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he AISC
is intended t c ver the c mm n design criteria in r utine ffice

practice. Acc rdingly, it is n t feasible t als c ver the many special and unique
pr blems enc untered within the full range f structural design practice. This AISC

is a separate d cument that addresses
ne such t pic: the design and c nstructi n f structural steel and c mp site structural

steel/reinf rced c ncrete building systems in seismic regi ns. These Pr visi ns are
in three parts: Part I is intended f r the design and c nstructi n f structural steel
buildings; Part II is intended f r the design and c nstructi n f c mp site structural
steel/reinf rced c ncrete buildings; Part III is an all wable stress design alternative
t the LRFD pr visi ns f r structural steel buildings in Part I. Additi nally, a list f
Symb ls, a Gl ssary, and a n n-mandat ry C mmentary with backgr und inf rmati n
are pr vided. The first letter(s) f w rds r terms that appear in the gl ssary are
generally capitalized thr ugh ut these Pr visi ns.

The AISC C mmittee n Specificati n, Task C mmittee 113—Seismic Pr visi ns is
resp nsible f r ng ing devel pment f these Pr visi ns. Additi nally, the AISC C m-
mittee n Specificati n has enhanced these Pr visi ns thr ugh careful scrutiny, discus-
si n, suggesti n f r impr vements, and end rsement. AISC further ackn wledges the
vari us c ntributi ns f several gr ups t the c mpleti n f this d cument: the Build-
ing Seismic Safety C uncil (BSSC), the Nati nal Science F undati n (NSF), the SAC
J int Venture, and the Structural Engineers Ass ciati n f Calif rnia (SEAOC).

The principal changes in this revisi n f the Seismic Pr visi ns are: extensive m d-
ificati ns t Special M ment Frames (SMF), the additi n f special requirements f r
welded and b lted c nnecti ns, an expanded diversity f structural steel systems, such
as Intermediate M ment Frames (IMF), Special Truss M ment Frames (STMF), and
Special C ncentrically Braced Frames (SCBF); the additi n f Part II, which c vers
c mp site structural steel/reinf rced c ncrete seismic systems; and, the inc rp rati n
f Appendix S with pr visi ns f r the evaluati n f m ment c nnecti n perf rmance

thr ugh testing.

By the AISC C mmittee n Specificati ns, Task C mmittee 113—Seismic Design,

J. O. Malley, Chairman J. R. Harris
E. P. P p v, Vice Chairman K. Kasai
C. W. Pinkham, Technical Secretary S. D. Lindsey
H. Ashar H. W. Martin
R. Becker T. A. Sab l
G. G. Deierlein C. M. Saunders
M. D. Engelhardt I. M. Viest
S. J. Fang N. F. G. Y ussef
R. E. Ferch C. J. Carter, Rec rding Secretary
S. G el
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Numbers in parentheses after the definiti n f a symb l refer t the Secti n in either
Part I r II f these Pr visi ns in which the symb l is first used.

Flange area, in. (I-8)
Gr ss area, in. (I-9)
Cr ss-secti nal area f structural steel elements in c mp site members, in.
(II-6)

/ Rati f cr ss-secti nal area f structural steel t the gr ss area f a c mp site
c lumn. (II-6)
Minimum area f tie reinf rcement, in. (II-6)
H riz ntal area f the steel plate in c mp site shear wall, in. (II-5)
Area f Link stiffener, in. (I-15)
Link web area, in. (I-15)
Dead l ad due t the weight f the structural elements and permanent features
n the building, kips. (I-4)

Outside diameter f r und HSS, in. (Table I-9-1)
Effect f h riz ntal and vertical earthquake-induced l ads. (I-4)
The m dulus f elasticity f steel, ksi. (I-6)
Flexural elastic stiffness f the ch rd members f the special segment kip-in.
(I-12)
Specified minimum yield stress f the type f steel t be used, ksi. As used in the
LRFD Specificati n, “yield stress” den tes either the minimum specified yield
p int (f r th se steels that have a yield p int) r the specified yield strength (f r
th se steels that d n t have yield p int). (I-5)

f a beam, ksi. (I-9)
f a c lumn, ksi. (I-9)

Expected Yield Strength f steel t be used, ksi. (I-6)
f c lumn flange, ksi.

Specified minimum yield strength f transverse reinf rcement, ksi. (II-6)
f the panel-z ne steel, ksi.

Specified minimum tensile strength, ksi. (I-7)
Average st ry height ab ve and bel w a beam-t -c lumn c nnecti n, in. (I-15)
Effective length fact r f r prismatic member. (I-13)
Live l ad due t ccupancy and m veable equipment, kips. (I-4)
Span length f the truss, in. (I-12)
Unbraced length f c mpressi n r bracing member, in. (I-13)
Limiting laterally unbraced length f r full plastic flexural strength, unif rm m -
ment case, in. (I-12)
Length f the special segment, in. (I-12)
N minal flexural strength f the ch rd member f the special segment, kip in.
(I-12)

A
A
A

A A

A
A
A
A
D

E

EI

F

F F
F F
F
F F
F
F F
F
H
K
L

L

L
M

oSymb ls

f

g

s

s g

sh

sp

st

w

y

yb y

yc y

ye

y f y

yh

yw y

u

p

s

nc
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N minal plastic flexural strength, kip-in. (I-9)
N minal plastic flexural strength m dified by axial l ad, kip-in. (I-15)
N minal plastic flexural strength using Expected Yield Strength f steel, kip-in.
(I-8)
Required flexural strength n a member r j int, kip-in. (I-8)

- Sec nd rder effect f c lumn axial l ads and lateral deflecti n n m ments in
members, kip-in. (I-9)
N minal axial strength f a c lumn, kips. (I-8)
N minal axial strength f a c mp site c lumn, kips. (II-6)
N minal axial c mpressive strength f diag nal members f the special seg-
ment, kips. (I-12)
N minal axial tensile strength f diag nal members f the special segment,
kips. (I-12)
N minal axial strength f a c mp site c lumn at zer eccentricity, kips. (II-5)
Required axial strength n a c lumn r a Link, kips. (I-8)
Required axial strength f a c mp site c lumn, kips. (II-5)
Required axial strength n a c lumn in c mpressi n, kips. (I-9)
N minal axial yield strength f a member, which is equal t , kips. (I-9)
Maximum unbalanced vertical l ad effect applied t a beam by the braces, kips.
(I-13)
Effect f h riz ntal seismic f rces pr duced by the base shear, . (I-4)
N minal strength. (I-9)
Required strength. (I-9)
Rati f the Expected Yield Strength t the minimum specified yield
strength . (I-5)
Sn w l ad, kips. (I-4)
Design spectral resp nse accelerati n. (I-4)
N minal shear strength f a member, kips. (I-9)
N minal shear strength f the steel plate in a c mp site plate shear walls, kips.
(II-5)
N minal shear strength f an active Link, kips. (I-15)
N minal shear strength f an active Link m dified by the axial l ad magnitude,
kips. (I-15)
Required shear strength n a member, kips. (I-9)
Distance fr m t p f steel beam t t p f c ncrete slab r encasement, in. (II-6)
Plastic secti n m dulus f a member, in. (I-9)
Angle that diag nal members make with the h riz ntal. (I-12)
Width f c mpressi n element as defined in LRFD Specificati n Secti n B5.1,
in. (Table I-9-1)
Width f c lumn flange, in. (I-9)
Flange width, in. (I-9)
Width f the c ncrete cr ss-secti n minus the width f the structural shape mea-
sured perpendicular t the directi n f shear, in. (II-6)
N minal fastener diameter, in. (I-7)
Overall beam depth, in. (I-9)
Overall c lumn depth, in. (I-9)
Overall panel-z ne depth between c ntinuity plates, in. (I-9)
EBF Link length, in. (I-15)
Specified c mpressive strength f c ncrete, ksi. (II-6)
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Cr ss-secti nal dimensi n f reinf rced c ncrete r c mp site c lumn, in.
(II-6)
Assumed web depth f r stability, in. (Table I-9-1)
Cr ss-secti nal dimensi n f the c nfined c re regi n in c mp site c lumns
measured center-t -center f the transverse reinf rcement, in. (II-6)
unbraced length between stitches f built-up bracing members, in. (I-13)
G verning radius f gyrati n, in. (I-13)
Radius f gyrati n ab ut axis, in. (I-9)
Spacing f transverse reinf rcement measured al ng the l ngitudinal axis f
the structural c mp site member, in. (II-6)
Thickness f c nnected part, in. (I-7)
Thickness f beam flange, in. (I-9)
Thickness f c lumn flange, in. (I-9)
Thickness f flange, in. (Table I-9-1)
Thickness f panel-z ne including d ubler plates, in. (I-9)
Thickness f web, in. (Table I-9-1)
Thickness f panel-z ne (d ubler-plate thickness n t necessarily included), in.
(I-9)
Width f panel-z ne between c lumn flanges, in. (I-9)
Minimum plastic secti n m dulus at the Reduced Beam Secti n, in. (I-9)
Design st ry drift, in. (I-6)
M ment at beam and c lumn centerline determined by pr jecting the sum f the
n minal c lumn plastic m ment strength, reduced by the axial stress / ,
fr m the t p and b tt m f the beam m ment c nnecti n. (I-9)
M ment at the intersecti n f the beam and c lumn centerlines determined by
pr jecting the beam maximum devel ped m ments fr m the c lumn face. Max-
imum devel ped m ments shall be determined fr m test results. (I-9)
H riz ntal seismic verstrength fact r. (I-4)
Def rmati n quantity used t c ntr l l ading f the Test Specimen. (S6)
Value f def rmati n quantity at first significant yield f Test Specimen. (S6)
Rati f required axial f rce t required shear strength f a Link. (I-15)
Slenderness parameter. (I-13)
Limiting slenderness parameter f r c mpact element. (Table I-9-1)
Limiting slenderness parameter f r n n-c mpact element. (I-14)
Resistance fact r. (I-8)
Resistance fact r f r c mpressi n. (I-13)
Resistance fact r f r shear strength f panel-z ne f beam-t -c lumn c nnec-
ti ns. (I-9)
Resistance fact r f r the shear strength f a c mp site c lumn. (II-6)
Rati f distributed vertical r h riz ntal reinf rcement t the gr ss wall area.
(II-5)

Seismic Provisions for Structural Steel Buildingsxiii
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The building c de under which the building is designed.
A structural member that primarily functi ns t carry l ads transverse t its

l ngitudinal axis; usually a h riz ntal member in a seismic frame system.
A vertical truss system f c ncentric r eccentric type that resists lat-

eral f rces n the structural system.
A c mbinati n f j ints used t transmit f rces between tw r m re

members. C nnecti ns are categ rized by the type and am unt f f rce transferred
(m ment, shear, end reacti n).

C lumn stiffeners at the t p and b tt m f the panel-z ne; als
kn wn as transverse stiffeners.

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

The amplified st ry drift determined as specified in the Applicable
Building C de.

Resistance (f rce, m ment, stress, as appr priate) pr vided by el-
ement r c nnecti n; the pr duct f the n minal strength and the resistance
fact r.

Inclined structural members carrying primarily axial l ad that are
empl yed t enable a structural frame t act as a truss t resist lateral l ads.

A structural system with the f ll wing features: (1) an essentially c m-
plete space frame that pr vides supp rt f r gravity l ads; (2) resistance t lateral
l ad pr vided by m ment resisting frames (SMF, IMF r OMF) that are capable
f resisting at least 25 percent f the base shear and c ncrete r steel shear walls
r steel braced frames (EBF, SCBF r OCBF); and, (3) each system designed t

resist the t tal lateral l ad in pr p rti n t its relative rigidity.
A diag nally braced frame meeting the require-

ments in Secti n 15 that has at least ne end f each bracing member c n-
nected t a beam a sh rt distance fr m an ther beam-t -brace c nnecti n r a
beam-t -c lumn c nnecti n.

The Expected Yield Strength f steel in structural members
is related t the Specified Yield Strength by the multiplier .

Sufficient rigidity exists in the c nnecti n t maintain the an-
gles between intersecting members.

The t tal angle change between
the c lumn face at the c nnecti n and a line c nnecting the beam inflecti n p int
t the c lumn face, less that part f the angle change ccurring pri r t yield f
the beam.

A m ment frame system that meets the require-
ments in Secti n 10.

See V-Braced Frame

Applicable Building Code.
Beam.

Braced Frame.

Connection.

Continuity Plates.

Design Earthquake.

Design Story Drift.

Design Strength.

Diagonal Bracing.

Dual System.

Eccentrically Braced Frame (EBF).

Expected Yield Strength.
R

Fully Restrained (FR).

Inelastic Rotation of Beam-to-Column Connection.

Intermediate Moment Frame (IMF).

Inverted-V-Braced Frame.

oPart I Gl ssary

y

Part I
Structural Steel Buildings
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An area where tw r m re ends, surfaces r edges are attached. J ints are cat-
eg rized by the type f fastener r weld used and the meth d f f rce transfer.

An OCBF in which a pair f diag nal braces l cated n ne side f
a c lumn is c nnected t a single p int within the clear c lumn height.

A member that is designed t inhibit lateral buckling r
lateral-t rsi nal buckling f primary framing members.
In EBF, the segment f a beam that is l cated between the ends f tw diag nal

braces r between the end f a diag nal brace and a c lumn. The length f the
Link is defined as the clear distance between the ends f tw diag nal braces r
between the diag nal brace and the c lumn face.

Vertical web stiffeners placed within the Link in
EBF.

The Link R tati n Angle is the inelastic angle between the Link
and the beam utside f the Link when the t tal st ry drift is / times the drift
derived using the specified base shear .

The lesser f the design shear strength f the Link devel-
ped fr m the m ment r shear strength f the Link.

A meth d f pr p rti ning structural
c mp nents (members, c nnect rs, c nnecting elements, and assemblages) such
that n applicable limit state is exceeded when the building is subjected t all
appr priate l ad c mbinati ns.

A building frame system in which seismic shear f rces are resisted
by shear and flexure in members and c nnecti ns f the frame.

The magnitudes f the l ads specified by the Applicable Building
C de.

The capacity f a building r c mp nent t resist the effects f l ads,
as determined by c mputati ns using specified material strengths and dimensi ns
and f rmulas derived fr m accepted principles f structural mechanics r by field
tests r lab rat ry tests f scaled m dels, all wing f r m deling effects, and dif-
ferences between lab rat ry and field c nditi ns.

A diag nally braced frame meeting
the requirements in Secti n 14 in which all members f the bracing system are
subjected primarily t axial f rces.

A m ment frame system that meets the require-
ments in Secti n 11.

Sec nd- rder effect f c lumn axial l ads after lateral deflecti n f the
frame n the shears and m ments in members.

The web area f the beam-t -c lumn c nnecti n delineated by the exten-
si n f beam and c lumn flanges thr ugh the c nnecti n.

Insufficient rigidity exists in the c nnecti n t maintain the
angles between intersecting members.

A ductile reducti n in cr ss-secti n ver a discrete length that
pr m tes a z ne f inelasticity in the member.

The l ad effect (f rce, m ment, stress, r as appr priate) acting n
a member r c nnecti n that is determined by structural analysis fr m the fact red
l ads using the m st appr priate critical l ad c mbinati ns, r as specified in these
Pr visi ns.

A fact r that acc unts f r unav idable deviati ns in the actual
strength f a member r c nnecti n fr m the N minal Strength and f r the manner
and c nsequences f failure.

Part I Glossary2

Joint.

K-Braced Frame.

Lateral Support Member.

Link.

Link Intermediate Web Stiffeners.

Link Rotation Angle.
E E

V
Link Shear Design Strength.

Load and Resistance Factor Design (LRFD).

Moment Frame.

Nominal loads.

Nominal strength.

Ordinary Concentrically Braced Frame (OCBF).

Ordinary Moment Frame (OMF).

P-Delta Effect.

Panel-zone.

Partially Restrained (PR).

Reduced Beam Section.

Required Strength.

Resistance Factor.

9
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A classificati n assigned t a building based up n such fac-
t rs as its ccupancy and use.

The assembly f structural element in the building
that resists seismic f rces.

A b lted j int in which slip resistance n the faying surface(s) f
the c nnecti n is required.

A diag nally braced frame meeting
the requirements in Secti n 12 in which all members f the bracing system are
subjected primarily t axial f rces.

A m ment frame system that meets the requirements
in Secti n 9.

A truss m ment frame system that meets the
requirements in Secti n 13.

The strength f a structural member r c nnecti n that is deter-
mined n the basis f testing that is c nducted under sl wm n t nic l ading until
failure.

An assemblage f l ad-carrying c mp nents that are j ined t -
gether t pr vide interacti n r interdependence.

A c ncentrically braced frame (SCBF r OCBF) in which a pair f
diag nal braces l cated either ab ve r bel w a beam is c nnected t a single p int
within the clear beam span. Where the diag nal braces are bel w the beam, the
system is als referred t as an Inverted-V-Braced Frame.

A c ncentrically braced frame (OCBF) in which a pair f diag nal
braces cr sses near mid-length f the braces.

An Eccentrically Braced Frame (EBF) in which the stem f the Y is
the Link f the EBF system.

Seismic Provisions for Structural Steel Buildings3

Seismic Design Category.

Seismic Force Resisting System.

Slip-critical Joint.

Special Concentrically Braced Frame (SCBF).

Special Moment Frame (SMF).

Special Truss Moment Frame (STMF).

Static Yield Strength.

Structural System.

V-Braced Frame.

X-Braced Frame.

Y-Braced Frame.
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These Pr visi ns are intended f r the design and c nstructi n f structural steel
members and c nnecti ns in the Seismic F rce Resisting Systems in buildings
f r which the design f rces resulting fr m earthquake m ti ns have been deter-
mined n the basis f vari us levels f energy dissipati n in the inelastic range
f resp nse. These Pr visi ns shall apply t buildings that are classified in the

Applicable Building C de as Seismic Design Categ ry D ( r equivalent) and
higher r when required by the Engineer f Rec rd.

These Pr visi ns shall be applied in c njuncti n with the AISC

hereinafter referred t as the LRFD Specificati n. All members and c nnecti ns
in the Seismic F rce Resisting System shall have a design strength as pr vided
in the LRFD Specificati n t resist L ad C mbinati ns A4-1 thr ugh A4-6 and
shall meet the requirements in these Pr visi ns.

Part I includes a Gl ssary, which is specifically applicable t this Part, and
Appendix S.

The d cuments referenced in these Pr visi ns shall include th se listed in
LRFD Specificati n Secti n A6 with the f ll wing additi ns and m dificati ns:

American Institute f Steel C nstructi n

December 1, 1993
April 15, 1997

American S ciety f Civil Engineers
ASCE 7-95

American S ciety f 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 S ciety
AWS D1.1-96

Research C uncil n Structural C nnecti ns

June 3, 1994

Seismic pr visi ns, the required strength f r Seismic Design Categ ries, Seis-
mic Use Gr ups r Seismic Z nes and the limitati ns n height and irregularity
shall be as specified in the Applicable Building C de; r, when n building c de
is applicable, as dictated by the c nditi ns inv lved.

Part I—Structural Steel Buildings

1. SCOPE

2. REFERENCED SPECIFICATIONS, CODES AND STANDARDS

3. SEISMIC DESIGN CATEGORIES

4

Load and Re-
sistance Factor Design (LRFD) Specification for Structural Steel Buildings,

Load and Resistance Factor Design Specification for Structural Steel Build-
ings,
Specification for the Design of Steel Hollow Structural Sections,

Load and Resistance Factor Design Specification for Structural Joints Using
ASTM A325 or A490 Bolts,
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The l ads and l ad c mbinati ns shall be th se in LRFD Specificati n Sec-
ti n A4.1, except as m dified thr ugh ut these Pr visi ns.

is the h riz ntal c mp nent f the earthquake l ad E required in the Ap-
plicable Building C de. Where required in these Pr visi ns, an amplified h r-
iz ntal earthquake l ad shall be used in lieu f as given in the l ad
c mbinati ns bel w. The term is the System Overstrength Fact r as defined
in the Applicable Building C de. In the absence f such definiti n, shall be
as listed in Table I-4-1.

The additi nal l ad c mbinati ns using the amplified h riz ntal earthquake
l ad are:

1 2 0 5 0 2 (4-1)

0 9 (4-2)

Excepti n: The l ad fact r n in L ad C mbinati n 4-1 shall equal 1.0 f r
garages, areas ccupied as places f public assembly and all areas where the
live l ad is greater than 100 psf.

Orth g nal earthquake effects shall be included in the analysis as required in the
Applicable Building C de, except that, when c nsiderati n f the l ad
is required, rth g nal earthquake effects need n t be included.

The n minal strength f systems, members and c nnecti ns shall meet the re-
quirements in the LRFD Specificati n, except as m dified thr ugh ut these Pr -
visi ns.

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

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

1
2

Seismic Provisions for Structural Steel Buildings

o

4. LOADS, LOAD COMBINATIONS AND NOMINAL STRENGTHS

4.1. Loads and Load Combinations

4.2. Nominal Strength

5. STORY DRIFT

6. MATERIALS

6.1. Material Specifications

o

5
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TABLE I-4-1
System Overstrength Factor,
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Secti n. F r buildings ver ne st ry in height, the steel used in the Seismic
F rce Resisting Systems described in Secti ns 9, 10, 11, 12, 13, 14 and 15
shall meet ne f the f ll wing ASTM Specificati ns: A36, A53, A500 (Grade
B r C), A501, A572 (Grade 42 r 50), A588 r A913 (Grade 50 r 65). The
steel used f r c lumn base plates shall meet ne f the preceding ASTM spec-
ificati ns r ASTM A283 Grade D. The specified minimum yield strength f
steel t be used f r members in which inelastic behavi r is expected under L ad
C mbinati ns 4-1 and 4-2 shall n t exceed 50 ksi unless the suitability f the
material is determined by testing r ther rati nal criteria. This limitati n d es
n t apply t c lumns f r which the nly expected inelastic behavi r is yielding
at the c lumn base.

When required in these Pr visi ns, the required strength f a c nnecti n r
related member shall be determined fr m the Expected Yield Strength f
the c nnected member, where

(6-1)

is the specified minimum yield strength f the grade f steel t be used.
F r r lled shapes and bars, shall be taken as 1.5 f r ASTM A36 and 1.3
f r A572 Grade 42. F r r lled shapes and bars f ther grades f steel and f r
plates, shall be taken as 1.1. Other values f are permitted t be used if
the value f is determined by testing that is c nducted in acc rdance with
the requirements f r the specified grade f steel.

When they are used as members in the Seismic F rce Resisting System, ASTM
A6 Gr up 3 shapes with flanges 1 / -in. thick and thicker, ASTM A6 Gr ups
4 and 5 shapes, and plates that are 1 / -in. thick r thicker in built-up cr ss-
secti ns shall have a minimum Charpy V-N tch (CVN) t ughness f 20 ft-lbs
at 70 degrees F, determined as specified in LRFD Specificati n Secti n A3.1c.

C nnecti ns, j 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 m dified in this Secti n.

All b lts shall be fully tensi ned high-strength b lts. All faying sur-
faces shall be prepared as required f r Class A r better slip-critical
j ints. The design shear strength f b lted j ints is permitted t be
calculated as that f r bearing-type j ints.

B lted j ints shall n t be designed t share l ad in c mbinati n with
welds n the same faying surface.

The bearing strength f b lted j ints shall be pr vided using either
standard h les r sh rt-sl tted h les with the sl t perpendicular t the

Part I—Structural Steel Buildings

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

6.3. Notch-Tough Steel

7. CONNECTIONS, JOINTS AND FASTENERS

7.1. Scope

7.2. Bolted Joints

7.2a.

7.2b.

7.2c.
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line f f rce, unless an alternative h le type is justified as part f a
tested assembly; see Appendix S.

The design strength f b lted j ints in shear and/ r c mbined tensi n
and shear shall be determined in acc rdance with LRFD Specificati n
Secti ns J3.7 and J3.10, except that the n minal bearing strength at
b lt h les shall n t be taken greater than 2 4 .

B lted c nnecti ns f r members that are a part f the Seismic F rce
Resisting System shall be c nfigured such that a ductile limit-state
either in the c nnecti n r in the member c ntr ls the design.

Welding shall be perf rmed in acc rdance with a Welding Pr cedure
Specificati n (WPS) as required in AWS D1.1 and appr ved by the
Engineer f Rec rd. The WPS variables shall be within the parameters
established by the filler-metal manufacturer.

