f either the welding pr cedureor pr ducti n
welds.

Manyoperatd ns during fabricati n, ereoti n, and the subsequentw «k f ther
trades have thep tenti@t create disc ntinuities in the Seismic F rce Resisting
System. Whend cated in regi ris bp tential inelasticity, such disc ntinuities
are requiredd be repaired by the resp nsible subc miract r as required by the
Engineero f Reo rd. Dist ntinuities sh uld als be repairecbin theraegi ns
of the Seismic B rce Resisting System when the presence fthe disc ntinuity
would otherwise be detrimentabt its perf rmance. The mesp nsiblesubc ntrac-
tor should pro po se arepair pr ceduref rthe appr wal fthe Engireer fdRec rd.
Repair may be unnecessany fa s me disc ntinuities, subjectt th@appr val f
the Engineep fRex rd.

COLUMNS
Column Strength

The axial b rces that are generated during earthquaikeom ti ne in ¢ lumns that
are parto f the Seismicd- rce Resisting System are expeoted t exceed th se
calculated using theoc de-specified seisnoic f raes f r severabreas ns, includ-
ing: (1) the reduct n in lateralf rceof r use in analysis f an elastic m ael f
the structure; (2) the underestintation ftbe verturning f rces in the analysis;
and (3) the o ncurrerd ccurrence f vertical accelerati ns that are n t explic-
itly specified as a required| ad. The amplificati ns required in this 8ecti n
represent an appr ximati a f these acti ns and pr vide an upper b and f r
the required axial strengthoL adoC mbirmti ns 4-1 and 4-2acc ant f r these
effects with a minimum requirecbc mpressive strength and a minimum required
tensile strength, respectively, and are t be appliedawithout ¢ nsiderati n fany
concurrent flexurald ad® n theoc lumn. Tkk, term has been aevel ped in
conjunction with the 1997 NEHRP Br vigi ns (FEMA, 1997&)t acc uatf r
these effects in a simplifieddf rm.

The except ns @r vided in Seoti n 8.2c represent self-limitimy ¢ nditi ns
wherein the required axial strength need n t exceed the capability fthe struc-
tural systemd transmit axiabl adet thec lumnoF r example, because a
spread do ting b undath n cam nly pr vide a certain resistanze t uplift, there
is a limit to the force that the system can transmoitt ca ¢ lumn. C nversely, the
uplift resistance fa piled undati n thatis designed primardy for c mpressive
forces may significantly exceed the required tensile strength f rahe ¢ lumn. If
s0, this wo uld ro t represent a system strength limit.
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C8.3. Column Splices

The design strengthh f aoc lumn splice is requiredt equal rexceed b th the
required strength determined in Secti n 8.2 and the required stremgth f r axial,
flexural and shear effects at the splioe | oati n determined fr m LRFD Speci-
fication Load Co mbinato ns A4-1 thw ugh A4-6.

Column splices are requiredt be | cated away fr m the beamet -c lumn ¢ n-
necton b reduce the effects fflexureoF rtypical buildings, the 4-ft minimum
distance requirement willoc rdr |. When | cateda@l t 5 ftab ve treofl rlevel,
field erecto nand e nstruai o ftheoc lumn splice will generally be simplified
due b increased accessibility ana ¢ nvenience.

Partial-pint-penetrat n gro ve welded splices fthick ¢ lumn flanges exhibit
virtually no ductility under tensiled ading @ @ v and Steven, 1977; Bruneau
et al., 1987). In rez gniti o f this behawvi r, a 100 percent increase in re-
quired strength is stipulated f oc lumn splices that are made with pagtial-j int-
penetrath n goo ve welds.

The calculath ro fthe minimum required strength in Secti n 8.3a.2, as revised,
includes the verstrength factRy; . This results in a minimum required strength
thatis ro tless than 50 percemt fthe expected axial yield stremgth fthe ¢ lumn
flanges.

The  ssibleo ccurrence f tensile f rces in ¢ lumn splices utilizing partial-
joint-penetrato n goo ve welds during a maximumaor bable earthquake sh uld
be @ nsidered. When tensile f rces are p ssible, it is suggestedahat s me re-
straint be po vided against relative laterabm vement between the spliced ¢ |-
umn shafts. B r example, this can be achieved with theouse f flange splice
plates. Alternatively, web splice plates that are wide en wgh t maintain the
general alignmerd fthe splicedc lumns can be used. Shake-table experiments
have sb wn that, whenoc lumns that are unattached at the base reseat them-
selves after lifting, the pesf rmanae f a steel frame remains t lerable (Huck-
elbridge and G ugh, 1977).

These po vish ns are applicable toc nom n frame ¢ nfiguwati ns. Additi nal
consideratb ns may be necessary when flexuwre d minates ver axial c mpres-
sion in columns in no ment frames, and in end ¢ lunms f tall warr w frames
whereo verturningd rces can be very significant. The designer sh uld review
the @ nditons b und in © lumns in buildings with tallet ry heights, when large
changes ine@ lumn sizes ccur at the spliee, rwhen the p ssilailityo fc lumn
buckling in single curvature ver multiplecst ries exists. In these and similar
cases, speciabc lumn splice requirements may be necessary f r minimum de-
sign strength and/ r detailing.

In the 1992 AISC Seismic Br visi ns, beveled trarsiti ns between elernents f
differing thickness and r width wereon t generally required f r butt splices in
columns subjectd seismiof rces. Alth uglonoc lumn splices are kn wn t
have failed in the N rthridge Earthquake r previ us earthquakes, this pr vi-
sion is o longer ® nsideredot be prudent given the ¢ ncern ver stress ¢ n-
centrato ns, particularly at welds. M ment frame systems are included in this
requirement because inelastic analyses comm nly indicate that laxge m ments
can be expected at ang p inbal ng the ¢ lumn length, despite the indlicati ns f
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elastic analysis that m ments ape | w at the mid-hemhto f ¢ lumnsan m ment
frames that are subjecteal t lateral | ads. C lumn splices in braced frames can
alo be subjecit tensi ndueb verturning effects. Acc rdingly, bevelled tran-
sitions are requiredd r all systems with CJRgr ve-welded ¢ lumn splices. An
exceptdo n o the requirements f r beveled trarsiti ns is pr vided when partial-
joint-penetrato n goo ve welds are acceptable.

SPECIAL MOMENT FRAMES (SMF)
General Comments for Commentary Sections C9, C10 and C11

These Po vig) ns include three types fstead m ment frames: Speaal M ment
Frames (SMF) in Sedti n 9, IntermediatoM ment Frames (IMF) (new) in Sec-
tion 10, and Ordinary M ment Frames (OMF) in Secti n 11. The pr ovisi ns
for these three m ment-frame types have been writben to rec gnize the less ns
learned fo m the N rthridge andd& be Earthquakes, amd fr m the subsequent
research peof rmed by the SAG J int Ventuoe f r FEMA. The reader is referred
to SAC (1995a tho ugh 1995g) and FEMA (1995, 1997a and 199@b) f r an
extensive discussi o fthese less nsandrec mmendat nst mitigatethe c n-
ditions observed. @ mmentary n specificgpr \asi ns in Secti n C9 is based
primarily on FEMA (1995) and FEMA (1997b).

The prescriptive m ment-fram@c nnecti nthatwas included in the 1992 AISC
Seismic Po vish ns was primarily basedaip n testing that was ¢ nducted in the
early 1970s (P @ v and Stephen, 1972) and indicated that, f r the sizes and
material strengths tested, @m meatc nrecti nwith c mplete-j int-penetrati n
groove welded flanges and a welded @ b Ited web ¢ nreecton ¢ uldaccomm -
date inelastica tati nsinthe range f0.0dt 0.015 radians. It was judged by
engineers at the time that suah r tati ns, whioh ¢ roesp ndedt building drifts
intherange f2d¢ 2/ percentwere sufficient f r adequate frameoperf rmance.
As aresulo f the investigati ns that have been ¢ nducted subsequently t the
Northridge earthquake, it has been @ec gnized that many changes t k place
in materials, welding, frameoc nfigurati ns and member sizes in the years suc-
ceeding tb se tests that make their results unsuitable as a basis f r current de-
signs. Additd nally, recent analyses using time aist ri@s fr m certain near-fault
earthquakes and including®’- effects dem nstrate that drift demands signif-
icantly exceeding the prewi usly assumed range are p ssible (Krawinkler and
Gupta, 1998).

The three frame types included in these Pr orisions  ffer three different levels f
expected seismicinelastic r tati n capability. SMF, IMF and OMF are designed
to acoomno date 0.03, 0.02 and 0.01 radians, respectively. If ne rec gnizes
that the elastic drifo f typical m ment frames is usually in the range f 0.01
radians and that the inelastic r @mtion f the beams is appr ximately equal t
the inelastic drift, it can be seen that these frames cam aco mmadate t tal drifts
in the range f0.04, 0.03 and 0.02 radians, respectively. Axdditi nally, it can be
seen that even the inelastic r tati n capability expeated f the OMF in these
Provisions may be higher than that which can beacc anm dated reliably by
connectb ns, the tests f whiclof rmed the basis f pevi us designs; thus, the
need b rimpo ved po vish nsd r m ment-frameoc nneati ns.

Althoughitis comno n b visualize that the inelastior tati nsirom ment frames
occur at beano ra lumn “hinges”, analysis and testing pr vide clear evidence
that the inelastica tati nsec nsist fac mbination fthe flexuraldef rmati ns
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atthe hinges and shear def rnoatins fthe pamel-z nes, unlessthe ¢ lumnwebs
are unusually thick. Theoc ntributi 0 f the paned-z ne t inelasiic rdati n

is consideredd be beneficial, @r vided that it is limiteml t a magnitude that
neither significantly kinks theac lumn flanges at the beam-flangest -c lumn-
flange welds o rleadst significantc lumn damage. The amount fpamel-z ne
deformato n that a given@ nnecti n will have and h w much it will acc mm -
date caro nly be determined by testing.

Based up ntherec mmendati nsin FEMA (1995) and FEMA (1997b), itis re-
quiredin these Br visi nsthabc nnexti s f rall three types of m ment frames
be based up n testing. An excepti n wherein testingis n trequireais pr vided
for OMF connectb ns, which can be prg di nedfdl wing a set f prescrip-
tive design rules that have been dem nstrated in testinga pr vide adequate
performance. The intent in thesedPr wsi ns i nott require specific tests f r
each design, except where the design is unique and ther@are n puldished r
otherwise available tests that adequately representdhe conditi ns being used.
For many ® mno nly empd yede mbinati ne fbeam and ¢ lumn sizes, there
are readily available test rep rts in publieati @s f AISC, FEMA, and thers,
including FEMA (1997c) and NIST/AISC (1998).

Scope

Special M ment Frames (SMF) are intended to pr vide f r significant inelas-
tic deformatons. As 0 ted ab ve, the intentis f r the maj rity f the inelastic
deformatbon b take place a®r tati nin beam “hinges”, with s me inelastic de-
formation permitted in the panelez ne fthec lumn. As@lso n ted peevi usly,
the @ nnecth nsd rthese frames are requiredt be based up n tests that dem n-
strate the capability ftheac nnecti nt @r vide aninelastic r dato n f at least
0.03 radians underoc nditi s f the required | adimgijc d. The oher pro
visions are intendedot limib r prevent paned-z ne distorti m, ¢ lumn hinging
and bcal buckling, any f which might leadt inadequate frame @erf rmance
in spiteo f gpod @ nnect n ped rmance.

Beam-to-Column Joints and Connections

C9.2a. This sectb n describes the requiremerds f r the tested ¢ rmecti ns as
noted alp ve. Reference is made t Appendix S, which pr vides the
requirementsd r testing that are applicalile t testsgerf rmed specifi-
cally for the design being used, @t similar tests merf rmedby thers
for which reports are available, and ap n which the designois t be
based.

As noted, extrap lat nand integp lati n are permitted when it can be
shown that similar o ndit ns exist. Specific guidance is pr vided in
Appendix So n extrap lati nand inteop lati m f member sizes, and is
permitted b be based op nrati nal analysis. In any case, itis required
to be deno nstrated that each membaer, ¢ nmecti n element,and j int
in the ® nnectb n will be subjectedt oc nditi ns (e.g., stress distribu-
tions, disb rtions, residual stresses, etc.) that are similard tlo se fthe
tested o nneati ns that are used as the basis fthe desigrn Of ¢ urse,
the @ nditb ns and qualitg fthe actuabc nstruction fthe c nnecti ns
is requiredd be similarat thatrep rted f rthe testst achieve similar
performance.
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Moment (kip-in)

C9.2b. Acceptance criteriaof ra@ nnecti ns that are qualified by testing are

contained in these Br visi ns and Appendix S. Alth ugh the accep-
tance decisi nusuallyf cuses nthe lewel fplasticr dati nachieved,
the tendencyd re nnecti n®t degrade in strength as the def omati n
level increases is @so foc ncern. This type f behwavi r can increase
both the mo mentdemandsor m&- effects and the likesiho d fframe
instability. In the absence fadditi nal imf rmati n, it is believed that
the detem rat n in flexural strengthdr Mp,x at 0.03 radians sh uld
be limited b alevelthatism tbel WM, ,whel,, isthe maximum
moment reo rded in the tests aiMi, is the n minal plastic flexural
strength based n the specified minimum yield strefigth  as sh wn
in Figure C-9.1. When beam flange bucklimg ra Reduced Beam Sec-
tion limits the strength, rather than the ¢ nnecti n itself, deteriorati n
to 0.8M,, is permitted by excepti n in Seoti n 9.2b.a.
The seo nd excemti nin Seati n 9.2b is intended t permit theause f
partially restrained (PR)c nneati ns. Iteh uld@ls beaec gnized that
truss no ment frames can be designed withdo tt m-ch ad ¢ noecti ns
that can def rm inelastically and such frames are permitted as SMF if
all of the provisionsof Sectd n 9 are met.

C9.2c. The required shear strengith o fthe beam-t -c lumn j intis defined
as the summati 0 fthe fagt red gravity | ads and the shear that re-
sults flom the required flexural strengthis n thetw ends fthe beam,
which can be determined as RIF,Z o0oH wever,on s me cases, such
as when large gravityl ads ccor rwhen panel-z nes are weak, ra-
tional analysis may indicate thai | weoc mbinati os fendm ments
are justified.
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Fig. C-9.1. Acceptable strength degradation during hysteretic behavior, per Section 9.26.
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C9.3. Panel-zone of Beam-to-Column Connection
(Beam web parallel to column web)

Cyclic testing has dem nstrated that significant ductility canobe btained
through shear yielding in @ lumn panetz nes dhr ugh many cyates f
inelastic dist rton (B p v et al., 1996; Slutter, 1981; Becker, 1971; Field-
ing and Huang, 1971; Krawinkler, 1978)0C nsequently, it @ n t generally
necessaryot @r vide a paneb-z ne thatis capable fdevel ping the full flexural
strengtho f the o nnected beams if the design streingth f the panel-z ne can
be predicted. @ wever, the usual assumpti n that V n Mises aviteri n applies
and the shear strength is 038t 0 d s n t match the actual ietmvi r bserved
in many tests i@ the inelastic range. Due t the presemce f the ¢ lumn
flanges, strain hardening and ther pben mena, pamel-z ne shear strengths in
exces® F,dt have beean bserved. Acc rdingly, Equati n 9-bacc wntsf rthe
significant strengtha ntribudi 0 f thicka lumn flanges.

Equatb n 9-1 represents a design strength in the inelastic range andptheref re,
is for compari® n b facb redd ads. Inthe 1991 Unif rm BuildingoC de (ICBO,
1991), the minimum required paneal-z ne shear strength was determined by
multiplying the serviced ad panelez ne shearf rce by 1.85. Inthese Po visi ns
and in the LRFD Specificati n,d. ad&C mbinati ns A4-5 and A4-6 are used t
determine the required paned-z ne shear strength. Because all f the effects f
panel-o ne yielding maym t beop sitivé, isc nservatively specified in these
Provisions as 0.75, which results in a reliability that is appr ximately equiva-
lent to thato btained with the af rementi nedgr Wsi ns in the 1991 Onif rm
Building Code;¢ is specifiedd ra n-seismic applioati ns as 0.9 in the LRFD
Specificatd n.

As an upper limit, the design paned-z ne shear strength need n t exceed that
due b 80 percend fthe summati m fthe expected plastic m nfeit4, o f
the beam(s) framing int the paned-z ne. The faai r f 80 percent is intended
to recognize that because f gravity | ads and the vagiati n in inftection p int
locationsobserved in inelastic analysis, it is unlikely that the®ijl  will ccur

on both sides fa givene lumn atthe same time. Addliti nally, since panel-z ne
yielding within limits is a relatively benign event, and since web d ubler plates
are expensive andc ntribute top ssibly undesirable shrinkage, dest rti n and
residual stressc nddti ns, itev uldbed oc nservativet use the full summati n
of My,

Tominimize shear buckling fthe panebz ne during inelasticodef rmati ns, the
minimum panel-a ne thickness is setat ne-ninetieth fthe sum fits depth
and width. Thus, when theoc lumn web and web d ubler plate(s) each meet
the requirements f Equati n 9-2, their interc nnecti n with plug weldsois n t
required. Otherwise, thec lumn web and web d ubler plate(s) can bedanterc n-
nected with plug welds as illustrated in Figure C-9.2 and the t tal pamel-z ne
thickness can be used in Equati n 9-2.

Inthe 1992 AISC Seismic Br vigi ns, itwas required thatweb d ubler plates be
placed directly against th@c lumn web in all cases. In this revisi n, itis permit-
ted as an alternativet place web d ubler plates symmetrically in pairs spaced
away fom the o lumn web. In the lattenc nfigurati no b th the web d ubler
plates and theac lumn web are required t all independently meet equati n 9-2
in order b be © nsidered as effective.
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Web Doubler Plate(s) if
Required Per Section 9.3
Welding as Required in
Section 9.3 (See Also

/ Figure C-9.3)
L] L]
~ ~
L] 0\
% —
Plug Welding if
Required Per
Section 9.3

Continuity Plates

and Associated Welding
AsRequired in

Section 11.3

Fig. C-9.2.

Web o ubler plates may extend between t p andd ttan ¢ ntinuity plates that
are welded directlya theac lumnwebandweb d ubler ptate rthey may extend
alove and bel wd p andd dt mac ntinuity plates that are welded t the d ubler
plateo nly. Inthe  rmer case, the welded j it ¢ nnecting the ¢ ntinuity plate t
the @ lumn web and webad ubler plate is required t be ¢ nfiguoed t transmit
the po o rtionate 6 rce fo m the ¢ ntinuity plateot each element fthe panel-
zone. In the latter case, the welded j it ¢ nnecting the ¢ ntinuity plate t the
web b ubler plate isrequiredt besizedt transmitiie f roe fr mthe c ntinuity
plate b the web d ubler plate and the wed d ubler plate thickness and welding
is required® be selectedt transmit this same f rce.

The sheard rces transmittedl t the web d ubler plate fr m the ¢ ntinuity plates
are equilibrated by sheav f rce®al ngtlee ¢ lumn-flange edges fthe webd u-
bler plate. Because it is anticipated that the pawel-z ne will yield in a seismic
event, the weldsa@ nnecting the web d ubler plate t the ¢ lumn flanges are
required ® be sizedt devel p the shear strergth fthe full web d ubler plate
thickness. Either acc mplete-j int-penetmati rogr ve-welded j ont r a fillet-
welded p int can be used as illustrated in Figure C-9.3.

The beneficialo le fpanele ne def rmati nin dissipating energy fr m earth-
quakes has beenrep rtedinnumer ustests as described alo ve. H wever, recent
tests appeant deon nstrate that excessive pamel-z e deformati ns may lead t
beam flangeeat @ lumn flang®j int failure ai | wer than anticipated leeels f
plastic otaton (P @ v et al., 1996) duetol cal bending fthe c lumn flange
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a) Groove-Welded (see K-Area
Discussion, Section C6.3)

b) Fillet-Welded (Fillet-Weld Size May be Controlled
by Geometry, Due to Back-Side Bevel on Web Doubler Plate)

¢) Pair of Equal-Thickness Web Doubler Plates,
Groove- or Fillet-Welded

Fig. C-9.3. Web doubler plates.
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adjacenta thewelde nnectingthe c lunnt the beam flange. The line between
acceptable and excessive panel-z n@def mmati n bas n t been clearly defined.
Thereb re atthistimem change inthe determinath n ftlbe n minal panel-z ne
shear strength has been made.

The useo f diag nal stiffenersof r strengthening and stiffening f the panel-
zone has o t been adequately tested br | w-cycle reversed | adimg int the
inelastic range. Thuson specific c mmendati ns are made at this ¢éime f r
special seismic requirements f r this detail.

Beam and Column Limitations

To provide for reliable inelastic def rmati ns, the width-thicknessoat s dpr -
jecting elements sh uld be withindh se thabpr vide a cr ss-secti n that is re-
sistant® b cal buckling imt the inelastic range. Atth ugh the width-thickness
ratios for compact elements in LRFD Specificati n Table B5.1 are sufficient t
prevent b cal buckling bef re the nset fyielding, the available test data sug-
gests that these limits aren t adequate f r the required inelastic perf rmance
in SMF. The limits given in Table I-9-1 are deemed adequate f r ductilities t

6 or 7 (Sawyer, 1961; Lay, 1965; Kemp, 1986; Bansal, 1971).

Continuity Plates

When subjectedot seismiof rces, an interia ¢ lumn (i@., ne with adjacent
moment® nnecth nsd b thflanges)in aam mentframe receives atensile flange
force on one flange and acc mpressive flange f oce ndheo pp site side. When
stiffeners are required, it ison rmadt place a full-depth transverse stiffener
on each side fthe@ lumn web. As this stiffeneiopr videoa | ad path f r the
flangeso n b th sides ftheoc lumn, it imc nom nly called @ ¢ ntinuity plate.
The stiffener als serves as ab undasy t the very highly stressed panel-z ne.
When the & rmath ro f a plastic hinge is anticipated adjacentt ihe c lumn, the
required strength is the flange f rce that is exerted when the full beam plas-
tic moment has been reached, including the effects f verstrength and strain
hardening, as well as shear amplificati o fr m the hirge lcato nt the ¢ lumn
face.

Post-No rthridge studies have gh wn that even when c ntinuity plates f sub-
stantial thickness are used, inelastic strains acr ss theaveld fthe beam flange
to the mwlumn flange are substantially higher opp site tle ¢ lumn web than
they are at the flange tipsoS me studies have indicated ¢ ncentrati ns higher
than 4, which can cause the weld stress at the center fthe flanget exceed
its tensile strength bef re the flange f rce exceeds its yield strength based n
a uniform average stress. This ¢ nditi n will be exacerbated if relatively thin
continuity plates are used r ifoc ntinuity plates ave mitted entirely. F r this
rea® n, the use fa ntinuity plates is ;,ec mmended in all cases unless tests
have sl wn that ther design featuies fa given c nmecti nare s effective in
reducingo r redistributing flange stresses that the ¢ noecti n vall w rkavith ut
them.

Given the stress distribati n cited@b ve, there is little justification br s one f
theold rules b r sizing and@ nnectingpc ntinuity plates, such as selecting its
thickness equabto ne-half the thickness fthe beam flange. Oa the ther hand,
the useo f excessively thicloc ntinuity plates will likely result in large residual
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stresses, which may similarly be detrimental. Because ftbhe ab ve apparently
conflicting concepts, it is judged thabc ntinuity plate usage and sizirg sh uld
be base@ n tests.

Column-Beam Moment Ratio

The sto ng-o lumn weak-beam (SC/WB) ¢ ncept is perhapso ne f the least-
undersbo d seismic pr visi ns in steel desigm. S me engineers believe that it is
formulated b prevent anya@ lumn flange yielding in a frame and that if such
yieldingoccurs, the @ lumn will fail. This ism t the case, as tests hawe sh wn
that yieldingo f @ lumns in m ment frame subassemblages does n t reduce the
lateral strength at the expected seismic displacement levels.

The SC/WB o ncept representsom oe f agl bal frante ¢ ncern thao a ¢ n-
cern at the intere nnecti s f individual beams armd ¢ lumns. Schneider et al.
(1991) and R eder (1987) sh wed that the real bewefit fthe SC/%/B c ncept
is that the o lumns are generally str ngoen ugha f rce flexural yielding in
beams in multiple levels fthe frame, thereby achieving a higher level fen-
ergy dissipab n. Weaka lumn frames, nthe ther hand, are likely t exhibit
undesirable regp nse, particularly inelastic weako r s dt st ries,@t th se levels
with the highest e lumn demandt capacity cati s.

It should be m ted thate mpliance with the SC/WB ¢ ncept and Equati n 9-3
givesro assurance thatindividual c lumnswill n tyield, even whenall c nnec-
tion locations in the frame o mply. It can be sh wn witlon nlinear analysis that,
as the frame def rms inelasticallypp inds finflexti n shift and the distrdouti n
of moments varies fo m the idealizedc nditi n.d\ netheless, it is believed that
yielding of the beams rather tham ¢ lumns will peed minate and the desired
inelastic perd rmance will be achieved in frames canp sed f members that
meet the requirement in Equati n 9-3.

