Seismic Provisions
for Structural Steel
Buildings

April 15, 1997

AMERICAN INSTITUTE OF STEEL CONSTRUCTION, INC.
One East Wacker Drive, Suite 3100, Chiocag , Blin is 60601-2001

Documents

Document Sharing Hub

Full document details: AISC 3411997


http://www.avadocuments.com/doc/aisc-341-1997
http://www.avadocuments.com/doc/aisc-341-1997

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 @ ntributo nso f several gr 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)
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xii ® Symbols

MP
Mpa
pe

My
P-A

Pn

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)

Thickneso f panel@ ne (d 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 |
Structural Steel Buildings

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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2 e Part | Glossary

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 Provisions for Structural Steel Building3

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 Sectbn 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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4 e Part |—Structural Steel Buildings

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 vigi ns shall be applied in ¢ njurecti n with the AlSgad 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.

2. 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

3. 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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Seismic Provisions for Structural Steel Buildings

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

4, LOADS, LOAD COMBINATIONS AND NOMINAL STRENGTHS
4.1. 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 places fpublic 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.

4.2. 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.

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

6. MATERIALS

6.1. 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 @ Part I—Structural Steel Buildings

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.

6.2. 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.

6.3. 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

7.1. 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.

7.2. 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
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Seismic Provisions for Structural Steel Buildings

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

7.2d. The design strengtth fd Itea]j 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,

7.2e. Bolted connectd ns 6 r members that are a part f the Seisnidc 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.

7.3.  Welded Joints

7.3a. Welding shall be ped rmed in acc 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.

7.3b.  Allcomplete-joint-penetrat ngoo ve welds used inthe Seismic 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.

7.3c. For members andac 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.
8. COLUMNS
8.1. Scope

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

8.2. 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. 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.

8.2b. 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.

8.2c.  The required strengths determined in Secti ns 8.2a and 8.2b need 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 e Part I—Structural Steel Buildings

8.3.  Column Splices

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

8.3a. 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.

8.3b. Beveled transiti ns aremn 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.

9. SPECIAL MOMENT FRAMES (SMF)
9.1. 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.

9.2. 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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Seismic Provisions for Structural Steel Buildirngd

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.

9.2b. 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.

9.2c. The required shear strength o f a beam-b -c lunon ¢ neecti 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
senseo n each e 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 agl C mbmmati 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 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 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, = O.6Fydctp[l+ 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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te thickness f the @ lumn flange, in.

dp overall beam depth, in.

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

9.3b. Panel-& ne Thickness: The individual thicknesses ofc 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.

9.3c. Panel-6 ne D ubler Plates:d ubler plates shall be welded t the c 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.

9.4. Beam and Column Limitations

9.4a. Beam Flange Area: Abrupt changes in beam flange areaoare 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.

9.4b. Width-Thickness Rati s: Beams shatl c mply with  in Table 1-9-1.
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.

9.5. Continuity Plates
Continuity plates shall be pr videdt match the tested ¢ nmecti n.
9.6. Column-Beam Moment Ratio
The following relationship shall be satisfied at beam-t-c lunm ¢ nnecti ns:
S M3

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
JFy ¢Pyl — JF,
Round HSS in axial Dit 1300/F,
compression or flexure
Rectangular HSS in bit or h/t 110//F,
axial compression or
flexure

where
> M, =

ZM;b=

Full document details: AISC 3411997

The sunp fthe m ments in thec lumnab ve anddel wihe | int
atthe interseati w fthe beam and ¢ lumn centerlingdd ;. is
determined by summing the@r jecti s fthe n minal flexural
strengtho fthe@ 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.

The suno fthe m ment(s) in the beam(s) at the 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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12 e Part I—Structural Steel Buildings

> 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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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.

9.8. 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.

10. INTERMEDIATE MOMENT FRAMES (IMF)
10.1. 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 beane, r whem c nnecti nsdnmrp 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

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.

11. ORDINARY MOMENT FRAMES (OMF)

11.1. 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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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.

12. SPECIAL TRUSS MOMENT FRAMES (STMF)
12.1. 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.

12.2. 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.
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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,

12.3. 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,

12.4. 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.

12.5. 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. 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.

13. SPECIAL CONCENTRICALLY BRACED FRAMES (SCBF)
13.1. 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.

13.2. 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-
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.

13.3b. Tensile Strength: The design tensile strermth 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.

13.3c. 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.

13.3d. Gusset Plates: The design f gusset plates shall inclade ¢ nsalerati 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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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.

13.5. 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.

14. ORDINARY CONCENTRICALLY BRACED FRAMES (OCBF)

14.1. 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.

14.2. 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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Seismic Provisions for Structural Steel Buildirmgal

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.
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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. 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.

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.

15. ECCENTRICALLY BRACED FRAMES (EBF)
15.1. 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.

15.2. 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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15.3b.

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.

15.4. 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.
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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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15.5. 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;.

15.6. 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.

15.7. 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

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.

16. 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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Appendix S

Qualifying Cyclic Tests of Beam-to-Column and
Link-to-Column Connections

S1. 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.

S2.  SYMBOLS

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

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

S3.  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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28e Appendix S

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.

S4. 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.

S5. 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:

S5.1. 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.

S5.2. 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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Extrapo laton bey nd the limitati ns stated in this Secti n shall be permitted
subjectd qualified peer review and building fficial appr val.

S5.3. 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.

S5.4. 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.

S5.5. 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.

S5.6. 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. Methodso f inspectt n andm 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 lted  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:

1. Thelo 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.

2. The type ana rientati 0 fd Itd 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.

3. When Inelastic B tati n isot be dewel ped either by yieldimg r by slip
within a o lted @ rtonof the © nnecti n, the meth d usedlt make tlee 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.

4. Bolts in the Test Specimen shall have the same installati n (fullydensi 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.

S6. LOADING HISTORY

S6.1. 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.

S6.2. 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.

S6.3. 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
3cyclesn fbading at: 0& <6 = .08
3 cycleso fbading atb = &,

3cyclen fbadingatd = &
&

a > D

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.

S7. 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.

S8. MATERIALS TESTING REQUIREMENTS

S8.1. 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.
S8.2. 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.

S9. 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 tho o ughly @ cument all key features and resuolts 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.

Documents

Document Sharing Hub

Full document details: AISC 3411997


http://www.avadocuments.com/doc/aisc-341-1997
http://www.avadocuments.com/doc/aisc-341-1997

32e Appendix S

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.

S10. 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.
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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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34 e Part Il Glossary

of the reinforced © ncreteat pmr videax nfinement anal 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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1. 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.

2. 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

3. 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.

2The LRFD p rtbnso f this @ cument, which pr vides an integral treatment f LRFD and
ASD, shall be used.
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