All c mplete-j int-penetrati n gr ve welds used in the Seismic F rce
Resisting System shall be made with a filler metal that has a minimum
CVN t ughness f 20 ft-lbs at minus 20 degrees F, as determined by
AWS classificati n r manufacturer certificati n. This requirement f r
n tch t ughness shall als apply in ther cases as required in these
Pr visi ns.

F r members and c nnecti ns that are part f the Seismic F rce Re-
sisting System, disc ntinuities created by err rs r by fabricati n r
erecti n perati ns, such as tack welds, erecti n aids, air-arc g uging,
and flame cutting, shall be repaired as required by the Engineer f
Rec rd.

C lumns in the Seismic F rce Resisting System shall meet the requirements in
the LRFD Specificati n and in this Secti n.

When / is greater than 0.4, the requirements in Secti ns 8.2a, 8.2b and
8.2c shall be met.

The required axial c mpressive strength, c nsidered in the absence f
any applied m ment, shall be determined fr m L ad C mbinati n 4-1.

The required axial tensile strength, c nsidered in the absence f any
applied m ment, shall be determined fr m L ad C mbinati n 4-2.

The required strengths determined in Secti ns 8.2a and 8.2b need n t
exceed either f the f ll wing:

a. The maximum l ad transferred t the c lumn c nsidering 1 1
times the n minal strengths f the c nnecting beam r brace ele-
ments f the building.

b. The limit as determined fr m the resistance f the f undati n t
verturning uplift.
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The design strength f c lumn splices shall meet r exceed the required strength
determined fr m Secti n 8.2.

C lumn splices that are made with fillet welds r partial-j int-
penetrati n gr ve welds shall n t be l cated within 4 ft n r ne-half
the c lumn clear height f beam-t -c lumn c nnecti ns, whichever is
less. Welded c lumn splices that are subject t a calculated net tensile
stress under L ad C mbinati n 4-2 shall be made using filler metal
with CVN t ughness as required in Secti n 7.3b and shall meet b th
f the f ll wing requirements:

1. The design strength f partial-j int-penetrati n gr ve welded
j ints shall be at least equal t 200 percent f the required strength.

2. The minimum required strength f r each flange shall be 0.5 times
, where is the Expected Yield Strength f the c lumn

material and is the flange area f the smaller c lumn c nnected.

Beveled transiti ns are n t required when changes in thickness and
width f flanges and webs ccur in c lumn splices where partial-
j int-penetrati n gr ve welded j ints are permitted acc rding t Sec-
ti n 8.3a.

Special M ment Frames (SMF) are expected t withstand significant inelastic
def rmati ns when subjected t the f rces resulting fr m the m ti ns f the
Design Earthquake. SMF shall meet the requirements in this Secti n.

The design f all beam-t -c lumn j ints and c nnecti ns used in the
Seismic F rce Resisting System shall be based up n qualifying cyclic
test results in acc rdance with Appendix S that dem nstrate an inelas-
tic r tati n f at least 0.03 radians. Qualifying test results shall c nsist
f at least tw cyclic tests and are permitted t be based up n ne f

the f ll wing requirements:

a. Tests rep rted in research r d cumented tests perf rmed f r ther
pr jects that are dem nstrated t reas nably match pr ject c ndi-
ti ns.

b. Tests that are c nducted specifically f r the pr ject and are repre-
sentative f pr ject member sizes, material strengths, c nnecti n
c nfigurati ns, and matching c nnecti n pr cesses.

Interp lati n r extrap lati n f test results f r different member sizes
shall be justified by rati nal analysis that dem nstrates stress distri-
buti ns and magnitudes f internal stresses that are c nsistent with
the tested assemblies and that c nsiders the adverse effects f larger
material and weld thickness and variati ns in material pr perties. Ex-
trap lati n f test results shall be based up n similar c mbinati ns f
member sizes.
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The actual c nnecti ns shall be c nstructed using materials, c nfig-
urati ns, pr cesses and quality c ntr l and assurance meth ds that
match as cl sely as is practicable th se f the tested c nnecti ns. As
a minimum, the quality c ntr l and assurance meth ds shall meet the
requirements in Secti n 16. Beams with a tested yield strength that
is m re than 15 percent bel w shall n t be used in qualificati n
testing.

Beam-t -c lumn c nnecti n testing shall dem nstrate a flexural
strength, determined at the c lumn face, that is at least equal t the
n minal plastic m ment f the beam at the required inelastic
r tati n (see Appendix S), except as f ll ws:

a. When beam l cal buckling rather than beam yielding limits the
flexural strength f the beam, r when c nnecti ns inc rp rating
a Reduced Beam Secti n are used, the minimum flexural strength
shall be 0 8 f the tested beam.

b. C nnecti ns that acc mm date the required r tati ns within the
c nnecting elements and maintain the design strength as specified
in Secti n 1 are permitted, pr vided it can be dem nstrated by rati -
nal analysis that any additi nal drift due t c nnecti n def rmati n
can be acc mm dated by the building. Such rati nal analysis shall
include the effects f verall frame stability including sec nd- rder
effects.

The required shear strength f a beam-t -c lumn c nnecti n shall
be determined using the l ad c mbinati n 1 2 0 5 0 2 plus
the shear resulting fr m the applicati n f 1 1 in the pp site
sense n each end f the beam. Alternatively, a lesser value f is
permitted if justified by rati nal analysis. The required shear strength
need n t exceed the shear resulting fr m L ad C mbinati n 4-1.

Shear Strength: The required shear strength f the panel-z ne shall
be determined by applying L ad C mbinati ns 4-1 and 4-2 t the c n-
nected beam r beams in the plane f the frame at the c lumn.
need n t exceed the shear f rce determined fr m 0.8 times f
the beams framing t the c lumn flanges at the c nnecti n. The de-
sign shear strength f the panel-z ne shall be determined using

0 75. When 0 75 ,

3
0 6 1 (9-1)

When 0 75 , shall be calculated using LRFD Specificati n
Equati n K1-12. In the ab ve equati n,

t tal thickness f panel-z ne including d ubler plate(s), in.
verall c lumn depth, in.

width f the c lumn flange, in.

Seismic Provisions for Structural Steel Buildings
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thickness f the c lumn flange, in.
verall beam depth, in.

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

Panel-Z ne Thickness: The individual thicknesses f c lumn webs
and d ubler plates, if used, shall c nf rm t the f ll wing requirement:

( )/90 (9-2)

where

thickness f c lumn web r d ubler plate, in.
panel-z ne depth between c ntinuity plates, in.
panel-z ne width between c lumn flanges, in.

Alternatively, when l cal buckling f the c lumn web and d ubler
plate is prevented with plug welds between them, the t tal panel-z ne
thickness shall satisfy Equati n 9-2.

Panel-Z ne D ubler Plates: D ubler plates shall be welded t the c l-
umn flanges using either a c mplete-j int-penetrati n gr ve-welded
r fillet-welded j int that devel ps the design shear strength f the full

d ubler plate thickness. When d ubler plates are placed against the
c lumn web, they shall be welded acr ss the t p and b tt m edges t
devel p the pr p rti n f the t tal f rce that is transmitted t the d u-
bler plate. When d ubler plates are placed away fr m the c lumn web,
they shall be placed symmetrically in pairs and welded t c ntinuity
plates t devel p the pr p rti n f the t tal f rce that is transmitted t
the d ubler plate.

Beam Flange Area: Abrupt changes in beam flange area are n t per-
mitted in plastic hinge regi ns. The drilling f flange h les r trimming
f beam flange width is permitted if testing dem nstrates that the re-

sulting c nfigurati n can devel p stable plastic hinges that meet the
requirements in Secti n 9.2b. The Reduced Beam Secti n shall meet
the design strength as specified in Secti n 1.

Width-Thickness Rati s: Beams shall c mply with in Table I-9-1.
When the rati in Equati n 9-3 is less than r equal t 1.25, c lumns
shall c mply with in Table I-9-1. Otherwise, c lumns shall c mply
with in LRFD Specificati n Table B5.1.

C ntinuity plates shall be pr vided t match the tested c nnecti n.

The f ll wing relati nship shall be satisfied at beam-t -c lumn c nnecti ns:

1 0 (9-3)
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where

The sum f the m ments in the c lumn ab ve and bel w the j int
at the intersecti n f the beam and c lumn centerlines. is
determined by summing the pr jecti ns f the n minal flexural
strengths f the c lumn (including haunches where used) ab ve
and bel w the j int t the beam centerline with a reducti n f r
the axial f rce in the c lumn. It is permitted t take

( / ). When the centerlines f pp sing beams in
the same j int d n t c incide, the mid-line between centerlines
shall be used.
The sum f the m ment(s) in the beam(s) at the intersecti n f the
beam and c lumn centerlines. is determined by summing
the pr jecti ns f the n minal beam flexural strength(s) at the
plastic hinge l cati n(s) t the c lumn centerline. It is permitted
t take (1 1 ), where is the additi nal
m ment due t shear amplificati n fr m the l cati n f the plas-
tic hinge t the c lumn centerline. Alternatively, it is permitted
t determine fr m test results as required in Secti n 9.2a
r by rati nal analysis based up n the tests. When c nnecti ns

with Reduced Beam Secti ns are used, it is permitted t take
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(1 1 ), where is the minimum plastic
secti n m dulus at the Reduced Beam Secti n.
gr ss area f c lumn, in.
specified minimum yield strength f c lumn, ksi.
required c lumn axial c mpressive strength, kips (a p sitive num-
ber).
plastic secti n m dulus f the c lumn, in.

When c lumns c nf rm t the requirements in Secti n 9.4, this requirement
d es n t apply in the cases c vered in Secti ns 9.6a and 9.6b:

C lumns with 0 3 f r all l ad c mbinati ns ther than
th se specified in L ad C mbinati ns 4-1 and 4-2 that meet either f
the f ll wing requirements:

1. C lumns used in a ne-st ry building r the t p st ry f a multist ry
building.

2. C lumns where: (1) the sum f the design shear strengths f all ex-
empted c lumns in the st ry is less than 20 percent f the required
st ry shear strength; and (2) the sum f the design shear strengths f
all exempted c lumns n each c lumn line within that st ry is less
than 33 percent f the required st ry shear strength n that c lumn
line. F r the purp se f this excepti n, a c lumn line is defined as a
single line f c lumns r parallel lines f c lumns l cated within 10
percent f the plan dimensi n perpendicular t the line f c lumns.

C lumns in any st ry that has a rati f design shear strength t re-
quired shear strength that is 50 percent greater than the st ry ab ve.

Restrained C nnecti ns:

1. C lumn flanges at beam-t -c lumn c nnecti ns require lateral sup-
p rt nly at the level f the t p flanges f the beams when a c lumn
is sh wn t remain elastic utside f the panel-z ne under either f
the f ll wing c nditi ns:

a. The rati calculated using Equati n 9-3 is greater than 1.25.

b. The c lumn remains elastic under L ad C mbinati n 4-1.

2. When a c lumn cann t be sh wn t remain elastic utside f the
panel-z ne, the f ll wing requirements shall apply:

a. The c lumn flanges shall be laterally supp rted at the levels f
b th the t p and b tt m beam flanges.

b. Each c lumn-flange lateral supp rt shall be designed f r a re-
quired strength that is equal t 2 percent f the n minal beam
flange strength ( ).

c. C lumn flanges shall be laterally supp rted, either directly r
indirectly, by means f the c lumn web r by the flanges f per-
pendicular beams.

Part I—Structural Steel Buildings
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Unrestrained C nnecti ns: A c lumn c ntaining a beam-t -c lumn
c nnecti n with n lateral supp rt transverse t the seismic frame at
the c nnecti n shall be designed using the distance between adjacent
lateral supp rts as the c lumn height f r buckling transverse t the
seismic frame and shall c nf rm t LRFD Specificati n Chapter H,
except that:

1. The required c lumn strength shall be determined fr m LRFD
Specificati n L ad C mbinati n A4-5, except that shall be taken
as the lesser f:

a. The amplified earthquake f rce .

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

2. The slenderness / f r the c lumn shall n t exceed 60.

3. The c lumn required flexural strength transverse t the seismic
frame shall include that m ment caused by the applicati n f the
beam flange f rce specified in Secti n 9.7a.2.b in additi n t the
sec nd- rder m ment due t the resulting c lumn flange displace-
ment.

B th flanges f beams shall be laterally supp rted directly r indirectly. The
unbraced length between lateral supp rts shall n t exceed 2500 / . In addi-
ti n, lateral supp rts shall be placed near c ncentrated f rces, changes in cr ss-
secti n and ther l cati ns where analysis indicates that a plastic hinge will
f rm during inelastic def rmati ns f the SMF.

If members with Reduced Beam Secti ns, tested in acc rdance with Appendix
S are used, the placement f lateral supp rt f r the member shall be c nsistent
with that used in the tests. Any lateral supp rt adjacent t the Reduced Beam
Secti n shall meet the requirements in Secti n 15.5.

Intermediate M ment Frames (IMF) are expected t withstand m derate inelas-
tic def rmati ns when subjected t the f rces resulting fr m the m ti ns f the
Design Earthquake. IMF shall meet the requirements f this Secti n and shall
be designed s that the earthquake-induced inelastic def rmati ns are acc m-
m dated by the yielding f members f the frame when FR m ment c nnecti ns
are used r by yielding f c nnecti n elements when PR m ment c nnecti ns
are used. FR and PR m ment c nnecti ns are described in LRFD Specificati n
Secti n A2.2.

IMF shall c nf rm t the requirements f r SMF in Secti n 9 except f r the
f ll wing m dificati ns:

Seismic Provisions for Structural Steel Buildings
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The design f all beam-t -c lumn j ints and c nnecti ns used in the
Seismic F rce Resisting System shall be based up n qualifying cyclic
test results in acc rdance with Appendix S that dem nstrate an inelas-
tic r tati n f at least 0.02 radians. Qualifying cyclic tests results shall
c nsist f at least tw cyclic tests and shall meet the requirements in
Secti n 9.2a.

Beam-t -c lumn c nnecti n testing shall dem nstrate a flexural
strength, determined at the c lumn face, that is at least equal t the
n minal plastic m ment f the beam at the required inelastic
r tati n (see Appendix S), except as f ll ws:

a. When beam l cal buckling rather than beam yielding limits the
flexural strength f the beam, r when c nnecti ns inc rp rating
a Reduced Beam Secti n are used, the minimum flexural strength
shall be 0 8 f the tested beam.

b. C nnecti ns that acc mm date the required r tati ns within the
c nnecti n elements and maintain the design strength as specified
in Secti n 1 are permitted, pr vided it can be dem nstrated by rati -
nal analysis that any additi nal drift due t c nnecti n def rmati n
can be acc mm dated by the building. Such rati nal analysis shall
include the effects f verall frame stability including sec nd rder
effects.

Width-Thickness Rati s: Beams shall c mply with in LRFD
Specificati n Table B5.1. When the rati in Equati n 9-3 is less
than r equal t 1.25, c lumns shall c mply with in Table I-9-1.
Otherwise, c lumns shall c mply with in LRFD Specificati n
Table B5.1.

B th flanges f beams shall be laterally supp rted directly r indirectly. The
unbraced length between lateral supp rts shall n t exceed 3,600 / . In addi-
ti n, lateral supp rts shall be placed near c ncentrated f rces, changes in cr ss-
secti n and ther l cati ns where analysis indicates that a plastic hinge will
f rm during inelastic def rmati ns f the IMF.

Ordinary M ment Frames (OMF) are expected t withstand limited inelastic
def rmati ns in their members and c nnecti ns when subjected t the f rces
resulting fr m the m ti ns f the Design Earthquake. OMF shall meet the re-
quirements in this Secti n.
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Beam-t -c lumn c nnecti ns shall be made with welds r high-
strength b lts. C nnecti ns are permitted t be FR r PR m ment
c nnecti ns as f ll ws:

1. FR m ment c nnecti ns that are part f the Seismic F rce Resisting
System shall be designed f r a required flexural strength that
is at least equal t 1 1 f the beam r girder r the maximum
m ment that can be delivered by the system, whichever is less. F r
c nnecti ns with welded flange j ints, weld backing and run- ff
tabs shall be rem ved and repaired including the use f a reinf rc-
ing fillet weld, except that the t p-flange backing is permitted t
remain in place if it is attached t the c lumn flange with a c ntin-
u us fillet weld n the edge bel w the c mplete-j int-penetrati n
gr ve weld. Partial-j int-penetrati n gr ve welds and fillet welds
shall n t be used t resist tensile f rces in the c nnecti ns.

Alternatively, the design f all beam-t -c lumn j ints and c nnec-
ti ns used in the Seismic F rce Resisting System shall be based
up n qualifying cyclic test results in acc rdance with Appendix S
that dem nstrate an inelastic r tati n f at least 0.01 radians. Cyclic
test results shall c nsist f at least tw tests and shall be based up n
the pr cedures described in Secti n 9.2a.

2. PR m ment c nnecti ns are permitted when the f ll wing require-
ments are met:

1. Such c nnecti ns shall pr vide f r the design strength as spec-
ified in Secti n 1.

2. The n minal flexural strength f the c nnecti n shall be equal
t r exceed 50 percent f f the c nnected beam r c lumn,
whichever is less.

3. Adequate r tati n capacity shall be dem nstrated in the c nnec-
ti ns by cyclic testing at r tati ns c rresp nding t the Design
St ry Drift.

4. The stiffness and strength f the PR m ment c nnecti ns shall
be c nsidered in the design, including the effect n verall frame
stability.

FR and PR m ment c nnecti ns are described in LRFD Specificati n
Secti n A2.2.

F r FR m ment c nnecti ns, the required shear strength f a beam-
t -c lumn c nnecti n shall be determined using the l ad c mbinati n
1 2 0 5 0 2 plus the shear resulting fr m , as defined in Sec-
ti n 11.2a.1. F r PR m ment c nnecti ns, shall be determined fr m
the l ad c mbinati n ab ve plus the shear resulting fr m the maximum
end m ment that the PR m ment c nnecti ns are capable f resisting.

When FR m ment c nnecti ns are made by means f welds f beam flanges r
beam-flange c nnecti n plates directly t c lumn flanges, c ntinuity plates shall

Seismic Provisions for Structural Steel Buildings

11.2. Beam-to-Column Joints and Connections

11.2a.

11.2b.

11.3. Continuity Plates
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be pr vided t transmit beam flange f rces t the c lumn web r webs. Such
plates shall have a minimum thickness equal t that f the beam flange r beam-
flange c nnecti n plate. The welded j ints f the c ntinuity plates t the c l-
umn flanges shall be made with either c mplete-j int-penetrati n gr ve welds,
tw -sided partial-j int-penetrati n gr ve welds c mbined with reinf rcing fil-
let welds, r tw -sided fillet welds and shall pr vide a design strength that is
at least equal t the design strength f the c ntact area f the plate with the
c lumn flange. The welded j ints f the c ntinuity plates t the c lumn web
shall have a design shear strength that is at least equal t the lesser f the
f ll wing:

a. The sum f the design strengths at the c nnecti ns f the c ntinuity plate t
the c lumn flanges.

b. The design shear strength f the c ntact area f the plate with the c lumn
web.

c. The weld design strength that devel ps the design shear strength f the c l-
umn panel-z ne.

d. The actual f rce transmitted by the stiffener.

C ntinuity plates are n t required if tested c nnecti ns dem nstrate that the
intended inelastic r tati n can be achieved with ut their use.

Special Truss M ment Frames (STMF) are expected t withstand significant
inelastic def rmati n within a specially designed segment f the truss when
subjected t the f rces fr m the m ti ns f the Design Earthquake. STMF shall
be limited t span lengths between c lumns n t t exceed 65 ft and verall depth
n t t exceed 6 ft. The c lumns and truss segments utside f the special seg-
ments shall be designed t remain elastic under the f rces that can be generated
by the fully yielded and strain-hardened special segment. STMF shall meet the
requirements in this Secti n.

Each h riz ntal truss that is part f the Seismic F rce Resisting System shall
have a special segment that is l cated within the middle ne-half length f the
truss. The length f the special segment shall be between 0.1 and 0.5 times the
truss span length. The length-t -depth rati f any panel in the special segment
shall neither exceed 1.5 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 c mbinati n there f n r the use f ther truss diag nal
c nfigurati 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 nnected at p ints where they cr ss. The
interc nnecti n shall have a design strength adequate t resist a f rce that is
at least equal t 0.25 times the n minal tensile strength f the diag nal mem-
ber. B lted c nnecti ns shall n t be used f r web members within the special
segment.

Part I—Structural Steel Buildings

12. SPECIAL TRUSS MOMENT FRAMES (STMF)

12.1. Scope

12.2. Special Segment
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Splicing f ch rd members is n t permitted within the special segment, n r
within ne-half the panel length fr m the ends f the special segment. Axial
f rces due t fact red dead plus live l ads in diag nal web members within the
special segment shall n t exceed 0 03 .

In the fully yielded state, the special segment shall devel p vertical n minal
shear strength thr ugh the n minal flexural strength f the ch rd members and
thr ugh the n minal axial tensile and c mpressive strengths f the diag nal
web members. The t p and b tt m ch rd members in the special segment shall
be made f identical secti ns and shall pr vide at least 25 percent f the re-
quired vertical shear strength in the fully yielded state. The axial strength in
the ch rd members shall n t exceed 0.45 times , where 0 9. Diag-
nal members in any panel f the special segment shall be made f identical

secti ns. The end c nnecti n f diag nal web members in the special segment
shall have a design strength that is at least equal t the expected n minal axial
tensile strength f the web member, .

All members and c nnecti ns f STMF, except th se in the special segment
in Secti n 12.2., shall have a design strength t resist the l ad c mbinati n f
fact red gravity l ads as specified in LRFD Specificati n L ad C mbinati ns
A4-5 and A4-6 and the lateral l ads necessary t devel p the expected vertical
n minal shear strength in all segments given as:

3 75 ( )
0 075 ( 0 3 ) sin (12-1)

where

Yield stress m dificati n fact r, see Secti n 6.2.
N minal flexural strength f the ch rd member f the special seg-
ment, kips-in.
Flexural elastic stiffness f the ch rd members f the special seg-
ment, kip in.
Span length f the truss, in.
Length f the special segment, in.
N minal axial tensi n strength f diag nal members f the special
segment, kips.
N minal axial c mpressi n strength f diag nal members f the spe-
cial segment, kips.
angle f diag nal members with the h riz ntal.

Diag nal 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 f ch rd members shall n t exceed the limiting values
fr m Table I-9-1. The width-thickness rati f angles and flanges and webs f
tee secti ns used f r ch rd members in the special segment shall n t exceed
52/ .

Seismic Provisions for Structural Steel Buildings

12.3. Nominal Strength of Special Segment Members

12.4. Nominal Strength of Non-special Segment Members

12.5. Compactness
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The t p and b tt m ch rds f the trusses shall be laterally braced at the ends f
special segment, and at intervals n t t exceed acc rding t LRFD Specifi-
cati n Secti n F1, al ng the entire length f the truss. Each lateral brace at the
ends f and within the special segment shall have a design strength t resist at
least 5 percent f the n minal axial c mpressive strength f the special seg-
ment ch rd member. Lateral braces utside f the special segment shall have a
design strength t resist at least 2.5 percent f the n minal c mpressive strength

f the largest adj ining ch rd member.

Special C ncentrically Braced Frames (SCBF) are expected t withstand sig-
nificant inelastic def rmati ns when subjected t the f rces resulting fr m the
m ti ns f the Design Earthquake. SCBF have increased ductility ver OCBF
(see Secti n 14) due t lesser strength degradati n when c mpressi n braces
buckle. SCBF shall meet the requirements in this Secti n.

Slenderness: Bracing members shall have / 1000/ .

Required C mpressive Strength: The required strength f a bracing
member in axial c mpressi n shall n t exceed .

Lateral F rce Distributi n: Al ng any line f bracing, braces shall be
depl yed in alternate directi ns such that, f r either directi n f f rce
parallel t the bracing, at least 30 percent but n m re than 70 percent
f the t tal h riz ntal f rce is resisted by tensi n braces, unless the

n minal strength f each brace in c mpressi n is larger than the
required strength resulting fr m the applicati n f L ad C mbina-
ti ns 4-1 r 4-2. F r the purp ses f this pr visi n, a line f bracing is
defined as a single line r parallel lines wh se plan ffset is 10 percent
r less f the building dimensi n perpendicular t the line f bracing.