Equaton 9-3 is 8 mewhat m reoc mplex than the f rmuwati n that was used
in the 1992 AISC Seismic Br visi ns wherein the beam/c lumn intersecti n
was idealized as aop int at the intersecto n  f the member centerlines. Because
post-Northridge beamet €@ lumn i, mentoc nneeti ns are generally ¢ nfig-
ured b shift the plastic hingeol cati n iot the beam away fr m tlee ¢ lumn
face, a no re generabf rmulati n was needed. ®ec gnit nof p tential beam
overstrength (see € mmentary Secti n C6.2) isals oino rp rated int Equa-
tion 9-3.

The except ns wherein framing members need n t meet the requirement in
Equatb n 9-3 are given in Seoti ns 9.6a and 9.6b. The ¢ mpactness require-
ments in Secti n 9.4 are required t be met fa ¢ lumns in these exxepti ns
because it is expected that flexural yielding will ccur in tiee ¢ lumns.

In Sectb n 9.6a, ¢ lumns wittol w axiabl ads that are useain ne-st ry build-
ingsor in the b p st ryo f a multi-st ry building needon t meet Equati n 9-3
because@ ncernsf rinelastic soft rweak st ries@reo fn significance in such
cases. Als excepted are prescribed percentages fc lumnsthatared wen ugh
that, in theo pind no f the ® mmittee, pesf rmance wilbn t be undesirable, yet
high erough® po vide reas nable flexibilityt agc urd f pc nditi ns where
the requirement in Equati n 9-3on uld be impractical, such as at alarge transfer
girder.
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In Sectb n 9.6b, an excepti nis@r vided f oc lumns in levels that are signif-
icantly stio nger than in the level ab ve since ¢ lumn yielding w uld theref re
be unlikely at that level.

Beam-to-Column Connection Restraint

Columns are requiredbt be bracedl t prevemt r dato n out fthe plane fthe
moment frame, particularly if inelastic behavi r is expectedin r adjacent t
the beamd -0 lumne nnedti n during high seismic activity.

C9.7a. Restrained @ nnedati ns: Bear-to-c lumao ¢ nnecti ns are usually re-
strained laterally by thedb b rao f framing. When this is the case
and it can be gh wn that theoc lumn remains elastic utside f the
panel-o ne, lateral supp o f theoc lumn flanges is requived nly at
the levelo f the o p flanges fthe beams. Adth ugh arbitrary, the tw
criteria given ® dem nstrate that the ¢ lumn remains elastic are rea-
sonable. If it cann t be sh wn that the ¢ lumn remains elastic, lateral
supp rt is required atd th thet p and bott m beam flanges because
of the potential br flexural yieldingo fthe ¢ lumn.

The required strengttof r lateral supp rt at the beamé -c lumin ¢ n-
necton is 2 percend fthem minal strength f the beam flange. In
addition, the element(s) pr viding lateral supp rt are requitedt have
adequate stiffnes®t inhibit lateralon vement fthe ¢ lumn flanges
(Bansal, 1971). Ine me cases, a bracing member will be required f r
such lateral supp rt. Alternatively, it may bessh wn that adequate lat-
eral supp rt can be pr vided by the ¢ lumn web and ¢ ntinuity plates
or by the beam flanges.

C9.7b. Unrestrained @ nneati ns: Unrestraineal ¢ nn@ctions ccur in special
cases, such as in bw est ry frames, at mechanical flo rs rin atriums
and similar architectural spaces. When such ¢ noectb ns ccur, the
potential for out-of-plane buckling at thea nnecti n sh uld be mini-
mized. Three pr vigi ns are givenf rthec lumres t assure that this
buckling des o b ccur.

Lateral Support of Beams

The general requirements f r lateral sopm rt f beams are given in LRFD Spec-
ification Chapter F. In m ment frames, the beams are nearly always bent in
reverse curvature between ¢ lumns unless ne end is pinned. Using a plastic
design no del as a guide and assuming that tbe m memt at ne end fa beam
is M, and a pinned end exists at the ther, LRFD Specificati n Equati n F1-1
indicates a maximum distance between p mts flateral supp rt 8,600 /
However, there remains the uncertairty f tloe | cati ms f plastic hinges due
to earthquake m 6 ns. € nsequently, the maximum distance between p ints f
lateral supp rtise nservatively specified as 2/500, b Drbotht pamdb tt m
flanges.

INTERMEDIATE MOMENT FRAMES (IMF)

C10.1. Scope

An Intermediate M ment Frame (IMF) is a new category dm ment frame that
is intendedd po vide inelasticor tati n capability that is intermediate between
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that po vided by SMF and OMF. It is intended that IMF wilbn t require the
larger plastico tat ns expectenl f SMF, because ftheaseof no re rlarger
framing members tharof r aoc mparably designed SMF, r because f use in
lower seismic » nes. Excepbf r the difference in required ¢ nmecto n rotati n
capacity, the pr vigi nsd r IMF’s are identicadbt ¢h se f r SMF’s with a few
excepto ns. Referet € mmentary Sexti n® f r additi nalanf rnaati n.

C10.2. Beam-to-Column Joints and Connections

The minimum plastica tati n capability required f r IMF is 2 percent while
that for SMF is 3 percent. This level fplastior tati n has been establisbed f r
this typeo f frame based wp n engineering judgment appbed t available tests
and analytical studies (FEMA, 1995; SAC, 1995d)

C10.8. Lateral Support at Beams

In rea gnition of the bwer anticipated inelastic def rmati ns f r IMF, beam
flange bracing is permittedt be spaced at wider intervals than th se required
for SMF. This slightly liberalized requirement will make lateral buckling m re
likely should larger-than-expected levals f plastic r taton ccur.

Cl1l. ORDINARY MOMENT FRAMES (OMF)
C11.1. Scope

Ordinary Mo ment Frames (OMF) are intended topr vide f r limited lewvels f
inelastic o tato n capability. It is intended that OMF wilbn t require the larger
plastic o tatb ns expected fSMF and IMF, because fthewseofro re rlarger
framing members tharof r aoc mparably designed SMF r IWIF, r because f
use in bwer seismic@ nes. Because little inelasticacti n is required, many f
the restrictd ns appliedt SMF and IMF are n t appliedt OMF.

C11.2. Beam-to-Column Joints and Connections

Even tlo ugh the inelastior tati n demanals n OMF are expeated to be | w, the
Northridge Earthquake damage dem nstrated that little, if any, inelastic r ta-
tional capacity was available in th@c nnecti n prescribed by the ¢ des jori rt
1994. Thus, everof r OMF, newoc nneti n requirements are needed, and these
are po vided in this sedai n.

The po visbnso f this secti n are intended t @r vide ¢ nnecti ns with the ca-
pability of at least 0.01 radian cyclic inelastio r tati n. In lieu f the specific
requirement® f this secti n, the designer may employ ¢ noecti ns with tested
capability b pio vide the requirecbr tati n.

The specific requirements given f bpc nnecti ns are given for b th FR and

PR nmoment o nneati ns.d- r FRon mend ¢ nnecti ns, a minimum calculated

strengtho f 1 R, M, is requiretbt rec gnizep tentml verstrength and strain

hardening. Addit nally, detailing enhancements are required that have been
deno nstrated by tests t significantly ingpr ve thee ¢ nnecti nperf rmance ver
the practices empl yed bef redN rthridge (Kaufmann et al., 1996; Xue et al.,

1996).

These testsa nsistad f five full-scale dynamic cyclic tests using a W14x311
column (ASTM A572 Grade 50) and W36x150 beam (ASTM A36). In addi-
tion, small-scale tensi n specimens were tested t simulate the welded beam
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flange b ® lumn flangeg intin the full-scale tests. These tests were ¢ nducted
using weld metals with differenton tctot ughness characteristics, different
backing bar treatment, different web ¢ nnecti ns and with r with ait ¢ nti-
nuity plates. It was dem nstrated that impr ved perf rmance int the inelastic
range can be btained with the foll wing impr vements ver the prescriptive
pre-Northridge © nnecti n detail: (1) the use &n tob-t ugh weld metal; (2)
the reno valbo f backing bars, backg uging fthe wettbr t, and rewelding with
a reinbrcing fillet weld; (3) the use f a welded web ¢ nnecti n; and (4) the
useo f ® ntinuity plates.

Someo fthe ©® nnecti ns tested in this series appeared t operf rm well enought
have qualifiedd r use in SMF. &1 wever, at this time, itis judged that swch ¢ n-
nectons may o t deliver such perf rmance with a reliability that is acceptable
for applicationso ther than OMF.

For information on bolted mo ment end-plateoc nneati ns in seismic applica-
tions, refer b Meng and Murray (1997).

For information on PR ® nnecb ns, the reader is referred t the literature, in-
cluding the vo rko f Leo n (L& n, 1990; Le n and Ammerman, 1990pLe n and
Forcier, 1992).

Selected schematic illustrati s bp tentialstr ng-axis m memt ¢ npecti ns
are given in Figure C-11.1. A welded beam-b-c lumnom mentc necti nina
strong-axis © nfigurati n that is similant the ne tested at Lehigh University
is illustrated in Figure C-11.1(d). This detail may be suitable f r use in OMF
with similar member sizes aral thes c nditi ns.

Continuity Plates

For all welded OMF o nnecti nsthataren tbasedup ntests, c ntinuity plates
are required. SeedC mmentary Secti n C9.5.

SPECIAL TRUSS MOMENT FRAMES (STMF)
Scope

Truss-girder m ment frames have ften been designed with tittleo r n regard
for ductility. Research has sh wn that such truss m ment frames have very
poor hysteretic behawi r with large, sudden redacti ns in strength and stiffness
due b buckling and fracture f web membersqriord r early in the dissi-
pation of energy tho ugh inelastic def rmati ns (Itani and G el, 1995, G el
and Itani, 1994a). The resulting hysteretic degradati n as illustrated in Fig-
ure C-12.1 results in excessively large st ry drifts in building frames subjected
to earthquake gr und m di ns with peak accelersaticns nthe mler g 0ot t
0.59.

The research w rk ledbt the dewel pmemt f special truss girders that limit
inelastic ded rmati nsa a special segment f the truss (Itani and G el, 1991,
Goel and Itani, 1994b; Basha andG el, 1994). As illustrated in Figure C-12.2,
the clo rds and web members (arranged in an X pattern) fthe special segment
are designedot withstand large inelasticalef rmati ns, while theaest f the
structure remains elastic. Special Truss M ment Frames (STMF) have been
validated by extensive testing f full-scale subassemblages with st ry-high
columns and full-span special truss girders. As illustrated in Figure C-12.3,
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STMF are ductile with stable hysteretic betmvior f r a large number f cycles
up to 3 percent st ry drifts. Furthern re, inelastic dynamic timedist ry anal-
yses sh w that STMF resp nse can be significantly sopesi r t dhat f SMF
using ® lid-web members whemb th systems are subjeoted t the same lateral
forces.

Because STMF are relatively new and unique, the span length andadepth fthe
truss girders are limited at this time t the range used in the test pr gram.
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Fig. C-11.1.
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Fig. C-12.1. Strength degradation in undetailed truss girder.

Fig. C-12.2. Cross-braced truss
girder in STMF.



Seismic Provisions for Structural Steel Buildirmg31

70

=) 35
-4
: N/
@]
g
o4 0
=
& /
E -35
e /74

=70

~5.0 =2.5 0 2.5 5.0

LATERAL DISPLACEMENT (in.)

Fig. C-12.3. Hysteretic behavior of STMF.

C12.2. Special Segment

It is desirable@ 6 cate the STMF special segment near mid-span f the truss
girder because shear due t gravity | ads is generally | wer in thadregi n. The
lower limit on special segment lengthh f 10 percemt f the truss span length
provides areas nable lim@& n the ductility demand, while the upper lomit f 50
percenp fthe truss span length represents m re fa practical limit.

Because it is intended that the special segment gield ver its full length, n ma-
jor structural bads sb uld be applied within the length f the special segment.
Accordingly, a restrictive upper limit is placeal n the axial f rce in diag nal

web members duet gravitg | ads applied directly within the special segment.

C12.3. Nominal Strength of Special Segment Members

STMF are intendedot dissipate energyahr ugh flexural yielding fthe ch rd
members and axial yielding and buckling fthe diag nal web members in the
special segment. Itis desirabte t opr vide certain minimum shear strength in the
special segment thr ugh flexural yieldiog ftheoch rds members and limiting
the axial brce 6 a certain maximum value. Plastic analysis can be wsed t
determine the required shear strength f the truss special segments under the
factored earthquakel acbc mbinati n.

C12.4. Nominal Strength of Non-Special Segment Members

STMF arerequiredit be designedt maintain elastic behavi r fthe truss mem-
bers, © lumns, and allc nnecti ns, except f r the memioers f the special seg-
ment that are ing Ived in theof rmati o f the yield mechanism. Theref re, all
members andc nneoti nsthatacet remain elastic are requiredt be designed
for the combinato no f gravity bads and laterabf rces that are necessary t
deveb p the maximum expected n minal shear strength fthe special segment
Ve in its fully yielded and strain-hardened state. Thus, Equati n 12-g as f r-
mulated, ace untof r uncertainties in the actual yield strength f steel and the
effectso f strain hardening fyielded web members and hinged ch rd members.
It is based up n appr ximate analysis and test results f special truss girder
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assemblies that were subjected o st ry driftsapt 3 percent (Basha@and G el,
1994). Test® n axiallyd aded members have sh wn th&Q 3  is representa-
tive of the averagem minalg st-buckling strength under cydic | ading.

Compactness

The ductility demana n diag nal web members in the special segment can be
rather large. Flat bars are suggested at this time because f their high ductility.
Tests (Itaniand @ el, 1991) havessh wn that single angles with width-thickness

ratios that are less than 30F, alsop ssess adequate ductility f r use as web
members in an X@ nfigurati n. @h rd members in the special segment are re-
quired b be 0 mpact ar ss-secati st facilitate tlwe f rnoato n  f plastic hinges.

Lateral Bracing

Thebpandb th mch rds are requireal t be laterally braced b pr vide f r the
stability of the special segment during cyclic yielding. The lateral bracing limit
for flexural members,, as specified in the LRFD Specificati n has been f und
to be adequatedf r this pup se.

SPECIAL CONCENTRICALLY BRACED FRAMES (SCBF)
Scope

Concentrically braced frames areoth se braced frames in which the centerlines
of members that meet at a j intintersect atm p mtd f rm a vertical truss sys-
tem that resists laterabf rces. A fewo c nom n types of ¢ ncentrically braced
frames are sh wn in Figure C-13.1, including diag nally bracedl, cr ss-braced
(X), V-braced 6 r inverted-V-braced) and K-bracedl ¢ nfigurati ns. Because f
their g metry, o ncentrically braced framespr vide c mplete truss acti nwith
members subjected primarily t axial f rces in the elastic range. H wever, dur-
ingano derated severe earthquake, the bracing members anditheir connecti ns
are expectedt undeng significantinelasticalef rmati ngint the p st-buckling
range.

Since the initial ad pti ro f o ncentrically braced framesaint seismic design
codes, no re emphasis has been placed n increasing brace strength and stiff-
ness, primarily thw ugh the use f higher design f rce®in rader t minimize

»

% 77 7 77 7 77 7 2 % 77 7 7 7% ;

V BRACING INVERTED V K BRACING X BRACING DIAGONAL BRACING

BRACING

Fig. C-13.1. Examples of concentric bracing configurations.
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inelastic demand. B re recently, requirements f r ductility and energy dissipa-
tion capability have als been added. Acc rdinglyppr wisi s f r Special C n-
centrically Braced Frames (SCBF), a new categ ry, have been added. SCBF
are intendeda exhibit stable and ductile belvavi rinthe esent fa@maj rearth-
quake. Earlier designpr visi ns have been retaimed f r Ordinary C ncentrically
Braced Frames (OCBF) in Sezti n 14.

During a severe earthquake, bracing members in a ¢ ncentrically braced frame
are subjectedot large def rmati ns in cyclic temsi n and ¢ mpeessi o int the
post-buckling range. As aresult, reversed cyabic r dations ccur at plastic hinges
in much the same way as they d in beams amd ¢ lumnsoin m ment frames. In
fact, braces in a typicaloc ncentrically braced frame can be expeated t yield
and buckle at rather on deratest ry drits faab ut 0.3 percentt 0.5 percent.
In a severe earthquake, the braces ¢ uld ur@lery p st-buckling axial def r-
mations 10 © 20 times their yield def rmati n. lm rdeyt survive such large
cyclic deb rmatd ns witlo ut premature failure the bracing members and their
connectd ns are requiredt beqr perly detailed.

Damage during past earthquakes and that bservedin lab rat ryotesis fc n-
centrically braced frames has generally resulted fr m the limited ductility and
corresm nding brittle failures, which are usually manifested in the fraaiure f
connectd n elements rbracing members. The lacko fc mpactness in braces re-
sultsin severad cal buckling, the resulting high ¢ ncentrati n fflexural strains
atthesed cati ns and reduced ductility. Bracesdn ¢ ncentrically braced frames
are subjectd severe! cal buckling, with diminished effectiveness in ¢he n n-
linearrange ad w st ry drifts. Largest ry drifts that can resudt fr m early brace
fractures can imp se excessive ductility demaads n the beamsoand ¢ lumns,
or their connectp ns.

Research has dem nstrated that ¢ ncentrically braced frames, with po per ¢ n-
figuration, member design and detailing cam p ssess ductility far in excess f
that prevo usly ascribedt such systems. Extensive analytical and experimen-
tal work by Goel ando thers has sh wn that ingpr ved design parameters, such
as limiting width/thickness radi st minimize| cal buckling),ocl ser spacing

of stitches and special design and detailing fend c noecti ns greatlyimpr ve
the p st-buckling behawi ¢ f@ ncentrically braced frames. The design require-
ments b r SCBF are based nah se devel pments.

Prevbus requirement®f rac ncentrically braced frames s ught reliable behav-
ior by limiting gldoal buckling. Cyclic testing f diag nal bracing systems ver-
ifies that energy can be dissipated after the mwsetof gl bal buckling if brittle
failures dued ¢ cal buckling, stability pr blems and ¢ nnecti n fractures are
prevented. When pr perly detailed f r ductility as prescribed in these Pr vi-
sions, dia@ nal braces can sustain large inelastic cyclio def omati nowith ut
experiencing premature failures.

Analytical studies (Tang andds el, 1987; Hassan aind G el, 1691) n bracing
systems designed in strict acc rdance with earlger ¢ de requirements f r ¢ n-
centrically braced frames predicted brace failures avith ut the devel pment f
significant energy dissipati n. Failures ccurred no st ften at plastic hinges (I -
cal buckling dued laclo fo mpactness) rinthe c nnecti ns. Plastic hinges
normally occur at the ends f a brace and at the brace midspan. Analytical
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modelso f bracing systems that were designed t ensure stable ductile behavi r
when subjectedot the sameogr unano ti n@ec rds as the previous ¢ ncentri-
cally braced frame designs exhibited full and stable hysteresis with ut fracture.
Similar results were@ bserved in full-scale tests by Wallace and Krawinkler
(1985) and Tang andd& el (1989).

For double-angle anda uble-channel braces, cl ser stitch spacing, in@additi n
to more stringent 0 mpactness criteria, is requiredt achievedmpr ved ductility
and energy dissipati n. This is especially critical fa d uble-angle and d uble-
channel braces that buckle s that large shear f rces ae imp sed nthe stitches.
Studies als st wed that placement d d uble angles im ad @t -0 e ¢ nfigura-
tion reduces bending strains ar | cal buckling (Aslani and G el; 1991).

Many of the failures rep rted ina@ ncentrically braced frames due to str ng
ground no tions have been in th@c nnexti ns. Similarly, cyclic testing f spec-
imens designed and detailed in acc rdance with typiaal provisionsd r ¢ ncen-
trically braced frames has@@r duced ¢ nnecti n failures (Astaneh et al., 1986).
Although typical design practice has beent design ¢ nwoectdo ns mly f r axial
loads, pod m st-buckling regp nse demands that eccentricities be acc unted
for in the connectd n design, which sh uld be basedup n the maximum f rces
the @nnecth n may be required t resisto& d ¢ nnecti n perf rmance can
be expected if the effects f brace member cyclic p st-buckling behavi r are
considered (@ el, 1992c).

For brace buckling in the plarne fthe gusset plates, the end ¢ rnections sh uld
be designedd r the full axiabl ad and flexural strength f the brace (Astaneh

et al., 1986). N te that a realistic valee Kf h uld be used t represent the
connectd n fixity.

For brace bucklingg ub fthe plane f single plate gussets, weak-axis bending
in the gusset is induced by member end raati ns. This results in flexible end
conditions with plastic hinges at midspan in additi m t the hinges tloat f rm
in the gusset plate. Satisfact ry perf rmance can be ensureddy all wing the
gusset plateat devel p restraint-free plastic r dati ns. This requires that the
free length between the erd f the brace and the assumed line frestraint f r
the gusset be sufficientlp| n@t permit plastc r tati ns, yeb sh o en wgh t
preclude the ccurrenae f plate bucklinggriort member buckling. A length
of twotimes the plate thickness is rec mmended (Astaneh et al., 1986). See
alo Figure C-13.2. Alternatively,oc nnegti ns with stiffness irotw directi ns,
such as @ ssed gusset plates, can be detailed. Test results indicate that f rcing
the plastic hingeado ccur in the brace rather than the ¢ noecti n plate results in
greater energy dissipati n capacity (Lee aml G el, 1987).

Since the stringent design and detailing requirements f r SCBF are expected
to produce no re reliable peof rmance when subjected t high energy demands
imposed by severe earthquakes, the design f rce level has been reduzed bel w
that requiredd r OCBF.

Bracing ® nnecth ns gh uld o t beoc nfigured in such a way that beams r
columnso f the frame are interrupted t all vof r @c ntiou us brace element.
This provision is necessarpt impr ve tlee ot- f-plane stability fthe bracing

system at th seac nneoti ns.
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Fig. C-13.2. Brace-to-gusset plate requirement for buckling
out-of-plane bracing system.

C13.2. Bracing Members

C13.2a.The slendernesK( r / ) limit has been raised t 108Q/ o f r SCBF.

The nore restrictive limib f 72Q/F, as specified f r OCBF in Sec-
tion 14.2a is m t necessary when the bracing members are detailed
for ductile behav r. Tang and & el (1989) andG el and Lee (1992)
showed that the @ st-buckling cyclic fracture life f bracing mem-
bers generally decreases with an increase in slendernass rati . An up-
per limit is povided b maintain a reas nable lewel & c mpressive
strength.

C13.2b.The brace strength redueti nfacbr f0.8 as specified in 8ecti n14.2b
for OCBF has little influence nthe seismic resp mseofc ncentrically
braced frames when ductile behavi ris ensuredas f r SCBF.

C13.2c. This provision attemptsd balance the tensile armd ¢ mpressive resis-
tance aa ss the width and breadth f the building since the buckling
and p st-buckling strength fthe bracing membersinc mpeessi ncan
be substantially less than that in temsi mmdG  d balance helps prevent
the accumulati ro f inelastic drifts in ne directi n. An excepti n is
provided for cases where the bracing members are sufficiently ver-
sized b po vide essentially elastic resp nse.

C13.2d. Width-thickness rati ® fe mpressi n elements in bracing members
have been reducedt be at r bel w the requiremeats 6 r c mpact
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C13.2e.

sectb nsino rdera minimize the detrimental effects of | cal buckling
and subsequent fracture during repeated inelastic cycles. Tests have
shown this failure mm ded be especially prevalent in rectangular HSS
with width-thickness rati s larger than the prescribed limits (Hassan
and @ el, 1991; Tang anddG el, 1989).

Closer spacing f stitches and higher stitch strength requirements are
specified 6 r built-up bracing members in SCBF (Aslani and G el,
1991; Xu and ® el, 1990) thandh se specified in Secti n 14c2e f r
OCBF. These are intended t restrict individual element bending be-
tween the stitch @ ints andc nsequent premature fracture f bracing
members. Wider spacing is permitted under excepti n when buckling
does ro t cause shear in the stitches. B Ited stitches are n t permitted
within one-fourthof the clear brace length as the presemceo flolth les
in that regd n may cause premature fractures due t ¢he f omati n f
plastic hinge in the@ st-buckling range.

C13.3. Bracing Connections

C13.3a.

C13.3b.

C13.3c.

In concentrically braced frames, the bracing members n rmally carry
most of the seismic &t ry shear, particularly ibn t used as a part f
a dual system. The required strength f bracing ¢ noecti s sh uld
be adequateos that failure loy at- f-plane gusset buckting r brittle
fractureo f the © nnecti ns areon t critical failure mechanism.

The minimumo fthe tw criteria, (i.e. then minal expected axial ten-
sion strengtlo fthe bracing member and the maximam f rce thatc uld
be generated by the verall system) determines the required strength
of both the bracing o nneabi n and the beam-to-c lumm ¢ nnecti n if
itis partof the bracing systenfr, has beenaddedt the fitst povisi n
to recognize the materiad verstrength fthe member.

Previb us requirementoc nsidered nly net section ¢ ncesnsd rb Ited
connectb ns. These Br visi ns have beewn m dified t orec gnize the
need v preventalltypes fqg tentiad | cal failure in the ¢ nnecti ns.

Braces that have “fixed” ena¢c nnecti ns have beenshownt dissipate
more energy than th se that are “pind ¢ nnected, because buckling
requires thed rmati ro f three plastic hinges in the brace. N nethe-
less, end ¢ nnedi ns that can acc mm date the otati ne ass ciated
with brace buckling def rmati ns while maintaining adequate strength
have als been sh wrot have acceptable perf rmance. Testing has
deno nstrated that where a single gusset plate ¢ nmecti n is used, the
rotations can be act mm dated as | ng as the brace end is separated
by at least tw times the gusset thickness fr m a line ab ut which
the gusset plate may bend unrestrained by the beam, ¢ uron, r ther
brace p ints (Astaneh et al., 1986). This ¢ nditi n is illustrated in
Figure C-13.2 and pr vides hysteretic belwavi r as illustrated in Fig-
ure C-13.3.

Where “fixed”-ended @ nnedti ns are usedin ne axis with “pinned”
connectdb ns in the ther axis, the effegt fthe fixitysh uld be ¢ nsid-
ered in determining the critical buckling axis.
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C13.4. Special Bracing Configuration Special Requirements

C13.4a.V-braced and Inverted-V-Braced Frames exhibit a special pr blem
that sets them apartdr m braced frames in which b th ends f the
braces frame it beamsc lumm j ints. dp ¢ ntinued lateral dis-
placement as theoc mpregsi n brace bucklespits f roe dr ps while that
in the tensd n bracea ntinuest increase apt tlee point fyielding.
This creates an unbalanced vertical f e n the intersecting beam.
In order b prevent undesirable deteri ration f lateral strength fthe
frame, the SCBF @r visi ns require that the beam p ssess adequate
strength resist thisg tentially significano p st-bucklirg f rce redis-
tribution (the unbalancedf rce) iroc mbinati n with ampr priate grav-
ity lcads. Tests have sh wn that typical bracing membersalem nstrate
aresidual p st-bucklingaec mpressive strength ®ab ut 30 percent f
the initial @ mpressive strength (Hassan amal G el, 1991). This is the
maximum © mpressi nd rce that sh uld be ¢ mbined with the full
yield force of the adjacent tensi n brace. The full temsion f rce can be
expectedd be in the range F, . The adverse effect f this unbal-
anced 6 rce can be mitigated by using bracing ¢ nfigarati ns, such as
V- and Inverted-V-braces in alternate st ries creating anaX- ¢ nfigura-
tion over two story modules,o r by using a “zipperocc lumn” with\6 r
Inverted-V bracing (Khatib et al., 1988). See Figure C-13.4. Adequate
lateral supp rt at the brace-t -beam intersecti n is necessary in rder
to prevent adverse effects bp ssible lateral-torsi nal buckling fthe
beam.

The requirements in Seoti ns 13.4a.1 and 13.4a2 pr vde f r a mini-
mum strengtlo fthe beamst supp rtgravity | adsinthe evert fl ss
of brace capacities.
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Fig. C-13.4. (a) Two-story X-braced frame, (b) “Zipper-Column” with Inverted-V bracing.

The limitationso f Secth ns 13.4a.2 and 13.4a.3 need n tbe applied n

beam strengtb fao f &t ries, penth uses, and ne-st ry structures as
the life safety 0 nsequences f excessive beam def omati ns may n t
be as severe as f ofh rs.

C13.4b.K-bracing is generally m t @ nsidered desirable ino ¢ ncentrically
braced frames and is@r hibited entirety f r SCBF because ibis ¢ n-
sidered undesirablet have c lumns that are subjected t unbalanced
lateral brces fo mthe braces, asthese f rcesmay ¢ ntriutet ¢ lumn

failures.

C13.5. Columns

In the evento f a maj r earthquakeg ¢ lumns io ¢ ncentrically braced frames
can underg significant bending bey nd the elastic range after buckling and
yielding of the braces. Even ¢th ugh their bending strengttois n t utilized in the
design po cess when elastic design noeth ds are used, ¢ lumns in SCBF are
required b have adequate ¢ mpactness and shear and flexural stremgth in rder
to maintain their lateral strength during large cyclicdef rrmations fthe frame.
Analytical studie® n SCBF thataren t part fa dual system haee sh wn that
columns can carry as much as 40 percent f tle st ry shear (Tang and G el,
1987; Hassan andds el, 1991). When ¢ lumns are comra rot b th SCBF and
SMF in a dual system, theiloc ntriboti @t st ry shear may be as high as 50
percent. This feature f SCBF greatly helps in makingdhe verall frame hys-
teretic bops “full” when o mpared with tb se f individual bracing members
which are generally “pinched” (Hassan and G el, 1991; Black et al., 1980). See
Figure C-13.5.
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Fig. C-13.5. Base shear vs. story drift of a SCBF.

SCBF o lumn splice requirements f r shear are m re restrictive than tlo se f r
SMF.

SCBF requirements sh uldn tbe waivexd for | w buildings becausBthe value
used iso nly appy priate with the detailing requirements given here.

C14. ORDINARY CONCENTRICALLY BRACED FRAMES (OCBF)
C14.1. Scope

These Po vigi nsd r Ordinary € ncentrically Braced Frames (OCBF) are the
same as th se that were included in peevi us editicns & r ¢ ncentrically braced
frames and @ ntaincs me bubtn t al fthe SCBF detailing requirements that
ensure ductile behawi r. Generally, the required strengths f r OCBF are higher
than tto sed r SCBF, which represents an atteroptt keep the inelastic def rma-
tions from be® ming bo large in a large seismic event. Thee ¢ mments in this
Sectdb n are limitedd th se pr visi nof r OCBF that are differerd fr noth se
for SCBF and the reader is referrem toC mmentary Secti n @13 f r additi nal
information.

C14.2. Bracing Members

C14.2a.For structures that are taller thandw ost ries, the slendernesdiati  /
of the braces is limiteda a smaller valwe f 7207, than that f r
braces in SCBF. Alth ugh braces with smaller slenderness will gen-
erally dissipate ra re energy, studies n HSS bracing members have
shown that their fracture life and, thecef r@, t tal energy dissipati n
capability may decrease with slendernesrati (Tang and G el, 1989;
Lee and @ el, 1987).
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Cl14.2b.

C14.2e.

Due b the cyclic nature f seismic resp nse, tlee ¢ mpressive design
strengtho f bracing members is reduced t 80 peraent f the value
given in LRFD Specificati n Chapter E. When evaluating tlee n m-
inal strengtho f the bracing systera f r the parp se f determining the
maximum b ad that the bracing can imp se n the ther elements r
system, such as when using Equoati ns (4-1) and (4-2), the reducti n
for cyclic behavor st uld 0 t be used as itov uld underestimate the
nominal strengtto f the bracing system during the early cycles f seis-
mic res nse.

Adequate shear transfer is requiredcacr ss stitches s that the shear
forces ass ciated with the curvatures in the buckled brace can be
transferred aar ss the stitches waith ut slip. Welded stitches are rec-
ommended. The r visi nrequiring the stitchest be desigmed f r 50
percenb fthe n minal strength fthe individual elementis based up n
some early test results (Astaneh et al., 1986).

C14.3. Bracing Connections

C14.3a.

In order b awid failure at the brace enédc nnecti ns, tlee ¢ nreecti ns
should be designedt dewel p the tensile strength fthe brace, r at
least the maximumof rce that can be deliveredt the system. Itas als
considered that minimumof rce level ass ciated with the amplified
loading given by lo ad @ mbinati ns 4-1 and 4-2 can be accepted.
These same minimum strength requirements als applyt beam c n-
necto ns that are patt f the bracing system.

C14.4. Bracing Configuration

Cl4.4a.

C14.4b.

The increase faot o f 1.50f r the seismic design f ree f r bracing
members in V-Braced r Inverted-V-Braced Frante ¢ nfigorati ns is
carriedo ver fo m prew us editi ns. Alth ugh the increased design
force will generally limit po st-buckling def rmati n® f the braces,
studies have gh wn that brace buckling @an ccur at ratteer m derate
story drifts, subjecting the intersecting bearms t rather large unbal-
anced 6 rces as drifts bec me large (Hassan and G el, 1991; Tang and
Goel, 1989).

In areaso f high seismicity where it is enwsi ned thabstr ng gr und

motions would cause inelastic resp nse, the K-Braced OCBRis n ta
desirable systenof r seismic resistance. Buckling anddensi n yielding
of K-braces creates an unbalancea horiz n@l f oce n the ¢ lumns
which can p tentially leadot m re seri u®c nsequences than similar
unbalancedd rce acting n beams in V-Braaed r Inverted-V-Braced
OCBF.

In buildings that are classified in Seismic Design Categ ries A, B, and
C, K-Braced OCBF are permitted whéh= 3. It isgsec mmended,
however, that K-bracingm tbe used f r seismic resistance uoless ther
configuratb ns are impractical.

C14.5. Low Buildings
For smaller and less ingp rtant buildings, theopr wisi ns f Secti ns 14.2

through

14.4 may be waived if the structure has the strength t resist the
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amplified seismic b ad € mbinati ns 4-1 and 4-2. Thig, f r example, w uld
permit tensd ne nly bracingd r such structures.

ECCENTRICALLY BRACED FRAMES (EBF)
Scope

Research has sh wn that EBF can pr vide an elastic stiffness tlwat is ¢ mparable
to that for SCBF and OCBF, particularly whenah rt Link lengths are used,
and excellent ductility and energy dissifati n capacity in the inelastic range,
comparablea thav f SMF (R eder ancbPop v; 1978; Libby, 1981; Mer vich

et al., 1982; Hjelmstad andoPop v, 1983; Malley aral ® p v, 1984; Kasai and
Popov, 1986a and 1986b; Ricles and B p v, 1987a and 1987b; Engelhardt and
Popov, 1989a and 1989b;0Pop v et al., 1989). EBF ave comp e f ¢ lumns,
beams, and braces inwhich atleast ne@end feach bracing memberc onectst
abeamatash rtdistancefr man adjacentbeam-t -bi@ce ¢ nnecti n rabeam-
to-column connecto n as illustrated in Figure C-15.1. Thi®sh rt beam segment,
called the Link, is intended as the primaxy z me finelasticity. These piovisi ns
are intendeda ensure that cyclic yielding in the Links @an ccur in a stable
manner while the diag nal braceg ¢ lumns, and p rtions fthe beam utside
of the Link remain essentially elastic under thee f rces that can be generated by
fully yielded and strain hardened Links.

In some bracing arrangements, such as that illustrated in Figure C-15.2 with
Links at each end f the brace, Links mag n t be fully effective. If the upper
Link has a significantlyd wer design shear strength than tbat f r the Link in
the sb ry beb w, the upper Link will def rm inelastically and limit the f rce
that can be delivereat the brace and t the | wer Link. When this ¢ oditi n
occurs the upper Link is termed an active Link and the | wer Link is termed an
inactive Link. The presence fop tentially inactive Links in an EBF increases
the difficulty of analysis.

It can be sh wn with plastic frame analyses thatgn s me cases, an inactive Link
will yield under the © mbined effect fdead, live and earthquake | ads, thereby
reducing the frame strength loel w that expected (Kasai and P p v, 1984). Fur-
therno re, because inactive Links are requited t be detailed@nd ¢ nstructed as
if they were active, and because a predictably inactive Link could therwise be
designed as apin, thec st dc nstructi nis needlessly increased. Thus, an EBF
configuratb n that ensures that all Links will be active, such as that illustrated
in Figure C-15.1, is ret mmended. Furthercec mmendations f r the design f
EBF are available (® @ v et al., 1989).

The ptential 6 r inelasticity in o lumns sh uld be av ided in EBF because,
when ©® mbined with Link inelasticity, aos ftst ryoc uld therwise result. Ac-
cordingly, in Sectb n 7.2, the required axiab ¢ lumn strength wRgrb P,/ ex-
ceeds 0.5 is based ap n applicaton fthe amplified earthquake(l .8 in
Equatb n 4-1. Furtherim re, in Seati n 15.8, the required strengtto f ¢ lumns
due b the b rces inty duced at thec nnection fa Link amd/ r brace is based
on these & rces multiplied by a facto 1R} . It sh uld be@n ted that, in a
severe earthquake the f rnation f plastic hingesat ¢ lumn bases is generally
unaw idable.
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Fig. C-15.1. Common types of eccentrically braced frames.
C15.2. Links

The following general po visb ns 6 r Links are intended t ensure that stable
inelasticity caro ccur in the Link.

C15.2a.The Link closs-secti n is requiredt meet the same width-thickness
criteria as is specifiedf r beams in SMF (Table 1-9-1).

C15.2b.To ensure the use f steel withgr ven ductile belavi r, the specified
minimum yield stress gh uldon t exceed 50 ksi.

C15.2c. Thereinb rcemend fLinks with weba ubler platesis n t permitted as
such reind rcementa eson t fully participate as intended in inelastic



C15.2d.

C15.2e.

C15.2f.
C15.2g.
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oV, - link a (active link) < ¢V, - link b (inactive link)

a

Fig. C-15.2. EBF—active and inactive link.

deformatb ns. Addito nally, beam web penetrati ns within the Link
are ro t permitted because they adversely affect the desirable yielding
of the Link web.

The Link design shear strengifV/, is the lesser f that determined
from the yield sheap r twice the plastican ment divided by the Link
length, as dictated by statics assuming equatizaii n f end m ments.
This design shear strengthosh uld then be greaterdghan r emual t the
required shear strength determinedl fr m the LRFD Specificatb nL ad
Combinatb ns A4-50 r A4-6.

The effectso f axial 6 rcen n the Link can be ign red if the required
axial strengtlo n the Linkad eson t exceed 15 perocent fthe n minal
yield strengtho fthe LinkPy . In general, such an axil | ad is negligi-
ble because theoh 11z ntabc mp nemt fthe brace | ad is transmitted
to the beam segmert utside fthe LinkoH wever, when the fram-
ing arrangement is such that larger axial f rces can devel p in the
Link, such as fo m drag struts r aon dified EBE c nfigueati n, the
additional requirements in Seoti n C15.2f apply and the design shear
strength and Link lengths are required t be reduced t ensure stable
yielding.

See ® mmentary Secti n 15.2e.

The Gbssary definiti o fthe Link R tati n Angle in thesedr \si ns
has been changedofr m that used in the 1992 Seisnoic Po visi ns, in
which the amplified earthquake f rce was taken agR0 4 tilBes in
calculating the drift. Inthe 1997 NEHRPdr \osi 1%, isusedinlieu
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of 0.4R and results in a higher amplified earthquage f rce and ¢ rre-
spo nding drift. The resulting Designé&t ry Driftisare@as nable,th ugh
not necessarily maximum, estimation fthe t tal building drift under
the Design Earthquake. Agc rdingly, LinkoR tati n Angle limids 8
percentd r shear Links and 2 perceat f r flexural Links were selected
from test resultsd pr vide a m dest resene r tati nal capability t
ac® mno date frame def rmati ns bey ndth s ¢ resp ndingt the
Cq value.

The Link plastic o tath n angle can beoc nservatively estimated by
assuming that the EBF bay will def rmin arigid-plastic mechanism as
illustrated b r vard us EBF ¢ nfigurati nsin Figure C-15.3. The plastic
rotation angle is determined using ast ry diff = Ay — A, where
the elastic & ry drifA, can be taken equalt @er oFr noge metry,
the plastic si ry drift angl@, is thef, h/ . Alternatively, the Link
plastic o tatb n angle can be determined m re accuratelydy n n-linear
elastic-plastic analyses.

For the Inverted-Y-Braced EBF sh wn in Figure C-15.1, the Gl ssary
definition for the Link Rotation Angle is m t technically applicable.
Nonetheless, as illustrated in Figure C-15.3, the ¢ ncept is the same.
As usual bo th ends fthe Link are requirenl t be laterally supp rted.

When the Link length is selectedbn t greater thanM,6/, / , shear
yielding will dominate the inelastic resp nse. If the Link length is
selected greater than 2 VJ , flexural yielding witl d minate the
inelastic resp nse.d= r Links lengths intermediate between these val-
ues, the inelastic resp nse wil ccur ¢thr ugh s ne ¢ mbmab n f
shear and flexural yielding and straight line interpdati n is used t
determine the appr priate limit.

It has been dem nstrated experimentally (Whittaker et al., 1987;
Foutch, 1989) as well as analyticallyqPop v et al., 1989) that Links
in the first foor usually underg the largest inelastic def rroati n. In
extreme cases this may result in a tendercy t devel p a D ft st ry.
The plastic Link o tath ns tendot attenuate at higherofl rs, and de-
crease with the increasing frame meri ds. Therefore f r severe seismic
applicatd ns, a @ nservative desigo f r the Links in the firsbtev  r
three fbors is reo mmended. This can be achieved by increasing the
minimum design shear strengths f these Limks nadhe wler f 10
percento ver that specified in Sexti n 15.2d. Alternatively, a greater
degreeo f © nservatism can loe btained by placing vertical members
connecting the ends fthe Links in a few | weofl rs.

The useo f the framing sh wn in Figure C-15.1 can be advamntage us
where the beamec lumn-brace ¢ nnecti ns can be designed as sim-
ple mnnectd ns. Welds fthe Link flanges arecav ided in this kind f
framing, but cauti n is requirecbt ensure that the required strength
can be po vided.

The stiffneso fan EBF can bean difiedd ptimize the perod fthe
frame by altering the Link length.
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Fig. C-15.3. Link rotation angle.

C15.3. Link Stiffeners

A properly detailed and restrained Link web canopr vide stable, ductile,
and predictable behavi r under severe cyclc | ading. The design f the
Link requires cb se atterdi not the detailing f the Link web thickness and
stiffeners.



96 ¢ Commentary: Part |—Structural Steel Buildings

C15.3a. Full-depth stiffeners are required at the emds f all Links and serve
to transfer the Link shearof rce®t the reacting elements as well as
restrain the Link web against buckling.

C15.3b. The maximum spacing f Link Intermediate Web Stiffeners in shear
Links is dependent up n the size fthe LinloR tati n Angle (Kasai
and P p v, 1986h) with a ol ser spacing required as the o tati n angle
increases. Flexural Links having lengths greater thaM2 ¥, / but
less than M, V,, are required t have an intermediate stiffener at a
distance fo mthe Linkend equalt 1.5 times the beam flange wadth t
preclude the p ssibilitp fflangel cal buckling. Links fa length that
is between the shear and flexural limits are requiced t meet the stiff-
ener requirementof rd th shear and flexural Links. When the Link
length exceedsM, VI, , Link Intermediate Web Stiffeners are n t re-
quired. Link Intermediate Web Stiffeners are required t extend full
depth inordero effectively resist shear buckling fthe web and are
requiredo n Io th sides fthe welnf r Links 25 in. in depth r greater.
For Links that are less than 25 in. deep, the stiffener need ke n ne
sideo nly.

This Sectd nwas m dified slightlyér m thatin the 1992 AISC Seismic
Provisions b be © mpatible with Sedi n 15.2g andl to ¢ rrect min r
discrepancies in the stiffener spacimg f rmulas.

C15.3c. All Link stiffeners are requiredot be fillet welded t the Link web
and flanges. The welds t the Link web is required to pr vide a design
strength that is equabt theon minal vertical tensile strergth f the
stiffener in a secti n perpendiculas tob th the plame f the web and
the planeo f the stiffeneo r the shear yield strength f the stiffener,
whichever is less. Theoc nneati at the Link flanges are desigoed f r
corres ndingly similaré rces.

C15.4. Link-to-Column Connections

Prevo us research indicated that the p st-yield behvawi 0 fl ng Linksois d m-
inated by large, @ n-unif rmly distributed inelastic flexural strains at the end
of the Link, which have ledd premature fracture at | w inelastic strains in a
numbero f tests. Related researchoals indicated thatdhe p st-yield lefoavi r f
short Links is acceptable, beingd minated by shear yielding, which at least par-
tially reduces the inelastic flexural strains at the end f the Link.cAcc rdingly,
the useo fb ng Links in the Linkd -6 lumne nfigurati n was disc uraged in
the 1992 AISC Seismic Br visi ns, the uge f the Limk-b-c lumn EBF ¢ n-
figuration with the @ nnecti nd the weak-axis f a wide-flange ¢ lumn was
restricted, and adddi nal restrioti ns were pla@ed n shear-d minated bink-t -
column EBF o nfigurat ns e nsistent with the successful tests.

Link-to-column connectd ns in EBF are subjecd t demands similar to th se
for beam-b-@ lumn © nnecti ns in m ment frames. In many cases they may
be subjectd larger demands because the inelastioresp nse is ¢ fined t a
shorter @ rtonof the beam (the Link). Damage t an mert ¢ nnecti ns in the
1994 Nb rthridge earthquake has lem t substantial ¢ de changes that enc ur-
age the physical testirgy bc nneeti st dem nstrate their suitabiity f r seis-
mic applicatd ns (see € mmentary Secti ns 9othr ugh 11). AAcc rdingly, the
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requirementsd r Link< -0 lumn EBFa& nfigurati ns have been revised t al-
low two basic alternatives. In the first appr ach, the expectedoperf rmance f
the Link-tb-column @ nnect n can beocc nfirmed thr ugh appr ved cyclic test-
ing similar b that br mo ment 0 nneati nsin Seoti N 9.2a, f rar tati nthatis
at least 20 percent greater than that calculated fr m the Design St ry Drift. Al-
ternatively, shear Links can be placed adjacenbt ¢ lumns withdghe ¢ necti n
reinforced with haunches @ ther suitable raanf rcememtt preclude inelastic
action in a transit n 2 ne between the Link anal ¢ lumn. Such einf rcementis
required 6 maintain @ minal elasticity immediately adjacentt thec lumnf r
the fully yielded and strain-hardened Link strength as defined in®Gecti n 15.6a.
In lieu of the alw ve, the EBF can beoc nfigured t cav id the wvse f Liok-t -
column @ nnectd ns entirely.

The LRFD Specificati nd esm t explicitly address thee ¢ lumn pamel-z ne de-
sign requirements at Linket ec lumroc nneeti ns, as little research is available
on this issue. 4 wever, & m research n panel-z nes f r SMF systems, it is
believed that limited yielding f panelez nes in EBF systems w utd n t be
detrimental. Pending future reseaiwh n this t pic, it iorec mmended that the
required shear strength fthe panel-z ne be determimed fr m Equati n 9-1 with
the flexural demand at th@c lumn ead fthe Link as given by the egjuati ns in
Commentary Seati n 15.6a.

C15.5. Lateral Support of the Link

Lateral restraint against wt- f-plane displacement and twist is required at the
endso f the Link b ensure stable inelastic betwavi r. The required strength f r

such lateral supp rt is 6 perceat fthe n minal strength f the beam flange

as determined r m physical testing. In typical applicati nspa comp site deck

alone canno thee unted mt pr vide adequate lateral supp rt fthe Link ends

and direct bracing tlr ugh transverse beams r a suitable alternativeis rec m-
mended. This @r visi n has been revised t includeRhe dfact r as described
in Sectbn 5.2.

C15.6. Diagonal Brace and Beam Outside of Links

C15.6a. Unlike braces in OCBF, the braces in EBF may be subject t signifi-
cantbendingm ments. Aoc rdinglypb ththe beamanddiag nal brace
should, in general, be designed as beam-c lumnst meet the require-
ments in Secti n 15.6.

For the beam segment(s) utside fthe Link, adequate lateral bracing
should be po videdd maintain its stability under the axial f rce and
bending no ment generated by the Link, as required in 8ecti n 15.6d.
If the stability of the beam is @r vided by adequate lateral supp rt,
tests have gh wn that limited yieldimg fthe beam segmeniisn tdetri-
mental b EBF peid rmance, and f os me EBE ¢ nfiguoati ns may be
unaw idable (Engelhardt andPop v, 1989ap H wever, the ¢ mbined
flexural strengtlo f the beam and the brace, reduced f r the presence
of axial force, sto uld be adequate t resist the Link end m ment.

For EBF geo metries with very small angles between the beam and
the brace and/ rd r EBF withal ng Links, the requirements in Sec-
tion 15.6 may result in very heavy braces and, in extreme cases, ¢ ver
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plateso n the beams rthe use fa built-up member. Thus, EBF with
relatively steep braces (brace/beam anglesaappr ximately greater than
40 degrees) and sh rt Links are preferable because these difficulties
can generally be av ided. A general discassh n n design issues re-
lated b the beams and braces f EBF ig pr vided in Engelhardt and
Popov (1989a), with further details pr vided in Engelhardt and® p v
(1989b).

Inelastic ded rmat ns in EBF are restrictesla  ccur primarily in the
Links. Acaordingly, the diag nal brace and the beam segment(s) ut-
sideof the Link slo uld be designedt resist the maximum f rces that
can be generated by the Link, including ¢ nsiderat n f steel ver-
strength, strain hardening, and the effectso f comp sde fl r systems.
In EBF research literature, an verstrengthéaact r f 1.5 has generally
been applieda them minal strength fa shear Liokt determine the
required strengthof r the brace and the beam. Thisofact r was devel-
oped from testso n typical beams with usual flange thicknesses. F r
Link beams with relatively thick flanges, this fact r may need t be
increased.