Width-thickness Rati s: Width-thickness rati s f stiffened and un-
stiffened c mpressi n elements f braces shall meet the requirements
in LRFD Specificati n Table B5.1 and the f ll wing requirements:

1. Braces shall be c mpact (i.e., ). The width-thickness rati
f angles shall n t exceed 52/ .

2. R und HSS shall have an utside diameter t wall thickness rati
c nf rming t Table I-9-1 unless the r und HSS wall is stiffened.

3. Rectangular HSS shall have a flat width t wall thickness rati c n-
f rming t Table I-9-1 unless the rectangular HSS walls are stiff-
ened.

Built-up Members: The spacing f stitches shall be such that the
slenderness rati / f individual elements between the stitches d es
n t exceed 0.4 times the g verning slenderness rati f the built-up
member.

Part I—Structural Steel Buildings

12.6. Lateral Bracing

13. SPECIAL CONCENTRICALLY BRACED FRAMES (SCBF)

13.1. Scope

13.2. Bracing Members

13.2a.

13.2b.

13.2c.

13.2d.

13.2e.
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The t tal design shear strength f the stitches shall be at least equal
t the design tensile strength f each element. The spacing f stitches
shall be unif rm and n t less than tw stitches shall be used. B lted
stitches shall n t be l cated within the middle ne-f urth f the clear
brace length.

Excepti 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 rati / f the individual elements between the
stitches d es n t exceed 0.75 times the g verning slenderness rati f
the built-up member.

Required Strength: The required strength f bracing c nnecti ns (in-
cluding beam-t -c lumn c nnecti ns if part f the bracing system)
shall be the lesser f the f ll wing:

a. The n minal axial tensile strength f the bracing member, deter-
mined as .

b. The maximum f rce, indicated by analysis, that can be transferred
t the brace by the system.

Tensile Strength: The design tensile strength f bracing members and
their c nnecti ns, based up n the limit states f tensi n rupture n the
effective net secti n and bl ck shear rupture strength, as specified in
LRFD Specificati n Chapter D, shall be at least equal t the required
strength f the brace as determined in Secti n 13.3a.

Flexural Strength: In the directi n that analysis indicates that the
brace will buckle, the design flexural strength f the c nnecti n shall
be equal t r greater than the expected n minal flexural strength
1 1 f the brace ab ut the critical buckling axis.

Excepti n: Brace c nnecti ns that meet the requirements in Sec-
ti n 13.3b., can acc mm date the inelastic r tati ns ass ciated with
brace p st-buckling def rmati ns, and have a design strength that is
at least equal t the n minal c mpressive strength f the brace
are permitted.

Gusset Plates: The design f gusset plates shall include c nsiderati n
f buckling.

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

1. A beam that is intersected by braces shall be c ntinu us between
c lumns.

2. A beam that is intersected by braces shall be designed t supp rt
the effects f all tributary dead and live l ads fr m LRFD Specifi-
cati n L ad C mbinati ns A4-1, A4-2 and A4-3 assuming that the
bracing is n t present.

Seismic Provisions for Structural Steel Buildings

13.3. Bracing Connections

13.3.a.

13.3b.

13.3c.

13.3d.

13.4. Special Bracing Configuration Special Requirements

13.4a.
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3. A beam that is intersected by braces shall be designed t resist the
effects f LRFD Specificati n L ad C mbinati ns A4-5 and A4-6
except that a l ad shall be substituted f r the term . is the
maximum unbalanced vertical l ad effect applied t the beam by
the braces. This l ad effect shall be calculated using a minimum f

f r the brace in tensi n and a maximum f 0.3 times f r
the brace in c mpressi n.

4. The t p and b tt m flanges f the beam at the p int f intersecti n
f braces shall be designed t supp rt a lateral f rce that is equal t

2 percent f the n minal beam flange strength .

Excepti n: Limitati ns 2 and 3 need n t apply t penth uses, ne-st ry
buildings, n r the t p st ry f buildings.

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

C lumns in SCBF shall meet the f ll wing requirements:

Width-thickness Rati s: Width-thickness rati s f stiffened and un-
stiffened c mpressi n elements f c lumns shall meet the require-
ments f r bracing members in Secti n 13.2d.

Splices: In additi n t meeting the requirements in Secti n 8.3, c lumn
splices in SCBF shall be designed t devel p at least the n minal shear
strength f the smaller c nnected member and 50 percent f the n mi-
nal flexural strength f the smaller c nnected secti n. Splices shall be
l cated in the middle ne-third f the c lumn clear height.

Ordinary C ncentrically Braced Frames (OCBF) are expected t withstand lim-
ited inelastic def rmati ns in their members and c nnecti ns when subjected
t the f rces resulting fr m the m ti ns f the Design Earthquake. OCBF shall
meet the requirements in this Secti n.

Slenderness: Bracing members shall have / 720/ except as
permitted in Secti n 14.5.

Required C mpressive Strength: The required strength f a bracing
member in axial c mpressi n shall n t exceed 0.8 times .

Lateral F rce Distributi n: Al ng any line f bracing, braces shall be
depl yed in alternate directi ns such that, f r either directi n f f rce
parallel t the bracing, at least 30 percent but n m re than 70 percent
f the t tal h riz ntal f rce is resisted by tensi n braces, unless the

n minal strength f each brace in c mpressi n is larger than the
required strength resulting fr m the applicati n f L ad C mbi-
nati ns 4-1 r 4-2. A line f bracing, f r the purp ses f this pr vi-
si n, is defined as a single line r parallel lines wh se plan ffset is

Part I—Structural Steel Buildings

13.4b.

13.5. Columns

13.5a.

13.5b.

14. ORDINARY CONCENTRICALLY BRACED FRAMES (OCBF)

14.1. Scope

14.2. Bracing Members

14.2a.

14.2b.

14.2c.
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10 percent r less f the building dimensi n perpendicular t the line
f bracing.

Width-thickness Rati s: Width-thickness rati s f stiffened and un-
stiffened c mpressi n elements in braces shall meet the requirements
in LRFD Specificati n Table B5.1 and the f ll wing requirements:

1. Braces shall be c mpact r n n-c mpact, but n t slender (i.e.,
). The width-thickness rati f angles shall n t exceed 52/ .

2. R und HSS shall have an utside diameter t wall thickness rati
c nf rming t Table I-9-1 unless the r und HSS wall is stiffened.

3. Rectangular HSS shall have a flat width t wall thickness rati c n-
f rming t Table I-9-1 unless the rectangular secti n walls are stiff-
ened.

Built-up Member Stitches: F r all built-up braces, the first b lted r
welded stitch n each side f the mid-length f a built up member
shall be designed t transmit a f rce equal t 50 percent f the n mi-
nal strength f ne element t the adjacent element. N t less than tw
stitches shall be equally spaced ab ut the member centerline.

Required Strength: The required strength f bracing c nnecti ns (in-
cluding beam-t -c lumn c nnecti ns if part f the bracing system)
shall be the least f the f ll wing:

a. The n minal axial tensile strength f the bracing member, deter-
mined as .

b. The f rce in the brace that results fr m L ad C mbinati ns 4-1 and
4-2.

c. The maximum f rce, indicated by analysis, that can be transferred
t the brace by the system.

Tensile Strength: The design tensile strength f bracing members and
their c nnecti ns, based up n the limit states f tensi n rupture n the
effective net secti n and bl ck shear rupture strength, as specified in
LRFD Specificati n Chapter D, shall be at least equal t the required
strength f the bracing c nnecti n as determined in Secti n 14.3a.

Flexural Strength: In the directi n in which analysis indicates that
the brace will buckle, the design flexural strength f the c nnecti n
shall be equal t r greater than the expected n minal flexural strength
1 1 f the brace ab ut the critical buckling axis.

Excepti n: Bracing c nnecti ns that meet the requirements in Secti n
14.3b., that can acc mm date the inelastic r tati ns ass ciated with
brace p st-buckling def rmati ns, and that have a design strength that
is at least equal t the n minal c mpressive strength f the brace
are permitted.

Gusset Plates: The design f gusset plates shall include c nsiderati n
f buckling.

Seismic Provisions for Structural Steel Buildings

14.2d.

14.2e.

14.3. Bracing Connections

14.3a.

14.3b.

14.3c.

14.3d.
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V-Type and Inverted-V-Type Bracing: V-type and inverted-V-type
braced frames shall meet the f ll wing requirements:

1. The design strength f brace members shall be at least 1.5 times the
required strength using LRFD Specificati n L ad C mbinati ns
A4-5 and A4-6.

2. A beam that is intersected by braces shall be c ntinu us between
c lumns.

3. A beam that is intersected by braces shall be designed t supp rt
the effects f all tributary dead and live l ads fr m LRFD Specifi-
cati n L ad C mbinati ns A4-1, A4-2 and A4-3 assuming that the
bracing is n t present.

4. The t p and b tt m flanges f the beam at the p int f intersecti n
f braces shall be designed t supp rt a lateral f rce that is equal t

2 percent f the n minal beam flange strength .

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

When L ad C mbinati ns 4-1 and 4-2 are used t determine the required
strength f the members and c nnecti ns, it is permitted t design the OCBF
in r f structures and buildings tw st ries r less in height with ut the special
requirements f 14.2 thr ugh 14.4.

Eccentrically Braced Frames (EBF) are expected t withstand significant in-
elastic def rmati ns in the Links when subjected t the f rces resulting fr m
the m ti ns f the Design Earthquake. The diag nal braces, the c lumns, and
the beam segments utside f the Links shall be designed t remain essen-
tially elastic under the maximum f rces that can be generated by the fully
yielded and strain-hardened Links, except where permitted in this Secti n. In
buildings exceeding five st ries in height, the upper st ry f an EBF system
is permitted t be designed as an OCBF r an SCBF and still be c nsidered
t be part f an EBF system f r the purp ses f determining system fact rs
in the Applicable Building C de. EBF shall meet the requirements in this
Secti n.

Links shall c mply with the width-thickness rati s in Table I-9-1.

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

The web f a Link shall be single thickness with ut d ubler-plate re-
inf rcement and with ut web penetrati ns.

Part I—Structural Steel Buildings

14.4. Bracing Configuration Special Requirements

14.4a.

14.4b.

14.5. Low Buildings

15. ECCENTRICALLY BRACED FRAMES (EBF)

15.1. Scope

15.2. Links

15.2a.

15.2b.

15.2c.
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Except as limited in Secti n 15.2f., the required shear strength f the
Link shall n t exceed the design shear strength f the Link ,
where:

n minal shear strength f the Link, equal t the lesser f
r 2 / , kips.

0 60 ( 2 ) , kips.
0.9.
Link length, in.

If the required axial strength in a Link is equal t r less than
0 15 , where is equal t , the effect f axial f rce n the
Link design shear strength need n t be c nsidered.

If the required axial strength in a Link exceeds 0 15 , the f ll w-
ing additi nal requirements shall be met:

1. The Link design shear strength shall be the lesser f r
2 / , where:

0.9
1 ( / ) (15-1)

1 18 [1 ( / )] (15-2)

2. The length f the Link shall n t exceed:

[1 15 0 5 ( / )]1 6 / when ( / ) 0 3 (15-3)

n r

1 6 / when ( / ) 0 3 (15-4)

where:

( 2 )
/

The Link R tati n Angle is the inelastic angle between the Link and
the beam utside f the Link when the t tal st ry drift is equal t the
Design St ry Drift, . The Link R tati n Angle shall n t exceed the
f ll wing values:

a. 0.08 radians f r Links f length 1 6 / r less.

b. 0.02 radians f r Links f length 2 6 / r greater.

c. The value determined by linear interp lati n between the ab ve
values f r Links f length between 1 6 / and 2 6 / .

Full-depth web stiffeners shall be pr vided n b th sides f the Link
web at the diag nal brace ends f the Link. These stiffeners shall have
a c mbined width n t less than ( 2 ) and a thickness n t less than
0 75 n r 3/8 in., whichever is larger, where and are the Link
flange width and Link web thickness, respectively.

Seismic Provisions for Structural Steel Buildings
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Links shall be pr vided with intermediate web stiffeners as f ll ws:

1. Links f lengths 1 6 / r less shall be pr vided with interme-
diate web stiffeners spaced at intervals n t exceeding (30 /5)
f r a Link R tati n Angle f 0.08 radians r (52 /5) f r Link
R tati n Angles f 0.02 radians r less. Linear interp lati n shall
be used f r values between 0.08 and 0.02 radians.

2. Links f length greater than 2 6 / and less than 5 / shall
be pr vided with intermediate web stiffeners placed at a distance
f 1.5 times fr m each end f the Link.

3. Links f length between 1 6 / and 2 6 / shall be pr vided
with intermediate web stiffeners meeting the requirements f 1 and
2 ab ve.

4. Intermediate web stiffeners are n t required in Links f lengths
greater than 5 / .

5. Intermediate Link web stiffeners shall be full depth. F r Links that
are less than 25 in. in depth, stiffeners are required n nly ne
side f the Link web. The thickness f ne-sided stiffeners shall
n t be less than r / in., whichever is larger, and the width shall
be n t less than ( /2) . F r Links that are 25 in. in depth r
greater, similar intermediate stiffeners are required n b th sides f
the web.

Fillet welds c nnecting a Link stiffener t the Link web shall have
a design strength adequate t resist a f rce f , where is
the area f the stiffener. The design strength f fillet welds fasten-
ing the stiffener t the flanges shall be adequate t resist a f rce f

/4.

Where a Link is c nnected t a c lumn, the f ll wing additi nal requirements
shall be met:

The Link-t -c lumn c nnecti n design shall be based up n cyclic
test results that dem nstrate an inelastic r tati n capability that is
20 percent greater than that calculated at the Design St ry Drift,

. Qualifying test results shall be as described in Secti ns 9.2a and
9.2b., except that the inelastic r tati n angle shall be as described in
Secti n 15.2g.

Where reinf rcement at the beam-t -c lumn c nnecti n at the Link
end precludes yielding f the beam ver the reinf rced length, the Link
is permitted t be the beam segment fr m the end f the reinf rce-
ment t the brace c nnecti n. Where such Links are used and the Link
length d es n t exceed 1 6 / , cyclic testing f the reinf rced c n-
necti n is n t required if the design strength f the reinf rced secti n
and the c nnecti n equals r exceeds the required strength calculated
based up n the strain-hardened Link as described in Secti n 15.6a.
Full depth stiffeners as required in Secti n 15.3a. shall be placed at
the Link-t -reinf rcement interface.

Part I—Structural Steel Buildings
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Lateral supp rts shall be pr vided at b th the t p and b tt m Link flanges at
the ends f the Link. End lateral supp rts f Links shall have a design strength
f 6 percent f the expected n minal strength f the Link flange c mputed as

.

The required c mbined axial and flexural strength f the diag nal
brace shall be the axial f rces and m ments generated by the expected
n minal shear strength f the Link increased by 125 percent t
acc unt f r strain-hardening, where is as defined in Secti n 15.2.
The design strengths f the diag nal brace, as determined in LRFD
Specificati n Chapter H (including Appendix H3), shall exceed the
required strengths as defined ab ve.

The design f the beam utside the Link shall meet the f ll wing re-
quirements:

1. The required strength f the beam utside f the Link shall be the
f rces generated by at least 1.1 times the expected n minal shear
strength f the Link , where is as defined in Secti n 15.2.
F r determining the design strength f this p rti n f the beam, it
is permitted t multiply the design strengths determined fr m the
LRFD Specificati n by .

2. The beam shall be pr vided with lateral supp rt where analysis
indicates that supp rt is necessary t maintain the stability f the
beam. Lateral supp rt shall be pr vided at b th the t p and b tt m
flanges f the beam and each shall have a required strength f at
least 2 percent f the beam flange n minal strength c mputed as

.

At the c nnecti n between the diag nal brace and the beam at the Link
end f the brace, the intersecti n f the brace and beam centerlines
shall be at the end f the Link r in the Link.

The required strength f the diag nal brace-t -beam c nnecti n at the
Link end f the brace shall be at least the expected n minal strength
f the brace as given in Secti n 15.6a. N part f this c nnecti n shall

extend ver the Link length. If the brace resists a p rti n f the Link
end m ment, the c nnecti n shall be designed as an FR m ment c n-
necti n.

The width-thickness rati f the brace shall satisfy in LRFD Spec-
ificati n Table B5.1.

Beam-t -c lumn c nnecti ns away fr m Links are permitted t be designed as
pinned in the plane f the web. The c nnecti n shall have a required strength
t resist r tati n ab ut the l ngitudinal axis f the beam based up n tw equal
and pp site f rces f at least 2 percent f the beam flange n minal strength
c mputed as acting laterally n the beam flanges.

Seismic Provisions for Structural Steel Buildings

15.5. Lateral Support of Link

15.6. Diagonal Brace and Beam Outside of Link
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In additi n t the requirements in Secti n 8, the required strength f c lumns
shall be determined fr m LRFD Specificati n L ad C mbinati ns A4-5 and
A4-6, except that the m ments and axial l ads intr duced int the c lumn at
the c nnecti n f a Link r brace shall n t be less than th se generated by the
expected n minal strength f the Link multiplied by 1.1 t acc unt f r strain-
hardening. The expected n minal strength f the Link is , where is as
defined in Secti n 15.2d.

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

The special inspecti ns and tests necessary t establish that the c nstructi n is
in c nf rmance with these Pr visi ns shall be included in a quality assurance
plan. The c ntract r’s quality assurance pr gram and qualificati ns, such as
participati n in a rec gnized quality certificati n pr gram, shall be c nsidered
when establishing a quality assurance plan.

The minimum special inspecti n and testing c ntained in the quality assurance
plan bey nd that required in LRFD Specificati n Secti n M5 shall be as f l-
l ws:

Visual inspecti n f welding shall be the primary meth d used t c nfirm that
the pr cedures, materials and w rkmanship inc rp rated in c nstructi n are
th se that have been specified and appr ved f r the pr ject. Visual inspecti ns
shall be c nducted by qualified pers nnel, in acc rdance with a written practice.
N ndestructive testing f welds in c nf rmance with AWS D1.1 shall serve as
a backup, but shall n t serve t replace visual inspecti n.

All c mplete-j int-penetrati n and partial-j int-penetrati n gr ve welded
j ints that are subjected t net tensile f rces as part f the Seismic F rce
Resisting Systems in Secti ns 9, 10, 11, 12, 13, 14 and 15 shall be tested using
appr ved n ndestructive meth ds c nf rming t AWS D1.1.

Excepti n: The am unt f n ndestructive testing is permitted t be reduced if
appr ved by the Engineer f Rec rd and the regulat ry agency.

Part I—Structural Steel Buildings

15.8. Required Column Strength
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This Appendix includes requirements f r qualifying cyclic tests f beam-t -
c lumn m ment c nnecti ns in M ment Frames and Link-t -c lumn c nnec-
ti ns in Eccentrically Braced Frames, when required in these Pr visi ns. The
purp se f the testing described in this Appendix is t pr vide evidence that a
m ment c nnecti n satisfies the requirements f r strength and Inelastic R ta-
ti n in these Pr visi ns. Alternative testing requirements are permitted when
appr ved by the Engineer f Rec rd and the regulat ry agency.

This Appendix pr vides nly minimum rec mmendati ns f r simplified test
c nditi ns. If c nditi ns in the actual building s warrant, additi nal testing
shall be perf rmed t dem nstrate satisfact ry and reliable perf rmance f m -
ment c nnecti ns during actual earthquake m ti ns.

The numbers in parentheses after the definiti n f a symb l refers t the Secti n
number in which the symb l is first used.

Def rmati n quantity used t c ntr l l ading f Test Specimen. (S6)
Value f def rmati n quantity at first significant yield f Test Speci-
men. (S6)

The c nnecti ns, member sizes, steel pr perties, and ther design,
detailing, and c nstructi n features t be used in the actual building frame.

A p rti n f a frame used f r lab rat ry testing, intended t
m del the Pr t type.

The supp rting fixtures, l ading equipment, and lateral bracing
used t supp rt and l ad the Test Specimen.

The c mbinati n f the Test Specimen and pertinent p r-
ti ns f the Test Setup.

The permanent r plastic p rti n f the r tati n angle be-
tween a beam and the c lumn r between a Link and the c lumn f
the Test Specimen, measured in radians. The Inelastic R tati n shall be

S1. SCOPE AND PURPOSE

S2. SYMBOLS

S3. DEFINITIONS

Prototype.

Test Specimen.

Test Setup.

Test Subassemblage.

Inelastic Rotation.

Appendix S

Qualifying Cyclic Tests of Beam-to-Column and
Link-to-Column Connections
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c mputed based up n an analysis f Test Specimen def rmati ns. S urces
f Inelastic R tati n include yielding f members and c nnect rs, yield-

ing f c nnecti n elements, and slip between members and c nnecti n
elements. Inelastic R tati n shall be c mputed based up n the assumpti n
that inelastic acti n is c ncentrated at a single p int l cated at the intersec-
ti n f a line c nnecting the centerline f the inflecti n p int f the beam
r Link with the centerline f the beam at the c lumn face.

The Test Subassemblage shall replicate as cl sely as is practical the c nditi ns
that will ccur in the Pr t type during earthquake l ading. The Test Subassem-
blage shall include the f ll wing features:

1. The Test Specimen shall c nsist f at least a single c lumn with beams r
Links attached t ne r b th sides f the c lumn.

2. P ints f inflecti n in the test assemblage shall c incide appr ximately with
the anticipated p ints f inflecti n in the Pr t type under earthquake l ading.

3. Lateral bracing f the Test Subassemblage is permitted near l ad applicati n
r reacti n p ints as needed t pr vide lateral stability f the Test Subassem-

blage. Additi nal lateral bracing f the Test Subassemblage is n t permitted,
unless it replicates lateral bracing t be used in the Pr t type.

The Test Specimen shall replicate as cl sely as is practical the pertinent design,
detailing, c nstructi n features, and material pr perties f the Pr t type. The
f ll wing variables shall be replicated in the Test Specimen:

Inelastic R tati n shall be devel ped in the Test Specimen by inelastic acti n
in the same members and c nnecti n elements as anticipated in the Pr t type,
i.e., in the beam r Link, in the c lumn panel-z ne, in the c lumn utside f the
panel-z ne, r within c nnecti n elements. The fracti n f the t tal Inelastic
R tati n in the Test Specimen that is devel ped in each member r c nnecti n
element shall be at least 75 percent f the anticipated fracti n f the t tal In-
elastic R tati n in the Pr t type that is devel ped in the c rresp nding member
r c nnecti n element.

1. The size f the beam r Link used in the Test Specimen shall be within the
f ll wing limits:

a. The depth f the test beam r Link shall be n less than 90 percent f the
depth f the Pr t type beam r Link.

b. The weight per f t f the test beam r Link shall be n less than 75
percent f the weight per f t f the Pr t type beam r Link.

2. The size f the c lumn used in the Test Specimen shall pr perly represent
the inelastic acti n in the c lumn, as per the requirements in Secti n S5.1

Appendix S

S4. TEST SUBASSEMBLAGE REQUIREMENTS

S5. ESSENTIAL TEST VARIABLES

S5.1. Sources of Inelastic Rotation

S5.2. Size of Members
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Extrap lati n bey nd the limitati ns stated in this Secti n shall be permitted
subject t qualified peer review and building fficial appr val.

The c nnecti n details used in the Test Specimen shall represent the Pr t type
c nnecti n details as cl sely as p ssible. The c nnecti n elements used in the
Test Specimen shall be a full-scale representati n f the c nnecti n elements
used in the Pr t type, f r the member sizes being tested.

The size and c nnecti n details f c ntinuity plates used in the Test Specimen
shall be pr p rti ned t match the size and c nnecti n details f c ntinuity
plates used in the Pr t type c nnecti n as cl sely as p ssible.

The f ll wing additi nal requirements shall be satisfied f r each member r
c nnecti n element f the Test Specimen that supplies Inelastic R tati n by
yielding:

1. The yield stress shall be determined by material tests n the actual materials
used f r the Test Specimen, as specified in Secti n S8. The use f yield stress
values that are rep rted n certified mill test rep rts are n t permitted t be
used f r purp ses f this Secti n.

2. The yield stress shall n t be m re than 15 percent bel w f r the grade
f steel t be used f r the c rresp nding elements f the Pr t type. shall

be determined in acc rdance with Secti n 6.2.

The welds n the Test Specimen shall replicate the welds n the Pr t type as
cl sely as practicable. Additi nally, welds n the Test Specimen shall satisfy
the f ll wing requirements:

1. Welding shall be perf rmed in strict c nf rmance with a Welding Pr cedure
Specificati 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 as that t be used f r the c rresp nding Pr t type
welds.

3. The specified minimum CVN t ughness f the filler metal used f r the Test
Specimen shall n t exceed the specified minimum CVN t ughness f the
filler metal t be used f r the c rresp nding Pr t type welds.

4. The welding p siti ns used t make the welds n the Test Specimen shall
be the same as th se t be used f r the Pr t type welds.

5. Details f weld backing, weld tabs, access h les, and similar items used f r
the Test Specimen welds shall be the same as th se t be used f r the c rre-
sp nding Pr t type welds. Weld backing and weld tabs shall n t be rem ved
fr m the Test Specimen welds unless the c rresp nding weld backing and
weld tabs are rem ved fr m the Pr t type welds.

Seismic Provisions for Structural Steel Buildings

S5.3. Connection Details

S5.4. Continuity Plates

S5.5. Material Strength

S5.6. Welds
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6. Meth ds f inspecti n and n ndestructive testing and standards f accep-
tance used f r Test Specimen welds shall be the same as th se t be used f r
the Pr t type welds.

The b lted p rti ns f the Test Specimen shall replicate the b lted p rti ns f
the Pr t type c nnecti n as cl sely as p ssible. Additi nally, b lted p rti ns f
the Test Specimen shall satisfy the f ll wing requirements:

1. The b lt grade (e.g., ASTM A325, ASTM A490) used in the Test Specimen
shall be the same as that t be used f r the Pr t type.

2. The type and rientati n f b lt h les (standard, versize, sh rt sl t, l ng
sl t, r ther) used in the Test Specimen shall be the same as th se t be
used f r the c rresp nding b lt h les in the Pr t type.

3. When Inelastic R tati n is t be devel ped either by yielding r by slip
within a b lted p rti n f the c nnecti n, the meth d used t make the b lt
h les (drilling, sub-punching and reaming, r ther) in the Test Specimen
shall be the same as that t be used in the c rresp nding b lt h les in the
Pr t type.

4. B lts in the Test Specimen shall have the same installati n (fully tensi ned
r ther) and faying surface preparati n (n specified slip resistance, Class

A slip resistance, r ther) as that t be used f r the c rresp nding b lts in
the Pr t type.

The Test Specimen shall be subjected t cyclic l ads acc rding t the require-
ments prescribed in Secti ns S6.2 and S6.3. Additi nal increments f l ading
bey nd th se prescribed in Secti n S6.3 are permitted.

The test shall be c nducted by c ntr lling the level f def rmati n imp sed
n the Test Specimen. F r test c ntr l, any pertinent def rmati n quantity

is permitted t be used. The value f the selected def rmati n quantity at first
significant yield f the Test Specimen shall be determined f r the purp ses
f test c ntr l fr m an analysis f the expected resp nse f the Test Specimen.

L ads shall be applied t the Test Specimen, up t the c mpleti n f the test, t
pr duce the f ll wing def rmati ns:

1. 3 cycles f l ading at: 0 25 0 5

2. 3 cycles f l ading at: 0 6 0 8

3. 3 cycles f l ading at:

4. 3 cycles f l ading at: 2

5. 3 cycles f l ading at: 3

Appendix S

S5.7. Bolts

S6. LOADING HISTORY

S6.1. General Requirements

S6.2. Test Control

S6.3. Loading Sequence
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6. 2 cycles f l ading at: 4

7. After c mpleti n f the l ading cycles at 4 , testing shall be c ntinued by
applying cyclic l ads t pr duce equal t 5 , 6 , 7 , etc. Tw cycles f
l ading shall be applied at each incremental value f def rmati n.

Other l ading sequences are permitted t be used t qualify the Test Specimen
when they are dem nstrated t be f equivalent severity.

Sufficient instrumentati n shall be pr vided n the Test Specimen t permit
measurement r calculati n f the quantities listed in Secti n S9.

Tensi n testing shall be c nducted n samples f steel taken fr m the material
adjacent t each Test Specimen. Tensi n-test results fr m certified mill test re-
p rts shall be rep rted but are n t permitted t be used in place f specimen
testing f r the purp ses f this Secti n. Tensi n-test results shall be based up n
testing that is c nducted in acc rdance with Secti n S8.2. Tensi n testing shall
be c nducted and rep rted f r the f ll wing p rti ns f the Test Specimen:

1. Flange(s) and web(s) f beams and c lumns at standard l cati ns.

2. Any element f the c nnecti n that supplies Inelastic R tati n by yielding.

Tensi n testing shall be c nducted in acc rdance with ASTM A6, ASTM A370,
and ASTM E8, with the f ll wing excepti ns:

1. The yield stress that is rep rted fr m the test shall be based up n the yield
strength definiti n in ASTM A370, using the ffset meth d at 0.002 strain.

2. The l ading rate f r the tensi n test shall replicate, as cl sely as practical,
the l ading rate t be used f r the Test Specimen.

F r each Test Specimen, a written test rep rt meeting the requirements f the
regulat ry agency and the requirements f this Secti n shall be prepared. The
rep rt shall th r ughly d cument all key features and results f the test. The
rep rt shall include the f ll wing inf rmati n:

1. A drawing r clear descripti n f the Test Subassemblage, including key
dimensi ns, b undary c nditi ns at l ading and reacti n p ints, and l ca-
ti n f lateral braces.

2. A drawing f the c nnecti n detail sh wing member sizes, grades f steel,
the sizes f all c nnecti n elements, welding details including filler metal,
the size and l cati n f b lt h les, the size and grade f b lts, and all ther
pertinent details f the c nnecti n.

3. A listing f all ther Essential Variables f r the Test Specimen, as listed in
Secti n S5.

Seismic Provisions for Structural Steel Buildings

S7. INSTRUMENTATION

S8. MATERIALS TESTING REQUIREMENTS

S8.1. Tension Testing Requirements

S8.2. Methods of Tension Testing

S9. TEST REPORTING REQUIREMENTS
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4. A listing r pl t sh wing the applied l ad r displacement hist ry f the
Test Specimen.

5. A pl t f the applied l ad versus the displacement f the Test Specimen.
The displacement rep rted in this pl t shall be measured at r near the p int
f l ad applicati n. The l cati ns n the Test Specimen where the l ads and

displacements were measured shall be clearly indicated.

6. A pl t f beam m ment versus t tal Inelastic R tati n. The beam m ment
and the t tal Inelastic R tati n shall be c mputed with respect t the face
f the c lumn.

7. The t tal Inelastic R tati n devel ped by the Test Specimen. The c mp -
nents f the Test Specimen c ntributing t the t tal Inelastic R tati n due t
yielding r slip shall be identified. The p rti n f the t tal Inelastic R tati n
c ntributed by each c mp nent f the Test Specimen shall be rep rted. The
meth d used t c mpute Inelastic R tati ns shall be clearly sh wn.

8. A chr n l gic listing f significant test bservati ns, including bserva-
ti ns f yielding, slip, instability, and fracture f any p rti n f the Test
Specimen as applicable.

9. The c ntr lling failure m de f r the Test Specimen. If the test is terminated
pri r t failure, the reas n f r terminating the test shall be clearly indicated.

10. The results f the material tests specified in Secti n S8.

11. The Welding Pr cedure Specificati ns (WPS) and welding inspecti n re-
p rts.

Additi nal drawings, data, and discussi n f the Test Specimen r test results
are permitted t be included in the rep rt.

F r each c nnecti n used in the actual frame, at least tw tests are required
f r each c nditi n in which the Essential Variables, as listed in Secti n S4,
remain within the required limits. B th tests shall satisfy the criteria stipulated
in Secti ns 8.5, 9.2, 10.2, r 15.4, as applicable. In rder t satisfy Inelastic
R tati n requirements, each Test Specimen shall sustain the required r tati n
f r at least ne c mplete l ading cycle.

Appendix S

S10. ACCEPTANCE CRITERIA

32



o
o o o

o o o o
o

o o oo
o o

o o o o o o o
o o

o o o o o
o o o

o o o o o
o o o o

o o
o o o o o o o o o

o o
o o o o

o o o
o o o o o o

o o o o
o

o o o
o

o o o o o
o o o o o

o o o
o o o o o o o

o
o

o o o o o
o o o o o

o o o o
o o

o
o o o o o

The building c de under which the building is designed.
P rti n al ng wall and diaphragm edges strengthened with struc-

tural steel secti ns and/ r l ngitudinal steel reinf rcement and transverse rein-
f rcement.

Member that serves t transfer f rces between fl r diaphragms
and the members f the Seismic F rce Resisting System.

A structural steel beam that is either an unencased steel beam that
acts integrally with a c ncrete r c mp site slab using shear c nnect rs r a fully
reinf rced-c ncrete-encased steel beam.

A reinf rced-c ncrete-encased structural steel secti n (r lled r
built-up) r c ncrete-filled steel secti n that is used as a brace.

A reinf rced-c ncrete-encased structural steel secti n (r lled r
built-up) r c ncrete-filled steel secti n that is used as a c lumn.

A wall that c nsists f a steel plate with rein-
f rced c ncrete encasement n ne r b th sides that pr vides ut- f-plane stiff-
ening t prevent buckling f the steel plate.

A reinf rced c ncrete wall that has unencased r reinf rced-
c ncrete-encased structural steel secti ns as B undary Members.

A c ncrete slab that is supp rted n and b nded t a f rmed steel
deck and that acts as a diaphragm t transfer f rce t and between elements f the
Seismic F rce Resisting System.

R und r rectangular structural steel secti n that
is filled with c ncrete.

A structural steel r c mp site beam that c nnects adjacent reinf rced
c ncrete wall elements s that they act t gether t resist lateral f rces.

The design resistance (f rce, m ment, stress, as appr priate) that is
pr vided by an element r c nnecti n; the pr duct f the n minal strength and the
resistance fact r.

A structural steel beam that is c mpletely encased in rein-
f rced c ncrete that is cast integrally with the slab and f r which full c mp site
acti n is pr vided by b nd between the structural steel and reinf rced c ncrete.

A structural steel c lumn (r lled r built-up) that is c m-
pletely encased in reinf rced c ncrete.

Stiffeners that are attached t structural steel beams that are em-
bedded in reinf rced c ncrete walls r c lumns. The plates are l cated at the face

Applicable Building Code.
Boundary Members.

Collector Elements.

Composite Beam.

Composite Brace.

Composite Column.

Composite Plate–Concrete Shear Wall.

Composite Shear Wall.

Composite Slab.

Concrete-filled Composite Column.

Coupling Beam.

Design Strength.

Encased Composite Beam.

Encased Composite Column.

Face Bearing Plates.

oPart II Gl ssary

o o
o o

Part II
C mp site Structural Steel
and Reinf rced C ncrete
Buildings
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f the reinf rced c ncrete t pr vide c nfinement and t transfer f rces t the
c ncrete thr ugh direct bearing.

A c mp site beam that has a sufficient number f shear c n-
nect rs t devel p the n minal plastic flexural strength f the c mp site secti n.

Reinf rcement in c mp site members that is designed
and detailed t resist the required l ads.

The strength f a member r cr ss-secti n t resist the effects f
l ads, as determined by c mputati ns using specified material strengths and di-
mensi ns and f rmulas that are derived fr m accepted principles f structural me-
chanics r by field tests r lab rat ry tests f scaled m dels, all wing f r m deling
effects, and differences between lab rat ry and field c nditi ns.

An unencased c mp site beam with a n minal flexural
strength that is c ntr lled by the strength f the shear stud c nnect rs.

Partially restrained c nnecti ns as de-
fined in the LRFD Specificati n that c nnect partially r fully c mp site beams
t steel c lumns with flexural resistance pr vided by a f rce c uple achieved with
steel reinf rcement in the slab and a steel seat angle r similar c nnecti n at the
b tt m flange.

Structural steel secti ns that are encased in re-
inf rced c ncrete.

The l ad effect (f rce, m ment, stress, as appr priate) acting n an
element r c nnecti n that is determined by structural analysis fr m the fact red
l ads (using the m st appr priate critical l ad c mbinati ns).

Steel reinf rcement in c mp site members that is n t designed t
carry required f rces, but is pr vided t facilitate the erecti n f ther steel rein-
f rcement and t pr vide anch rage f r stirrups r ties. Generally, such reinf rce-
ment is n t spliced t be c ntinu us.

The strength f a structural member r c nnecti n that is deter-
mined n the basis f testing that is c nducted under sl wm n t nic l ading until
failure.

Part II Glossary34

Fully Composite Beam.

Load-Carrying Reinforcement.

Nominal Strength.

Partially Composite Beam.

Partially Restrained Composite Connection.

Reinforced-Concrete-Encased Shapes.

Required Strength.

Restraining Bars.

Static Yield Strength.
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These Pr visi ns are intended f r the design and c nstructi n f c mp site
structural steel and reinf rced c ncrete members and c nnecti ns in the Seis-
mic F rce Resisting Systems in buildings f r which the design f rces resulting
fr m earthquake m ti ns have been determined n the basis f vari us levels
f energy dissipati n in the inelastic range f resp nse.

These Pr visi ns shall be applied in c njuncti n with the AISC

hereinafter referred t as the LRFD Specificati n. All members and c nnecti ns
in the Seismic F rce Resisting System shall have a design strength as pr vided
in the LRFD Specificati n t resist l ad c mbinati ns A4-1 thr ugh A4-6 and
shall meet the requirements in these Pr visi ns. The applicable requirements in
Part I shall be used f r the design f structural steel c mp nents in c mp site
systems. Reinf rced-c ncrete members subjected t seismic f rces shall meet
the requirements in ACI 318, except as m dified in these pr visi ns. When the
design is based up n elastic analysis, the stiffness pr perties f the c mp nent
members f c mp site systems shall reflect their c nditi n at the nset f sig-
nificant yielding f the building.

Part II includes a Gl ssary, which is specifically applicable t this Part. The
Part I Gl ssary is als applicable t Part II.

The d cuments referenced in these pr visi ns shall include th se listed in Part
I Secti n 2 with the f ll wing additi ns and m dificati ns:

American C ncrete Institute
ACI 318-95

American Ir n and Steel Institute
1996

Editi n

American S ciety f Civil Engineers
ASCE 3-91

Seismic pr visi ns, the required strength f r each Seismic Design Categ ry,
Seismic Use Gr up r Seismic Z ne and the limitati ns f r height and irregu-
larities shall be as specified in the Applicable Building C de; r, when n c de
is applicable, as dictated by the c nditi ns inv lved.

1

2

Seismic Provisions for Structural Steel Buildings

1. SCOPE

2. REFERENCED CODES AND STANDARDS

3. SEISMIC DESIGN CATEGORIES

35

Load and Re-
sistance Factor Design (LRFD) Specification for Structural Steel Buildings,

Specification for the Design of Cold-Formed Steel Structural Members,

o o o
o o o o o

o
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The alternative l ad and strength reducti n (resistance) fact rs specified in ACI 318 Ap-
pendix C shall be used, except that the l ad fact r n E shall be revised t be c nsistent with
that specified in the Applicable Building C de.

The LRFD p rti ns f this d cument, which pr vides an integral treatment f LRFD and
ASD, shall be used.
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The l ads and l ad c mbinati ns shall be th se in Part I Secti n 4, including the
requirements f r the amplified h riz ntal earthquake l ad . The System
Overstrength Fact r shall be as defined in the Applicable Building C de.
In the absence f such definiti n, shall be as listed in Table II-4-1.

Structural steel used in c mp site Seismic F rce Resisting Systems shall meet
the requirements in LRFD Specificati n Secti n A3.1a. Structural steel used in
the c mp site Seismic F rce Resisting Systems described in Secti ns 8, 9, 13,
14, 16 and 17 shall als meet the requirements in Part I Secti n 6.

C ncrete and steel reinf rcement used in c mp site Seismic F rce Resisting
Systems shall meet the requirements in ACI 318, excluding Chapters 21 and
22, and the f ll wing requirements:

1. The specified minimum c mpressive strength f c ncrete in c mp site
members shall equal r exceed 2.5 ksi.

2. F r the purp ses f determining the n minal strength f c mp site members,
shall n t be taken as greater than 10 ksi f r n rmal-weight c ncrete n r

4 ksi f r lightweight c ncrete.

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

The design f c mp site members in the Seismic F rce Resisting Systems de-
scribed in Secti ns 8 thr ugh 17 shall meet the requirements in this Secti n and
the material requirements in Secti n 5.

1
2

Part II—Composite Structural Steel and Reinforced Concrete Buildings

o

4. LOADS, LOAD COMBINATIONS
AND NOMINAL STRENGTHS

5. MATERIALS

5.1. Structural Steel

5.2. Concrete and Steel Reinforcement

6. COMPOSITE MEMBERS

6.1. Scope

o
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The design f c mp site fl r and r f slabs shall meet the requirements f
ASCE 3. C mp site slab diaphragms shall meet the requirements in this Sec-
ti n.

Details shall be designed t transfer f rces between the diaphragm and
B undary Members, C llect r Elements, and elements f the h riz n-
tal framing system.

The n minal shear strength f c mp site diaphragms and c ncrete-
filled steel deck diaphragms shall be taken as the n minal shear
strength f the reinf rced c ncrete ab ve the t p f the steel deck ribs
in acc rdance with ACI 318 excluding Chapter 22. Alternatively, the
c mp site diaphragm design shear strength shall be determined by
in-plane shear tests f c ncrete-filled diaphragms.

C mp site beams shall meet the requirements in LRFD Specificati n Chapter
I. C mp site beams that are part f C-SMF as described in Secti n 9 shall als
meet the f ll wing requirements:

1. The distance fr m the maximum c ncrete c mpressi n fiber t the plastic
neutral axis shall n t exceed:

(6-1)
1 700

1

where

distance fr m the t p f the steel beam t the t p f c ncrete, in.
depth f the steel beam, in.
specified minimum yield strength f the steel beam, ksi.
elastic m dulus f the steel beam, ksi.

2. Beam flanges shall meet the requirements in Part I Secti n 9.4, except when
fully reinf rced-c ncrete-encased c mpressi n elements have a reinf rced
c ncrete c ver f at least 2 in. and c nfinement is pr vided by h p rein-
f rcement in regi ns where plastic hinges are expected t ccur under seis-
mic def rmati ns. H p reinf rcement shall meet the requirements in ACI
318 Secti n 21.3.3.

This Secti n is applicable t c lumns that: (1) c nsist f reinf rced-c ncrete-
encased structural steel secti ns with a structural steel area that c mprises
at least 4 percent f the t tal c mp site-c lumn cr ss-secti n; and (2) meet
the additi nal limitati ns in LRFD Specificati n Secti n I2.1. Such c lumns
shall meet the requirements in LRFD Specificati n Chapter I, except as m d-
ified in this Secti n. Additi nal requirements, as specified f r intermediate
and special seismic systems in Secti ns 6.4b and 6.4c, shall apply as re-
quired in the descripti ns f the c mp site seismic systems in Secti ns 8
thr ugh 17.

Seismic Provisions for Structural Steel Buildings

6.2. Composite Floor and Roof Slabs

6.2a.

6.2b.

6.3. Composite Beams

6.4. Reinforced-concrete-encased Composite Columns

37

Y d
, F

E

Y
d
F
E

1 2
con b

y

s

con

b

y

s

`

`

4
4
4
4



v

o o o o o o
o o o

o o o o o o o o
o o o

o o o

o o o o o o
o o o o

o o o o
o o o o o o

o o o o o o o
o o o o

o o o
o o o

o o
o o o o

o o
o o o o

o o
o o o

o o o
o o o

o o o o
o o

o o o o o
o o o

o o o o

o
o o o o o
o o o

o o o
o o

o o
o o o o o

o

o o o
o o o o

o o o
o o o

o

o o o
o o o

C lumns that c nsist f reinf rced-c ncrete-encased structural steel secti ns
with a structural steel area that c mprises less than 4 percent f the t tal
c mp site-c lumn cr ss-secti n shall meet the requirements f r reinf rced c n-
crete c lumns in ACI 318 except as m dified f r:

1. The steel shape shear c nnect rs in Secti n 6.4a.2.

2. The c ntributi n f the reinf rced-c ncrete-encased structural steel secti n
t the strength f the c lumn as pr vided in ACI 318.

3. The seismic requirements f r reinf rced c ncrete c lumns as specified in
the descripti n f the c mp site seismic systems in Secti ns 8 thr ugh 17.

The f ll wing requirements f r reinf rced-c ncrete-encased c mp s-
ite c lumns are applicable t all c mp site systems:

1. The n minal shear strength f the c lumn shall be determined as
the n minal shear strength f the structural shape plus the n m-
inal shear strength that is pr vided by the tie reinf rcement in
the reinf rced-c ncrete encasement. The n minal shear strength f
the structural steel secti n shall be determined in acc rdance with
LRFD Specificati n Secti n F2. The n minal shear strength f the
tie reinf rcement shall be determined in acc rdance with ACI 318
Secti ns 11.5.6.2 thr ugh 11.5.6.8. In ACI 318 Secti ns 11.5.6.4
and 11.5.6.8, the dimensi n shall equal the width f the c n-
crete cr ss-secti n minus the width f the structural shape mea-
sured perpendicular t the directi n f shear. The n minal shear
strength shall be multiplied by equal t 0.75 t determine the
design shear strength.

2. C mp site c lumns that are designed t share the applied l ads
between the structural steel secti n and reinf rced c ncrete shall
have shear c nnect rs that meet the f ll wing requirements:

1. If an external member is framed directly t the structural steel
secti n t transfer a vertical reacti n , shear c nnect rs shall
be pr vided t transfer the f rce (1 / ) between
the structural steel secti n and the reinf rced c ncrete, where

is the area f the structural steel secti n, is the spec-
ified minimum yield strength f the structural steel secti n,
and is the n minal c mpressive strength f the c mp site
c lumn.

2. If an external member is framed directly t the reinf rced c n-
crete t transfer a vertical reacti n , shear c nnect rs shall be
pr vided t transfer the f rce / between the structural
steel secti n and the reinf rced c ncrete, where , and
are as defined ab ve.

3. The maximum spacing f shear c nnect rs shall be 16 in. with
attachment al ng the utside flange faces f the embedded
shape.

Part II—Composite Structural Steel and Reinforced Concrete Buildings

6.4a. Ordinary Seismic System Requirements
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3. The maximum spacing f transverse ties shall be the least f the
f ll wing requirements:

a. ne-half the least dimensi n f the secti n,

b. 16 l ngitudinal bar diameters

c. 48 tie diameters

Transverse ties shall be l cated vertically within ne-half the tie
spacing ab ve the t p f the f ting r l west beam r slab in any
st ry and shall be spaced as pr vided herein within ne-half the tie
spacing bel w the l west beam r slab framing int the c lumn.

Transverse bars shall have a diameter that is n t less than ne-
fiftieth f greatest side dimensi n f the c mp site member, except
that ties shall n t be smaller than N . 3 bars and need n t be larger
than N . 5 bars. Alternatively, welded wire fabric f equivalent area
is permitted as transverse reinf rcement except when pr hibited f r
intermediate and special systems.

4. All l ad-carrying reinf rcement shall meet the detailing and splice
requirements in ACI 318 Secti ns 7.8.1 and 12.17. L ad-carrying
reinf rcement shall be pr vided at every c rner f a rectangular
cr ss-secti n. The maximum spacing f ther l ad carrying r re-
straining l ngitudinal reinf rcement shall be ne-half f the least
side dimensi n f the c mp site member.

5. Splices and end bearing details f r reinf rced-c ncrete-encased
structural steel secti ns shall meet the requirements in the LRFD
Specificati n and ACI 318 Secti n 7.8.2. If adverse behavi ral ef-
fects due t the abrupt change in member stiffness and n minal
tensile strength ccur when reinf rced-c ncrete encasement f a
structural steel secti n is terminated, either at a transiti n t a pure
reinf rced c ncrete c lumn r at the c lumn base, they shall be
c nsidered in the design.