Using thiso verstrength faat r, the brace and beam segment were pr -
portioned with their design strength equal t theio n minal strength
(i.e., using¢ equala unity), which waoc nsidered t be appr pri-
ate because the 16 verstrength dact r represents an extoeme | ading
condition for the beam and brace (Engelhardt arad ® p v, 1989b). As
specified in Seati n 15.6a, the design strermth ftheaiag nal brace is
required ® exceed thef rce®c rresp ndind, times the n minal
Link shear strength increased 25 percent f r strain hardening. That
is, with ¢ equal® 0.85d r axial @ mpressi n in the brace, the effec-
tive overstrength fact r (assumiiy = .1 1) leec mes 1 25(1.1)/0 85,
or about 1.6 br steels with ad w variability iff, and (assuming
R, = 1.5) alw ut 2.2 6 r steels with a high variability. With equal t

0.9 for flexure inthe bearn rdiag nal brace, the effective verstrength
factor beo mes 1 25(1 1)/0 @, r ab ut 1.5, which represents a slight
relaxatd n flom the test criteoi nd r steels with a | w variabilityfiy

Basedo n a Linko verstrength facta f 1 RS |, the required strength
of the diag nal brace can be taken as the f rces generated by the f |-
lowing valueso f Link shear and Link endon ment:

Fore = 2M,/V,, Link shear = 12R W,
Link end moment= e (1 2R, V, )/2

Fore> 2M,/V,, Link shear = 2128 M, )¢
Link end moment= 1 2R M,.

The alp ve equati ns are based n the assumpti n that the Link end
moments will be equal when the Link def rms plasticallp F r Links
lengths less than requalt. M3 VJ{ attached ® c lumns, experi-
ments have gh wn that Link endom ments @ n tfully equalize during
inelastic resp nse (Kasai an@d P p v, 1986&). F r this situati n, Link
shear and Link end ;m ments can be taken as:
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Link shear = 12%RV,
Linkendmomentate lumr= 08 .1 FM,
Linkend momentatbrace = e (1 8\, -) .0, .

The Link sheard rce will generate axia f rce in the déag nal brace,
and br most EBF o nfigurati ns, will als generate substantial axial
force in the beam segment utside fthe Link. Theoaii fbeam r
brace axial6 rced Link sheaof rce ioc mir lled primarily by the ge-
ometry of the EBF and is theref reon t affected by inelastic activity
within the EBF (Engelhardt andoPop v, 1989a)o C nsequently, this
ratio can be determineddr m an elastic frame analysis and can be
used 6 amplify the beam and brace axial f rces t a level tlat ¢ r-
resp ndsd the Link sheapof rce specified in thmab ve equati ns. At
the brace en@ f the Link, the Link endamn ment will be transferred
to the brace andot the beam. If the diag nal brace anddts ¢ nnec-
tion remain elastic baseadl n Link verstrength design ¢ nsiderati ns,
some miro r inelastico tat n can bet lerated in the beam utside f
the Link.

C15.6b.Therequired strength fthe beam utsie fthe Link has beenreduced
from that in the 1992 AISC Seismic &r visi ns.

C15.6c¢. Typically in EBF design, the interseatin  fthe brace and beam center-
linesis bcated atthe el fthe Link.dH wever, as permitted in ®ecti n
15.6¢, the braceac nnecti N may be designed with an eccentrizity s
that the brace and beam centerlines intersect inside f the Link. This
eccentricity in the ¢ nneali n generates a m ment that iso pp site in
sign b the Link end m ment. € nsequently, the value given ab ve
for the Link end mo ment can be reduced by the m ment generated by
this brace o0 nneati n eccentricity. This may substantially reduce the
moment that will be requiredot be resisted by the beam and brace,
and may be advantage us in design. The intersecti n fthe brace and
beam centerlines sh ulbn tbe | cated utsale fthe Link, as this in-
creases the bendingan ment generated in the beam and brace. See
Figures C-15.5 and C-15.6.

C15.6d.If the brace o0 nneati n at the Link is designed as a pin, the beam by
itself is requiredd be adequate t resist the entire Link erod m ment.
This o ndition mormally wo uld o ccuro nly in EBF with sh rt Links.
If the brace is@ resist anygp di o fthe Link endan ment, then the
brace o nnecti n at the Link sh uld be designed as fully restrained,
as required in Seai n 15.6d. Test results n several brace ¢ pnecti n
details subjectat axialdf rce and bendingm ment areorep rted in En-
gelhardtand ® @ v (1989a).

C15.7. Beam-to-Column Connection

If the arrangement f the EBF system is such that a Linkds n t adjacentt a
column and large axialdf rces ar@n t present in the beam, a singple ¢ nnecti n
can be adequate if th@c nnexcti ropr vides s me restraint againsit rsi ninthe
beam. The magnitude bt msi rot beoc nsidered is calculated fr m a@air f
perpendiculard rces equabt 1.5 percent fthe n minal axial flange tensile
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Stiffener Plates Both Intermediate Stiffener
Sides with Continuous Link Length e Plates Both Sides for
Fillet Welds to Web 9 Link Lengthe> 25in.
and Fl anges

_\

¢ of Brace
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¢ of Beam at

Edge or Inside
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Fig. C-15.5. EBF with W-shape bracing.

Stiffener Plates Both Intermediate Stiffener
Sides with Continuous Link Length e Plates Both Sides for
Fillet Welds to Web Link Lengthe> 25in.
and Flanges
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Fig. C-15.6. EBF with HSS bracing.
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strength applied im pp site direoti s n each flange and using the expected
yield strengtto f the flange material.

C15.8. Required Column Strength

Cle.

To control EBF performance such that Link yielding is the poed minant inelas-
tic behavo r, an estimate f the maximum acti ns that can be generated in the
columns is required. As the shear strength f theoadj ining critical Linkois p -
tentially greater than theon minal strength doe t strain hardening,ache ¢ lumn
isrequired® be designedf rthe increased m ments and axial | ads intr duced
into the wlumn atthe ¢ nneai o falink rbrace atleastequalt 1.1times
the expectedam minal strength fthe Link as given in Secti n 15.6a. This ¢ |-
umn strength check is made f r EBF in additi ;n toth se in Secti n 8, which is
applicable ¢ all systems.

QUALITY ASSURANCE

To assure ductile seismic resp nse, steel framing is requiredt meet the quality
requirements as appr priate f rthe vari ws c onp nents fthe structure. ASCE
7 (ASCE, 1995) pr vides special requiremertts f r insgecti n and testing based
upon Seismic Design Categ ry. Additi nally, thes@Pr wisi ns, the AISC LRFD
Specification for Structural Steel BuildingsISC ~ Code of Standard Practice,
AWS D1.1, and the RCSGpecification for Structural Joints Using ASTM
A325 or A490 Boltprovide acceptance criteriaf r steel building structures.

These Po vigd ns require that a quality assurance plan be implemented as re-
quired by the Engineer f Rec rd. Iros me cases, the ¢ ndract r may already
have implemented such a plan as part of n rmal perati ns, particularly ¢ n-
tracbrs that participate in the AISC Quality Certifiaati roPr gram f r steel fab-
ricaors. The Engineer fRec rd sh uld evaluate the quality assurance reedsf r
each po ject with duea@ nsideration fwhatis already a part fthe ¢ ntract r's
quality assurance plan. Where addaliti nal needs are identified, such as f r in-
novative @ nnect n details r unfamiliaroc nstructi n meth ds, supplementary
requirements sh uld be specified as appr priate.

Visual inspecth n pi ro , during, and after welding is identified as the primary
mettod usedd evaluate the cnf rmance f welded j irds t the applicable
quality requirements.al ints are examinedprort te c mmencement fweld-
ing to check fit-up, preparati n bevels, gaps, alignment, and ther variables.
During welding, adherencet the WPS is maintained. Afterghe j intis welded,
it is then visually inspectedt the requirements fAWS D1.1. The subsequent
useo fother m n-destructive examinati n meth ds as required by the Engineer
of Record is reo mmendedot verify theos undness f welds that are subject
to tensile brces as a patt f the Seismio F rce Resisting Systems described in
Sectb ns 9 tho ugh 15.
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CS1. SCOPE AND PURPOSE

The deved pment ftesting requirements f r beaom-b -c lumm m mentc nnec-
tions was no tivated by the widespread ccurremce f flange weld fracture in
such © nnecti ns in the 1994\ rthridge Earthquakeo In rdert omnpr ve per-
formanceo f @ nnect ns in future earthquakes, daborat ry testing is required
in order o identify potential po blems in the design, detailing, materials, r
constructo n metb dsa be usedf rthec nnecti n. The requirementf rtesting
reflects the view that the behavior 6c nnexti ns under severe cyelic | ading
canro t be reliably predicted by analytical means nly.

It is remgnized that testing fa nneoti ns can be ¢ stly and time ¢ nsuming.
Consequently, this Appendix has been written with thee m st simple testing re-
quirements p ssible, while still pr viding reas nable assurance that ¢ nnec-
tions tested in ace rdance with thes®Pr wisi ns will perf rm satigfact rily in an
actual earthquake. Where c nditi ns in the actual building differ significantly
from the test © nditd ns specified in this Appendix, additi nal testingdey nd
the requirements herein may be neededt assure satisfaot ry c mnection perf r-
mance. Many fthe fact rs affectingc nnexti n perf rmance under earthquake
loading are 0 t © mpletely undemst d.cC nsequently, testing under ¢ sditi ns
that are as o se aop ssible t oth ge f und in the actual building will pr vide
for the best representati m f expected ¢ nnecti n perf rmance.

It is not intended in these Br visi ns thatqr ject-specific ¢ nnecti n tests be

conductedo n ag utine basi®f r buildingoc nstruxti nopr jects. llem st cases,

tests rep rted in the literature can be used t dem nstrate that a ¢ mnecti n
satisfies the strength and inelastic r ¢ati n requirements f these Ry visi ns.
Such tests, & wever, sh uld satisfy the requirements f this Appendix.

Although the po visb ns in this Appendix pred minantlpc ncern the testing f
beam-b -0 lumn o nneati ns in m ment frames, theyoals apply t qualifying
cyclic testo fLink-b -® lumn © nnecti nsin EBF. While there are n oep ats f
failureso f Link-to-column @ nnect ns in the N rthridge Earthquake, it cann t
be ® ncluded that these similao ¢ nnecti ns are satisfactory f r severe earth-
quake b ading as it appears that few EBF with a Liok-b -c lumn ¢ nfigura-
tion were subjectedat str ng gr undaenoti n in this earthquake. Many f the
conditions that © ntributedd po r pedf rmance fon menbc nnecti nsin the
Northridge Earthquake can al® ccur in Ling-toc lumio ¢ nnecti ns in EBF.
Consequently, the same testing requirements are appliedl t both m ment c n-
nectons andd Link-¢ -0 lumn o nnedii ns.

When deval ping a test pr gram, the designer sh uld be aware that regulat ry
agencies may inp se additi nal testing andarep rting requirementsn tc vered
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in this Appendix. Examples ftesting guidelines rrequirements devel ped by
otherorganizath n® r agencies includeoth se published by SAC (FEMA, 1995;
FEMA, 1997b), by the ICBO Evaluati n Service (ICBO, 1997b), and by the
Countyof Los Angeles (@ unty flo s Angete ..,1996). Prior to devebping
atestpo gram, the appr priate regalat ry agencies sh uldbe c nsaltedt assure
the test po gram meets all applicable requirements. Even when n trequired, the
designer may find the inf rmatti moc ntained in thee f ceg ing referenoest be a
useful res urce in devel ping a tesopr gram.

DEFINITIONS
Inelastic Rotation

Oneo fthe key parameters measured ima ¢ noecti ntestis the inelastior tati n
that can be devel ped in the specimen. F r the purp se fodem nstraiing ¢ n-
formance with requirements in theseoPr wisi ns, inelagtic rotati n fa m ment
connectd nis requiredt beec mputed based nthe assumpti nthatall inelastic
deformatb nof atest specimen i®c ncentrated at a single p int at theoface fthe
column. In reality, inelastic def rmati ns are distributed ver a finite lergth f
the members and/ r the@c nnexti n elements. F r many ¢ nmecti n types used
since the M rthridge Earthquake, the portion fthe beam subjectt vyielding is
located ® me distance awayfr mthe face ftle c lumroin thercases, yielding
may be b cated within theac lumn paned-z ne.

Regardles® f where the actual inelasticadef rmat n ccurs within the speci-
men, the inelastior tadi nisrequiredt be c mputed with respeectt thedace f
the @ lumn. The purp se f this requirementds t opr videa ¢ omm n basis f r
evaluating o nneati nsandt av id the need f r adjusting the acceptance crite-
ria aco rding o different plastic hinge! cati ns. As the actual plastic hinge | -
cationis moved away s mtheface fthec lumn, the inelastic r dati n demand
at the hinge will increaseof r the same lewel finelastic st ry drifo H wever,
with the inelastico tab n o mputed with respeott the face ftloe c lumn, the
inelastic o tatd n required in these ®r Misi ns neew n t be adjusted f r different
hinge bcatb ns.

The @ mputat no f the inelasticor tati n requires an analysis f test specimen
deformatbns. Examples f such calculati ng f rom memt ¢ nnecti ns can be
found in SAC (1996).

For testso f Link-b-mlumn © nnectl ns, the key acceptance parameter is the
Link inelastic o tatd n, ale referrecbt inthesed’r wsi ns as the Link R dati n
Angle. The Link R tatb n Angle is ¢ mputed basedaip n an analgsis f test
specimen def rmati ns, and can n rmally e ¢ mputed as the inelastiop rti n
of the relative end displacement between the emds f the Link, divided by the
Link length. Example® f such calculati ns can loe f und in Kasai ambP p v
(1986¢), Ricles andd® @ v (1987) and Engelhardt andoP p v (1989a).

TEST SUBASSEMBLAGE REQUIREMENTS

A variety of different typeso f subassemblages and test specimens have been
used b r testing m mentcc nneoti ns. A typical subassemblage is planar and
consistso f a single @ lumn with a beam attacteedo n ane or b th sies f the

column. The specimen can bee | aded by displacing eithertheend fthe beam(s)
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or the endo fthe o lumn. Examplaes ftypical subassemblagesbrm mentc n-
nectbns can bed und in the literature, f r example in SAC (1996) amP p v
et al. (1996).

Inthese Po vigh ns, test specimens generally need n tinclude a@ mp site slab
or the applicatd no f axialb adéd thee lumn. Bl wever, such effects may have
an influenceo n ¢ nnedi n pexf rmance, and their inausi n in a test pr gram
should be o nsidered as a meansot btain m re realistic test conditi ns. An
exampleo f test subassemblages that inclugle ® mp site fl r slabs and/ r the
applicatb no f @lumn axial b ads can bef und iroPop v et al. (1996)poLe n et
al. (1997), and Tremblay et al. (1997). A varietyo f ther tymes f subassem-
blages may be appr priate t simulate specifio pr jext ¢ oditi ns, such as a
specimen with beams attachedan atlo g nal directi ms toa ¢ lumn. A planar
bare steel specimen with a single ¢ lumn and a single beam represents the min-
imum acceptable subassemblage f r@a m mentc nmecti ntest. H wewer, m re
extensive and realistic subassemblages that better match aatual po ject ¢ ndi-
tions sto uld be o nsidered where appr priate and practicad, in mlert btain
more reliable test results.

CS5. ESSENTIAL TEST VARIABLES
CS5.1. Sources of Inelastic Rotation

This sectd nis intendedt assure that the inelastic rotati n in the test specimen
is deveb pedin the same members and ¢ niecti n elements as anticipated in the
prototype. For example, if the prat typea nneoti n is designed s that essen-
tially all of the inelastic b tatd n is deva ped by yielding fthe beam, then the
test specimen sh uld be designed andgerf rmin the same way. A test specimen
that deved ps nearly al fits inelastior tati n thr ugh yielding fthe c lumn
panel-o ne w uld o t be acceptable t qualify ar t tyge ¢ nnecti n wherein
flexural yieldingo f the beam is expecteal t be the pred minant inelastic acti n.

Becaus® fo rmalvariadi nsin materialgr perties, the actval locadi n finelas-
tic action may vary 8 mewhatdr m that intended in either the test specomen r
inthe po btype. @ nsequently, by requiring tleat nly 75 peraent fthe inelastic
rotation occur in the intended elements f the test specimen, s noe all wance
is made 6 r such variati ns. Thug) f r the exampl®ab ve where essentially all
of the inelastic o tatd n in the pr d type is expected t be devel ped by flexural
yieldingof the beam, at least 75 percent ftioet tal inelagiic rotati n fthe test
specimen is requiredt be dewel ped by flexural yielding fthe beam in rder
to qualify this @nnectd n.

For many type® fo nneati ns, yielding rinelastic def rnati ns ntay ccurin
more than a single member bc nnecti n elemernt. F r examplegin s ane ¢ n-
necto n types, yielding mag ccur within the beam, within tree ¢ lumn panel-
zone,o r within ko th the beam and paned-z ne. The actual distrdbuwii n f yield-
ing between the beam and panel-z ne may vary dependimg up nthe beam and
column dimensi ns, webal ubler plate thickness, and n the actual yield stress
of the beam, o lumn and webod ubler plate. Suchoa ¢ nwoecti n design can be
qualified by running tw series f tests: ne in which at least 75 peroent f
the inelastico tab n is devel ped by beam yielding; and aosec nd in which at
least 75 percend f the inelastio r tati n is dewel ped by pamel-z ne yielding.
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The @ nnech n design w uld then be qualified f r any distributo n f yielding
between the beam and the panel-z ne in thegor t type.

Satisfying the requirements f this secti n will require the designer t have
a clear understanding f the manner in whichoa ¢ nmecti n devel ps inelastic
rotation.

CS5.2. Size of Members

The intenb fthis secti nisthatthe member sizes used in a test specimen sh uld
be, as nearly as practical, a full-scale representati n fthe member sizes used
in the po btype. The purp se f this requirementést assure that any p ten-
tially adverse scale effects are adequately represented in the test specimen. As
beams bex me deeper and heavier, their abdityt devel pinelastica tati n may
be © mewhat diminished (R eder and F utch, 1996; Bl dgett, 1995)0Alth ugh
such scale effects aren tyet c mpletely undmrst d, atleasttw p ssible detri-
mental scale effects have been identified. First, as a beam gets deeper, larger
inelastic strains are generally requiredoin rder t devel p the same tevel f
inelastic o tatd n. Sec nd, the inherent restrainteass ciated with j ining thicker
materials can affecbj int andc nneeti n perf rmance. Because fsach p ten-
tially adverse scale effects, the beam sizes used in test specimens are required
to adhere ¢ the limits given in this seati n.

This sectd no nly specifies restricti rs n the degree t which test results can
be scaled upat deeper r heavier members. There are n rastricti ns n the
degreed which test results can be scaled d wn t shall aver r lighter mem-
bers. N such restriaii ns have beenionp sedin rderb av id excessive testing
requirements and because currently available evidence suggests that adverse
scale effects are an re likelypto ccur when scaling up test results rather than
when scaling d wn. N netheless, cauti n is advised when using test results n
very deep r heavy memberst qualifg ¢ nnecti nsf r much smaller r lighter
members. It is preferabl®@ b btain test results using member sizes that are a
realistic representati o fthe piot type member sizes.

As anexample fapplying the requirements fthis sectin, ¢ nsider atest spec-
imen o nstructed with a W36x150 beam. This specirmeen ¢ uld be vsedt qual-
ify any beam with a depth upt 40in= 36/09) and aweightaupt 200 Ibs/ft
(= 150/Q 75). The limits specified in this sexti n wereoch sen s mewhat arbi-
trarily based njudgment, a®n quantitative research results were available n
scale effects.

When cloo sing a beam size f r a test specimen, seweral ther factors sh uld be
considered ther than just the depth and weight fthe secti n.®ne fthese fac-
tors is the width-thicknesd(t/ ) rati & fthe beam flange and webbrte 6 rati s
of the beam may have an imp rtantinfluerce ntheperf rmance fspecimens
that deved p plastica tati n by flexural yielding fthe beam. Beams with high
b/t ratios deveb p b cal buckling atd wer inelastior tati n levels than beams
with low W/ tratios. This local buckling causes strength degraglati ninthe beam,
and may theref re reduce the f rce demands n the c nmecti n. A beam with
very low b/t ratios may experience little if angl cal buckling, and will thewef re
subject the @ nneati not higheran ments. On the ther hand, the beam with
highb/t ratb s will experience highlyd calized def rmati ns atl cal flange and
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web buckles, which may in turn initiate a fractur@ C nsequently, itis desirable
totestbeams verarange fdifferdnt / @ti in rdert evaluate these effects.

No specific restricth ns are placed nthe size of ¢ lumns used in test specimens
inorder to aw id excessively burdenas me testing requirements. ©he ¢ lumn size
ischosen, b weverpt r duceinelastic def rnmati ninthe appr priate elements
of the specimen, aec rdingt the requiremeats fSecti n S5.1. Despite the lack
of specific restrictd ns, it is preferabl®et ob se ac lumn size that pr vides a
realistic representati a ftheoc lumn sizes in the pr t type.

CS5.5. Material Strength

The actual yield strength f structural steel can be ¢ nsiderably greater than
its specified minimum value. Higher leveds f actual yield stress in members
that supply inelasticar tadi n by yielding can be detrimentalé ¢ nreecti n per-
formance by deval ping largef rces at the ¢ nnecti noprior t yielding. F r
example, o nsider aocc nneati n design in which inelagtic rotati n is devel ped
by yieldingof the beam, and the beam has been specifiedd be fASTM A36
steel. If the beam has an actual yield stress f 55 ksi,the ¢ rnecti n is required
toresist a no ment that is 50 percent higher than if the beam had an actual yield
stres f 36 ksi. @ nsequently, this secti n requires that the materials ased f r
the test specimen represent this p ssible verstrength conditi n, as this will
provide for the no st severe test fth@c nnecti n.

As an example fapplying theseqr visi ng ¢ nsider again a test specimen in
which inelastic o tat n is intendedt be dewel ped by yielding f the beam.
In order to qualify this ® nnect né r ASTM A36 beams, the test beam is re-
quired b have ayield stregs fatleast46ksi(. @50 f rASTM A36). This
minimum yield strength is required t be exhibited ly b th the web and flanges
of the test beam.

CS5.6. Welds

CSé6.

The intento f these Pr visi ns i®t ensure that the walds n the test specimen
replicate the welds n the piot type acl sely as practicableoAcc rdingly, it
is required that the welding parameters, such as current@nd v Itage, be within
the range established by the filler metal manufacturer. Other essential variables,
such as steel grade, type of j inba ot pening, included angle and preheat level,
are requiredd be in acc rdance with AWS D1.1.

LOADING HISTORY

The lbading sequence specified in this secti n is identigal t that specified in
ATC-24, “Guidelines ® r Cyclic Seismic Testimg faC nop nertts f Steel Struc-
tures,” (ATC, 1992). Thisd cument gh uld be ¢ nsulted f r further details f
the requiredd ading sequence. Additi nal displacement increments r addi-
tional cycleso f bading bey nd th se specified in Secti n S6.3 are permitted.

Dynamically appliedd ads areon t required in thes® Pr w/isi ns. Theaise f
slowly applied cyclic b ads, as typically rep rted in the literatuce fa ¢ nnec-
tion tests, are acceptable f r the parp ses fthese Provisi ns. It is rec gnized
that dynamicd ading cancc nsiderably increase the o st ftesting, and that few
laborab ry facilities have the capabilitot dynamically | ad very large scale
test specimens. Furtheom re, the available research n dynamic| ading effects
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on steel ® nnecti ns hason t dem nstratedoa ¢ mpelling need f r dynamic test-
ing. Nonetheless, applying the required | ading sequence dynamically, using
loading rates typicab f actual earthqualke | ading, will likelyopr vide a better
indication of the expected pesf rmanee fthe c nnecti n, and sh uldde ¢ n-
sidered where@ ssible.

MATERIALS TESTING REQUIREMENTS

Tensb n testing is requiredf r the beang ¢ lumn, and critical ¢ noecti n ele-
mentso fthe test specimen. These tests are required to dem nstrade ¢ nf rmance
with the requirements f Secti n S5.5, aral t permib pr per analgsis f test
specimen resp nse. Tensi n test resultorep oted n certified mill test rep rts
are ro t permittedd be usedf r this purp se. Yield stress values reported n a
certified mill test rep rt may o t adequately represent the actual yield strength
of the test specimen members. Variati ns ase p ssibleduet material sampling
locations and tensi n test math ds used f r certified mill tesorep rts.

ASTM standardsd rtensi n testing permit the oep rted yield stresst be taken
as the upper yield@ int. &1 weverpf r steel members subject t large cyclic
inelastic strains, the upper yieléd p int caropr vide a misleading represgntati n
of the actual material behavi r. Thus, while an upper yietd p int is permitted
by ASTM, it is ot permitted & r the purp ses f this Sexti n. Determinati n
of yield stress using the 0.2 percent strain ffset neeth d is required in this Ap-
pendix.