Reinf rced-c ncrete-encased c mp site c lumns in intermediate seis-
mic systems shall meet the f ll wing requirements in additi n t th se
in Secti n 6.4a:

The maximum spacing f transverse bars at the t p and b tt m shall
be the least f the f ll wing requirements:

a. ne-half the least dimensi n f the secti n

b. 8 l ngitudinal bar diameters

c. 24 tie bar diameters

d. 12 in.

These spacings shall be maintained ver a vertical distance equal t
the greatest f the f ll wing lengths, measured fr m each j int face
and n b th sides f any secti n where flexural yielding is expected t
ccur:

Seismic Provisions for Structural Steel Buildings

6.4b. Intermediate System Requirements
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a. ne-sixth the vertical clear height f the c lumn

b. The maximum cr ss-secti nal dimensi n

c. 18 in.

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

Welded wire fabric is n t permitted as transverse reinf rcement in in-
termediate seismic systems.

Reinf rced-c ncrete-encased c lumns f r special seismic systems
shall meet the f ll wing requirements in additi n t th se in Secti ns
6.4.a. and 6.4.b.:

1. The required axial strength f r reinf rced-c ncrete-encased c m-
p site c lumns and splice details shall meet the requirements in
Part I Secti n 8.

2. L ngitudinal l ad-carrying reinf rcement shall meet the require-
ments in ACI 318 Secti n 21.4.3.

3. Transverse reinf rcement shall be h p reinf rcement as defined
in ACI 318 Chapter 21 and shall meet the f ll wing requirements:

a. The minimum area f tie reinf rcement shall meet the f l-
l wing requirement:

0 09 1 (6-2)

where

cr ss-secti nal dimensi n f the c nfined c re mea-
sured center-t -center f the tie reinf rcement, in.
spacing f transverse reinf rcement measured al ng
the l ngitudinal axis f the structural member, in.
specified minimum yield strength f the structural
steel c re, ksi
cr ss-secti nal area f the structural c re, in.
n minal axial c mpressive strength f the c mp s-
ite c lumn calculated in acc rdance with the LRFD
Specificati n, kips
specified c mpressive strength f c ncrete, ksi
specified minimum yield strength f the ties, ksi

Equati n 6-2 need n t be satisfied if the n minal strength f
the reinf rced-c ncrete-encased structural steel secti n al ne is
greater than 1 0 0 5 .

b. The maximum spacing f transverse reinf rcement al ng the
length f the c lumn shall be the lesser f 6 l ngitudinal l ad-
carrying bar diameters and 6 in.

Part II—Composite Structural Steel and Reinforced Concrete Buildings

6.4c. Special Seismic System Requirements
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c. When specified in Secti ns 6.4c.4, 6.4c.5 r 6.4c.6, the maxi-
mum spacing f transverse reinf rcement shall be the lesser f
ne-f urth the least member dimensi n and 4 in. F r this rein-

f rcement, cr ss ties, legs f verlapping h ps, and ther c n-
fining reinf rcement shall be spaced n t m re than 14 in. n
center in the transverse directi n.

4. Reinf rced-c ncrete-encased c mp site c lumns in braced frames
with axial c mpressi n f rces that are larger than 0.2 times shall
have transverse reinf rcement as specified in Secti n 6.4c3.c ver
the t tal element length. This requirement need n t be satisfied if
the n minal strength f the reinf rced-c ncrete-encased steel sec-
ti n al ne is greater than 1 0 0 5 .

5. C mp site c lumns supp rting reacti ns fr m disc ntinued stiff
members, such as walls r braced frames, shall have transverse
reinf rcement as specified in Secti n 6.4c.3.c ver the full length
beneath the level at which the disc ntinuity ccurs if the axial
c mpressi n f rce exceeds 0.1 times . Transverse reinf rce-
ment shall extend int the disc ntinued member f r at least the
length required t devel p full yielding in the reinf rced-c ncrete-
encased structural steel secti n and l ngitudinal reinf rcement.
This requirement need n t be satisfied if the n minal strength f
the reinf rced-c ncrete-encased structural steel secti n al ne is
greater than 1 0 0 5 .

6. Reinf rced-c ncrete-encased c mp site c lumns that are used in
C-SMF shall meet the f ll wing requirements:

a. Transverse reinf rcement shall meet the requirements in Sec-
ti n 6.4c.3.c at the t p and b tt m f the c lumn ver the regi n
specified in Secti n 6.4b.

b. The str ng-c lumn/weak-beam design requirements in Secti n
9.5 shall be satisfied. C lumn bases shall be detailed t sustain
inelastic flexural hinging.

c. The minimum required shear strength f the c lumn shall meet
the requirements in ACI 318 Secti n 21.4.5.1.

7. When the c lumn terminates n a f ting r mat f undati n, the
transverse reinf rcement as specified in this secti n shall extend
int the f ting r mat at least 12 in. When the c lumn termi-
nates n a wall, the transverse reinf rcement shall extend int the
wall f r at least the length required t devel p full yielding in the
reinf rced-c ncrete-encased structural steel secti n and l ngitudi-
nal reinf rcement.

Welded wire fabric is n t permitted as transverse reinf rcement f r
special seismic systems.

This Secti n is applicable t c lumns that: (1) c nsist f c ncrete-filled steel
rectangular r circular h ll w structural secti ns (HSS) with a structural steel

Seismic Provisions for Structural Steel Buildings

6.5. Concrete-filled Composite Columns
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area that c mprises at least 4 percent f the t tal c mp site-c lumn cr ss-
secti n; and, (2) meet the additi nal limitati ns in LRFD Specificati n Secti n
I2.1. Such c lumns shall be designed t meet the requirements in LRFD Spec-
ificati n Chapter I, except as m dified in this Secti n.

The design shear strength f the c mp site c lumn shall be the design
shear strength f the structural steel secti n al ne.

In additi n t the requirements in Secti n 6.5a, in the special seismic
systems described in Secti ns 9, 13 and 14, the design f rces and c l-
umn splices f r c ncrete-filled c mp site c lumns shall als meet the
requirements in Part I Secti n 8.

C ncrete-filled c mp site c lumns used in C-SMF shall meet the f l-
l wing requirements in additi n t th se in Secti ns 6.5a. and 6.5b:

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

2. The str ng-c lumn/weak-beam design requirements in Secti n 9.5
shall be met. C lumn bases shall be designed t sustain inelastic
flexural hinging.

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

1 40 / (6-3)

f r the flat width f each face, where is as defined in LRFD
Specificati n Table B5.1.

This Secti n is applicable t c nnecti ns in buildings that utilize c mp site r
dual steel and c ncrete systems wherein seismic f rce is transferred between
structural steel and reinf rced c ncrete c mp nents.

C mp site c nnecti ns shall be dem nstrated t have design strength, ductility
and t ughness that is c mparable t that exhibited by similar structural steel r
reinf rced c ncrete c nnecti ns that meet the requirements in Part I and ACI
318, respectively. Meth ds f r calculating the c nnecti n strength shall meet
the requirements in this Secti n.

C nnecti ns shall have adequate def rmati n capacity t resist the critical re-
quired strengths at the Design St ry Drift. Additi nally, c nnecti ns that are
required f r the lateral stability f the building under seismic f rces shall
meet the requirements in Secti ns 8 thr ugh 17 based up n the specific sys-
tem in which the c nnecti n is used. When the required strength is based
up n n minal material strengths and n minal member dimensi ns, the de-
terminati n f the required c nnecti n strength shall acc unt f r any effects
that result fr m the increase in the actual n minal strength f the c nnected
member.

Part II—Composite Structural Steel and Reinforced Concrete Buildings

6.5a.

6.5b.

6.5c.

7. COMPOSITE CONNECTIONS

7.1. Scope

7.2. General Requirements

42

. b F E

b b

! y s



v

o o o o o o
o o o o o o

o o o o o
o o o o

o o o o o
o o

o
o o o o o

o
o o o o o

o o o o o o
o o o

o o o o o o o o

o o

o o
o

o
o o o o

o o o o o
o o o

o
o o o o o

o o o
o o o

o o o
o

o o o o
o o o o o

o o o o
o o o

o o
o o o o

o o o o
o o o o o o o o

o o o
o o o o o o

o o o o o o
o o o

o o o
o

o o o
o o o

The n minal strength f c nnecti ns in c mp site structural systems shall be
determined n the basis f rati nal m dels that satisfy b th equilibrium f in-
ternal f rces and the strength limitati n f c mp nent materials and elements
based up n p tential limit states. Unless the c nnecti n strength is determined
by analysis and testing, the m dels used f r analysis f c nnecti ns shall meet
the requirements in Secti ns 7.3a thr ugh 7.3d.

When required, f rce shall be transferred between structural steel and
reinf rced c ncrete thr ugh direct bearing f headed shear studs r
suitable alternative devices, by ther mechanical means, by shear fric-
ti n with the necessary clamping f rce pr vided by reinf rcement n r-
mal t the plane f shear transfer, r by a c mbinati n f these means.
Any p tential b nd strength between structural steel and reinf rced
c ncrete shall be ign red f r the purp se f the c nnecti n f rce trans-
fer mechanism.

The n minal bearing and shear-fricti n strengths shall meet the re-
quirements in ACI 318 Chapters 10 and 11, except that the strength
reducti n (resistance) fact rs shall be as given in ACI 318 Appendix
C. Unless a higher strength is substantiated by cyclic testing, the n mi-
nal bearing and shear-fricti n strengths shall be reduced by 25 percent
f r the c mp site seismic systems described in Secti ns 9, 13, 14, 16,
and 17.

The required strength f structural steel c mp nents in c mp site
c nnecti ns shall n t exceed the design strengths as determined in
Part I and the LRFD Specificati n. Structural steel elements that are
encased in c nfined reinf rced c ncrete are permitted t be c nsid-
ered t be braced against ut- f-plane buckling. Face Bearing Plates
c nsisting f stiffeners between the flanges f steel beams are re-
quired when beams are embedded in reinf rced c ncrete c lumns
r walls.

The n minal shear strength f reinf rced-c ncrete-encased steel
panel-z nes in beam-t -c lumn c nnecti ns shall be calculated as
the sum f the n minal strengths f the structural steel and c nfined
reinf rced c ncrete shear elements as determined in Part I Secti n
9.3 and ACI 318 Secti n 21.5, respectively. The strength reducti n
(resistance) fact rs f r reinf rced c ncrete shall be as given in ACI
318 Appendix C.

Reinf rcement shall be pr vided t resist all tensile f rces in re-
inf rced c ncrete c mp nents f the c nnecti ns. Additi nally, the
c ncrete shall be c nfined with transverse reinf rcement. All rein-
f rcement shall be fully devel ped in tensi n r c mpressi n, as
appr priate, bey nd the p int at which it is n l nger required t resist
the f rces. Devel pment lengths shall be determined in acc rdance
with ACI 318 Chapter 12. Additi nally, devel pment lengths f r the
systems described in Secti ns 9, 13, 14, 16 and 17 shall meet the
requirements in ACI 318 Secti n 21.5.4. C nnecti ns shall meet
the f ll wing additi nal requirements:

Seismic Provisions for Structural Steel Buildings

7.3. Nominal Strength of Connections

7.3a.

7.3b.

7.3c.

7.3d.
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1. When the slab transfers h riz ntal diaphragm f rces, the slab re-
inf rcement shall be designed and anch red t carry the in-plane
tensile f rces at all critical secti ns in the slab, including c nnec-
ti ns t c llect r beams, c lumns, braces and walls.

2. F r c nnecti ns between structural steel r c mp site beams
and reinf rced c ncrete r reinf rced-c ncrete-encased c mp site
c lumns, transverse h p reinf rcement shall be pr vided in the
c nnecti n regi n t meet the requirements in ACI 318 Secti n
21.5, except f r the f ll wing m dificati ns:

a. Structural steel secti ns framing int the c nnecti ns are c n-
sidered t pr vide c nfinement ver a width equal t that f
face bearing stiffener plates welded t the beams between the
flanges.

b. Lap splices are permitted f r perimeter ties when c nfinement f
the splice is pr vided by Face Bearing Plates r ther means that
prevents spalling f the c ncrete c ver in the systems described
in Secti ns 10, 11, 12 and 15.

3. The l ngitudinal bar sizes and lay ut in reinf rced c ncrete and
c mp site c lumns shall be detailed t minimize slippage f the
bars thr ugh the beam-t -c lumn c nnecti n due t high f rce
transfer ass ciated with the change in c lumn m ments ver the
height f the c nnecti n.

This Secti n is applicable t frames that c nsist f structural steel c lumns
and c mp site beams that are c nnected with partially restrained (PR) m ment
c nnecti ns that meet the requirements in LRFD Specificati n Secti n A2.
C-PRMF shall be designed s that under earthquake l ading yielding ccurs
in the ductile c mp nents f the c mp site PR beam-t -c lumn m ment c n-
necti ns. Limited yielding is permitted at ther l cati ns, such as the c lumn
base c nnecti n. C nnecti n flexibility and c mp site beam acti n shall be
acc unted f r in determining the dynamic characteristics, strength and drift
f C-PRMF.

Structural steel c lumns shall meet the requirements in Part I Secti n 8 and
the LRFD Specificati n. The effect f PR m ment c nnecti ns n stability f
individual c lumns and the verall frame shall be c nsidered in C-PRMF.

C mp site beams shall meet the requirements in LRFD Specificati n Chapter
I. F r the purp ses f analysis, the stiffness f beams shall be determined with
an effective m ment f inertia f the c mp site secti n.

Part II—Composite Structural Steel and Reinforced Concrete Buildings

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

8.1. Scope

8.2. Columns

8.3. Composite Beams
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The required strength f r the beam-t -c lumn PR m ment c nnecti ns shall be
determined fr m the fact red l ad c mbinati ns, including c nsiderati n f the
effects f c nnecti n flexibility and sec nd- rder m ments. In additi n, c m-
p site c nnecti ns shall have a n minal strength that is at least equal t 50
percent f , where is the n minal plastic flexural strength f the c n-
nected structural steel beam ign ring c mp site acti n. C nnecti ns shall meet
the requirements in Secti n 7 and shall have an inelastic r tati n capacity f
0.015 radians and a t tal r tati n capacity f 0.03 radians that is substantiated
by cyclic testing as described in Part I Secti n 9.2a.

This Secti n is applicable t m ment-resisting frames that c nsist f either c m-
p site r reinf rced c ncrete c lumns and either structural steel r c mp site
beams. C-SMF shall be designed assuming that under the Design Earthquake
significant inelastic def rmati ns will ccur, primarily in the beams, but with
limited inelastic def rmati ns in the c lumns and/ r c nnecti ns.

C mp site c lumns shall meet the requirements f r special seismic systems in
Secti ns 6.4 r 6.5. Reinf rced c ncrete c lumns shall meet the requirements
in ACI 318 Chapter 21, excluding Secti n 21.8.

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

The required strength f beam-t -c lumn m ment c nnecti ns shall be de-
termined fr m the shear and flexure ass ciated with the n minal plastic
flexural strength f the beams framing int the c nnecti n. The n minal
c nnecti n strength shall meet the requirements in Secti n 7. In additi n, the
c nnecti ns shall be capable f sustaining an inelastic beam r tati n f 0.03
radians. When the beam flanges are interrupted at the c nnecti n, the inelastic
r tati n capacity shall be dem nstrated as specified in Part I Secti n 9 f r c n-
necti ns in SMF. F r c nnecti ns t reinf rced c ncrete c lumns with a beam
that is c ntinu us thr ugh the c lumn s that welded j ints are n t required in
the flanges and the c nnecti n is n t therwise susceptible t premature frac-
tures, the inelastic r tati n capacity shall be dem nstrated by testing r ther
substantiating data.

The minimum flexural strength and design f reinf rced c ncrete c lumns
shall meet the requirements in ACI 318 Secti n 21.4.2. The minimum flexural

Seismic Provisions for Structural Steel Buildings

8.4. Partially Restrained (PR) Moment Connections

9. COMPOSITE SPECIAL MOMENT FRAMES (C-SMF)

9.1. Scope

9.2. Columns

9.3. Beams

9.4. Moment Connections

9.5. Column-Beam Moment Ratio
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strength and design f c mp site c lumns shall meet the requirements in Part
I Secti n 9.6 with the f ll wing m dificati ns:

a. The flexural strength f the c mp site c lumn shall meet the require-
ments in LRFD Specificati n Chapter I with c nsiderati n f the applied
axial l ad, .

b. The f rce limit f r the excepti ns in Part I Secti n 9.6a shall be 0 1 .

c. C mp site c lumns exempted by the minimum flexural strength require-
ment in Part I Secti n 9.6c shall have transverse reinf rcement that meets
the requirements in Secti n 6.4c.4.

This Secti n is applicable t m ment resisting frames that c nsist f either c m-
p site r reinf rced c ncrete c lumns and either structural steel r c mp site
beams. C-IMF shall be designed assuming that under the Design Earthquake
inelastic def rmati n will ccur primarily in the beams but with m derate in-
elastic def rmati n in the c lumns and/ r c nnecti ns.

C mp site c lumns shall meet the requirements f r intermediate seismic sys-
tems in Secti n 6.4 r 6.5. Reinf rced c ncrete c lumns shall meet the require-
ments in ACI 318 Secti n 21.8.

Structural steel and c mp site beams shall meet the requirements in the LRFD
Specificati n.

The n minal c nnecti n strength shall meet the requirements in Secti n 7. The
required strength f beam-t -c lumn c nnecti ns shall meet ne f the f ll w-
ing requirements:

1. The c nnecti n design strength shall meet r exceed the f rces ass ciated
with plastic hinging f the beams adjacent t the c nnecti n.

2. The c nnecti n design strength shall meet r exceed the required strength
generated by L ad C mbinati ns 4-1 r 4-2 in Part I.

3. The c nnecti ns shall dem nstrate an inelastic r tati n capacity f at least
0.02 radians in cyclic tests.

This Secti n is applicable t m ment resisting frames that c nsist f either c m-
p site r reinf rced c ncrete c lumns and structural steel r c mp site beams.
C-OMF shall be designed assuming that under the Design Earthquake limited
inelastic acti n will ccur in the beams, c lumns and/ r c nnecti ns.

Part II—Composite Structural Steel and Reinforced Concrete Buildings

10. COMPOSITE INTERMEDIATE MOMENT FRAMES (C-IMF)

10.1. Scope

10.2. Columns

10.3. Beams

10.4. Moment Connections

11. COMPOSITE ORDINARY MOMENT FRAMES (C-OMF)

11.1. Scope
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C mp site c lumns shall meet the requirements f r rdinary seismic systems
in Secti n 6.4 r 6.5 Reinf rced c ncrete c lumns shall meet the requirements
in ACI 318, excluding Chapters 21.

Structural steel and c mp site beams shall meet the requirements in the LRFD
Specificati n.

C nnecti ns shall be designed f r the applied fact red l ad c mbinati ns and
their design strength shall meet the requirements in Secti n 7.

This Secti n is applicable t c ncentrically and eccentrically braced frame sys-
tems that c nsist f either c mp site r reinf rced c ncrete c lumns, structural
steel r c mp site beams, and structural steel r c mp site braces. C-OBF shall
be designed assuming that under the Design Earthquake limited inelastic acti n
will ccur in the beams, c lumns, braces, and/ r c nnecti ns.

Reinf rced-c ncrete-encased c mp site c lumns shall meet the requirements
f r rdinary seismic systems in Secti ns 6.4. C ncrete-filled c mp site c lumns
shall meet the requirements in Secti n 6.5. Reinf rced c ncrete c lumns shall
meet the requirements in ACI 318 excluding Chapter 21.

Structural steel and c mp site beams shall meet the requirements in the LRFD
Specificati n.

Structural steel braces shall meet the requirements in the LRFD Specificati n.
C mp site braces shall meet the requirements f r c mp site c lumns in Secti n
12.2.

C nnecti ns shall be designed f r the applied fact red l ad c mbinati ns and
their design strength shall meet the requirements in Secti n 7.

This Secti n is applicable t braced systems that c nsist f c ncentrically
c nnected members. Min r eccentricities are permitted if they are acc unted
f r in the design. C lumns shall be either c mp site structural steel r rein-
f rced c ncrete. Beams and braces shall be either structural steel r c mp site

Seismic Provisions for Structural Steel Buildings

11.2. Columns

11.3. Beams

11.4. Moment Connections

12. COMPOSITE ORDINARY BRACED FRAMES (C-OBF)

12.1. Scope

12.2. Columns

12.3. Beams

12.4. Braces

12.5. Connections

13. COMPOSITE CONCENTRICALLY BRACED FRAMES (C-CBF)

13.1. Scope
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structural steel. C-CBF shall be designed s that under the l ading f the Design
Earthquake inelastic acti n will ccur primarily thr ugh tensi n yielding and/ r
buckling f braces.

Structural steel c lumns shall meet the requirements in Part I Secti n 8. C m-
p site structural steel c lumns shall meet the requirements f r special systems
in Secti n 6.4 r 6.5. Reinf rced c ncrete c lumns shall meet the requirements
f r structural truss elements in ACI 318 Chapter 21.

Structural steel and c mp site beams shall meet the requirements in the LRFD
Specificati n.

Structural steel braces shall meet the requirements f r OCBF in Part I Secti n
14. C mp site braces shall meet the requirements f r c mp site c lumns in
Secti n 13.2.

Bracing c nnecti ns shall meet the requirements in Secti n 7 and Part I Sec-
ti n 14.

This Secti n is applicable t braced systems f r which ne end f each brace
intersects a beam at an eccentricity fr m the intersecti n f the centerlines f the
beam and c lumn r intersects a beam at an eccentricity fr m the intersecti n f
the centerlines f the beam and an adjacent brace. C-EBF shall be designed s
that inelastic def rmati ns will ccur nly as shear yielding in the Links. The
diag nal braces, c lumns, and beam segments utside f the Link shall be de-
signed t remain essentially elastic under the maximum f rces that can be gen-
erated by the fully yielded and strain-hardened Link. C lumns shall be either
c mp site r reinf rced c ncrete. Braces shall be structural steel. Links shall
be structural steel as described in this Secti n. The design strength f members
shall meet the requirements in the LRFD Specificati n, except as m dified in
this Secti n. C-EBF shall meet the requirements in Part I Secti n 15, except as
m dified in this Secti n.

Reinf rced c ncrete c lumns shall meet the requirements f r structural truss
elements in ACI 318 Chapter 21. C mp site c lumns shall meet the require-
ments f r special seismic systems in Secti ns 6.4 r 6.5. Additi nally, where a
Link is adjacent t a reinf rced c ncrete c lumn r reinf rced-c ncrete-encased
c lumn, transverse reinf rcement meeting the requirements in ACI 318 Secti n
21.4.4 ( r Secti n 6.4c.6.a f r c mp site c lumns) shall be pr vided ab ve and
bel w the Link c nnecti n.

All c lumns shall meet the requirements in Part I Secti n 15.8.

Part II—Composite Structural Steel and Reinforced Concrete Buildings

13.2. Columns

13.3. Beams

13.4. Braces

13.5. Bracing Connections

14. COMPOSITE ECCENTRICALLY BRACED FRAMES (C-EBF)

14.1. Scope

14.2. Columns
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Links shall be unencased structural steel and shall meet the requirement f r
EBF Links in Part I Secti n 15. It is permitted t encase the p rti n f the beam
utside f the Link with reinf rced c ncrete. Beams c ntaining the Link are per-

mitted t act c mp sitely with the fl r slab using shear c nnect rs al ng all r
any p rti n f the beam if the c mp site acti n is c nsidered when determining
the n minal strength f the Link.

Structural steel braces shall meet the requirements f r EBF in Part I Secti n 15.

In additi n t the requirements f r EBF in Part I Secti n 15, c nnecti ns shall
meet the requirements in Secti n 7.

The requirements in this Secti n apply when reinf rced c ncrete walls are c m-
p site with structural steel elements, either as infill panels, such as reinf rced
c ncrete walls in structural steel frames with unencased r reinf rced-c ncrete-
encased structural steel secti ns that act as B undary Members, r as struc-
tural steel C upling Beams that c nnect tw adjacent reinf rced c ncrete walls.
Reinf rced c ncrete walls shall meet the requirements in ACI 318 excluding
Chapter 21.

When unencased structural steel secti ns functi n as B undary Mem-
bers in reinf rced c ncrete infill panels, the structural steel secti ns
shall meet the requirements in the LRFD Specificati n. The required
axial strength f the B undary Member shall be determined assuming
that the shear f rces are carried by the reinf rced c ncrete wall and
the entire gravity and verturning f rces are carried by the B und-
ary Members in c njuncti n with the shear wall. The reinf rced
c ncrete wall shall meet the requirements in ACI 318 excluding
Chapter 21.

When fully reinf rced-c ncrete-encased structural steel secti ns func-
ti n as B undary Members in reinf rced c ncrete infill panels, the
analysis shall be based up n a transf rmed c ncrete secti n using elas-
tic material pr perties. The wall shall meet the requirements in ACI
318 excluding Chapter 21. When the reinf rced-c ncrete-encased
structural steel B undary Member qualifies as a c mp site c lumn as
defined in LRFD Specificati n Chapter I, it shall be designed t meet
the rdinary seismic system requirements in Secti n 6.4. Otherwise,
it shall be designed as a c mp site c lumn t meet the requirements
in ACI 318.

Seismic Provisions for Structural Steel Buildings

14.3. Links

14.4. Braces

14.5. Connections

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

15.1. Scope

15.2. Boundary Members

15.2a.

15.2b.

49



v

o o o o
o o

o o
o o

o

o o o
o o

o

o o o
o o o o o

o o o o
o o

o o o o
o o o o o

o o o
o

o o
o o o o

o o o o o
o o

o o o o o
o o o o

o o o o o o
o o

o o
o

o

o o o
o o

o o o
o o o o

o
o o

o o o o
o

o
o o o o o

o o

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

Structural steel C upling Beams that are used between tw adjacent reinf rced
c ncrete walls shall meet the requirements in the LRFD Specificati n and this
Secti n:

C upling Beams shall have an embedment length int the reinf rced
c ncrete wall that is sufficient t devel p the maximum p ssible c m-
binati n f m ment and shear that can be generated by the n minal
bending and shear strength f the C upling Beam. The embedment
length shall be c nsidered t begin inside the first layer f c nfining
reinf rcement in the wall B undary Member. C nnecti n strength f r
the transfer f l ads between the C upling Beam and the wall shall
meet the requirements in Secti n 7.

Vertical wall reinf rcement with design axial strength equal t the
n minal shear strength f the C upling Beam shall be placed ver the
embedment length f the beam with tw -thirds f the steel l cated ver
the first half f the embedment length. This wall reinf rcement shall
extend a distance f at least ne tensi n devel pment length ab ve and
bel w the flanges f the C upling Beam. It is permitted t use vertical
reinf rcement placed f r ther purp ses, such as f r vertical B undary
Members, as part f the required vertical reinf rcement.

C-SRCW systems shall meet the requirements in Secti n 15 f r C-ORCW and
the shear-wall requirement in ACI 318 including Chapter 21, except as m dified
in this Secti n.

In additi n t the requirements in Secti n 15.2a, unencased struc-
tural steel c lumns shall meet the requirements in Part I Secti ns 5, 6
and 8.

In additi n t the requirements in Secti n 15.2b, the requirements
in this Secti n shall apply t walls with reinf rced-c ncrete-encased
structural steel B undary Members. The wall shall meet the require-
ments in ACI 318 including Chapter 21. Reinf rced-c ncrete-encased
structural steel B undary Members that qualify as c mp site c lumns
in LRFD Specificati n Chapter I shall meet the special seismic system
requirements in Secti n 6.4. Otherwise, such members shall be de-
signed as c mp site c mpressi n members t meet the requirements
in ACI 318 including the special seismic requirements f r B undary

Part II—Composite Structural Steel and Reinforced Concrete Buildings

15.2c.

15.3. Coupling Beams

15.3a.

15.3b.

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

16.1. Scope

16.2. Boundary Members

16.2a.

16.2b.
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Members in Chapter 21. Transverse reinf rcement f r c nfinement f
the c mp site B undary Member shall extend a distance f 2 int the
wall where is the verall depth f the B undary Member in the plane
f the wall.

Headed shear studs r welded reinf rcing bar anch rs shall be pr -
vided as specified in Secti n 15.2c. F r c nnecti n t unencased
structural steel secti ns, the n minal strength f welded reinf rcing
bar anch rs shall be reduced by 25 percent fr m their Static Yield
Strength.

In additi n t the requirements in Secti n 15.3a, structural steel C u-
pling Beams shall meet the requirements in Part I Secti ns 15.2a
thr ugh 15.2f, 15.3b and 15.3c. When required in Part I Secti n 15.3b,
the c upling r tati n shall be assumed as 0.08 radians unless a smaller
value is justified by rati nal analysis f the inelastic def rmati ns that
are expected under the Design Earthquake. Face Bearing Plates shall
be pr vided n b th sides f the C upling Beams at the face f the
reinf rced c ncrete wall. These stiffeners shall meet the detailing re-
quirements in Part I Secti n 15.3a.

Vertical wall reinf rcement as specified in Secti n 15.3b shall be
c nfined by transverse reinf rcement that meets the requirements f r
B undary Members in ACI 318 Secti n 21.2.6.

This Secti n is applicable t structural walls c nsisting f steel plates with re-
inf rced c ncrete encasement n ne r b th sides f the plate and structural
steel r c mp site B undary Members.

The n minal shear strength f C-SPW with a stiffened plate c nf rm-
ing t Secti n 17.2b shall be determined as:

0 6 (17-1)

where

n minal shear strength f the steel plate, kips.
h riz ntal area f stiffened steel plate, in .
specified minimum yield strength f the plate, ksi.

The n minal shear strength f C-SPW with a plate that d es n t meet
the stiffening requirements in Secti n 17.2b shall be based up n the
strength f the plate, excluding the strength f the reinf rced c ncrete,
and meet the requirements in the LRFD Specificati n, including the
effects f buckling f the plate.

The steel plate shall be adequately stiffened by encasement r at-
tachment t the reinf rced c ncrete if it can be dem nstrated with an

Seismic Provisions for Structural Steel Buildings

16.2c.

16.3. Coupling Beams

16.3a.

16.3b.

17. COMPOSITE STEEL PLATE SHEAR WALLS (C-SPW)

17.1. Scope

17.2. Wall Element

17.2a. Nominal Shear Strength

17.2b.

51

h
h

V . A F

V
A
F

ns sp y

ns

sp

y

4

4
4
4



v

o o o
o o o

o o o o o o o
o o o o o
o o o o o

o o o o o o
o o o o o

o o o
o o o o

o o
o

o o o o o
o o

o o o o o
o o o o

o o

o o o o
o

o o o o

elastic plate buckling analysis that the c mp site wall can resist a n m-
inal shear f rce equal t . The c ncrete thickness shall be a mini-
mum f 4 in. n each side when c ncrete is pr vided n b th sides f
the steel plate and 8 in. when c ncrete is pr vided n ne side f the
steel plate. Headed shear stud c nnect rs r ther mechanical c nnec-
t rs shall be pr vided t prevent l cal buckling and separati n f the
plate and reinf rced c ncrete. H riz ntal and vertical reinf rcement
shall be pr vided in the c ncrete encasement t meet the detailing re-
quirements in ACI 318 Secti n 14.3. The reinf rcement rati in b th
directi ns shall n t be less than 0.0025; the maximum spacing between
bars shall n t exceed 18 in.

The steel plate shall be c ntinu usly c nnected n all edges t struc-
tural steel framing and B undary Members with welds and/ r slip-
critical high-strength b lts t devel p the n minal shear strength f
the plate. The design strength f welded and b lted c nnect rs shall
meet the additi nal requirements in Part I Secti n 7.

Structural steel and c mp site B undary Members shall be designed t meet
the requirements in Secti n 16.2.

B undary Members shall be pr vided ar und penings as required by analysis.

Part II—Composite Structural Steel and Reinforced Concrete Buildings

17.2c.

17.3.

17.4.
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As an alternative t the L ad and Resistance Fact r Design (LRFD) pr visi ns f r
structural steel design in Part I, the use f the All wable Stress Design (ASD) pr vi-
si ns in this Part is permitted. All requirements f Part I shall be met except as m dified
r supplemented in this Part. When using this Part, the terms “LRFD Specificati n”,

“FR” and “PR” in Part I shall be taken as “ASD Specificati n” (AISC, 1989), “Type
1” and “Type 3”, respectively.

These Pr visi ns are intended f r the design and c nstructi n f structural steel
members and c nnecti ns in the Seismic F rce Resisting Systems in buildings
f r which the design f rces resulting fr m earthquake m ti ns have been deter-
mined n the basis f vari us levels f energy dissipati n in the inelastic range
f resp nse. These Pr visi ns shall apply t buildings that are classified in the

Applicable Building C de as Seismic Design Categ ry D ( r equivalent) and
higher r when required by the Engineer f Rec rd.

These Pr visi ns shall be applied in c njuncti n with the AISC

hereinafter referred t as the ASD Specificati n. All members and c nnecti ns
in the Seismic F rce Resisting System shall be pr p rti ned as required in the
ASD Specificati n t resist the applicable l ad c mbinati ns and shall meet the
requirements in these Pr visi ns.

Part III includes the Part I Gl ssary and Appendix S.

The d cuments referenced in these shall include th se listed in ASD
Secti n A6 with the f ll wing additi ns and m dificati ns:

American Institute f Steel C nstructi n

June 1, 1989.

Research C uncil n Structural C nnecti ns

N vember 13, 1985, reaffirmed with m dificati n t Appendix
A nly, June 3, 1994.

1. SCOPE

2. REFERENCED SPECIFICATIONS, CODES AND STANDARDS

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

Specification
for Structural Steel Buildings—Allowable Stress Design and Plastic Design,

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

Provisions
Specification

Specification for Structural Steel Buildings—Allowable Stress Design and
Plastic Design,

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

Allowable Stress Design Specification for Structural Joints Using ASTM A325
or A490 Bolts,

o
Part III
All wable Stress Design
(ASD) Alternative
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Eccentrically Braced Frames (EBF) meeting Part I requirements 2 /
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In additi n t l ads and l ad c mbinati ns inv lving n n-seismic cases spec-
ified by the Applicable Building C de, the f ll wing seismic L ad C mbina-
ti ns shall be investigated, except as m dified thr ugh ut these

1 2 1 0 0 5 0 2 (4-a)

0 9 (1 3 r 1 0 ) (4-b)

is the h riz ntal c mp nent f the earthquake l ad required in the Applica-
ble Building C de. Where required in these Pr visi ns, an amplified h riz ntal
earthquake l ad shall be used in lieu f in the l ad c mbinati ns
bel w. The term is the System Overstrength Fact r as defined in the Appli-
cable Building C de. In the absence f such definiti n, shall be as listed in
Table I-4-1.

The additi nal l ad c mbinati ns using the amplified h riz ntal earthquake
l ad are:

1 2 0 5 0 2 (4-1)

0 9 (4-2)

Excepti n: The l ad fact r n in l ad c mbinati n 4-a and 4-1 shall equal
1.0 f r garages, areas ccupied as places f public assembly and all areas
where the live l ad is greater than 100 psf.

Orth g nal earthquake effects shall be included in the analysis as required in
the Applicable Building C de. Where the l ad is required, rth g nal
earthquake effects need n t be included.

The n minal strengths f members and c nnecti ns shall be determined as f l-
l ws:

Replace ASD Specificati n Secti n A5.2 t read: “The n minal
strength f structural steel members and c nnecti ns f r resisting
seismic f rces acting al ne r in c mbinati n with dead and live l ads
shall be determined by multiplying 1.7 times the all wable stresses
in Secti n D, E, F, G, H, J, and K. The 1/3 all wable stress increase
shall n t be applied in c njuncti n with this fact r.”

1
2

Part III—Allowable Stress Design (ASD) Alternative

o

4. LOADS, LOAD COMBINATIONS AND NOMINAL STRENGTHS

4.1. Loads and Load Combinations

4.2. Nominal Strengths

4.2a.

o
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Substitute the following for Part I Section 4 in its entirety:

Provisions.
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. D . L . S Q
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TABLE I-4-1
System Overstrength Factor,
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Amend the first paragraph f ASD Specificati n Secti n N1 by delet-
ing “ r earthquake” and adding: “The n minal strength f members
and c nnecti ns shall be determined by the requirements c ntained
herein. Except as m dified in these pr visi ns, all pertinent require-
ments f Chapters A thr ugh M shall g vern.”

In ASD Specificati n Secti n H1 the definiti n f shall read as f l-
l ws:

( / )
where:

the actual length in the plane f bending.
the c rresp nding radius f gyrati n.
the effective length fact r in the plane f bending.

The design strengths f structural steel members and c nnecti ns sub-
jected t seismic f rces in c mbinati n with ther prescribed l ads
shall be determined by c nverting all wable stresses int n minal
strengths and multiplying such n minal strengths by the resistance
fact rs herein.

Resistance fact rs f r use in Part III shall be as f ll ws:

Tensi n
yielding 0.9
rupture 0.75

C mpressi n
buckling 0.85

Flexure
yielding 0.9
rupture 0.75

Shear
yielding 0.9
rupture 0.75

T rsi n
yielding 0.9
buckling 0.9

CJP gr ve welds
tensi n r c mpressi n n rmal 0.9 f r base metal
t effective area 0.9 f r weld metal

shear n effective area 0.9 f r base metal
0.8 f r weld metal

PJP gr ve welds
c mpressi n n rmal t 0.9 f r base metal
effective area 0.9 f r weld metal

tensi n n rmal t effective area 0.9 f r base metal
0.8 f r weld metal

shear parallel t axis f weld 0.75 f r weld metal

Seismic Provisions for Structural Steel Buildings

4.2b.

4.2c.

4.3. Design Strengths

4.3a.

4.3b.
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Fillet welds
shear n effective area 0.75 f r weld metal

Plug r sl t welds
shear parallel t faying surface
( n effective area) 0.75 f r weld metal

B lts
tensi n rupture, shear rupture,
c mbined tensi n and shear 0.75

slip resistance f r b lts in
standard h les, versized h les,
and sh rt-sl tted h les 1.0

slip resistance f r b lts in
l ng-sl tted h les with the sl t
perpendicular t the directi n
f the sl t 1.0

slip resistance f r b lts in
l ng-sl tted h les with the sl t
parallel t the directi n f the
sl t 0.85

C nnecting elements
tensi n yielding, shear yielding 0.9

bearing strength at b lt h les,
tensi n rupture, shear rupture,
bl ck shear rupture 0.75

0.75 f r bearing nc ntact bearing
steel
0.6 f r bearing n
c ncrete

Flanges and webs with c ncentrated f rces
l cal flange bending,
c mpressi n buckling f web 0.9

l cal web yielding 1.0

web crippling, panel-z ne web
shear 0.75

sidesway web buckling 0.85

The design resistance t shear and c mbined tensi n and shear f
b lted j ints shall be determined in acc rdance with the ASD Specifi-
cati n Secti ns J3.5 and J3.7, except that the all wable bearing stress
at b lt h les shall n t be taken greater than 1 2 .

Part III—Allowable Stress Design (ASD) Alternative

7. CONNECTIONS, JOINTS AND FASTENERS

7.2. Bolted Joints

7.2d.

8. COLUMNS
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Substitute the following for Part I Section 7.2d in its entirety:

F . F

Substitute the following for the first paragraph of Part I Section 8.3 in its entirety:
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The design strength f c lumn splices shall exceed the required strength deter-
mined fr m Secti n 8.2 and fr m L ad C mbinati ns 4-1 and 4-2.

Shear Strength: The required shear strength f the panel-z ne shall
be determined by applying L ad C mbinati ns 4-1 and 4-2 t the c n-
nected beam r beams in the plane f the frame at the c lumn.
need n t exceed the shear f rce determined fr m 0.8 times f
the beams framing t the c lumn flanges at the c nnecti n. The de-
sign shear strength f the panel-z ne shall be determined using

0 75. When 0 75 ,

3
0 6 1 (9-1)

When 0 75 ,

3 1 2
0 6 1 1 9 (9-1a)

where

t tal thickness f panel-z ne including d ubler plate(s), in.
verall c lumn depth, in.

width f the c lumn flange, in.
thickness f the c lumn flange, in.
verall beam depth, in.

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

The required c lumn strength shall be determined fr m L ad C mbi-
nati n 4-b, except that shall be taken as the lesser f:

a. The amplified earthquake f rce .

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

All members and c nnecti ns f STMF, except th se in the special segment
in Secti n 12.2., shall have a design strength t resist L ad C mbinati ns
4-a and 4-b and the lateral l ads necessary t devel p the expected vertical
n minal shear strength in all segments given as: [balance t remain un-
changed]

Seismic Provisions for Structural Steel Buildings

8.3. Column Splices

9. SPECIAL MOMENT FRAMES

9.3a.

9.7.b.1

12. SPECIAL TRUSS MOMENT FRAMES

12.4. Nominal Strength of Non-special Segment Members
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The t p and b tt m ch rds f the trusses shall be laterally braced at the ends
f the special segment, and at intervals n t t exceed acc rding t ASD

Specificati n Secti n F1, al ng the entire length f the truss.

2. A beam that is intersected by braces shall be designed t supp rt the effects
f all tributary dead and live l ads assuming that the bracing is n t present.

3. A beam that is intersected by braces shall be designed t resist the effects f
L ad C mbinati ns 4-a and 4-b except that a l ad shall be substituted f r
the term . is the maximum unbalanced vertical l ad effect applied t the
beam by the braces. This l ad effect shall be calculated using a minimum f

f r the brace in tensi n and a maximum f 0.3 times f r the brace
in c mpressi n.

1. The design strength f brace members shall be at least 1.5 times the required
strength using L ad C mbinati ns 4-a and 4-b.

3. A beam that is intersected by braces shall be designed t supp rt the effects
f all tributary dead and live l ads as required by the ASD Specificati n

assuming that the bracing is n t present.

Part III—Allowable Stress Design (ASD) Alternative

12.6 Lateral Bracing

13. SPECIAL CONCENTRICALLY BRACED FRAMES (SCBF)

14. ORDINARY CONCENTRICALLY BRACED FRAMES (OCBF)
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Substitute the following for the first sentence in Part I Section 12.6:
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Substitute the following for Part I Section 13.4a.2 in its entirety:

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

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

Substitute the following for Part I Section 14.4a.3. in its entirety:
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Experience fr m the 1994 N rthridge and 1995 K be earthquakes significantly
expanded the kn wn resp nse characteristics f structural steel building sys-
tems, particularly welded steel m ment frames. Sh rtly after the N rthridge
earthquake, the SAC J int Venture initiated a c mprehensive study f the seis-
mic perf rmance f steel m ment frames. Funded by the Federal Emergency
Management Agency (FEMA), SAC is devel ping guidelines f r structural en-
gineers, building fficials and ther interested parties f r the evaluati n, repair,
m dificati n and design f welded steel m ment frame structures in seismic
regi ns. AISC is an active participant in SAC activities.

Many rec mmendati ns in the SAC (FEMA, 1995) f rm
the basis f new pr visi ns herein. In additi n, a number f ther relevant re-
search rep rts have been referenced. While research is ng ing, this revisi n f
the AISC Seismic Pr visi ns represents the best available kn wledge t date.
These Pr visi ns were devel ped simultane usly and c peratively with the
revisi ns that the Building Seismic Safety C uncil (BSSC) will pr vide f r the
1997 NEHRP Pr visi ns (FEMA, 1997a). Acc rdingly, it is anticipated that
this d cument will f rm the basis f r steel seismic design pr visi ns in the
1997 NEHRP Pr visi ns as well as th se in the 2000 Internati nal Building
C de (IBC), which is currently under devel pment by the Internati nal C de
C uncil (ICC).

Structural steel building systems in seismic regi ns are generally expected t
dissipate seismic input energy thr ugh c ntr lled inelastic def rmati ns f the
structure. These Pr visi ns supplement the AISC LRFD Specificati n (AISC,
1993) f r such applicati ns. The seismic design f rces that are specified in the
building c des have been set with c nsiderati n f the energy dissipati n gen-
erated during inelastic resp nse.

1

Seismic Provisions for Structural Steel Buildings
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April 15, 1997

A j int venture f the Structural Engineers Ass ciati n f Calif rnia (SEAOC), Applied
Techn l gy (ATC), and Calif rnia Universities f r Research in Earthquake Engineering
(CUREe).
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The specificati ns, c des and standards referenced in Part I are listed with the
appr priate revisi n date that was used in the devel pment f Part I. While m st
f these d cuments are als referenced in the LRFD Specificati n, s me have

been revised since its publicati n in 1993.

In rder t design buildings t resist earthquake m ti ns, each building is cate-
g rized depending up n its ccupancy and use t establish the p tential earth-
quake hazard that it represents. The determinati n f the required strength f r
use in design differs significantly in each specificati n r building c de. The
primary purp se f these Pr visi ns is t pr vide the inf rmati n necessary
t determine the design strength f steel buildings. The f ll wing discussi n
pr vides a basic verview f the appr ach t categ rizati n f building struc-
tures that is taken in several f the seismic c des r specificati ns, as well as
the c rresp nding determinati n f the required strength and stiffness. F r the
variables required t assign Seismic Design Categ ries, limitati ns f height,
vertical and h riz ntal irregularities, site characteristics, etc., the Applicable
Building C de sh uld be c nsulted.

In the 1997 NEHRP Pr visi ns (FEMA, 1997a), buildings are assigned t ne
f three Seismic Use Gr ups, depending up n ccupancy r use. Gr up III in-

cludes essential facilities, while Gr ups II and I include facilities with a lesser
ass ciated degree f public hazard. Buildings are then assigned t a Seismic
Design Categ ry based up n the Seismic Use Gr up, the seismicity f the
site and the peri d f the building. Seismic Design Categ ries A, B and C
are generally applicable t buildings in areas f l w t m derate seismicity
and special seismic pr visi ns like th se in these Pr visi ns are n t mandat ry.
H wever, seismic pr visi ns are mandat ry in Seismic Design Categ ries D,
E and F, including c nsiderati n f system redundancy. Seismic Design Cat-
eg ry D is generally applicable t buildings in areas f high seismicity and
Seismic Use Gr up III buildings in areas f m derate seismicity. Seismic De-
sign Categ ries E and F are generally applicable t buildings in Seismic Use
Gr ups I and II and Seismic Use Gr up III, respectively, in areas f especially
high seismicity.

In ASCE 7 (ASCE, 1995), buildings are assigned t ne f f ur Occupancy
Gr ups. Gr up IV, f r example, includes essential facilities. Buildings are then
assigned t a Seismic Perf rmance Categ ry based up n the Occupancy Gr up
and the seismicity f the site. Seismic Design Categ ries A, B and C are gener-
ally applicable t buildings in areas f l w t m derate seismicity and special
seismic pr visi ns like th se in these Pr visi ns are n t mandat ry. H wever,
seismic pr visi ns are mandat ry in Seismic Design Categ ries D and E, which
c ver areas f high seismicity.

In the 1997 Unif rm Building C de (ICBO, 1997a) and the 1996 SEAOC Seis-
mic Pr visi ns Appendix C (SEAOC, 1996), buildings are assigned t Seismic
Design Categ ries based up n the Seismic Z ne, Imp rtance Fact r and S il
Pr file Type.

Commentary: Part I—Structural Steel Buildings
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The l ad fact rs and l ad c mbinati ns given herein and in LRFD Specificati n
Secti n A4.1 are c nsistent with th se given in ASCE 7 (ASCE, 1995), the
1997 NEHRP Pr visi ns (FEMA, 1997a) and the 1997 Unif rm Building C de
(ICBO, 1997a). It is als anticipated that they will be c nsistent with th se in
the 2000 Internati nal Building C de, which is currently under devel pment.
The m st n table m dificati n fr m l ad fact rs and l ad c mbinati ns in s me
earlier editi ns f these Pr visi ns is the reducti n f the l ad fact r n t
1.0, which is c nsistent with the limit-states l ad m del used in the current
l ad specificati ns. F r the design f structures subjected t impact l ads, see
LRFD Specificati n Secti n A4.2.

The earthquake l ad in ASCE 7, the 1997 NEHRP Pr visi ns and the 1997
Unif rm Building C de is the c mbinati n f the h riz ntal seismic l ad effect
and a simulated effect due t the vertical accelerati ns that w uld acc mpany
the h riz ntal earthquake effects.