Only tensb ntests are required in this secti n. Additi nal materials testing, h w-
ever, cane metimes be a valuable aid f r interpreting and extrap lating test re-
sults. Examples faddii nal tests which may be useful in certain cases include
Charpy V-Nb tch tests, hardness tests, chemical analysisy and tleers. C nsider-
ation sto uld be givend additi nal materials testing, where appr priate.

ACCEPTANCE CRITERIA

A minimumof two tests is requiredd r eacloc nditi ninthego t type in which
the variables listed in Seoti n S5 remain unchanged. The designer ig cauti ned,
however, that tw tests, in general, cann opr videath r ugh assesament fthe
capabilities, limitatd ns, and reliabilitp f acc nnecti n. Thus, whei p ssible,

it is highly desirabled o btain additi nal testda@t permit a better evaduati n
of the expected resp nse fa&c nnectiont earthquake | ading. Further, when
evaluating the suitabilitp fa pr @ sedc nnezti n, itis advisalbled ¢ nsider a
broader rang® fissues ther than justinelastic rotati n capacity. One fact rt
consider is the ¢ ntr lling failure mm de after the required inelastic ratati n has
been achieved.d= r example, a ¢ nnecti n that sl wly deteri rates in strength
due b local buckling may be preferablet ac nnecti nthatexhibitsam re brit-
tle failure no de such as fractuce faweld, fractore fabeam flange, etc., even
though o th ® nnecth ns achieved the required inelastic rotati n. In agditi n,the
designer sb uld ats carefullyoc nsider the implicati ms f unsuccessful tests.
For example, o nsider a situati n where five tests wereaun n a particular type
of connection, two tests successfully met the acceptance criteria, but the ther
three failed prematurely. Thioc nnexti o ¢ uld presumably be qualified under
these Py vi® ns, since tw successful tests are required. Clearly, h wever, the
numbero f failed tests indicateop tentialgr blems with the reliabibty f the
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connecto n. Onthe ther hand, the failwwe fatestedc nmecti ninthelab rat ry
should mot, by itself, eliminate thatoc nneati nofr m furtheo ¢ nsidegati n. As
long asthe causes fthe failure are undesst damdc rrected, and the c mnecti n
is successfully retested, the ¢ nnecti n may be quite acceptable. Thus, while the
acceptance criteria in theseoPr wisi ns have intenti nally been kept simple, the
choiceof a safe, reliable and econ mical ¢ nnecti n still requires ¢ nsiderable
judgment.
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Part II—Composite Structural Steel and Reinforced
Concrete Buildings

Cl1.

SCOPE

These Po vig nsd r the seismic design d ¢ mp site structural steel and rein-
forced o ncrete buildings are basedoup nthe 1994 NEHRP Po visi ns (FEMA,
1994) and subsequentom difiaati ns made in the 1997 NEHRFP Po visi ns
(FEMA, 1997a). Chapter 160 fthe 1997 NEHRRoPr wisi ns references these
provisions for detailing and design requirements fa ¢ mp site structures. It is
anticipated that the 2000 IBC (ICC, 1997), which is currently in preparati n,
will similarly reference these Br visi ns. Since ¢ mp site systems are assem-
bliesof steel and @ ncreteoc mp nents, Pad | fthese Provisi ns, the LRFD
Specificatd n (AISC, 1993) and ACI 318 (ACI, 1995y, f rm an imp rtant basis
for Part 1.

The available research dem nstrates that pr perly detallede mp site members
and © nnecb ns can pearf rm reliably when subjected t seismic gr und m -
tions. However, there is at present limited experience with comp site building
systems subjectedt extreme seisnoic f rces and many ftloe rec mmendati ns
herein are necessarity fac nservative and/ r qualitative nature. Careful atten-
tion to all aspect f the design is necessary, particularly the general building
layout and detailing f members and ¢ nnecti ng. C onp site ¢ nioecti n details
are illustrated thy ugh utthis€ mmentany to ¢ nvey the basic character fthe
composite systems. 61 wever, these details sh wd n t necessarily be treated as
design standards and the reader is str nglyenc uragedt cefert the cited ref-
erencesd r o re specific inf rmati o n the design d ¢ mp site ¢ nnecti ns.
Additionally, refer b Viest et al. (1997).

The design andc nstruoti @ foc nop site elements and systems c ntioues t
ewlve in practice. With further experience and research, it is expected that
these po vigd ns can be better quantified, refined and expanded. N netheless,
these Ro vigd nsarem tintended t limitthe applicato n f new systems, except
where explicitly stated,of r which testing and analysis dem nstrates that the
structure has adequate strength, ductility, and t ughness.

It is generally anticipated that the verall behavo r f the c onp site systems
herein will be similar @ thatd r o unterpart structural steel systems r re-
inforced @ ncrete systems and that inelasticadef rmati ns will ccurdn ¢ n-
ventional ways, such as flexural yieldimg f beams in FR m ment frames r
axial yielding ands r bucklingp f braces in braced framesa H wever, differ-
ential stiffness between steel andl ¢ ncrete elementois m re significant in the
calculato nof internal b rces and def rmati s bc mp site systems than f r
structural steed nlp rreird rcedoc ncrete nly systems. F rexampley def rma-
tions in reinforced © ncrete elements can vary ¢ nsiderably due t the effects
of cracking.

When systems haveob th ductile aml n n-ductile elements, the relative stiffness
of each slo uld be gr perly m deled; the ductile elements cao def rm inelas-
tically while the ro n-ductile elements remaim n minally elastic. When using
elastic analysis, member stiffnesosh uld be reduced to account f r the degree
of cracking at theo nset f significant yielding in the structure. Additi nally, it
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Cc2.

Cs.

C4.

C5.

is necessarot acc undf r material verstrength that may alter relative strength
and stiffness.

REFERENCED SPECIFICATIONS, CODES AND STANDARDS

The specificati ns,@ des and standards that are referenced in Part Il are listed
with the appo priate revisi n date that was used in the devel pment fPartll,
except tlo se that are already listed in Part I.

SEISMIC DESIGN CATEGORIES

See Part | @ mmentary Seati n C3.

LOADS, LOAD COMBINATIONS AND NOMINAL STRENGTHS

In general, requirements f ol ads aml | adl ¢ mbinati as for canp site struc-
tures are similara th se described in Part | Secti n C4. H wever, the 1997
NEHRP Po viso ns is currently the nlyoc de r standard that includes specific
seismic b ading criteriad rthese newc mp site structures. Asindicated ab ve,
it is anticipated that the 2000 IBC (ICC, 1997) will include seisnuic | ading
provisions similar o tto se in the 1997 NEHRP &r uisi ns.

The calculab no f seismicd rcesf rac mp site systems per the 1997 NEHRP
Provisions is the same as is described f r steel structures in Part | C mmentary
Sectd n C4. Table II-C4-1 lists the seismic resp nse m difecati nda& rs and
Cqy from the 1997 NEHRP Rr visi ns. The values in Table 11-C4-1 are pred-
icated up n meeting the design and detailing requirements f radhe € mp site
systems as specified in these pr oisi ns. Overstrengtlo faat rs f rahe@ mp s-
ite systems given in Table lI-4-d. fthesedPr wsi ns are the sameoas th se spec-
ified in the 1997 NEHRP Br visi ns.

ACI 318 Appendix C has been included by refererce t facilitate theqr p r-
tioning of building structures that include members made f steel @and ¢ ncrete.
Whenreinb rced o ncrete membersare pr porti ned using the minimum design
loads ® ntained in LRFD Specificati n Seeti n A4.1, which & ¢ nsistent with
those in ASCE 7 (ASCE, 1995), the strength reducti ndac$ rs in ACI 318
Appendix C sl uld be used in lisu féh sein ACI 318 Chapter 9.

The seismicregp nseon dificati nfactRs &id o forc enp site systems spec-
ified by the 1997 NEHRP Br visi nsare similart oth e forc mparable systems

of steel and reind rceda@ ncrete. This is based n the fact that, when carefully
designed and detailed acc rding t these pr wisi ns,dhe verall inelastic re-
sponse 6 r © mp site systemsah uld be similar b ¢ mparable steel and rein-
forced mncrete systems. Theeef re, in Building C des where speaific | ading

requirements aremn tspecified f @ c mp site systems, appr priate valuesf rthe
seismic resp nse faxt rs can be inferrea fr m specified valoes f r steed and/ r
reinforced ® ncrete systems.

MATERIALS

The limitations in Sect n 5.1 n structural steel grades used with Part 1l re-
quirements are the same a® th se given in Part I. The limitati ns indSecti n
5.2 0n specified ¢ ncreteoc mpressive strengthan comp site members are the
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TABLE 11-C4-1
Design Factors for Composite Systems
BASIC STRUCTURAL SYSTEM AND
SEISMIC FORCE RESISTING SYSTEM R Cy

Systems designed and detailed to meet the requirements of both the
LRFD Specification and Part I
Braced Frame Systems:
Composite Concentrically Braced Frame (C-CBF) 5 4%,
Ordinary Composite Braced Frames (C-OBF) 3 3
Composite Eccentrically Braced Frames (C-EBF) 8 4
Shear Wall Systems:
Composite Steel Plate Shear Walls (C-SPW) 6% | 5%
Special Reinforced Concrete Shear Walls

Composite with Steel Elements (C-SRCW) 6 5
Ordinary Reinforced Concrete Shear Walls

Composite with Steel Elements (C-ORCW) 5 4%,
Moment Frame Systems:
Composite Special Moment Frames (C-SMF) 8 5%
Composite Intermediate Moment Frames (C-IMF) 5 4%,
Composite Partially Restrained Moment Frame (C-PRMF) 6 5%
Composite Ordinary Moment Frames (C-OMF) 3 2%
Dual Systems with SMF capable of resisting 25 percent of V:
Composite Concentrically Braced Frames (C-CBF) 6 5
Composite Eccentrically Braced Frames (C-EBF) 8 4
Composite Steel Plate Shear Walls (C-SPW) 8 6%
Special Reinforced Concrete Shear Walls

Composite with Steel Elements (C-SRCW) 8 6%
Ordinary Reinforced Concrete Shear Walls

Composite with Steel Elements (C-ORCW) 7 6
Dual Systems with IMF capable of resisting 25 percent of V:
Composite Concentrically Braced Frame (C-CBF) 5 4%,
Composite Ordinary Braced Frame (C-OBF) 4 3
Ordinary Reinforced Concrete Shear Walls

Composite with Steel Elements (C-ORCW) 5% | 4%

same as th se given in LRFD Specificati n Chapter | and ACI 318 Chapter 21.
While these limitatd ns are particularly agpr priate f o ¢ nstrocti nin Seismic
Design Categ ries D and higher, they apply in any Seismic Design €ateg ry
when systems are designed with the assumpti n that inelastic ductility will be
present.

C6. COMPOSITE MEMBERS
C6.1. Scope

These Pr vigh ns address the seismic design requirements that sh uld be ap-
plied in addito n b the basic design requiremerds f r gravity and wind | ading.
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C6.2. Composite Floor and Roof Slabs

In composite © nstruct n, flo r andao f slabs typicallyoc nsist f eitheo c m-
posite or o n-®@ m site metal deck slabs that are ¢ nnected t the structural
framing © povide an in-plane @ mp site diaphragm that c llects and dis-
tributes seismicd rces. Generally ¢ mp site acti n is distinguished from n n-
composite actd no n the basis fthe w- f-plane shear and flexural behavi r
and design assumpti ns.

Composite metal deck slabs areoth ge f r which tlee ¢ ncrete fill and metal deck
work together v resisto ut f-plane bending ard at- f-plane shear. Flexural
strength design pr cedures arm ¢ des f practice f r such slabs are well estab-
lished (ASCE, 1995; ASCE, 1991a and 1991b; AISI, 1996; SDI, 1993).

Non-composite metal deck slabs ace ne-way rtw -way reinf rced ¢ ncrete
slabs 6 r which the metal deck acts as f rimw rk durirg ¢ nstiucti n, bubis n t
reliedup nbromm site act n. ¥ n€ mp site metal deck slabs, particularly
those used aoo fs, can be f rmed with metal deck and verlaid with insulat-
ing concrete fill that is n t relied up nof o ub f-plane strength and stiffness.

Whethero r m t the slab is designed f 0 ¢ mp site at- f-plane acti n, the ¢ n-
crete fill inhibits bucklingo f the metal deck, increasing the in-plane strength
and stiffnes® fthe diaphragm verthat fthe bare steel deck.

The diaphragm gh uld be designed b ¢ llect and distribute seismic f scest the
Seismic 6 rce Resisting System. lm s me cases, f reesér m ther fl assh uld
alo be included, such as at a level where a change in the structural stiffness
results in a redistributi n. Rec mmended diaphragm (in-plane) shear strength
and stiffness value®f r metal deck aral c anp site diaphragms are avaitable f r
design fo m industry @ urces that are based up n tests ared rec mmended by
regulab ry agencies (Vulcraft, 1990; SDI, 1987; NES, *(biannual review); US
Armed Services, 1982; ICBO, *(biannual review); Naeim, 1989). In aalditi n,
some recent researah mc mp site diaphragms has been rep rted (Easterling
and P rter, 1994).

As the thickness fa@ ncrete ver the steel deck is increased, the shear strength
can appo ach thawof r acc ncrete slab f the same thickness. F r example, in
composite fbor deck diaphragms having ¢ ver depths between 2 in. and 6 in.,
measured shear stresses ndhe mler {5  (wheie fand arein units
of psi) have been rap rted. In such cases, the diaphragm strength f c ncrete
metal deck slabs can b@ c nservatively based n the principles freinf rced
concrete design (ACI, 1995) using the ¢ ncrete and meinf rcememt ab ve the
metal deck ribs and ign ring the beneficial effect fthe ¢ ncrete in the flutes.

The sheard rces are requiredl t be transferred thr ugh weld®and/ r shear de-
vicesinthe o lleat randd undary elements. Fasteners between the diaphragm
and the steel framing sh uld be capable ftransferring f rces using either welds
or shear devices. Wher@c ncrete fill is present, it is generally advisable t use
mechanical devices such as headed shear stud connext rst transfer diaphragm
forces between the slab and ¢ llect o/b undary elements, particularlyg in ¢ m-
plex shaped diaphragms with disc ntinuitieo H wever,oin | w-rise buildings
without abrupt diso ntinuities in the shape fthe diaphragms rin the Seismic
Force Resisting System, the standard metal deck attachment pr cedures may
be acceptable.
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Composite Beams

These po vish ns applp nlyada @ mp site beams that are mart f the Seismic
Force Resisting System.

When the desigm f aac mp site beam satisfies Equati n 6-1, the strain in
the steel at the extreme fiber will be at least five times the tensile yield strain
prior to concrete crushing at strain equal t 0.003. It is expected that this
ductility limit will c strd the beam g® metryo nly in extreme beam/slab
proportions.

While these Ry vigi ns permitthe design dc mp site beams baseds lelyup n
the requirements in the LRFD Specifiaati n, the effects freversed cyclic| ad-
ing on the strength and stiffness f shear studs sh uldde c nsidered. This is
particularly imm rtant 6 r C-SMF where the design f rces are calculated as-
suming large member ductility and t ughness. In the absence f testalata t
supm rt specific requirements in these Pr @isi ns, theof Il wing special mea-
sures sh uld becc nsidered in C-SMF: (1) implementati n fan inspecti nand
quality assurance plant insureopr per welding fshear stud ¢ nneat rst the
beams; and (2) use f additi nal shear stud ¢ noect robey ad th se required
in the LRFD Specificati n in regi ne f the beams where plastic hinging is
expected.

Reinforced-concrete-encased Composite Columns

The basic requirements and limimti rs f r determining the design strangth f
encased@ mp siteoc lumns are the same as th se in the LRFD Spegificati n.
Additional requirementsd r reird rcing bar detaits bc rap site ¢ lumns that
are ro t ® vered in the LRFD Specificati n are included based on provisi ns in
ACI 318.

Composite ® lumns can be anidea s luti o f r use in seismicwoegi ns because
of their inherent structural redundancy F r example, iba comp site ¢ lumn is
designed such that the structural steel can cawy m st ¢ all fthe dead | ad
acting ab ne, then an extra degree bpr tecti n and safety i aff rded, even
in a severe earthquake where exaursi ng int the inelastic range can be ex-
pected ¢ deted rateac ncret®c ver and buckle reinf rcing steel. H wever, as
with any @ lumno f @ ncrete and reinf rcement, the designer sh uld be aware
of the constructability © ncerns with the placement f ranf rcement aod p -
tential for congestd n. This is particularly true at beam-to-c lunm ¢ nnecti ns
where  tential interference between a steel spandrel beam, a perpendicular
floor beam, vertical bars,q int ties, and shear stud ¢ noect rs can cause dif-
ficulty in reinforcing bar placement and ap tential f o h neyc mbing f the
concrete.

Seismic detailing requirements f oc mp site ¢ lumns are specified inahe f |-
lowing three categ riesn rdinary, intermediate, and special. The required level
of detailing is specified in these ®r visi ne f r seismic systems in $ecti ns 8
through 17. Theo rdinary detailing requirements f Secti n 6.4a are intended
as basic requirements f r all cases. Intermediate requirements are intended f r
seismic systems permitted in Seismic Design Categ ry C, and special require-
ments are intendedf r seismic systems permitted in Seismic DesigndCateg ries
D and alo ve.
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C6.4a. Ordinary Seismic System Requirements.

These requirements are intended t supplement the basic requirements
of the LRFD Specificatt nd r encasedc rap site ¢ lumns in all Seis-
mic Design Categ ries.

1. Specific instructi ns are givem f r the determioaton f the n m-
inal shear strength inoc ncrete encased steel ® mp site members
including assignmerd fes me sheart the reinf rced c ncrete en-
casement. Examples f r determining the effective shear vigth f
the reinbrced o ncrete encasement are illustrated in Figure C-6.1.
These po visd ns exclude any strengi assignedd c ncrete
alone (Furb ng, 1997).

2. Currently m existing specificati n in the United States includes
requirementsd r sheatoc nnect rs f r encased steelsecti ns. The
provisions in this subsedti n require that shear ¢ noect rs loe pr -
vided b transfer all calculated axiab f rces between the structural
steel and the@ ncrete, neglecting tloe ¢ ntributh nofb nd and fric-
tion. Friction between the structural steel angl ¢ ncrete is assumed
to transfer the & ngitudinal shear stresses required t devel p the
plastic bending strength f the@r ss secti o H wever, minimum
shear studs sh uld beqr vided acc rdimg t the maximum spac-
ing limit of 16 inches. Further ind rmati n regarding the design f
shear o nnect roof rencased members is available§Furl ng, 1997;
Griffis, 1992a and 1992b).

3. Thetierequirementsin this secti nare essentially the sameasth se
for composite @ lumns in ACI 318 Chapter 10.

4. The requirement®f ol ngitudinal bars are essentially the same as
those that applyd ¢ mp sitecc lumn®f ol w- andon n-seismic
design as specified in ACI 318. The distircti n between | ad car-
rying and restraining barsis maae t all wfa | ngitudinal bars (re-
straining bars) that are@r vided s lely f r erecti n parp ses andt
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Fig. C-6.1. Effective widths for shear strength calculation
of encased composite columns.
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improve @ nfinement fthee ncrete. Duet interference with steel
beams framing it the encased members, the restraining bars are
often dis® ntinw us at fio r levels and, theef re, are n tincluded
in determining the@ lumn strength.

5. The requirementsof r the steeb ¢ re are essentially the same as
those br owmp site o0 lumns as specified in the LRFD Specifi-
cation and ACI 318. In additi n, earthquake damage t encased
composite ® lumns in Japan (Azizinamini and &h sh, 1996) high-
lights the needa @ nsider the effects fabrupt changes in stiffness
and strength where encasex ¢ anp site ¢ lumns transiti o int re-
inforced wncrete ¢ lumns anad/ oc ncrete f undati ns.

The nore stringent tie spacing requiremends f r intermediate seis-
mic systemsd b w tlo sed r reinf rcede ncretec lumns in regi ns
of moderate seismicity as specified in ACI 318 Chapter 21 ($ecti n
21.8). These requirements are applied t all comp site ¢ lunons f r
systems permitted in Seismic Design Categ rpCt makedhe o mp s-
ite column details at least equivalemt t the minimum legel f detail-
ing for columns in intermediate m ment frames freinf rcea ¢ ncrete
(FEMA, 1997a; ICC, 1997).

The addito nal requirement®f r encasea ¢ onp sibe ¢ lumns used in
special seismic systems are based up n ¢ mparable requireroents f r
structural steel and reiaf rcecc ncrete ¢ lumns in systems permit-
ted in Seismic Design Categ ries D andab ve (FEMA, 1997a; ICC,
1997). Fo r additd nal explanati o fthese requirements, see the C m-
mentariesd r Part | in these ®r visi ns and ACI 318 Chapter 21.

The minimum tie area requirement in Equati n 6-2 is baseul up n a
similar provision in ACI 318 Secti n 21.4.4, except that the required
tie area is reducedt take mt axc unt the ste®l c re. The tie area
requirement in Equati n 6-2 and related tie detailing pr wvisi ns are
waived if the steele re fthea ngp site member caa al ne resist the
expected (arbitrary@ int in time) gravitg| ad nthe ¢ lumn because
additonal ® nfinement fthe@ ncrete i®n tnecessary if the steel c re
can inhibit © llapse after an extreme seismic event. Tthe |@ad ¢ mbi-
natonof LD+ Q 4. isbased up nasimilanc mbirati ropo p sed as
loading criteria b r structural safety under fire ¢ nditi ns (Ellingw d
and @ o tis, 1991).

The requirementsof r& mp siteoc lumns in C-SMF are based up n
similar requirementf rsteeland reinf rceal ¢ ncrede ¢ lumnsin SMF
(FEMA, 1997a; ICC, 1997).¢ r add@ti nabc mmentaries, see Part |
in these Po vig) ns and ASCE 7.

The stpb ng-o lumn/weak-beam (SC/WBY ¢ ncept 6 Il ws that used

for steel and reind rceda@ ncreteoc lumns in SMF. Where the f rma-
tion of a plastic hinge atthea lumn base is likely rurav idable, such
as with a fixed base, the detailingossh uldpr vide f r adequate plastic
rotational ductility. For Seismic Design Categ ry E, special detalils,

such as steel jacketing fthe@c lumn baseg sh uld be ¢ nsidered t
awid spalling and crushing ftheoc ncrete.
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Closed hoo ps are requirecbt ensure that ttee ¢ ncraete ¢ nfinement
and ro minal shear strength are maintained under large inelastic def r-
mations. The bo p detailing requirements are equivalent b those f r
reinforced o ncrete @ lumns in SMF. The transverse m@inf rcement
provisions are o nsideredt bec nservative sinoe comp site ¢ lumns
generally will perb rm better thanac mparable rainf rced ¢ ncrete
columns with similar © nfinement. & wever, further research is
required b determineot what degree the transverse aeinf rcement
requirements can be reducea f @ ¢ onp site ¢ lumns. ki sh uld be
rem gnized that the ol secbh p andcr ss-tie requirements f r C-SMF
may require special details such as th se suggested in Figure 6-6.2 t
facilitate the erecti o f the reiof rcementar und the steel c re. Ties
are requiredd be anch red mt the c nfined cae fthe ¢ luront
provide effective 0 ntainment.

C6.5. Concrete-filled Composite Columns

The basic requirements and limitati ros f r detailing and determining the design
strengtho f filled © mp site ¢ lumns are the same as th se in LRFD Specifi-
cation Chapter I. The limib As A; = 0 04 is the same as that in the LRFD
Specificath n and defines the linait fapplicability fthesePr wisi ns. Alth ugh
itis not intended in these Br visi nsthatfilled c mp site ¢ lumns with smaller
steelarearati sbegr hibited, alternative pr wisi ns are n tcurrently available.

C6.5a. Theshear strength fthe filled memberds c nservatively limited t the
nominal shear yield strengih f the steel tube because the actual shear
strength o ntribub ro fthee ncrete fillhaon tyetbeen determined in
testing. This apfr ach is rec mmended until tests are ¢ nducted (Fur-
long, 1997; ECS, 1994). Even with this ¢ nservative appr ach, shear
strength rarely g verns the design ftypical filled ¢ onp site ¢ lumns
with cross-secti nal dimensi nsupt 30 in. Alternatively, the shear
strength 6 r filled tubes can be determined in a manner that is similar
to that for reinforced © ncrete@ lumns with the steel tube ¢ nsidered
as shear reinf rcement and its shear yielding strength negleated. H w-
ever, given the upper limi n shear strength as a funati no f ¢ ncrete
crushing in ACI 318, this appr achov uld nly be advantage ais f r
columns with bw ratb so f structural steebt @ ncrete areas (lurl ng,

1997).
g |— Load Carrying Bar

.“ |~ Shear Studs

J] [L [~ Restraining Bar

TR

Fig. C-6.2. Example of a closed hoop detalil
for encased composite column.
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C6.5c. The nore stringent slenderness criteda f r the wall thickness in square
or rectangular HSS is basedaip @ ¢ mparable requirememts fr m Part|
in these Po vigd nsd r unfilled HSS used in SMFoC mparing the pr -
visions in the LRFD Specificati n and Part | in thesePr wisi ns, the
width/thickness rati ¢ r unfilled HSS in SMF is ab ut 80 percent f
those br OMF. This same ratio f 0.8 was applied t the standard
(non-seismich t rab 6 rfilled HSS in the LRFD Specificati n. The
reduced slenderness criteria was @mp sed as a ¢ nservative measure
until further research data bec mes available n the cyclicaresp nse
of filled square and rectangular tubesoM re stringbrtt /orati lim-
its for circular pipes are m t applied as data are available b sh w the
standardD ¢/ rati is sufficienbf r seismic designaB yd et al., 1995;
Schneider, 1998).