The l ad fact rs and l ad c mbinati ns acc unt f r the likelih d that, when
several transient l ads act in c mbinati n with the dead l ad, such as in the
l ad case f r c mbined dead, live and earthquake l ads, tw r m re transient
l ads will n t each be at their maximum lifetime values c ncurrently. While ne
transient l ad is at its maximum lifetime value, ther transient l ads are taken
at their arbitrary-p int-in-time value, which is the magnitude f that particular
l ad that can be expected t act n the structure at any time. The m st critical
c mbined l ad effect may ccur when ne r m re l ads are n t acting.

An amplificati n fact r t the h riz ntal earthquake l ad is prescribed
f r limited use in L ad C mbinati ns 4-1 and 4-2, primarily t acc unt f r the
verstrength that is inherent in the type f system t be used when determining

the required strength f c nnecti ns.

The general relati nship between the different structural steel systems is illus-
trated in Table I-C4-1 based up n similar inf rmati n in the 1997 NEHRP Pr -
visi ns. is a seismic f rce reducti n fact r that is used t estimate the inherent
verstrength and ductility f the Seismic F rce Resisting System. is an am-

plificati n fact r that is used with the f rces f r strength design t calculate the
seismic drift. The use f these fact rs sh uld be c nsistent with that specified
in the Applicable Building C de with due c nsiderati n f the limitati ns and
m dificati ns that are necessary therein due t such issues as building categ ry,
building height, vertical r h riz ntal irregularities, and site characteristics.

St ry drift limits, like deflecti n limits, are c mm nly used in design t assure
the serviceability f the structure, alth ugh they are variable because they de-
pend up n the structural usage and c ntents. Such serviceability limit states
are regarded as a matter f engineering judgement rather than abs lute design
limits (Fisher and West, 1990) and n specific design requirements are given in
the LRFD Specificati n r these Pr visi ns.

Research has sh wn that st ry drift limits, alth ugh primarily related t service-
ability, als impr ve frame stability ( - ) and seismic perf rmance because f
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Special Concentrically Braced Frames (SCBF) 6 5
Ordinary Concentrically Braced Frames (OCBF) 5 4 /
Eccentrically Braced Frames (EBF)

with moment connections at columns away from link 8 4
without moment connections at columns away from link 7 4

Special Moment Frames (SMF) 8 5 /
Intermediate Moment Frames (IMF) 6 5
Ordinary Moment Frames (OMF) 4 3 /
Special Truss Moment Frames (STMF) 7 5 /

Special Concentrically Braced Frames (SCBF) 8 6 /
Ordinary Concentrically Braced Frames (OCBF) 6 5
Eccentrically Braced Frames (EBF)

with moment connections at columns away from link 8 4
without moment connections at columns away from link 7 4

Special Concentrically Braced Frames (SCBF) 6 5
Ordinary Concentrically Braced Frames (OCBF) 5 4 /

*OMF is permitted in lieu of IMF in Seismic Design Categories A, B and C.
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the resulting additi nal strength and stiffness. Alth ugh s me building c des,
l ad standards and res urce d cuments c ntain specific seismic drift limits,
there are maj r differences am ng them as t what limit is specified and h w
the limit is applied. Furtherm re, it is difficult t estimate the actual st ry drift
in many cases, such as in m ment frames that exhibit shear yielding f the
panel-z nes. Nevertheless, drift c ntr l is imp rtant t b th the serviceability
and the stability f the structure. As a minimum, the designer sh uld use the
drift limits specified in the Applicable Building C de.

The st ry drift limits in ASCE 7 (ASCE, 1995) and the 1997 NEHRP Pr visi ns
(FEMA, 1997a) are f r c mparis n t an amplified st ry drift that appr ximates
the difference in deflecti n between the t p and b tt m f the st ry under c n-
siderati n during a large earthquake. The amplified st ry drift is determined by
multiplying the h riz ntal c mp nent f the earthquake f rce by a deflecti n
amplificati n fact r , which is dependent up n the type f building system
used; see Table I-C4-1.

1
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1
2

1
2

1
2

1
2

1
2
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TABLE I-C4-1
Design Factors for Structural Steel Systems

d

R C
BASIC STRUCTURAL SYSTEM AND

SEISMIC FORCE RESISTING SYSTEM

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

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

Braced Frame Systems:

Moment Frame Systems:

Dual Systems with SMF capable of resisting 25 percent of V:

Dual Systems with IMF* capable of resisting 25 percent of V:
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The structural steels that are explicitly permitted f r use in seismic design have
been selected based up n their inelastic pr perties and weldability. In general,
they meet the f ll wing characteristics: (1) a rati f yield strength t tensile
strength n t greater than 0.85; (2) a pr n unced stress-strain plateau at the yield
strength; (3) a large inelastic strain capability (f r example, tensile el ngati n
f 20 percent r greater in a 2-in. gage length); and (4) g d weldability. Other

steels sh uld n t be used with ut evidence that the ab ve criteria are met.

In this revisi n, ASTM A53 and ASTM A913 Grades 50 and 65 have been in-
cluded in the list f explicitly permitted structural steels. ASTM A53 steel pipe
is ften used f r bracing members in braced frames and meets the ab ve criteria.
ASTM A913 has been accepted f r seismic applicati ns by the AISC C m-
mittee n Specificati ns and by the ICBO Lateral F rces C mmittee. ASTM
A913 Grade 65 is intended primarily f r use in c lumns, especially in m ment
frames where a str ng-c lumn/weak-beam (SC/WB) c ncept is empl yed; see
C mmentary Secti n C9.6.

Brittle fracture f beam-t -c lumn m ment c nnecti ns in the N rthridge
Earthquake resulted fr m a c mplex c mbinati n f variables. One f the
many c ntributing fact rs was the failure t rec gnize that actual beam yield
stresses are generally higher than the specified minimum yield stress , which
elevates the c nnecti n demand. In 1994, the Structural Shape Pr ducers
C uncil (SSPC) c nducted a survey t determine the characteristics f cur-
rent structural steel pr ducti n (SSPC, 1994). FEMA (1995) rec mmended
that the mean values f fr m the SSPC study be used in calculati ns f
demand n m ment c nnecti ns. It has been rec gnized subsequently that
the same verstrength c ncerns als apply t ther systems as well as t
m ment frames.

is the rati f expected yield strength t specified minimum yield
strength . It is used as a multiplier n the specified minimum yield strength
when calculating the required strength f c nnecti ns and ther members that
must withstand the devel pment f inelasticity in an ther member. The speci-
fied values f are s mewhat l wer than th se that can be calculated using the
mean values rep rted in the SSPC survey. Th se values were skewed s mewhat
by the inclusi n f a large number f smaller members, which typically have
higher measured yield strengths than the larger members c mm n in seismic
design. The given values are c nsidered t be reas nable averages, alth ugh it is
rec gnized that they are n t maxima. Alternatively, the expected yield strength

can be determined by testing c nducted in acc rdance with the requirements
f r the specified grade f steel. Refer t ASTM A370.

The higher values f f r ASTM A36 ( 1 5) and ASTM A572 Grade 42
( 1 3) W-shapes are indicative f currently bserved pr perties f these
grades f steel. If the material being used in design was pr duced several years
ag , it may be p ssible t use a reduced value f based up n testing f the
steel t be used r ther supp rting data (Galamb s and Ravindra, 1978).
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Overstrength is primarily f interest when the design strength f ne mem-
ber r c nnecting element must equal r exceed the expected strength f an-
ther member r c nnecting element. It is n t f interest, h wever, when the

required strength (Secti n 6.2) and design strength calculati ns are t be made
f r the same member r c nnecting element. Theref re, when b th the required
strength (Secti n 6.2) and the design strength calculati ns are made f r the same
member r c nnecting element, may als be applied in the determinati n f
the design strength.

The LRFD Specificati n requirements f r n tch t ughness c ver Gr ups 4 and
5 shapes and plate elements with thickness that is greater than r equal t 2 in. in
tensi n applicati ns. In these Pr visi ns, this requirement is extended t c ver:
(1) all Gr up 4 and 5 shapes that are part f the Seismic F rce Resisting Sys-
tem; (2) ASTM Gr up 3 shapes that are part f the Seismic F rce Resisting
System with flange thickness greater than r equal t 1 / in.; and, (3) plate ele-
ments with thickness greater than r equal t 1 / in. that are part f the Seismic
F rce Resisting System, such as the flanges f built-up girders. Because ther
shapes and plates are generally subjected t en ugh cr ss-secti nal reducti n
during the r lling pr cess that the resulting n tch t ughness will exceed that
required ab ve (Cattan, 1995), specific requirements have n t been included
herein.

F r r tary-straightened W-shapes, an area f reduced n tch t ughness has been
d cumented in a limited regi n f the web immediately adjacent t the flange
as illustrated in Figure C-6.1. Preliminary rec mmendati ns have been issued
(AISC, 1997) and AISC is currently expl ring the ass ciated implicati ns f r
design and c nstructi n. It is anticipated that rec mmendati ns will be f rth-
c ming, albeit after the publicati n f this d cument. F r this reas n, the reader
is enc uraged t maintain an awareness f AISC rec mmendati ns as they be-
c me available.

The p tential f r full reversal f design l ad and likelih d f inelastic def r-
mati ns f members and/ r c nnected parts necessitates that fully tensi ned
b lts be used in b lted j ints in the Seismic F rce Resisting System. H wever,
earthquake m ti ns are such that slip cann t be prevented in all cases, even with
slip-critical c nnecti ns. Acc rdingly, these Pr visi ns call f r b lted j ints t
be pr p rti ned as fully tensi ned bearing j ints but with faying surfaces pre-
pared as f r Class A r better slip-critical c nnecti ns. That is, b lted c nnec-
ti ns can be pr p rti ned with design strengths f r bearing c nnecti ns as l ng
as the faying surfaces are still prepared t pr vide a minimum slip c efficient

0 33. The resulting n minal am unt f slip resistance will minimize dam-
age in m re m derate seismic events. Additi nally, the sharing f design l ad
between welds and b lts n the same faying surface is n t permitted.

T prevent excessive def rmati ns f b lted j ints due t slip between the c n-
nected plies under earthquake m ti ns, the use f h les in b lted j ints in the
Seismic F rce Resisting System is limited t standard h les and sh rt-sl tted

Commentary: Part I—Structural Steel Buildings
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h les with the directi n f the sl t perpendicular t the line f f rce. An excep-
ti n is pr vided f r alternative h le types that are justified as a part f a tested
assembly.

T prevent excessive def rmati ns f b lted j ints due t bearing n the c n-
nected material, the bearing strength is limited by the def rmati n-c nsidered
pti n in LRFD Specificati n Secti n J3.10 ( 0 75 2 4 ). The

phil s phical intent f this limitati n in the LRFD Specificati n is t limit the
bearing def rmati n t an appr ximate maximum f / in. It sh uld be rec g-
nized, h wever, that the actual bearing f rce in a seismic event may be much
larger than that anticipated in design and the actual def rmati n f h les may
exceed this the retical limit. N netheless, this limit will effectively minimize
damage in m derate seismic events.

Tensi n r shear fracture, b lt shear, and bl ck shear rupture are examples f
limit states that generally result in n n-ductile failure f c nnecti ns. As such,
these limit states are undesirable as the c ntr lling limit state f r c nnecti ns
that are part f the Seismic F rce Resisting System. Acc rdingly, it is required
that c nnecti ns be c nfigured such that a ductile limit state in the member
r c nnecti n, such as yielding r bearing def rmati n, c ntr ls the design

strength.

The general requirements f r welded j ints are given in AWS D1.1 (AWS,
1996), wherein a Welding Pr cedure Specificati n (WPS) is required f r all

Seismic Provisions for Structural Steel Buildings
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welds. Appr val by the Engineer f Rec rd f the WPS t be used is required
in this Specificati n.

F r CJP gr ve-welded j ints in the Seismic F rce Resisting System, weld
metal n tch t ughness is required in these Pr visi ns. Alth ugh the

(FEMA, 1997b) indicates the acceptability f electr des
that pr vide a specified minimum t ughness f 20 ft-lbs at 0 degrees F, elec-
tr des with a specified minimum t ughness f 20 ft-lbs at minus 20 degrees
F have been utilized in m st testing t date. F r this reas n, and t acc unt
f r min r variati ns between manufacturer qualificati n testing and end-use
results, a specified minimum t ughness f 20 ft-lbs at minus 20 degrees F has
been c nservatively specified in these Pr visi ns. N te that it is n t the intent f
these Pr visi ns t require testing f either the welding pr cedure r pr ducti n
welds.

Many perati ns during fabricati n, erecti n, and the subsequent w rk f ther
trades have the p tential t create disc ntinuities in the Seismic F rce Resisting
System. When l cated in regi ns f p tential inelasticity, such disc ntinuities
are required t be repaired by the resp nsible subc ntract r as required by the
Engineer f Rec rd. Disc ntinuities sh uld als be repaired in ther regi ns
f the Seismic F rce Resisting System when the presence f the disc ntinuity

w uld therwise be detrimental t its perf rmance. The resp nsible subc ntrac-
t r sh uld pr p se a repair pr cedure f r the appr val f the Engineer f Rec rd.
Repair may be unnecessary f r s me disc ntinuities, subject t the appr val f
the Engineer f Rec rd.

The axial f rces that are generated during earthquake m ti ns in c lumns that
are part f the Seismic F rce Resisting System are expected t exceed th se
calculated using the c de-specified seismic f rces f r several reas ns, includ-
ing: (1) the reducti n in lateral f rce f r use in analysis f an elastic m del f
the structure; (2) the underestimati n f the verturning f rces in the analysis;
and (3) the c ncurrent ccurrence f vertical accelerati ns that are n t explic-
itly specified as a required l ad. The amplificati ns required in this Secti n
represent an appr ximati n f these acti ns and pr vide an upper b und f r
the required axial strength. L ad C mbinati ns 4-1 and 4-2 acc unt f r these
effects with a minimum required c mpressive strength and a minimum required
tensile strength, respectively, and are t be applied with ut c nsiderati n f any
c ncurrent flexural l ads n the c lumn. The term has been devel ped in
c njuncti n with the 1997 NEHRP Pr visi ns (FEMA, 1997a) t acc unt f r
these effects in a simplified f rm.

The excepti ns pr vided in Secti n 8.2c represent self-limiting c nditi ns
wherein the required axial strength need n t exceed the capability f the struc-
tural system t transmit axial l ads t the c lumn. F r example, because a
spread f ting f undati n can nly pr vide a certain resistance t uplift, there
is a limit t the f rce that the system can transmit t a c lumn. C nversely, the
uplift resistance f a pile f undati n that is designed primarily f r c mpressive
f rces may significantly exceed the required tensile strength f r the c lumn. If
s , this w uld n t represent a system strength limit.

Commentary: Part I—Structural Steel Buildings

C8. COLUMNS

C8.2. Column Strength

66

SAC
Interim Guideline

oV



v

o o o o o
o o

o o o
o o o o o

o o o o o o o
o o o o

o o o o o oo
o o o o o

o o

o o oo o o
o o o o

o o o o
o o o

o oo

o o o
o o

o o o o

o o o o o
o o oo o o

o o o o
o o o

o o
o o

o o
o o

o o o
o

o o o o o o o o
o o o o o
o o o o o o

o o o
o o o o o

o o o o o o
o o

o o
o

o o o o
o o o

o o o o o o o o
o o o o

o o o o o o o o
o o

o o o
o o o o o

The design strength f a c lumn splice is required t equal r exceed b th the
required strength determined in Secti n 8.2 and the required strength f r axial,
flexural and shear effects at the splice l cati n determined fr m LRFD Speci-
ficati n L ad C mbinati ns A4-1 thr ugh A4-6.

C lumn splices are required t be l cated away fr m the beam-t -c lumn c n-
necti n t reduce the effects f flexure. F r typical buildings, the 4-ft minimum
distance requirement will c ntr l. When l cated 4 t 5 ft ab ve the fl r level,
field erecti n and c nstructi n f the c lumn splice will generally be simplified
due t increased accessibility and c nvenience.

Partial-j int-penetrati n gr ve welded splices f thick c lumn flanges exhibit
virtually n ductility under tensile l ading (P p v and Steven, 1977; Bruneau
et al., 1987). In rec gniti n f this behavi r, a 100 percent increase in re-
quired strength is stipulated f r c lumn splices that are made with partial-j int-
penetrati n gr ve welds.

The calculati n f the minimum required strength in Secti n 8.3a.2, as revised,
includes the verstrength fact r . This results in a minimum required strength
that is n t less than 50 percent f the expected axial yield strength f the c lumn
flanges.

The p ssible ccurrence f tensile f rces in c lumn splices utilizing partial-
j int-penetrati n gr ve welds during a maximum pr bable earthquake sh uld
be c nsidered. When tensile f rces are p ssible, it is suggested that s me re-
straint be pr vided against relative lateral m vement between the spliced c l-
umn shafts. F r example, this can be achieved with the use f flange splice
plates. Alternatively, web splice plates that are wide en ugh t maintain the
general alignment f the spliced c lumns can be used. Shake-table experiments
have sh wn that, when c lumns that are unattached at the base reseat them-
selves after lifting, the perf rmance f a steel frame remains t lerable (Huck-
elbridge and Cl ugh, 1977).

These pr visi ns are applicable t c mm n frame c nfigurati ns. Additi nal
c nsiderati ns may be necessary when flexure d minates ver axial c mpres-
si n in c lumns in m ment frames, and in end c lumns f tall narr w frames
where verturning f rces can be very significant. The designer sh uld review
the c nditi ns f und in c lumns in buildings with tall st ry heights, when large
changes in c lumn sizes ccur at the splice, r when the p ssibility f c lumn
buckling in single curvature ver multiple st ries exists. In these and similar
cases, special c lumn splice requirements may be necessary f r minimum de-
sign strength and/ r detailing.

In the 1992 AISC Seismic Pr visi ns, beveled transiti ns between elements f
differing thickness and r width were n t generally required f r butt splices in
c lumns subject t seismic f rces. Alth ugh n c lumn splices are kn wn t
have failed in the N rthridge Earthquake r previ us earthquakes, this pr vi-
si n is n l nger c nsidered t be prudent given the c ncern ver stress c n-
centrati ns, particularly at welds. M ment frame systems are included in this
requirement because inelastic analyses c mm nly indicate that large m ments
can be expected at any p int al ng the c lumn length, despite the indicati ns f
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elastic analysis that m ments are l w at the mid-height f c lumns in m ment
frames that are subjected t lateral l ads. C lumn splices in braced frames can
als be subject t tensi n due t verturning effects. Acc rdingly, bevelled tran-
siti ns are required f r all systems with CJP gr ve-welded c lumn splices. An
excepti n t the requirements f r beveled transiti ns is pr vided when partial-
j int-penetrati n gr ve welds are acceptable.

These Pr visi ns include three types f steel m ment frames: Special M ment
Frames (SMF) in Secti n 9, Intermediate M ment Frames (IMF) (new) in Sec-
ti n 10, and Ordinary M ment Frames (OMF) in Secti n 11. The pr visi ns
f r these three m ment-frame types have been written t rec gnize the less ns
learned fr m the N rthridge and K be Earthquakes, and fr m the subsequent
research perf rmed by the SAC J int Venture f r FEMA. The reader is referred
t SAC (1995a thr ugh 1995g) and FEMA (1995, 1997a and 1997b) f r an
extensive discussi n f these less ns and rec mmendati ns t mitigate the c n-
diti ns bserved. C mmentary n specific pr visi ns in Secti n C9 is based
primarily n FEMA (1995) and FEMA (1997b).

The prescriptive m ment-frame c nnecti n that was included in the 1992 AISC
Seismic Pr visi ns was primarily based up n testing that was c nducted in the
early 1970s (P p v and Stephen, 1972) and indicated that, f r the sizes and
material strengths tested, a m ment c nnecti n with c mplete-j int-penetrati n
gr ve welded flanges and a welded r b lted web c nnecti n c uld acc mm -
date inelastic r tati ns in the range f 0.01 t 0.015 radians. It was judged by
engineers at the time that such r tati ns, which c rresp nded t building drifts
in the range f 2 t 2 / percent were sufficient f r adequate frame perf rmance.
As a result f the investigati ns that have been c nducted subsequently t the
N rthridge earthquake, it has been rec gnized that many changes t k place
in materials, welding, frame c nfigurati ns and member sizes in the years suc-
ceeding th se tests that make their results unsuitable as a basis f r current de-
signs. Additi nally, recent analyses using time hist ries fr m certain near-fault
earthquakes and including P- effects dem nstrate that drift demands signif-
icantly exceeding the previ usly assumed range are p ssible (Krawinkler and
Gupta, 1998).

The three frame types included in these Pr visi ns ffer three different levels f
expected seismic inelastic r tati n capability. SMF, IMF and OMF are designed
t acc mm date 0.03, 0.02 and 0.01 radians, respectively. If ne rec gnizes
that the elastic drift f typical m ment frames is usually in the range f 0.01
radians and that the inelastic r tati n f the beams is appr ximately equal t
the inelastic drift, it can be seen that these frames can acc mm date t tal drifts
in the range f 0.04, 0.03 and 0.02 radians, respectively. Additi nally, it can be
seen that even the inelastic r tati n capability expected f the OMF in these
Pr visi ns may be higher than that which can be acc mm dated reliably by
c nnecti ns, the tests f which f rmed the basis f previ us designs; thus, the
need f r impr ved pr visi ns f r m ment-frame c nnecti ns.

Alth ugh it is c mm n t visualize that the inelastic r tati ns in m ment frames
ccur at beam r c lumn “hinges”, analysis and testing pr vide clear evidence

that the inelastic r tati ns c nsist f a c mbinati n f the flexural def rmati ns

Commentary: Part I—Structural Steel Buildings
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at the hinges and shear def rmati ns f the panel-z nes, unless the c lumn webs
are unusually thick. The c ntributi n f the panel-z ne t inelastic r tati n
is c nsidered t be beneficial, pr vided that it is limited t a magnitude that
neither significantly kinks the c lumn flanges at the beam-flange-t -c lumn-
flange welds n r leads t significant c lumn damage. The am unt f panel-z ne
def rmati n that a given c nnecti n will have and h w much it will acc mm -
date can nly be determined by testing.

Based up n the rec mmendati ns in FEMA (1995) and FEMA (1997b), it is re-
quired in these Pr visi ns that c nnecti ns f r all three types f m ment frames
be based up n testing. An excepti n wherein testing is n t required is pr vided
f r OMF c nnecti ns, which can be pr p rti ned f ll wing a set f prescrip-
tive design rules that have been dem nstrated in testing t pr vide adequate
perf rmance. The intent in these Pr visi ns is n t t require specific tests f r
each design, except where the design is unique and there are n published r
therwise available tests that adequately represent the c nditi ns being used.

F r many c mm nly empl yed c mbinati ns f beam and c lumn sizes, there
are readily available test rep rts in publicati ns f AISC, FEMA, and thers,
including FEMA (1997c) and NIST/AISC (1998).

Special M ment Frames (SMF) are intended t pr vide f r significant inelas-
tic def rmati ns. As n ted ab ve, the intent is f r the maj rity f the inelastic
def rmati n t take place as r tati n in beam “hinges”, with s me inelastic de-
f rmati n permitted in the panel-z ne f the c lumn. As als n ted previ usly,
the c nnecti ns f r these frames are required t be based up n tests that dem n-
strate the capability f the c nnecti n t pr vide an inelastic r tati n f at least
0.03 radians under c nditi ns f the required l ading pr t c l. The ther pr -
visi ns are intended t limit r prevent panel-z ne dist rti n, c lumn hinging
and l cal buckling, any f which might lead t inadequate frame perf rmance
in spite f g d c nnecti n perf rmance.

This secti n describes the requirements f r the tested c nnecti ns as
n ted ab ve. Reference is made t Appendix S, which pr vides the
requirements f r testing that are applicable t tests perf rmed specifi-
cally f r the design being used, r t similar tests perf rmed by thers
f r which rep rts are available, and up n which the design is t be
based.

As n ted, extrap lati n and interp lati n are permitted when it can be
sh wn that similar c nditi ns exist. Specific guidance is pr vided in
Appendix S n extrap lati n and interp lati n f member sizes, and is
permitted t be based up n rati nal analysis. In any case, it is required
t be dem nstrated that each member, c nnecti n element, and j int
in the c nnecti n will be subjected t c nditi ns (e.g., stress distribu-
ti ns, dist rti ns, residual stresses, etc.) that are similar t th se f the
tested c nnecti ns that are used as the basis f the design. Of c urse,
the c nditi ns and quality f the actual c nstructi n f the c nnecti ns
is required t be similar t that rep rted f r the tests t achieve similar
perf rmance.