COMPOSITE CONNECTIONS
Scope

The useo f © mp site @ nnedi ne ften simplifies s me f the special chal-
lenges ags ciated with traditi nal steel ard ¢ ncrete ¢ nstruction. F r example,
compared ¢ structural steelpc rap site ¢ nnecti ms ftemawid r minimize
the useo f field welding, andoc mpared t reinf rced c ncrete, there are fewer
instances where aneh rage and devel pneent fprimary beanoreinf rcementis
a problem.

Given the many alternativeoc nfigurati ns dc mp site structures and ¢ nnec-
tions, there are few standard detaits f @ ¢ nnecti nsdn comp site ¢ nstructi n
(Griffis, 1992b; ® el, 1992a; & el, 1993).0H wever, tests are available f r sev-
eral @ nnec n details that are suitabte f r seismic design. References are given
in this Sectd no f the @ mmentary andoC mmentary Secti ns €8t C17. In
most @ mp site structures builbt date, engineers have designed ¢ anecti ns
using basic mechanics, equilibrium, existing standaods f r steel and ¢ ncrete
constructd n, test data, andbg d judgement. The pr wisi ns in this 8ecti n are
intended® help standardize and impr ve design practice by establishing basic
behavo ral assumpi nof r dewvel ping desigrom dels that satisfy equilibrium
of internal forces in the 6 nneati nof r seismic design.

General Requirements

The requirementof r def rmati n capacity apply to b th ¢ nnecti ns designed
for gravity load only and © nnecti ns that are past f the Seismic F rce Re-
sisting System. The ductility requiremerot f r gravity | ad nly ¢ nnecti ns is
intended ¢ aw id failure in gravity@ nnecti ns that may hawe rdati nal re-
straint but limited o tath n capacity.d- r example,sh wn in Figure C-7.1is a
connectd n between a reiof rcedc ncrete wall and steel beam that is designed
to resist gravity b ads and ism toc nsiderem t be part fthe Seisnoic F rce Re-
sisting System. Bl wever, thi®c nnecti nisrequiredt be designedt maintain
its vertical shear strength under r tati ns and/ @ m ments that are imp sed by
inelastic seismic def rmati ns fthe structure.

In calculating the required strengthh ©c nnecti ns bagsed n the n minal
strengtho f the o nnected members,oall wance sh uld be made f rall ¢ m-
ponentso f the members that may increase the n minal strengih ab ve that
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C7.3.
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Fig. C-7.1. Steel beam-to-RC wall gravity
load shear connection.

usually calculated in designoF r example, this neay ccur in beams where the
negative m ment strength @r vided by slab reinf rcementd is ften neglected
in design but will increase thean ments appliedothr ugh the beanot -c lumn
connectdb n. Aro ther example is inoc ncrete-filled tubular braces where the in-
creased tensile and ¢ mpressive strergth fthe braceodwet ¢ nceete sh uld be
considered in determining the requirea ¢ nnecti n strength. Because the eval-
uation of such © nditb ns is case specific, these pr wisi ms @ n t specify any
allowances® acc untd o verstrength.dd wever, as specified in Part | 8ecti n
6.2, calculath nsd rthe required strength d ¢ nnecti nssh uld, as a minimum,
be made using the Expected Yield Strength f tlhe ¢ nnected steel member.
Where © nnecti ns resisbf rces irap sed by yielding fsteel in einf ro@d ¢ n-
crete members, ACI 318 Seati n 21.5 implies an expected yield strength equal
to 1.25F, for reinforcing bars.

Nominal Strength of Connections

C7.3.a. In general, 6 rces between structural steel and ¢ ncrete will be trans-
ferred by a0 mbinati o fb nd, adhesi n, fricti n and direct bearing.
Transfers by b nd and adhesi na® n t permitied brn minal strength
calculatd n purp ses because: (1) these mechanismsoare n t effective
in transferring b ad under inelastio | ad reversals; and (2) the effec-
tivenesso f the transfer is highly variable depending n the surface
conditionsof the steel and shrinkage amal cons lidato n ftle ¢ ncrete.

Transfer by frictdo n shall be calculated using the shear fricti @ pr vi-
sions in ACI 318 where the friati nis jpr vided by the clamping acti n
of steel tieso r stud® rfy me mpressive stresses under appied | ads.
Since the pr visi nsd r shear friai n in ACI 318 are based largely
on monotonic tests, the values are reduced by 25 percent where large
inelastic stress reversals are expected. This remucti mis a c nservative
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requirement thata eson tappearin ACI 318 but is applied herein due
therelative laclo fexperience with certaio ¢ nfigueati msofc anp site
structures.

In many ® mp site 0 nnedti ns, steedc mp nents are encased by ¢ n-
crete that will inhibito r fully preventd cal buckling. & r seismic de-
sign where inelasticaf rce reversals are likelg, ¢ ncrete encasement
will be effectiveo nly if itis properly © nfined. One meth @ foc nfine-
ment is with reind rcing bars that are fully anch reddant the ¢ nfined
coreof the member (using requirements fath psin ACI 318 Chapter
21). Adequate@ nfinement als may ccur vaith ut special @inf rce-
ment where the@ ncretec ver is very thick. The effectivermess f the
latter typeo f ® nfinement gh uld be substantiated by tests.

For fully encased ¢ nnedi ns between steel (or c anp site) beams and
reinforced ® ncreteq r @ mp site)cc lumns such ansh wn in Fig-
ure C-7.2, the panebz neon minal shear strength can be calculated as
the sumo f © ntributd ns fo m the reif rcedoc ncrete and steel shear
panels (see Figure C-7.3). This superposio n fstrengths f r calculat-
ing the panel @ nem minal shear strength is used in detailed design
guidelines (Deierlein et al., 1989; ASCE, 1994) fa ¢ op site ¢ n-
necto ns that are supp rted by test data (Sheikh et al., 1989; &ann
and Deierlein, 1997; Nishiyama et al., 1990). Furtheoinf rmat n n
the use and desigm f sucl ¢ nnecti ns is included m C mmentary
Sectbn 9.

C7.3.d. Reinforcing barsinand ar undthe j intregi nserve the dual functi ns
of resisting calculated internal tersi n f rces ana pr vidirgg ¢ nfine-
ment b the o ncrete. Internal tewsi o f rces can be calculated using
established engineeringam dels that satisfy equilibrium (e.g., classi-
cal beam-o lumn thee ry, the truss aoal gy, strut and tee m dels). Tie
requirementsd r @ nfinement usually are based n empirical m dels
of test data and past perf rmance f structures (ACI, 1991, Kitayama
etal., 1987).

Longitudinal
Reinforcement Face Bearing Plates <

Steel Beam (Through Joint) lr{;

Reinforced Concrete Column

Fig. C-7.2. Reinforced concrete column-to-steel beam moment connection.
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1 B

»V

Fig. C-7.3. Panel shear mechanisms in steel beam-to-reinforced
concrete column connections (Deierlein et al., 1989).

1. Inonnectd ns such asth sein C-PRMF, the f rce transfer between
the @ ncrete slab and the steel ¢ lumn requires careful detailing.
For C-PRMF © nnect ns (see Figure C-7.4), the strength f the
concrete bearing against the ¢ lumn flange sh uld be checked.
Only the @ lid prton of the slab (area ab ve the ribs)osh uld
be ®unted, and theon minal bearing strengtl sh uld be limited
to 1.2f; (Ammerman and Lee n, 1990). In additi n, because the
force transfer implies theof rmati m f a largeoc mpressive strut
between the slab bars and the ¢ lumn flange, adequate transverse
steel reind rcement sh uld be g@r vided in the slab 6 f rm the
tensbn tie. Fo m equilibrium calculati ns, this @am untosh uld
be the same as thatqr vided as | ngitudinal reinf rcement and
should extend at least 12 in. by nd either side fthe effective slab
width.

2. Due b the limited size® fq ints and theoc ngestion f reinf rce-
ment, ito ften is difficult b po vide the reird rcing bar dewel pment
lengths specified in ACI 31&f r transverse ¢ lumn reinf rcement
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Fig. C-7.4. Composite partially restrained connection.

in joints. Therebre, it is imp rtantd take iot acc unt the spe-
cial requirements and rec mmenaati res f r tie requirements as
specified 6 r reinb rced ¢ ncreteoc nnegti ns in ACI 318 Sec-
tion 21.5 and in ACI (1991), Kitayama et al. (1987), Sheikh and
Uzumeri (1980), Park et al. (1982) and Saatci glu (1991). Test data
(Sheikh et al., 1989; Karmn and Deierlein, 1997; Nishiyama et al.,
1990)on ® mmp site beamdt ec lumnoc nneati ns similar t the
one sto wn in Figure C-7.2 indicate that the face bearing (stiffener)
plates attachedt the steel beano pr vide effective ¢ ncrete ¢ n-
finement.

3. Asinreinbrced o ncretec nneoti ns, large b nd stress tramsfer f
forces b @ lumn bars passing thr ugh beam-b-c lunonc nreecti ns
can result in slippage fthe bars under extreme | adings. Current
practice o r reind rced o ncreteoc nnecti ns is to ¢ atr | this slip-
page by limiting the maximurrol ngitudinal bar sizes as described
in ACI (1991).
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Cs.

COMPOSITE PARTIALLY RESTRAINED (PR) MOMENT
FRAMES (C-PRMF)

Composite partially restrained (PR) frames ¢ ngist f structural steel ¢ lumns
and @ mp site steel beams that are interc nnected withd®R ¢ mp ite ¢ nnec-
tions (Zana niniand Le n, 1992). PRc mp site ¢ nnecti ns utilize traditi nal
steel frame shear and bott m flange ¢ nnecti ns and the additi nal strength and
stiffness po vided by thedb r slab has beenancorp rated by adding shear studs
to the beams and slab reinf rcement in the negative m mentregi ns adjacent
to the wlumns (see Figure C-7.4). This results in@a m refav rable distdbuti n
of strength and stiffness between negative aad p sitiee m menbregi ns fthe
beams and pr vide®f rredistribatin 6f rces under inelasticacti n.

In the designo f PR @ mp sitecc nnecti ns, it is assumed that bending and
shear b rces can bec nsidered separately with the bending assignedt the steel
in the slab and ad dt m-flange steel angle r plate and the shear assigned t
a web angleo r plate. Design nhetlologies and standardized guidelines f r
C-PRMF frames andoac nneoti ns have been published (Ammerman and Le n,
1990; Lew n and B rcier, 1992; Steager andLe n, 1993 Le n, 1990).

Subassemblage testsh w that whem pr perly detailed, th@PRoc mpo site ¢ n-
nectons such as th sesh wn in Figure C-7.4 can urmlerg large defamati ns
without fracturing. The o nneati ns generally are designed with a yield strength
that is less than that f theoc nnected members t prevent | cal limit states,
such asd cal buckling fthe flange imc mpressi n, web crippling fthe beam,
panel o ne yielding in thecc lumn andb dt r weld failuresp fr ra ¢ atr lling.
When these limit states are@v ided, large ¢ nmecti n ductilities sh uld ensure
excellent frame peof rmance under large inelastic | ad reversals.

C-PRMF wereo riginally po p sedd r areas 61 wot m derate seismicity in
the eastern United States (Seismic Design Gateg ries C aad below). H wever,
with appio priate detailing and analysis, C-PRMF can be used in areas fhigher
seismicity (L@ n, 1990). Tests and analyses fthese systems hawe dem nstrated
that the seismically inducea f rces n PRom ment frames carobe | wer than
those br FR no ment frames due t : (1) lengthening in the naturaloperi d due
to yielding in the ® nnecti ns and (2) stable hysteretic bebawi r fthe c nnec-
tions (Nader and Astaneh, 1992; OiCors , et al., 1989). Thuspin s me cases,
C-PRMF can be designed f @ | wer seismi f rces than OMF.

For frames upa © ur st ries, the design®h uld be made using an analysis
that, as a minimum, aoc unts f r the semi-rigid belbaw r fthe c nmecti ns by
utilizing linear springs with reduced stiffness Bjah vde, 1984). The effective
connectb n stiffness ah uld beoc nsidered f r determining member f rce dis-
tributions and deflecti ns, calculating the building’s meriod f viboati n, and
checking frame stability. Frame stability can be addressed using ¢ aventi nal
effective buckling length @ cedures.oH wever, the ¢ nnecti n flexibility
should be © nsidered in determining the r tati nal restraint at the ends f
the olumns. B r structures taller thaa f uost ries, drift and stability need t
be carefully checked using analysis techniques that inc rp mate both ge metric
and © nnect n o n-linearities (Ammerman andd_e n, 1990; Chen and Lui,
1991). PR 0 mp site@ nnecti ns canals be used asgart fthe gravity | ad
system & r braced frames@r vided that minimum design criteria suctoas th se
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proposed by Le n and Ammerman (1990) ace 6 Il wed. In this case n height
limitation applies, and the frame sh uld be designed as a braced system.

Because the m ments finertiaf bpc rap site beams in the negative and p s-
itive regions are different, the uge f either value al e f r the beam members
in the analysis can lead t significant@rr rs. Theref re, theause fa weighted
average is rec mmended (Ammerman and Le n, 1990; Le n and Ammerman,
1990; Zaremba, 1988).

COMPOSITE SPECIAL MOMENT FRAMES (C-SMF)
Scope

Composite no ment frames include a variaty ¢ ¢ nfigurati ns where steel r
composite beams arec mbined with reinf rcem ¢ ncieteo rcomp gte ¢ lumns.
In particular, © mp site frames with steebfl r framing anal ¢ enp site rrein-
forced mncrete o lumns have been used inrecentyears@as ac st-effective alter-
native b frames with reirf rcedac ncretel rs (Farl ng, 1997; Griffis, 1992b).
For seismic design,@ mp sitean ment frames are classified as either Special,
Intermediatep r Ordinary dependingap n the detailing requirements f r the
members anda nnecti s fthe frame. A®sh wnin Table 1I-C4-1, C-SMF are
primarily intended é r use in Seismic Design Categ ries D anal ab ve. Design
and detailing pr vish nsd r C-SMF areoc mparable t oth se required f r steel
and reinb rced o ncrete SMF and are intendedd c¢ nfine inelastic def emati n
to the beams. Since the inelastic belwavd r f C-SMFads ¢ mparable t thatf r
steelo r reinb rced o ncrete SMF, tie afig  values are the san®e a®f rth se
systems.

Beams

The useo f © mp site trusses as flexural members in C-SMBis n t permitted
unless substantiating evidence is pr videdt dem nstrate adequate seismic re-
sistanceo fthe system. This limitati n applies ntyt members that aregpart f
the Seismic B rce Resisting System aral d es n t applyt j ists and trusses
that carry gravity ¢ ads nly. Trusses and pen web | ists generally are re-
garded as ineffective as flexural members in lateral | ad systems unless either
(1) the web members have been carefully detailed thr ugh a limit-state design
appoachd delay,@ ntr Ip rav id verall buckling fa mpressi n members,
local buckling, or failures at thea@ nnecti ns (Itani andG el, 1991) r (2) a
strong-beam/weake: lumn mechanism isoad pted and the truss and its ¢ n-
nectons po o rto ned ace rdingly (Camach and Galamb s, 1993). B th ap-
proaches can be used for nesst ry industrial-type structures where the gravity
loads are small and ductility demands n the critical members can be sustained.
Under these @ nditi ns and whenapr perlyopo porti ned, these systems have
been sh wnd pr vide adequate ductility and energy dissipati n capability.

Moment Connections

A schematic 0 nneati ndrawin@f rc ngp sitean ment frames with reinf rced
concrete © lumns is gsh wn in Figure C-7.2 where the steel beam rans ¢ n-
tinuously thiough the o lumn and is spliced away fr m the beamd -c lumn
connectdb n. Often, a small steebc lumn that is interrupted by the beam is used
for erection and is later encased in the r@inf rced c ncrete ¢ lumn (Griffis,
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1992b). Since the late 198@s, ver 60 large-scale tests fthiotyge fc onecti n
have been@ nducted in the United States and Japan uadenbntitonic and

cyclic loading (Sheikh et al., 1989; Kann and Deierlein, 1997; Nishiyama et
al., 1990). The results f these testosh w that carefully detaibed ¢ mnecti ns
can perb rm as well as seismically designed steel r ceinf raed ¢ nceete ¢ n-
necto ns. In particular, details such as the ne sh wn in Figure C-42 av id the
need b r field weldingo f the beam flange at the critical beam4d -c lumn junc-
tion. Therebre, theseyj ints are generally n tsusceptiblet the fracture behavi r
thatis ro w reo gnized as a critical aspect fwelded steel m ment c rnecti ns.
Tests have gh wn that, fthe mang p ssible ways f strengtheningothe j int,
face bearing plates (see Figure C-7.2) attached t the beam are very effective
for both mobilizing the joint shear strength  freinf rcedc ncrete and pr viding
confinement¢ the @ ncrete. Further mf rmation n design neeth ds and equa-
tions for these © mp site @ nnedi ns is available in guidelines prepared by
ASCE (Nishiyama et al., 1990).dN te that while th@scope fthe current ASCE
Guidelines (ASCE, 1994) limits their applicati mt regi os of| wt an derate
seismicity, recent test data indicate that the ASCE Guidelines are adequate f r
regionso f high seismicity as well (Karmn and Deierlein, 1997; Nishiyama et
al., 1990).

Connectb ns between steel beams and encased € mp site ¢ lumns (see Fig-
ure C-9.1) have been used and tested extensively in Japan where design pr -
visions are included in Architectural Institute f Japan standards (AlJ, 1991).
Alternatively, the © nnecti n strength can be ¢ nservatively calculated as the
strengtho fthe o nneati 0 fthe steel beamt the steelc lumn. Or, depending
upon the pint po  rtions and detail, where appr priate, the strength can be
calculated using an adaptation fdesign m dels for ¢ nrecti ns between steel
beams and reiof rceoc ncrete ¢ lumns (ASCE, 1994). One disadvamtage f this
connectb n detail o mparedt the nesh wnin Figure C-7.2 is that, like stan-
dard steel ¢ nstrudi n, the detail in Figure C-9.1 requires welding fthe beam
flange b the steela@ lumn.

Longitudinal Face Bearing Plates
Reinforcement

N

Steel Beam (Through Joint) f{g‘
Composite {(Encased) Column

Fig. C-9.1. Composite (encased) column-to-steel
beam moment connection.
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Fig. C-9.2. Concrete filled tube column-to-steel beam moment connection.

Connectonst filled®o mp sitee lumns (see Figure C-9.2) have been used less
frequently and nly a few tests f these type have been rep rted (Azizinamini
and Prakash, 1993). Where the steel beamsaoun ¢ mtinu usly thr ugb the ¢ m-
posite @ lumn, the internaldf rce transfer mechanisms and behavi r f these
connectdb ns are similaot th sef rc nneoti net renf rced ¢ ncrete ¢ lumns
(Figure C-7.2). Otherwise, where the beam is interrupted atdghe ¢ lumn face,
special details are needexl t transfer tbe ¢ lumn flange f rces thr uglothe ¢ n-
necton.

These Po vigi ns require thabc nnexti ns in C-SMF meet the same inelas-
tic rotation capacityo f 0.03 radians as required f r steel SMF in Part I. In
connectd n details where the beam runs ¢ ntinu ushothr ugh the j int (Fig-
ure C-7.2) and theac nneoti ni®n tsusceptillet fracture, thendhe ¢ mnecti n
design can be substantiated fr m available test data that is n t subjected t re-
quirements such asdh se described in Part | AppendixdS. H wever, where the
connectdb n is interrupted and fracture @ & c ncern, then ¢ nmecti ngerf r-
mance sh uld be substantiated 6 Il wing requirements similard¢ th sein Part |
Appendix S.

C10. COMPOSITE INTERMEDIATE MOMENT FRAMES (C-IMF)

The basic o nstruati n andoc nneeti ns f r C-IMF are similart C-SMF ex-
ceptthat many fthe seismic detailing requirements have been relaxed. C-IMF
are limited br use in Seismic Design Categ ry C andobel w, ara provisi ns
for C-IMF are @ mparabled th se required f r remf rced ¢ ncrete IMF and
between th sed r steel IMF and OMF. TRe afgd  values f r C-IMF are
equal b ttose d r reind rced @ ncrete IMF and betweemn th se f r steel IMF
and OMF.

Cl11. COMPOSITE ORDINARY MOMENT FRAMES (C-OMF)

C-OMF represent atype foc nop sitean ment frame that is designed and de-
tailed following the LRFD Specificat n and ACI 318, excluding Chapter 21.
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C12.

C1s.

C-OMF are limited® Seismic Design Categ ries A and B, and the design pr -
visions are o mparableot th sef r reinf rced c ncrete and steel frames that
are designed with ut any special seismic detailing. Rhe @nd  vatuesfr
C-OMF are cl sen acc rdingly.

COMPOSITE ORDINARY BRACED FRAMES (C-OBF)

Composite braced framec nsisting f steed, ¢ anp site and/ r einf raed ¢ n-
crete elements have been usedin | w- and high-rise buildingsioregi ns fl w
and no derate seismicity. The C-OBF cadeg ry is pr vided f r systemsowith ut
special seismic detailing that are used in Seismic Design Gateg ries A and B.
Because significant inelastio f rce redistrilauti n i n t reliedup n in the de-
sign, thereisa distinati n between frames where braces frame ¢ ncentrically
or eccentrically inb the beams and c lumns.

COMPOSITE CONCENTRICALLY BRACED FRAMES (C-CBF)

C-CBF isoneo f the two type® fa mp site braced frames that is specially
detailed 6 r Sesimic Design Categ ries C anadab ve;d¢he theris C-EBF (see
Table 11-C4-1). While experience using C-CBF is limited in high seismic re-
gions, the design r visi nof rC-CBF areintendedt resultinbebaw rc mpa-
rable b steel OCBF, wherein the braaes ften are the elememts m st susceptible
to inelastic deb rmat ns (see Part IocC mmentary Secti n C14).Rhe Gnd
values and usage limitati ne f r C-CBF are the same as tto se f r steel OCBF.

In cases whereac np site braces are used (either ¢ ncretedilled r c ncrete
encased), theoc ncrete has the p tential t  stiffen the steebsecti n and prevent
or deter brace buckling while at the same time increasing the capability t dis-
sipate energy. The filling f steel tubes witb ¢ ncrete has been shown t ef-
fectively stiffen the tube walls and inhibit | cal buckling¢G el and Lee, 1992).
For concrete encased steel braces, the ¢ ncraete sh uld be sufficiently reinf rced
and o nfinedd prevent the steel shape fr m buckling. It i®rec mmended that
composite braces be designem t meet all requirement® f © mp site ¢ lumns
as specified in Secti ns 6.4a ¢hr ugh 6.40. Camp site braces inotensd n sh uld
be designed based n the steel secti @ al ne unless test data justify higher
strengths. Braces that are all steed sh uld be designedt meet all requirements
for steel bracesin Partd fthesedr wisi ns. Rainf rced ¢ ncrete and 0 mp site
columns in C-CBF are detailed with similar requiremesntsd ¢ lumnsin C-SMF.
With further research, it may bep ssible t relax these detailing requirements
in the future.

Examples f o nnecti ns used in C-CBF areosh wn in Figures C-13dl thr ugh
C-13.3. Careful design and detailing fthe c nnecti nsina C-CBF is required
to preventfailure bed re devel pingthe strength fthe bracesineitherdensi n r
compressd n. All © nnecti n strengthssh uld be capable fdevel ping the full
strengtto fthe bracesintensi naml c mpressi n. Where the brace issc mp site,
the added brace strengthaff rded by the ¢ ncrete sh uldbe ¢ nsidered. In such
cases, it w uld be urtc nservative t base tioe ¢ niecti n stremgth n the steel
sectbn ab ne. @ nneati n design and detailingpsh uldorec gnize that buckling
of the brace o uld cause excessive r dati n at the brace ends andolead t | cal
connectb n failure.
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Fig. C-13.2. Reinforced concrete (or composite)
column-to-steel concentric brace.

C14. COMPOSITE ECCENTRICALLY BRACED FRAMES (C-EBF)

Structural steel EBF have been extensively tested and utilized in seismic re-
gions and are rex gnized asgpr viding excellent resistance and energy abs rp-
tion for seismic lbads (see Part I&€ mmentary Secti n C15). While there has
been little us® f C-EBF, the inelastic behavo r f the critical steel Lin& sh uld
be essentially the same as f r steel EBF and inelastio def emati ns in the
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Fig. C-13.3. Concrete filled tube or pipe column-to-steel concentric base.

compositeo r reinb rced o ncreteac lumnseh uld be minimal. Theref reRthe
andCy values and usage limitati ns f r C-EBF are the sameas th se f r steel
EBF. As described bel w, careful design and detaibing fthe bracest -c lumn
and Link-b-olumn @ nnect ns is essential t the perf rmace fthe system.

The basic requirements f r C-EBF are the same as tlo se f r steel EBF with ad-
ditional provisions for the desigro f o mp site r reinf rcedoc ncrete ¢ lumns
and the o mp sitee@ nnecti ns. While the inelasticalef rmations fite c lumns
should be small, as axc nservative measure, detaiting f r theaeinf iwed ¢ ncrete
and encasedoc nap site@c lumns are baseal upon th se in ACI 318 Chapter 21.
In addition, where Links are adjacert t the ¢ lumngcl sely spane h p rein-
forcement is required similant that used at hinge cegi nsin einf rced ¢ ncrete
SMF. This requirementisin rec griti m fthe largeom ments aod f rce rever-
sals imm sed in thea lumns near the Links.

Satisfach ry behaw o fC-EBF isdependent nmakingthe bracesandc lumns
strong e ughd remain essentially elastic under f rces generated by inelastic
deformatbnso f the Links. Since this requires an accurate calaulati n f the
shear Link o minal strength, it is ingp rtant that the shear Linkoeg n fthe
Link not be encased inac ncreteoP ati wvs fthe beam utside fthe Link are
permitted 6 be encased since an verstrength utside the Link w auld n t re-
duce the effectiveness fthe system. Shear Links are permitted b beoc mp site
with the floor or rodf slab since the slab has a minimal effext n thee n minal
shear strength fthe Link. The additi nal strength pr videddy comp sit@acti n
with the slab is imp rtantd @ nsideroh weven f @ | ng Links wh se n minal
strength is g verned by flexural yielding at the ernds f the Links (Ricles and
Popov, 1989).
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Fig. C-14.1. Reinforced concrete (or composite) column-to-steel eccentric brace.

In C-EBF where the Link ism t adjacerdit the c lumn, thee ¢ ncentric brace-
to-column connectd ns are similaot th se sh wo f r C-CBF (Figures C-13.1
through C-13.3). An example where the Link is adjacentt the ¢ lumnads sh wn
in Figure C-14.1. In this case, the Link-to-c luma c nnecti nis simitaréa ¢ m-

posite beamd -0 lumn m mentoc nnecti ns in C-SMF (see Recti n 9) and t
steel © upling beamet -wallec nnecti ns (see Secti n 15).

ORDINARY REINFORCED CONCRETE SHEAR WALLS
COMPOSITE WITH STRUCTURAL STEEL
ELEMENTS (C-ORCW)

The povisbns in this Seabi n applyt three variati s f structural systems
using reind rced o ncrete walls. One type is where reinf rced ¢ ncrete walls
serve as infill panels in what ace therwise steelor comp site frames. Exam-
pleso f typical secth ns at the walbt ec lumninterface f r such cases ave sh wn
in Figures C-15.1 and C-15.2. The details in Figure C-15.@ als ocan ccur in
the seo nd type f system where encased steelcsecti ns are used as vertical
reinforcement in what are therwise reinf rced ¢ ncrete shear walls. Finally,
the third variatd n is where steel roc mp site beams are usedt c¢ upbe tw

or more reinforced © ncrete walls. Examples dc upling beam-t -wall ¢ nnec-
tions are sl wn in Figures C-15.3 and C-15.4. Whem pr perly designedpeach f
these systems sh uld have shear strength and stifflleess ¢ mparalde toth se f
pure reinb rced o ncrete shear wall systems. The structural steed secti nsin the
boundary members will,& wever, increase the in-plane flexural strength fthe
columns and delay flexural hinging in tallwalR. a@g valuesf rreinf rced
concrete shear walls withoc nap site elements are the sameoas th se f r tradi-
tional reinforced ® ncrete shear wall systems. Requirements in thissecti n are



130e Part II—Composite Structural Steel and Reinforced Concrete Buildings

. ~ L
Z RO AN

( . Deformed Wire Anchor
Cross Ties  (welded to Column)

Fig. C-15.1. Partially encased steel boundary element.

| h

|
| I

h

—

. )

2

QRC Wall Q Cross
Tie

Fig. C-15.2. Fully encased composite boundary element.

A

Y

Reinforced Concrete
Wall N

Face Bearing Platej

- - .

‘ e
Additional
Reinforcement

I~ Steel Coupling

Beam &

[ Reinforcement not
shown for clarity

Fig. C-15.3. Steel coupling beam to reinforced concrete wall.



Seismic Provisions for Structural Steel Buildirgs31

Reinforced Concrete Wall \

Encased Steel Column
//‘ \ /P

N

- N

T

SO |
A
¥

I

<
. \ P
Steel Coupling Beam H—]

A
| 4

Fig. C-15.4. Steel coupling beam to reinforced concrete wall
with composite boundary member.

for ardinary reinforced © ncrete shear walls that are limited t use in Seismic
Design Categ ries C and lmel w; requiremends f r special ceinf reed ¢ ncrete
shear walls permitted in Seismic Design Categ ries D amd ab ve are given in
Sectbn 16.

For cases where the remf rced c ncrete walls frame it n n-encased steel
shapes (Figure C-15.1), mechanical ¢ npect rs are required t transfer ver-
tical shear between the wall and ¢ lumn, and t anch r the wall eeinf rce-
ment. Addito nally, if the wall elements are interrupted by steel beams
at floor levels, shear @ nnect rs are needed at the veall-t -beam interface.
Testso n © ncrete infill walls have sh wn that if shear ¢ noect rs are n t
present, st ry sheaof rces are carried primarilythr ughdiag nal c maressi n
struts in the wall panel (Chrgs st on u, 1991). This beloavd r ften includes
high forces in bcalized areas f the walls, beams, ¢ lumns, aod ¢ nnec-
tions. The shear stud requirements will impr ve perf rmance hy pr viding
a nore unib rm transfep fé rces between the infill panels and tbe b undary
members.

Two examples f 0 nnecti ns between steel ¢ upling beamst ¢ ncrete walls
are slo wn in Figures C-15.3 and C-15.4. The requirementsf r ¢ upling beams
and their © nnecti ns are based largely nrecent tests funencasedsteel c u-
pling beams (Harries, et al., 1993; Shatrr z et al., 1993). These test data and
analyses st w that pr perly detailed ¢ upling beams can be designed t yield
at the face fthee ncrete wall andgr vide stable hysteretic behavi r under re-
versed cyclicd ads. Under high seismic | ads, the ¢ upling beams are likely t
under@ large inelastic def rmati ns thr ugh either flexural and/ r shear yield-
ing. However, b r theo rdinary class fshear wall, there ace n special require-
ments & limit the slenderness bHc upling beams dey nal th se in the LRFD
Specificatb n. M re stringent pr visi ns are required f r the special ctass f
shear wall (see Seoti n 16).
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Cie.

C17.

SPECIAL REINFORCED CONCRETE SHEAR WALLS COMPOSITE
WITH STRUCTURAL STEEL ELEMENTS (C-SRCW)

Additional requirements are given in this section fa ¢ mp site features frein-
forced m ncrete walls classified as special that are permitted in Seismic Design
Cate@ ries D and ab ve. Theseopr wisi ns are applied in agldit nd th se ex-
plained in the 0 mmentaryt Secti n 15. Ascsh wn in Table 11-C4-1,Rhe
value br special reird rceda ncrete walls is larger thand r rdinary walls.

Concerns have been raised that walls with encased steel b undary members
may have atendencgt spliteml ng vertical planes inside the wall neawothe ¢ |-
umn. Thered re, the pr visi ns require that transverse steebbe ¢ ntinued int
the wall for the distancet2 assh wn in Figures C-15.1 and C-15.2.

As a @ nservative measure until further research data are available, strengths
for shear studsat transfeof rce imt the structural ste@l b undary members are
reduced by 25 percentdr m their Static Yield Strength. Thisas d ne because
provisions in the Specificabi n andon st thess urces f r calculating the n m-
inal strengtho f shear studs are based n statinotonic tests. The 25 percent
reductd n in stud strengths need n t apply t cases where the steel member is
fully encased since the @r visi n®c nservatively neglect the ¢ ntobuti n f
bond and frictd n between the steel and ¢ ncrete.

Severalo f the requirement® f r Links in steel EBF are appliedd c¢ upling
beamsd insure m re stable yielding behavi r under extreme earthqoiake | ad-
ing. It slould be 10 ted, i wever, that the Link requiremertts f r steel EBF are
intended & r unencased steel members. F r encased ¢ upling beams, it may
be pssiblea reduce the web stiffener requirements f Secti n 16.3.a, which
are the same asdh se in Part | Secti n 15.3a, but currently, theremare n data
available that pr vides design guidanze n this.

COMPOSITE STEEL PLATE SHEAR WALLS (C-SPW)

Steel plate reirdf rcedec np site shear walls can be used m st effectively where
story shear & rces are large and the required thickmes® fc rventi nally rein-
forced shear walls is excessive. Thepr wisi ns limit the shear stremgth f the
wall to the yield strengtho f the plate because there is insufficient basis fr m
which to deveb p design rule®f rcc mbining the yield strength fthe steel plate
andthe reind rced@ ncrete paneloMore ver, since the shear strength fthe steel
plate usually is much greater than tlsat f the reinf rced ¢ ncrete encasement,
neglecting the @ ntributi o f thea@ ncreteod es n t have a significant practi-
cal impact. The NEHRP Br vigi ns assign structures with comp site walls a
slightly higherR value than special reinf rced ¢ ncrete walls because the shear
yielding mechanismo fthe steel plate will result irom re stable hysteraetic| ps
than brreinbrced o ncrete walls (see Table 1I-C4-1). Fhe value f r C-SPW
is al® the same as that f r light frame walls with shear panels.

Three examples fa@ nnecti ns betwean c anp site wallst either stea rc m-
posite o undary elements aresh wn in Figures C-17.1, C-17.2, and C-17.3.
The po visb ns require that theoc nneeti ns between the plate andithe b undary
members (6 lumns and beams) be desigoedt devel p the full yield strength f
the plate. Minimum reird rcement in th@c ncret@ ¢ veris requitedt maintain
the integrityo f the wall under reversed cyclic | ading amd out- f-plane f rces.
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Fig. C-17.3. Concrete filled composite shear wall
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Until further research data are available, the minimum required walloreinf rce-
ment is based up n the specified minimum valeie f r reinf rced ¢ ncrete walls
in ACI 318.

The thicknes® fthea@ ncrete encasement and the spacing f shearostud ¢ n-
necbrs shb uld be calculated t ensure that the plate can reach yield pri r t
overall or local buckling. It is reoc mmended that verall buckling fthe ¢ m-
posite panel be checked using elastic bucklingpthe ry using a vansf rmed sec-
tion stiffnesso f the wall. 6 r plates witha@ ncrete cn nty ne side, stud spacing
requirements that will meet| cal plate buckling criteria can be calculated based
uponhtt provisions brthe shear design fwebs in steel girders. F rexample, in
LRFD Specificath n Seati n F2.2, the limitingt / value specified for c mpact
webs subjectedbt shearfist # 18k F,/ . Assumingoa c nservative value
of the plate buckling o efficienk = 5 anB, = 50 ksi, this eqoati n gives
the limiting valueo tfht = 59. I6 r a 3/8-in.-thick plate, this gives a maximum



134e Part II—Composite Structural Steel and Reinforced Concrete Buildings

valueofh = 22in. thatis representative fthe maximum center-t -center stud
spacing that ah uld sufficef rthe plate t reach its full shear yielding strength.

Careful @ nsiderati n sh uld be givent the shear and flexural stremgth fwall
piers andb fspandrels adjaceatt penings. In particutar, @ mp site walls with
large o ro penings may require structural steel b undary members attached t
the steel plate ar und tlee penings.
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Part lll—Allowable Stress Design (ASD) Alternative

Cl.

C4.1.

C4.2.

SCOPE

Part Il has been included in these Seismig Pr ovisi ms f r designers tbatch se
to use ASD in the seismic design f steel structures. As n ted in Part I, the
seismic requirements are c llaterabpr wisi ns related t the LRFD Specifica-
tion. Part | is based up n the limit-state seisnic | ad m del used in the 1997
NEHRP Po visb ns. Since the seismic requirements in Part | are based up nthe
expected o nlinear paxf rmance fa structure, thease fASD in its toaditi nal
form is somewhat o mplicated because aokn wledge f design strengths, n t
allowable stresses, is requiradl t assure tlat ¢ rmect rs have sufficient strength
to allow nonlinear behaw ro f the o nnected member(s).

The povisbns in Part Il alb w b r the seleadi © f members inan ASD f rmat
that still provides b r the peld rmance intended in Part I. Part lll is intended as
anoverlay b Part | and, when using ASD, the designer will use Part | f r the
seismic desigio fa structure except where a secti nis replaced by rm dified
by a secth nsh wn in Part Ill.

Provisions have n tbeenincluded f rthe use fASD with tlee c anp site struc-
tural steel and reinf rcedbc ncrete systems, membersand ¢ onecti nsin Partll
because ACI 318 is in limit-states f rmat.

Loads, Load Combinations and Nominal Strengths

As this specificati nis being prepared, theoe ¢ ntinwest be differences in sev-
eral key © des and standards n the appr priate | acbfact rt be appulied t
E when using alh wable stress design. A limit-state based seismic lad m del
was into duced ik ASCE 7d r the first time in the 1993 edliti n that was based
upon the 1991 NEHRRecommended Provisions for Seismic Regulations for
New BuildingsASCE 7-88 and its predecess a d cuments usedaw rlang-l ad
seismic b ad no del and aoc rregp nding | adfaco iEro  f1&b f r LRFD and
1.0 for ASD. In ASCE 7-93, the seismio| adan del was changed t a limit
state basis and the | ad factor n E was setat 2.0 br b th ASD and LRFD as
documented in the@ mmentary therein. At the same time,dhe | ad m del in
the Uniform Building @ de o ntinuedat be ASD based and was n t changed
to a limit state no del until the publicaii 0 fthe 1997 UBC. There, toe | ad
factoronE was setat 1.0of r LRFD artel /1 4f r ASD. Itis expected that with
the rapidly changingae de eneir nmert s me fthis ¢ nfusi nwill begint be
res lved with the devel pmemt fthe 2000 Intermati nal Building C de.

As mentbned ab ve,d ad fact re BB are imc nsistentothr agh ut the ¢ des
and standards in the U.S. and the designer needs t be aware f using the ap-
propriate bad facd r & rE . Hb wever, where theoc de r standam c ntains a
load facbronE that differs fo mtlo se in b ad € mbinati ns 4-1 and 4-2, the
designerisert uragedt usesal adfactorc nsistentwiththe g verminge de r
standard.

Nominal Strengths

The poo cedures in this secti n@r vide a metd @y f o the cawversian d al-
lowable stresses int a1 minal strengths, imm st cases byorem ving the fact r
of safety from the ASD equati ns. Wherod ings , use fthe 1/3 increase fr m
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ASD Specificath n Seati n A5.2 ism t permitted. These n minal strengths are
convertedd design strengths when multiplied by the resistance fact rs givenin
Part Ill Secto n 4.3. In general, the resistancedact rs givenare ¢ nsistent with
those in the LRFD Specificati n.

The remaindeo fthe jpr visi nsin Part lll translate the pr wisions fPartéint
ASD termiro logy and o rrelate with the appr priate secti ms f ASD.



References

American @ ncrete Institute, 1995, ACI 318-Bgilding Code Requirements for Struc-
tural Concrete ACI, Farmingb n Hills, MI.

American @ ncrete Institute, 1991, ACI 352R-91 “Rec mmeraati ms f r Design f
Beam-®@ lumn d intsin M o lithic Reird rced € ncrete Structurddgnual of Con-
crete Practice, Part 3, 1996 EditiodCI, Farmingb n Hills, MI.

American Instituteo f Steel € nstructi n, Inc., 1997, “k-area Advis ry Statement,”
Modern Steel Constructiofrebruary, AISC, Chicag , IL.

American Instituteo f Steel € nstructi n, Inc., 1998ad and Resistance Factor De-
sign Specification for Structural Steel BuildingdSC, Chicag , IL.

American Institute f Steel € nstructi n, Inc., 19%®ismic Provisions for Structural
Steel BuildingsAISC, Chicag , IL.

American Institute fSteel € nstructi n, 198)ecification for Structural Steel Build-
ings, Allowable Stress Design and Plastic Desigt§C, Chicag , IL.

American lo n and Steel Institute, 199%pecification for the Design of Cold-Formed
Steel Structural Members\|Sl, Washingb n DC.

American $ ciety f Civil Engineers, 1995, ANSI/ASCE 749himum Design Loads
for Buildings and Other Structure8SCE, Regi n, VA.

American 9 cietyo f Civil Engineers, 1994, “Guidelines f r Design of J ints between
Steel Beams and Remf rcedbC ncrete C lumdsgrnal of Structural Engineering,
Vol. 120, No. 8, (August), pp. 2330-2357, ASCE, Rest n, VA.

American ® ciety f Civil Engineers, 1991a, ANSI/ASCE 3&tandard for the Struc-
tural Design of Composite SlabASCE, Redt n, VA.

American 9 ciety f Civil Engineers, 1991b, ANSI/ASCE 9-8tandard Practice for
Construction and Inspection of Composite SIahSCE, Rest n, VA.

American Welding 8 ciety, 1996, ANSI/AWS D1.1-%&ructural Welding Code—
Steel AWS, Miami, FL.

Ammerman, D. J. and lee n, R. T., 1990, “Unbraced Frames with Semi-Rigid C n-
nectons,”"Engineering Journal\ol. 27, No. 1, (¥ Qtr.), pp. 12-21, AISC, Chicag ,
IL.

Applied Techm b gy @ uncil, 1992, ATC-2@uidelines for Cyclic Seismic Testing of
Components of Steel Structuréd,C, Redwo d City, CA.

Architectural Institute fJapan, 199A1J Standards for Structural Calculation of Steel
Reinforced Concrete StructuréSnglish translati ro f 1987 editi n), Architectural In-
stituteo f Japan, @ kg , Japan.



138e References

Aslani, F., and @ el, S. C., 1991, “Stitch Spacing ard L cal Buckling in Seismic Re-
sistant @ uble Angle Bracing Membergdurnal of Structural Engineering,oV |. 177,
No. 8, (August), ASCE, Rest n, VA.

Astaneh, A., @ el, S. C., and Hams n, R, D., 1986, “Earthquake-resistant Design f
Double Angle Bracing,Engineering Journal,\é 1. 23, M .4, (@ Qtr.), AISC, Chicag ,
IL.

Azizinamini, A. and Gb sh, S. K., 1996, “Steel Reinf rced C ncrete Structures in 1995
Hyogoken-Nanbu EarthquakeJournal of Structural Engineering, o/ |. 123, N . 8,
(August), pp. 986—990, ASCE, Rest n, VA.

Azizinamini, A. and Prakash, B. A., 1993, “An lon vative@C nnecti n Detail f r High
Rise Buildings,"Proceedings of the 1993 ASCE Structures Congregs,1220-1225,
ASCE, Resdi n, VA.

Bansal, J. P., 1971, “The Lateral Instabilty 6C ntmu us Steel Beams,” CESRL Dis-
sertato n Nb . 71-1, Universitp f Texas, Austin, TX.

Basha, H.S.,and& el, S.C., 1994, ResearcloRep rt N . UMCEE $&igthic Resis-
tant Truss Moment Frames with Ductile Vierendeel Segniéwt Universityo f Michi-
gan Department f Civil and Enwr nmental Engineering, Ann érb r, MI.

Becker, E. R., 1971, USCOE 0(Hanel Zone Effect on the Strength of Rigid Steel
Frames,Universityof Southern Calié rnia Structural Mechanics lamb gat ng L s An-
geles, CA.

Berteo, V. V., B p v, E. P,, and Krawinkler, H., 1973, Rep rtN . UCB/EERC-73/27
Further Studies on Seismic Behavior of Steel Beam-Column SubassemBiagies,
guake Engineering Research Center, Berkeley, CA.

Bjorhovde, R., 1984, “Effect® f End Restraimt noC lumn Strength—Practical Ap-
plications,” Engineeringd urnal,&/ I. 21, &N . 1,51 Qtr.), pp. 1-13, AISC, Chizag ,
IL.

Black, R. C., Wenger, W. A., andPop v, E. P., 1980, Rep ot N . UCB/EERC-80-40
elastic Buckling of Steel Struts Under Cyclic Load Reverg&sdsthquake Engineering
Research Center, Berkeley, CA.

Blodgett, O. W., 1995, “N te® n Beanot & lumndC nnexti ns,” SAC 9581éel
Moment Frame Connection Advisory No.SAC D int Venture, Sacrament , CA.

Boyd, P. F., @ fer, W. F., McLean, D. 1.,1995, “Seismic Rerf rmance f Steel-Encased
Concrete @ lumns under FlexurabL adingdCl Structural Journal, oV I. 920N . 3,
pp. 355-364, (May-June), ACI, Farmingt n Hills, MI.

Bruneau, M., Mahin, S. A., andoPop v, E. P, 1987, Rep o N . UCB/EERC-87/10
Ultimate Behavior of Butt Welded Splices in Heavy Rolled Steel SechHarthquake
Engineering Research Center, Berkeley, CA.

Camachb , D. and Galamb s, T. V., 1993%velopment of a Moment-Resisting One-
Story Frame System for Seismic ResistaBteel & ist Institute, Myrtle Beach, SC.

Carpenter, L. D. and Lu, L. W., 1972, Fritz Engineering baborat ry ®epat N . 332.7
Reversed and Repeated Load Tests of Full Scale Steel Framiggh University,
Bethlehem, PA.



Seismic Provisions for Structural Steel Buildirgs39

Cattan, J., 1995Statistical Analysis of Charpy V-Notch Toughness for Steel Wide-
Flange Structural Shapes|SC, Chicag , IL.

Chen, W. F. and Lui, E. M., 1998tability Design of Steel Frames,CRC Press, B ca
Rabn, FL.

Chryssb mo u, C. Z., 1991, “Effects f Degrading Infill Walts n theoN nlinear Seis-
mic Resp nse f Tw -Dimensi nal Steel Frames,” (Dissedtati ), C rnell University
School of Civil and Envinnmental Engineering, Ithaca, NY.

Council on Tall Buildings and Urban Habitat, 1980, “Tall Building Systems and C n-
cepts,”"Monograph on Planning and Design of Tall Building&SCE, Rest n, VA.

Countyof Los Angeles Departmert fPublicdV rks, 19@&unty of Los Angeles Cur-
rent Position on Design and Construction of Welded Moment Resisting Frame Systems
(WMRF),County of Los Angeles Departmemt f Public ®V rksoL s Angeles, CA.

Deierlein, G. G., Sheikh, T. M., and Yura, J. A., 1989, “Part 2: Beam C luntn M -
ment® nnect nsd r@ mp site Framegdgurnal of Structural Engineering, oV |. 115,
No. 11, (November), pp. 2877-2896, ASCE, Rest n, VA.

DiCorso, P. J., Reinb rn, A. M., Dickers n, J. R., Radziminski, J. B., and Harper, W. L.,
1989, Technical Rap rt NCEER-89-00R®&sponse of Frames with Bolted Semi-Rigid
Connections, Part I—Experimental Study on Analytical Predictiblaional Center

for Earthquake Engineering Research, Buifal , NY.

Drisooll, G. C. and Beedle, L. S., 1982, “Suggesti s f roAv iding Beam-b-C lumn
Web nnect n Failure,” EngineeringoJ urnalpV I. 190N . 1$t(1 Qtr.), AISC,
Chicag, IL.

Easterling, W. S. andd® rter M. L., 1994, “Steel Deck-Reinf rced C ncrete Diaphragms
I & 11,” Journal of Structural Engineering,& 120, N o 2, (February), pp. 560-596,
ASCE, Redt n, VA.

Ellingwood, B.R. and @ b tis, R.B., 1991, “2 ada mbinati nsf r Buildings Exp sed
to Fires,” Engineeringd urnal,o/ 1.28,& . 1,1 Qtr.), pp. 37-44, AISC, Chizag , IL.

Engelhardt, M. D. and® @ v, E. P., 1989a, Rep a N . UCB/EERC-8B&Havior of
Long Links in Eccentrically Braced Framdsarthquake Engineering Research Center,
Berkeley, CA.

Engelhardt, M. D. and # @ v, E. P., 1989b, “On Design f Eccentrically Braced
Frames,”Earthquake SpectraM I. 5, © . 3, (August), Earthquake Engineering Re-
search Institute, Oakland, CA.

Engelhardt, M.D., Sab |, T.A., Ad utaha, R.S., and Frank, K.H., 1995, “An Overview
of the AISC Northridge Mo ment @ nneati n Test Br granffoceedings of the 11th
World Conference on Earthquake Engineeridd$C, Chica@ , IL.

European © mmitteedf r Standardizati n, 198drocode 4, Design of Composite Steel
and Concrete Structures, Par 1-1: General Rules and Rules for BuildH(@S, Brus-
sels, Belgium.

Federal Emergency Management Agency, 198IELIRP (National Earthquake Haz-
ards Reduction Program) Recommended Provisions for Seismic Regulations for New
Buildings,FEMA, Washingb n, DC.



140e References

Federal Emergency Management Agency, 1997b, FEMA 267A (SAC 9&G3)m
Guidelines Advisory No. 1—Supplement to FEMA EMA, Washingd n, DC.

Federal Emergency Management Agency, 1997c, FEMA 289 (SAC96a®)ection
Test Summarie§;EMA, Washingd n, DC.

Federal Emergency Management Agency, 1995, FEMA 267 (SAC 93Ai&)im
Guidelines: Evaluation, Repair, Modification and Design of Steel Moment Frames,
FEMA, Washingb n, DC.

Federal Emergency Management Agency, 1988HRP (National Earthquake Haz-
ards Reduction Program) Recommended Provisions for Seismic Regulations for New
Buildings,FEMA, Washingb n, DC.

Fielding, D. J. and Huang, J. S., 1971, “Shear in Steel Beanmst -C lumn C pnecti ns,”
Welding JournalVal. 50, No. 7, AWS, Miami, FL.

Fisher, J.M and West, M.A., 1998grviceability Design Considerations for Low-Rise
Buildings,AISC, Chica® , IL.

Foutch, D. A., 1989, “Seismic Behavia fEccentrically Braced Steel Buildidgyir-
nal of Structural Engineeringyol. 115, No. 8, (August), pp. 1857-1876, ASCE, Re-
ston, VA.

Furlong, R. W., 1997, “© mp site € lumns,” € nop siteoC nstructi n Design f r
Buildings (Chapter 4), ASCE/McGraw Hill, NewoY rk, NY.

Galamip s, T. V., 1968, Bulletin® .Beformation and Energy Absorption Capacity of
Steel Structures in the Inelastic Rangeperican lio n and Steel Institute, Washingt n,
DC.

Galamlp s, T. V. and Ravindra, M. K., 1978, ‘tPr perties f Steel f r Use in LRFD,”
Journal of the Structural DivisionASCE, \Wl. 104, Nb . ST9, (September), ASCE,
Resb n, VA.

Goel, S. C., 1993, Reap rt UMCEE 9roceedings of a US/Japan Cooperative Re-
search Program Workshop on Composite and Hybrid Structdres, Universityo f
Michigan Departmend f Civil and Envir nmental Engineering, Ann érb r, MI.

Goel, S. C., 1992a, Rep rt UMCEE 92-B&commendations for US/Japan Coopera-
tive Research Program - Phase 5: Composite and Hybrid StructlitesUniversity
of Michigan Departmenb f Civil and Envir nmental Engineering, Ann Arb r, MI.

Goel, S. C., 1992b, “Cyclic ® st Buckling Behavior f Steel Bracing MembeBsa*
bility and Ductility of Steel Structures Under Cyclic Loadipg,. 75-104, CRC Press,
Boca Rab n, FL.

Goel, S. C., 1992c, “Earthquake Resistant Design f Ductile Braced Steel Structures.,
Stability and Ductility of Steel Structures under Cyclic Loadipg, 297-308, CRC
Press, B ca Rat n, FL.

Goel, S. C. and ltani, A., 1994a, “Seismic Behavbr f Open Web Truss M ment
Frames,”Journal of Structural Engineering¥ I. 120, Md . 6, (June), pp. 1763-1780,
ASCE, Redi n, VA.

Goel, S. C. and Itani, A., 1994b, “Seismic Resistant Special Trues M ment Frames,”
Journal of Structural Engineeringyol. 120 No. 6, (June), pp. 1781-1797, ASCE,
Resb n, VA.



Seismic Provisions for Structural Steel Buildirgs41

Goel, S. C. and Lee, S., 1992, “A Fracture Criteri @ f 0C ncrete-Filled Tubular
Bracing Members Under Cyclicd. adingProceedings of the 1992 ASCE Structures
Congresspp. 922-925, ASCE, Rest n, VA.

Griffis, L. G., 1992aoad and Resistance Factor Design of W-shapes Encased in
Concrete AISC, Chica®@ , IL.

Griffis, L. G., 1992b, “@ mp site Frame & nstrueti nConstructional Steel De-
sign: An International Guideyp. 523-553, Elsevier Science Publishes, Lo nd n, Eng-
land.

Harries, K., Mitchell, D., @o k, W. D., and Redwo d, R. G., 1993, “Seismic Resp nse
of Steel Beams @ upling € ncrete Wall§gurnal of Structural Engineering,oV I. 119,
No. 12, (December), pp. 3611-3629, ASCE, Rest n, VA.

Hassan, O.and & el, S. C., 1991, Rep rt UMCE eismic Behavior and Design
of Concentrically Braced Steel Structur@$e Universityo f Michigan Departmermt f
Civil and Envio nmental Engineering, Ann Aob r, MI.

Hjelmstad, K. D. ad Popov, E. P.,1983, “Cyclic Behavd r and Desigro f Link
Beams,” Journal of Structural Engineering\1. 109, d . 10, (Oat ber), ASCE,
Resb n, VA.

Huckelbridge, A. A. and @ ugh, R. W., 1977, Rep roN . UCB/EERC-7#28th-
guake Simulator Tests of Nine-Story Steel Frame with Columns Allowed to Uplift,
Earthquake Engineering Research Center, Berkeley, CA.

Internatdb nal @ de @ uncil, 199Mternational Building Code 2000, May 1996w rk-
ing draft, ICC, Birmingham, AL.

Internatd nal @ nference f Building Officials, 199 niform Building Code, ICBO,
Whittier, CA.

Internatb nal @ nference f Building Officials Evaluati n Service, 1997b, AC 129
Acceptance Criteria for Qualification of Steel Moment Frame Connection Systems,
ICBO, Whittier, CA.

Internatb nal @ nferenceo f Building Officials Evaluati n Service, *(biannual re-
newal),Evaluation Reports)CBO, Whittier, CA.

Internato nal @ nference f Building Officials, 199 niform Building Code, ICBO,
Whittier, CA.

Itani, A.and @ el, S. C., 1991, Research Bep ot N . UMCE 9E2fthquake Resis-
tant Design of Open Web Framing Systefftse Universityo f Michigan Department
of Civil and Environmental Engineering, Ann Ao r, Ml.

Kanro, R. and Deierlein, G. G., 1997, “Seismic Beleawi r d C anp site (RCS) Beam-
Column XD int SubassembliesComposite Construction lll, ASCE, Rest n, VA.

Kasai, K. and B p v, E. P., 1986a, “General Belmavdo r f WF Steel Shear Link
Beams,” Journal of Structural Engineering\¢l. 112, M . 2, (February), ASCE,
Resb n, VA.

Kasai, K. and B p v, E. P., 1986b, “Cyclic Web Buckling C mtrd f r Shear Link
Beams,” Journal of Structural Engineering,\6l. 112, M . 3, (March), ASCE,
Resb n, VA.



142 e References

Kasai, K. and B p v, E.P., 1986¢c, Rep roN . UCB/EERC-86#0%tudy of Seismi-
cally Resistant Eccentrically Braced Fram&sarthquake Engineering Research Cen-
ter, Berkeley, CA.

Kasai, K. and B p v, E. P., 1984, “On Seismic Design f Eccentrically Braced Steel
Frames,'Proceedings of the 8th World Conference on Earthquake Enginee¥ngs,
pp. 387-394, EERI, San Franaisc , CA.

Kaufmann, E. J., Xue, M., Lu, L. W., and Fisher, J. W., 1996, “Achieving Ductile Be-
havior of Moment Connectd ns,Modern Steel Construction\ I. 36, N . 1, (January),
pp. 30-39, AISC, Chicay , IL.

Kemp, A. R., 1986, “Fact rs Affecting thedR tati n Capacidty f Plastically Designed
Members, The Structural Engineend I. 64B, N . 2, (June), The Institati @ f Struc-
tural Engineers, & na n, England.

Khatib, I., Mahin, S. A. and Pister, K. S., 1988, Rep it N . UCB/EERC 8&6itmic
Behavior of Concentrically Braced Steel Framgsyrthquake Engineering Research
Center, Berkeley, CA.

Kitayama, K., Otani, S., and® yama, H., 1987, “Earthquake Resistant Design Crite-
ria for Reinforced @ ncrete Inteoi r Beam<«C lummJ intBfoceedings of the Pacific
Conference on Earthquake Engineeriigirakei, New Zealand.

Krawinkler, H., 1978, “Shear in BeameC lumrp J ints in Seismic Desigh f Steel
Frames, Engineering Journal, ¥ . 15, M . 3, (3 Qtr.), AISC, Chicag , IL.

Krawinkler, H., Berteo , V. V., and ® @ v, E. P., 1975, Rep tN . UCB/EERC-75/11
Hysteresis Behavior of Steel Columrigarthquake Engineering Research Center,
Berkeley, CA.

Krawinkler, H., Berteo , V. V. and @ @ v, E. P., 1971, Rep roN . UCB/EERC-71/7
Inelastic Behavior of Steel Beam-to-Column Subassemblage$iquake Engineering
Research Center, Berkeley, CA.

Krawinkler, H. and Gupta, A., 1998, “8t ry Drift Demands f r SteebM ment Frame
Structures in Different Seismic Regi n®foceedings of the® U.S. National Con-
ference on Earthquake Engineerirggattle, WA.

Lay, M. G., 1965, “Flange & cal Buckling in Wide-Flange Shapekurnal of the
Structural Division,Val. 91, No. 6, (December), ASCE, Rest n, VA.

Lee, S.and @G el, S. C., 1987, Rep roN . UMCE 87Sdismic Behavior of Hollow
and Concrete-Filled Square Tubular Bracing Membeéisjversity of Michigan De-
partmenb f Civil Engineering, Ann Arb r, MI.

Leon, R. T., 1990, “Semi-Rigid € mp sitedC nstrueti FGurnal of Constructional
Steel ResearcVol. 15, No. 2, pp. 99-120, Elsevier Science Publishers, lo nd n, Eng-
land.

Leon, R. T. and Ammerman, D. J., 1990, “Semi-Rigid C nnection f r Gravity L ads,”
Engineering Journalyol. 27, No. 1, (' Qtr.), pp. 1-11, AISC, Chicag , IL.

Leon, R. T. and B rcier, G. P., 1992, “Parametric Stwdy o Canp site Fran@zs)*
nections in Steel Structures Proceeding® fthe Sec nd Internati nalow rkshop n
Connectb ns in Steel Structures, pp. 152-159, AISC, Chicag , IL.



Seismic Provisions for Structural Steel Buildirng$43

Leon, R. T., Hajjar, J. F., and Shield, C. K., 1997, “The Effect ¢ C onp siteoF| r
Slabso n the Behawi b f Steel M ment-Resisting Frames in tlee N rthridge Earth-
guake,” Composite Construction in Steel and Concrete [fp. 735-751, ASCE,
Resb n, VA.

Libby, J. R., 1981, “Eccentrically Braced Frame C nstracti n—A CasedHistEwy;"
gineering JournalVoal. 18, No. 4, (4" Qtr.), AISC, Chicag , IL.

Liu, Z. and G el, S. C., 1987, UMCE Rep rt 87H3vestigation of Concrete Filled
Steel Tubes under Cyclic Bending and Bucklidgiversityof Michigan, Ann Arlo r,
MI.

Malley, J. O. and P @ v, E. P., 1984, “Shear Links in Eccentrically Braced Frames,”
Journal of Structural EngineeringVol. 110, No. 9, (September), ASCE Res-
ton, VA.

Meng, R. L. and Murray, T. M., 1997, “Seismic Perf rmarce o B Ited End-Plate M -
ment @ nnect ns,Proceedings of the 1997 AISC National Steel Construction Con-
ferencepp. 30.1-30.14, AISC, Chicag , IL.

Merovich, A. T., Nicoletti, J. P. and Hartle, E., 1982, “Eccentric Bracing in Tall Build-
ings,” Journal of the Structural Divisioriol. 108, No. 9, (September), ASCE, Rest n,
VA.

Nader, M. N. and Astaneh, A., 1996, “Shaking Table Tests f Rigid, Semi-rigid and
Flexible Steel Frames,”oJ urnal f Structural Engineering, V |. 123, N . 6, (June),
pp. 589-596, ASCE, Rest n, VA.

Nader, M. N. and Astaneh, A., 1992, “Seismic Desigo C ncepts f r Semi-Rigid
Frames,”Proceedings of the 1992 ASCE Structures Congregs, 971-975, ASCE,
New York, NY.

Naeim, F., 1989Seismic Desigh Handbookyan &l strand Reimh Id, New Y rk, NY.

National Evaluatd n Service, *(biannual reviewational Evaluation Reports, BOCA
Evaluatd n Services, € untry Club Hills, IL. ICBO Evaluati n Services, Whittier, CA.
SBCCI Public Safety Testing and Evaluati n Services, Birmingham, AL.

National Instituteo f Standards and Teaho | gy/American Institute f Steel C nstruc-
tion, 1998,Interim Design Guideline for the Seismic Modification of Welded Steel Mo-
ment Frame Connection8)JSC, Chica@ , IL.

Nicoletti, J. P., Pinkham, C. W., Saunders, C. M., and Teal, E. J., 1®84nthesis of
Steel Research for Code Developm@&ituctural Steel Educati ndC uncil, San Fran-
cism, CA.

Nishiyama, |., Hasegawa, T., and Yamoan uchi, H., 1990, “Strength anal Defarmati n
Capacityo f Reinb rced @ ncretedC lummt Steel Beam J int PanBlsifding Re-
search Institute Report 7Ministry of Construction, Tsukuba, Japan.

Park, R., Priestley, M. J. N., and Gill, W. D., 1982, “Ductility f Square C nfined
Concrete @ lumns,Journal of the Structural Division, ¥ |. 108, M . ST4, (April),
pp. 929-950, ASCE, Rest n, VA.

Popov, E. P., 1980, “Seismic Behavia f Structural Assemblagédsiirnal of the
Structural DivisionVol. 106, No. ST7, (July), pp. 1451-1474, ASCE, Rest n, VA.



144 e References

Popov, E. P, Amin, N. R., b uie, J. J., and Stephen, R. M., 1985, “Cyclic Behavi r
of Large Beam © lumn AssembliesZarthquake Spectra,ov I. 1, . 2, (February),
Earthquake Engineering Research Institute, Oakland, CA.

Popov, E. P, Bb ndet, L., Stepan v, anddSt jadin vic, B., 1996, “Full-Scale Beam-t -
Column Gonnectd n Tests,” University f Calif rnia Departmemt f Civil Engineering,
Berkeley, CA.

Popov, E. P., Engelhardt, M. D. and Ricles, J. M., 1989, “Eccentrically Brace Frames:
U.S. Practice,”Engineering Journal, ¥ I. 26, M . 2, (@ Qtr.), pp. 66-80, AISC,
Chicag, IL.

Popov, E. P. and Pinkney, R. B., 1968, BulletimN Béhavior of Steel Building Con-
nections Subjected to Inelastic Strain Reversals—Experimental Batarican lon
and Steel Institute, Washirgt n, DC.

Popov, E. P. and Stephen, R. M., 1977, “Tensile Capazity fPartial Peretrati n Welds,”
Journal of the Structural Divisionjol. 103, No. ST9, (September), ASCE, Rest n, VA.

Popov, E. P. and Stephen, R. M., 1972, Bulletio N .@jclic Loading of Full-Size
Steel Connectiongymerican lo n and Steel Institute, Washingt n, DC.

Popov, E. P. and Tsai, K. C., 1987, “Perf rmanze fLarge Seismic Steel M ment C n-
necto ns Under Cyclic b adsProceedings of the Structural Engineers Association of
California ConventionSEAOC, Sacrameat , CA.

Research € uncid n StructuraloC nnexti ns, 199@ad and Resistance Factor De-
sign Specification for Structural Joints Using ASTM A325 or A490 B@liSC,
Chicag , IL.

Ricles, J. M. and @ @ v, E. P., 1989, 6C mp site Acti n in Eccentricity Braced
Frames,’Journal of Structural Engineering¥ . 115, N . 8, (August), pp. 2046—2066,
ASCE, Redt n, VA.

Ricles,J.M.and ® @ v, E. P, 1987a, Rep 1 N . UCB/EERC-870f}Tamic Anal-
ysis of Seismically Resistant Eccentrically Braced Frarissthquake Engineering
Research Center, Berkeley, CA.

Ricles, J. R.and® @ v, E. P., 1987b, Rep i N . UCB/EERC-8ERgeriments on
EBFs with Composite Floorgarthquake Engineering Research Center, Berkeley, CA.

Roeder, C. W., 19871nelastic Dynamic Analysis of Two Eight-Story Moment Frames,
Structural Engineers Ass ciati o f Washiogt n, Seattle, WA.

Roeder, C. W. and & utch, D. F., 1996, “Experimental Resuts f r Seismic Resistant
Steel Mo ment Frame € nneoti ngdurnal of Structural Engineering,oV 1. 1220N . 6,
(June), ASCE Rest n, VA.

Roeder, C. W.and® @ v, E. P., 1978, “Eccentrically Braced Frames f r Earthquakes,
Journal of the Structural Divisioriol. 104, No. 3, (March), ASCE, Rest n, VA.

Saatod glu, M., 1991, ACI 127.Beformability of Steel Columns, AmericaroC ncrete
Institute, Deto it, MI.

SAC, 1995a, SAC 95-08teel Moment Frame Advisory No. 3SAGJ int Venture,
Sacramemt , CA.

SAC, 1995b, SAC 9-0Besign Applications, Manual & Seminar Speakers Not&sAC
Joint Venture, Sacramemt , CA.



Seismic Provisions for Structural Steel Buildirmg$45

SAC, 1995¢, SAC 95-08haracterization of Ground Motion During the Northridge
Earthquake of January 15, 1998AC D int Venture, Sacrament , CA.

SAC, 1995d, SAC 95-0Analytical and Field Investigations of Buildings Affected by
the Northridge Earthquake of January 17, 19%4rts 1 and 2, SACoJ int Venture,
Sacramemt , CA.

SAC, 1995e, SAC 95-0Rarametric Analytical Investigations of Ground Motion and
Structural Response to the Northridge Earthquake of January 17, 198¢€, Db int
Venture, Sacrameant , CA.

SAC, 1995f, SAC 95-0%ase Studies of Steel Moment Frame Building Performance
in the Northridge Earthquake of January 17, 19%AC D int Venture, Sacrament ,
CA.

SAC, 1995g, SAC 95-06urveys and Assessment of Damage to Buildings Affected by
the Northridge Earthquake of January 17, 199AC D int Venture, Sacrament , CA.

SAC, 1996, SAC 95-09Technical Report: Experimental Investigations of Beam-
Column Subassemblag&AC b int Venture, Sacrament , CA.

Sawyer, H. A, 1961, “P st-Elastic Behavior fWide-Flange Steel Beadwjfnal of
the Structural Division\/al. 87, No. ST8, (December), ASCE, Rest n, VA.

Schneider, S. P., 1998, “Axiallyd. ade®C ncrete-Filled Steel Tukles)fnal of Struc-
tural Engineeringacceptedd r publicati na appearin 1998, ASCE, Rest n, VA.

Schneider, S. P.,&® eder, C. W., and Carpenter, J. E., 384mic Performance of
Weak-Column Strong-Beam Steel Moment Resisting Fraimegrsityo f Washingd n
Department f Civil Engineering, Seattle, WA.

Shahoo z, B. M., Remmetter, M. E., and Qin, F., 1993, “Seismic Design and Perf r-
manceo f @ mp site @ upled WallsJournal of Structural Engineering, &/ I. 119,
No. 11, (November), pp. 3291-3309, ASCE, Rest n, VA.

Sheikh, S. A. and Uzumeri, S. M., 1980, “Strength and Ductiity f Tieml C lumns,”
Journal of the Structural Divisionyol. 106, No. ST5, (February), pp. 1079-1102,
ASCE, Resi n, VA.

Sheikh, T. M., Deierlein, G. G., Yura, J. A, Jirsa, J. O., 1989, “Part 1: Beam C |-
umn Moment @ nnecti nsd r@ mg site Framedgurnal of Structural Engineering,
Vol. 115, No. 11, (November), pp. 2859-2876, ASCE, Rest n, VA,

Slutter, R., 1981, Lehigh University Rep roN . 200.81.40B:%ts of Panel Zone Be-
havior in Beam Column Connectiorihigh University, Bethlehem, PA.

Steager, A. and Lee n, R. T., 19%3artially Restrained Composite Connections AISC,
Chicag , IL.

Steel Deck Institute, 1998 omposite Deck Design HandbookiN . CDD1, SDI, Can-
ton, OH.

Steel Deck Institute, 1985teel Deck Institute Diaphragm Design ManualSec nd
Edition, SDI, Cant n, OH.

Structural Engineers Ass ciatia f Calif rnia, 198 commended Lateral Force Re-
quirementsSEAOC, Sacrameat , CA.



146e References

Structural Shape Br ducersoC uncil, 19%atistical Analysis of Tensile Data for
Wide-Flange Structural ShapeShaparral Steel € mpany, Mil thian, TX.

Tang, X. and @ el, S. C., 1989, “Brace Fractures and Analysis f Phase | Structure,”
Journalof Structural Engineering,ov I. 115,dN . 8, (August), pp. 1960-1976, ASCE,
Resb n, VA.

Tang, X.and @ el, S. C., 1987, Rep rt UMCE 8Bdismic Analysis and Design Con-
siderations of Braced Steel Structur&gge Universityo f Michigan Department f Civil
and Envio nmental Engineering, Ann Asb r, MI.

Tremblay, R., Tched tarev, N. and Filiatrault, A.,1997, “Seismic ®erf rmance fRBS
Connectb ns b r Steel M ment Resisting Frames: Influence of L ading Rate aval FI r
Slab,” Proceedings; STESSA '9Kyoto, Japan.

Tsai,K.C.andPB p v, E. P, 1997*, “Seismic Panel Z ne Design Effect n Elasitic St ry
Driftin Steel Moment Resisting Frames]burnal of Structural Engineering, *in press
at timeo f printing, ASCE, Rest n, VA.

Tsai,K.C.andB p v,E.P., 1986, Rep roN . UCB/EERC-8GM5 Beam-to-Column
Web Connectiongarthquake Engineering Research Center, Berkeley, CA.

Uang, C. M. and Berter , V. V., 1986, Rep roN . UCB/EERC—8@&EHthquake Sim-
ulation Tests and Associated Studies of 0.3-Scale Model of a Six-Story Concentrically
Braced Steel Structur&arthquake Engineering Research Center, Berkeley, CA.

US Armed Services, 1983eismic Design for Buildings (Army: TM 5-809-10, Navy:
NAVFAC P-355, Air Force: AFM 88-3, Chap 13)

Viest, I. M., Glam, J. P, Fud ng, R. W., Griffis, L. G., loe n, R. T. and Wylie, L.
A., Jr., 1997,Composite Construction: Design for BuildingsvicGraw-Hill/ASCE,
Resb n, VA.

Vulcraft, 1990,Steel Floor and Roof Deck ManuaVulcraft, St.d e, IN.

Wallace, B. J. and Krawinkler, H., 1985 J hn A. Blume Earthquake Engineering Cen-
ter Rep rt N . 755mall-Scale Model Experimentation on Steel Assembl&tsytf rd
University Department f Civil Engineering, Ral Alt , CA.

Whittaker, A. S., Uang, C-M., and Berter , V. V., 1987, Rep &t N . UBC/EERC-87/02
Earthquake Simulation Tests and Associated Studies of a 0.3-Scale Model of a Six-
Story Eccentrically Braced Steel StructuEsgrthquake Engineering Research Center,
Berkeley, CA.

Xu, P. and @ el, S. C., 1990, Rep rioN . UMCE 9®&havior of Double Channel
Bracing Members Under Large Cyclic Deformatiobiversityo f Michigan Depart-
mento f Civil Engineering, Ann Arb r, MI.

Xue, M., Kaufmann, E. J., Lu, L. W., and Fisher, J. W., 1996, “Achieving Ductile
Behavb ro f Moment @ nnecth ns—Part [IModern Steel Construction,¥ |.36,d .6,
(June), pp. 38-42, AISC, Chicag , IL.

Zandbnini, R.and Le n, R. T., 1992, ‘tC nop siteoC nnecti r@ghstructional Steel
Design: An International Guideyp. 501-522, Elsevier Science Publishers, lo nd n,
England.

Zaremba, C. J., 1988, “Strength f Steel Frames Using Partial @ mp site Girders,”
Journal of Structural Engineering/ol. 114, No. 8, (August), pp. 1741-1760, ASCE,
Resb n, VA.



American Institute of Steel Construction, Inc.
One East Wacker Drive, Suite 3100
Chicago, IL 60601-2001

Pub. No. S341 (5M698)