Seismic Provisions for Structural Steel Buildings
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Acceptance criteria f r c nnecti ns that are qualified by testing are
c ntained in these Pr visi ns and Appendix S. Alth ugh the accep-
tance decisi n usually f cuses n the level f plastic r tati n achieved,
the tendency f r c nnecti ns t degrade in strength as the def rmati n
level increases is als f c ncern. This type f behavi r can increase
b th the m ment demands fr m P- effects and the likelih d f frame
instability. In the absence f additi nal inf rmati n, it is believed that
the deteri rati n in flexural strength fr m at 0.03 radians sh uld
be limited t a level that is n t bel w , where is the maximum
m ment rec rded in the tests and is the n minal plastic flexural
strength based n the specified minimum yield strength as sh wn
in Figure C-9.1. When beam flange buckling r a Reduced Beam Sec-
ti n limits the strength, rather than the c nnecti n itself, deteri rati n
t 0 8 is permitted by excepti n in Secti n 9.2b.a.

The sec nd excepti n in Secti n 9.2b is intended t permit the use f
partially restrained (PR) c nnecti ns. It sh uld als be rec gnized that
truss m ment frames can be designed with b tt m-ch rd c nnecti ns
that can def rm inelastically and such frames are permitted as SMF if
all f the pr visi ns f Secti n 9 are met.

The required shear strength f the beam-t -c lumn j int is defined
as the summati n f the fact red gravity l ads and the shear that re-
sults fr m the required flexural strengths n the tw ends f the beam,
which can be determined as 1 1 . H wever, in s me cases, such
as when large gravity l ads ccur r when panel-z nes are weak, ra-
ti nal analysis may indicate that l wer c mbinati ns f end m ments
are justified.

Commentary: Part I—Structural Steel Buildings

Fig. C-9.1. Acceptable strength degradation during hysteretic behavior, per Section 9.26.
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Cyclic testing has dem nstrated that significant ductility can be btained
thr ugh shear yielding in c lumn panel-z nes thr ugh many cycles f
inelastic dist rti n (P p v et al., 1996; Slutter, 1981; Becker, 1971; Field-
ing and Huang, 1971; Krawinkler, 1978). C nsequently, it is n t generally
necessary t pr vide a panel-z ne that is capable f devel ping the full flexural
strength f the c nnected beams if the design strength f the panel-z ne can
be predicted. H wever, the usual assumpti n that V n Mises criteri n applies
and the shear strength is 0 55 d es n t match the actual behavi r bserved
in many tests int the inelastic range. Due t the presence f the c lumn
flanges, strain hardening and ther phen mena, panel-z ne shear strengths in
excess f have been bserved. Acc rdingly, Equati n 9-1 acc unts f r the
significant strength c ntributi n f thick c lumn flanges.

Equati n 9-1 represents a design strength in the inelastic range and, theref re,
is f r c mparis n t fact red l ads. In the 1991 Unif rm Building C de (ICBO,
1991), the minimum required panel-z ne shear strength was determined by
multiplying the service-l ad panel-z ne shear f rce by 1.85. In these Pr visi ns
and in the LRFD Specificati n, L ad C mbinati ns A4-5 and A4-6 are used t
determine the required panel-z ne shear strength. Because all f the effects f
panel-z ne yielding may n t be p sitive, is c nservatively specified in these
Pr visi ns as 0.75, which results in a reliability that is appr ximately equiva-
lent t that btained with the af rementi ned pr visi ns in the 1991 Unif rm
Building C de; is specified f r n n-seismic applicati ns as 0.9 in the LRFD
Specificati n.

As an upper limit, the design panel-z ne shear strength need n t exceed that
due t 80 percent f the summati n f the expected plastic m ments f
the beam(s) framing int the panel-z ne. The fact r f 80 percent is intended
t rec gnize that because f gravity l ads and the variati n in inflecti n p int
l cati ns bserved in inelastic analysis, it is unlikely that the full will ccur
n b th sides f a given c lumn at the same time. Additi nally, since panel-z ne

yielding within limits is a relatively benign event, and since web d ubler plates
are expensive and c ntribute t p ssibly undesirable shrinkage, dist rti n and
residual stress c nditi ns, it w uld be t c nservative t use the full summati n
f .

T minimize shear buckling f the panel-z ne during inelastic def rmati ns, the
minimum panel-z ne thickness is set at ne-ninetieth f the sum f its depth
and width. Thus, when the c lumn web and web d ubler plate(s) each meet
the requirements f Equati n 9-2, their interc nnecti n with plug welds is n t
required. Otherwise, the c lumn web and web d ubler plate(s) can be interc n-
nected with plug welds as illustrated in Figure C-9.2 and the t tal panel-z ne
thickness can be used in Equati n 9-2.

In the 1992 AISC Seismic Pr visi ns, it was required that web d ubler plates be
placed directly against the c lumn web in all cases. In this revisi n, it is permit-
ted as an alternative t place web d ubler plates symmetrically in pairs spaced
away fr m the c lumn web. In the latter c nfigurati n, b th the web d ubler
plates and the c lumn web are required t all independently meet Equati n 9-2
in rder t be c nsidered as effective.

Seismic Provisions for Structural Steel Buildings

C9.3. Panel-zone of Beam-to-Column Connection
(Beam web parallel to column web)
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Web d ubler plates may extend between t p and b tt m c ntinuity plates that
are welded directly t the c lumn web and web d ubler plate r they may extend
ab ve and bel w t p and b tt m c ntinuity plates that are welded t the d ubler
plate nly. In the f rmer case, the welded j int c nnecting the c ntinuity plate t
the c lumn web and web d ubler plate is required t be c nfigured t transmit
the pr p rti nate f rce fr m the c ntinuity plate t each element f the panel-
z ne. In the latter case, the welded j int c nnecting the c ntinuity plate t the
web d ubler plate is required t be sized t transmit the f rce fr m the c ntinuity
plate t the web d ubler plate and the web d ubler plate thickness and welding
is required t be selected t transmit this same f rce.

The shear f rces transmitted t the web d ubler plate fr m the c ntinuity plates
are equilibrated by shear f rces al ng the c lumn-flange edges f the web d u-
bler plate. Because it is anticipated that the panel-z ne will yield in a seismic
event, the welds c nnecting the web d ubler plate t the c lumn flanges are
required t be sized t devel p the shear strength f the full web d ubler plate
thickness. Either a c mplete-j int-penetrati n gr ve-welded j int r a fillet-
welded j int can be used as illustrated in Figure C-9.3.

The beneficial r le f panel-z ne def rmati n in dissipating energy fr m earth-
quakes has been rep rted in numer us tests as described ab ve. H wever, recent
tests appear t dem nstrate that excessive panel-z ne def rmati ns may lead t
beam flange-t -c lumn flange j int failure at l wer than anticipated levels f
plastic r tati n (P p v et al., 1996) due t l cal bending f the c lumn flange

Commentary: Part I—Structural Steel Buildings

Fig. C-9.2.

72



a)

b) 

c)

Groove-Welded (see K-Area
Discussion, Section C6.3)

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

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

t

eq.

eq.

t
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Fig. C-9.3. Web doubler plates.
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adjacent t the weld c nnecting the c lumn t the beam flange. The line between
acceptable and excessive panel-z ne def rmati n has n t been clearly defined.
Theref re at this time n change in the determinati n f the n minal panel-z ne
shear strength has been made.

The use f diag nal stiffeners f r strengthening and stiffening f the panel-
z ne has n t been adequately tested f r l w-cycle reversed l ading int the
inelastic range. Thus n specific rec mmendati ns are made at this time f r
special seismic requirements f r this detail.

T pr vide f r reliable inelastic def rmati ns, the width-thickness rati s f pr -
jecting elements sh uld be within th se that pr vide a cr ss-secti n that is re-
sistant t l cal buckling int the inelastic range. Alth ugh the width-thickness
rati s f r c mpact elements in LRFD Specificati n Table B5.1 are sufficient t
prevent l cal buckling bef re the nset f yielding, the available test data sug-
gests that these limits are n t adequate f r the required inelastic perf rmance
in SMF. The limits given in Table I-9-1 are deemed adequate f r ductilities t
6 r 7 (Sawyer, 1961; Lay, 1965; Kemp, 1986; Bansal, 1971).

When subjected t seismic f rces, an interi r c lumn (i.e., ne with adjacent
m ment c nnecti ns t b th flanges) in a m ment frame receives a tensile flange
f rce n ne flange and a c mpressive flange f rce n the pp site side. When
stiffeners are required, it is n rmal t place a full-depth transverse stiffener
n each side f the c lumn web. As this stiffener pr vides a l ad path f r the

flanges n b th sides f the c lumn, it is c mm nly called a c ntinuity plate.
The stiffener als serves as a b undary t the very highly stressed panel-z ne.
When the f rmati n f a plastic hinge is anticipated adjacent t the c lumn, the
required strength is the flange f rce that is exerted when the full beam plas-
tic m ment has been reached, including the effects f verstrength and strain
hardening, as well as shear amplificati n fr m the hinge l cati n t the c lumn
face.

P st-N rthridge studies have sh wn that even when c ntinuity plates f sub-
stantial thickness are used, inelastic strains acr ss the weld f the beam flange
t the c lumn flange are substantially higher pp site the c lumn web than
they are at the flange tips. S me studies have indicated c ncentrati ns higher
than 4, which can cause the weld stress at the center f the flange t exceed
its tensile strength bef re the flange f rce exceeds its yield strength based n
a unif rm average stress. This c nditi n will be exacerbated if relatively thin
c ntinuity plates are used r if c ntinuity plates are mitted entirely. F r this
reas n, the use f c ntinuity plates is rec mmended in all cases unless tests
have sh wn that ther design features f a given c nnecti n are s effective in
reducing r redistributing flange stresses that the c nnecti n will w rk with ut
them.

Given the stress distributi n cited ab ve, there is little justificati n f r s me f
the ld rules f r sizing and c nnecting c ntinuity plates, such as selecting its
thickness equal t ne-half the thickness f the beam flange. On the ther hand,
the use f excessively thick c ntinuity plates will likely result in large residual

Commentary: Part I—Structural Steel Buildings

C9.4. Beam and Column Limitations

C9.5. Continuity Plates
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stresses, which may similarly be detrimental. Because f the ab ve apparently
c nflicting c ncepts, it is judged that c ntinuity plate usage and sizing sh uld
be based n tests.

The str ng-c lumn weak-beam (SC/WB) c ncept is perhaps ne f the least-
underst d seismic pr visi ns in steel design. S me engineers believe that it is
f rmulated t prevent any c lumn flange yielding in a frame and that if such
yielding ccurs, the c lumn will fail. This is n t the case, as tests have sh wn
that yielding f c lumns in m ment frame subassemblages d es n t reduce the
lateral strength at the expected seismic displacement levels.

The SC/WB c ncept represents m re f a gl bal frame c ncern than a c n-
cern at the interc nnecti ns f individual beams and c lumns. Schneider et al.
(1991) and R eder (1987) sh wed that the real benefit f the SC/WB c ncept
is that the c lumns are generally str ng en ugh t f rce flexural yielding in
beams in multiple levels f the frame, thereby achieving a higher level f en-
ergy dissipati n. Weak c lumn frames, n the ther hand, are likely t exhibit
undesirable resp nse, particularly inelastic weak r s ft st ries, at th se levels
with the highest c lumn demand t capacity rati s.

It sh uld be n ted that c mpliance with the SC/WB c ncept and Equati n 9-3
gives n assurance that individual c lumns will n t yield, even when all c nnec-
ti n l cati ns in the frame c mply. It can be sh wn with n nlinear analysis that,
as the frame def rms inelastically, p ints f inflecti n shift and the distributi n
f m ments varies fr m the idealized c nditi n. N netheless, it is believed that

yielding f the beams rather than c lumns will pred minate and the desired
inelastic perf rmance will be achieved in frames c mp sed f members that
meet the requirement in Equati n 9-3.

Equati n 9-3 is s mewhat m re c mplex than the f rmulati n that was used
in the 1992 AISC Seismic Pr visi ns wherein the beam/c lumn intersecti n
was idealized as a p int at the intersecti n f the member centerlines. Because
p st-N rthridge beam-t -c lumn m ment c nnecti ns are generally c nfig-
ured t shift the plastic hinge l cati n int the beam away fr m the c lumn
face, a m re general f rmulati n was needed. Rec gniti n f p tential beam
verstrength (see C mmentary Secti n C6.2) is als inc rp rated int Equa-

ti n 9-3.

The excepti ns wherein framing members need n t meet the requirement in
Equati n 9-3 are given in Secti ns 9.6a and 9.6b. The c mpactness require-
ments in Secti n 9.4 are required t be met f r c lumns in these excepti ns
because it is expected that flexural yielding will ccur in the c lumns.

In Secti n 9.6a, c lumns with l w axial l ads that are used in ne-st ry build-
ings r in the t p st ry f a multi-st ry building need n t meet Equati n 9-3
because c ncerns f r inelastic s ft r weak st ries are f n significance in such
cases. Als excepted are prescribed percentages f c lumns that are l w en ugh
that, in the pini n f the C mmittee, perf rmance will n t be undesirable, yet
high en ugh t pr vide reas nable flexibility t acc unt f r c nditi ns where
the requirement in Equati n 9-3 w uld be impractical, such as at a large transfer
girder.

Seismic Provisions for Structural Steel Buildings

C9.6. Column-Beam Moment Ratio
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In Secti n 9.6b, an excepti n is pr vided f r c lumns in levels that are signif-
icantly str nger than in the level ab ve since c lumn yielding w uld theref re
be unlikely at that level.

C lumns are required t be braced t prevent r tati n ut f the plane f the
m ment frame, particularly if inelastic behavi r is expected in r adjacent t
the beam-t -c lumn c nnecti n during high seismic activity.

Restrained C nnecti ns: Beam-t -c lumn c nnecti ns are usually re-
strained laterally by the fl r r r f framing. When this is the case
and it can be sh wn that the c lumn remains elastic utside f the
panel-z ne, lateral supp rt f the c lumn flanges is required nly at
the level f the t p flanges f the beams. Alth ugh arbitrary, the tw
criteria given t dem nstrate that the c lumn remains elastic are rea-
s nable. If it cann t be sh wn that the c lumn remains elastic, lateral
supp rt is required at b th the t p and b tt m beam flanges because
f the p tential f r flexural yielding f the c lumn.

The required strength f r lateral supp rt at the beam-t -c lumn c n-
necti n is 2 percent f the n minal strength f the beam flange. In
additi n, the element(s) pr viding lateral supp rt are required t have
adequate stiffness t inhibit lateral m vement f the c lumn flanges
(Bansal, 1971). In s me cases, a bracing member will be required f r
such lateral supp rt. Alternatively, it may be sh wn that adequate lat-
eral supp rt can be pr vided by the c lumn web and c ntinuity plates
r by the beam flanges.

Unrestrained C nnecti ns: Unrestrained c nnecti ns ccur in special
cases, such as in tw -st ry frames, at mechanical fl rs r in atriums
and similar architectural spaces. When such c nnecti ns ccur, the
p tential f r ut- f-plane buckling at the c nnecti n sh uld be mini-
mized. Three pr visi ns are given f r the c lumns t assure that this
buckling d es n t ccur.

The general requirements f r lateral supp rt f beams are given in LRFD Spec-
ificati n Chapter F. In m ment frames, the beams are nearly always bent in
reverse curvature between c lumns unless ne end is pinned. Using a plastic
design m del as a guide and assuming that the m ment at ne end f a beam
is and a pinned end exists at the ther, LRFD Specificati n Equati n F1-1
indicates a maximum distance between p ints f lateral supp rt f 3,600 / .
H wever, there remains the uncertainty f the l cati ns f plastic hinges due
t earthquake m ti ns. C nsequently, the maximum distance between p ints f
lateral supp rt is c nservatively specified as 2,500 / f r b th t p and b tt m
flanges.

An Intermediate M ment Frame (IMF) is a new categ ry f m ment frame that
is intended t pr vide inelastic r tati n capability that is intermediate between

Commentary: Part I—Structural Steel Buildings

C9.7. Beam-to-Column Connection Restraint

C9.7a.

C9.7b.

C9.8. Lateral Support of Beams

C10. INTERMEDIATE MOMENT FRAMES (IMF)

C10.1. Scope
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that pr vided by SMF and OMF. It is intended that IMF will n t require the
larger plastic r tati ns expected f SMF, because f the use f m re r larger
framing members than f r a c mparably designed SMF, r because f use in
l wer seismic z nes. Except f r the difference in required c nnecti n r tati n
capacity, the pr visi ns f r IMF’s are identical t th se f r SMF’s with a few
excepti ns. Refer t C mmentary Secti n 9 f r additi nal inf rmati n.

The minimum plastic r tati n capability required f r IMF is 2 percent while
that f r SMF is 3 percent. This level f plastic r tati n has been established f r
this type f frame based up n engineering judgment applied t available tests
and analytical studies (FEMA, 1995; SAC, 1995d)

In rec gniti n f the l wer anticipated inelastic def rmati ns f r IMF, beam
flange bracing is permitted t be spaced at wider intervals than th se required
f r SMF. This slightly liberalized requirement will make lateral buckling m re
likely sh uld larger-than-expected levels f plastic r tati n ccur.

Ordinary M ment Frames (OMF) are intended t pr vide f r limited levels f
inelastic r tati n capability. It is intended that OMF will n t require the larger
plastic r tati ns expected f SMF and IMF, because f the use f m re r larger
framing members than f r a c mparably designed SMF r IMF, r because f
use in l wer seismic z nes. Because little inelastic acti n is required, many f
the restricti ns applied t SMF and IMF are n t applied t OMF.

Even th ugh the inelastic r tati n demands n OMF are expected t be l w, the
N rthridge Earthquake damage dem nstrated that little, if any, inelastic r ta-
ti nal capacity was available in the c nnecti n prescribed by the c des pri r t
1994. Thus, even f r OMF, new c nnecti n requirements are needed, and these
are pr vided in this secti n.

The pr visi ns f this secti n are intended t pr vide c nnecti ns with the ca-
pability f at least 0.01 radian cyclic inelastic r tati n. In lieu f the specific
requirements f this secti n, the designer may empl y c nnecti ns with tested
capability t pr vide the required r tati n.

The specific requirements given f r c nnecti ns are given f r b th FR and
PR m ment c nnecti ns. F r FR m ment c nnecti ns, a minimum calculated
strength f 1 1 is required t rec gnize p tential verstrength and strain
hardening. Additi nally, detailing enhancements are required that have been
dem nstrated by tests t significantly impr ve the c nnecti n perf rmance ver
the practices empl yed bef re N rthridge (Kaufmann et al., 1996; Xue et al.,
1996).

These tests c nsisted f five full-scale dynamic cyclic tests using a W14x311
c lumn (ASTM A572 Grade 50) and W36x150 beam (ASTM A36). In addi-
ti n, small-scale tensi n specimens were tested t simulate the welded beam

Seismic Provisions for Structural Steel Buildings

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

C10.8. Lateral Support at Beams

C11. ORDINARY MOMENT FRAMES (OMF)

C11.1. Scope

C11.2. Beam-to-Column Joints and Connections
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flange t c lumn flange j int in the full-scale tests. These tests were c nducted
using weld metals with different n tch t ughness characteristics, different
backing bar treatment, different web c nnecti ns and with r with ut c nti-
nuity plates. It was dem nstrated that impr ved perf rmance int the inelastic
range can be btained with the f ll wing impr vements ver the prescriptive
pre-N rthridge c nnecti n detail: (1) the use f n tch-t ugh weld metal; (2)
the rem val f backing bars, backg uging f the weld r t, and rewelding with
a reinf rcing fillet weld; (3) the use f a welded web c nnecti n; and (4) the
use f c ntinuity plates.

S me f the c nnecti ns tested in this series appeared t perf rm well en ugh t
have qualified f r use in SMF. H wever, at this time, it is judged that such c n-
necti ns may n t deliver such perf rmance with a reliability that is acceptable
f r applicati ns ther than OMF.

F r inf rmati n n b lted m ment end-plate c nnecti ns in seismic applica-
ti ns, refer t Meng and Murray (1997).

F r inf rmati n n PR c nnecti ns, the reader is referred t the literature, in-
cluding the w rk f Le n (Le n, 1990; Le n and Ammerman, 1990; Le n and
F rcier, 1992).

Selected schematic illustrati ns f p tential str ng-axis m ment c nnecti ns
are given in Figure C-11.1. A welded beam-t -c lumn m ment c nnecti n in a
str ng-axis c nfigurati n that is similar t the ne tested at Lehigh University
is illustrated in Figure C-11.1(d). This detail may be suitable f r use in OMF
with similar member sizes and ther c nditi ns.

F r all welded OMF c nnecti ns that are n t based up n tests, c ntinuity plates
are required. See C mmentary Secti n C9.5.

Truss-girder m ment frames have ften been designed with little r n regard
f r ductility. Research has sh wn that such truss m ment frames have very
p r hysteretic behavi r with large, sudden reducti ns in strength and stiffness
due t buckling and fracture f web members pri r t r early in the dissi-
pati n f energy thr ugh inelastic def rmati ns (Itani and G el, 1991; G el
and Itani, 1994a). The resulting hysteretic degradati n as illustrated in Fig-
ure C-12.1 results in excessively large st ry drifts in building frames subjected
t earthquake gr und m ti ns with peak accelerati ns n the rder f 0 4 t
0 5 .

The research w rk led t the devel pment f special truss girders that limit
inelastic def rmati ns t a special segment f the truss (Itani and G el, 1991;
G el and Itani, 1994b; Basha and G el, 1994). As illustrated in Figure C-12.2,
the ch rds and web members (arranged in an X pattern) f the special segment
are designed t withstand large inelastic def rmati ns, while the rest f the
structure remains elastic. Special Truss M ment Frames (STMF) have been
validated by extensive testing f full-scale subassemblages with st ry-high
c lumns and full-span special truss girders. As illustrated in Figure C-12.3,

Commentary: Part I—Structural Steel Buildings

C11.3. Continuity Plates

C12. SPECIAL TRUSS MOMENT FRAMES (STMF)

C12.1. Scope
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STMF are ductile with stable hysteretic behavi r f r a large number f cycles
up t 3 percent st ry drifts. Furtherm re, inelastic dynamic time hist ry anal-
yses sh w that STMF resp nse can be significantly superi r t that f SMF
using s lid-web members when b th systems are subjected t the same lateral
f rces.

Because STMF are relatively new and unique, the span length and depth f the
truss girders are limited at this time t the range used in the test pr gram.

Seismic Provisions for Structural Steel Buildings

Fig. C-11.1.
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Fig. C-12.1. Strength degradation in undetailed truss girder.

Fig. C-12.2. Cross-braced truss
girder in STMF.
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It is desirable t l cate the STMF special segment near mid-span f the truss
girder because shear due t gravity l ads is generally l wer in that regi n. The
l wer limit n special segment length f 10 percent f the truss span length
pr vides a reas nable limit n the ductility demand, while the upper limit f 50
percent f the truss span length represents m re f a practical limit.

Because it is intended that the special segment yield ver its full length, n ma-
j r structural l ads sh uld be applied within the length f the special segment.
Acc rdingly, a restrictive upper limit is placed n the axial f rce in diag nal
web members due t gravity l ads applied directly within the special segment.

STMF are intended t dissipate energy thr ugh flexural yielding f the ch rd
members and axial yielding and buckling f the diag nal web members in the
special segment. It is desirable t pr vide certain minimum shear strength in the
special segment thr ugh flexural yielding f the ch rds members and limiting
the axial f rce t a certain maximum value. Plastic analysis can be used t
determine the required shear strength f the truss special segments under the
fact red earthquake l ad c mbinati n.

STMF are required t be designed t maintain elastic behavi r f the truss mem-
bers, c lumns, and all c nnecti ns, except f r the members f the special seg-
ment that are inv lved in the f rmati n f the yield mechanism. Theref re, all
members and c nnecti ns that are t remain elastic are required t be designed
f r the c mbinati n f gravity l ads and lateral f rces that are necessary t
devel p the maximum expected n minal shear strength f the special segment

in its fully yielded and strain-hardened state. Thus, Equati n 12-1, as f r-
mulated, acc unts f r uncertainties in the actual yield strength f steel and the
effects f strain hardening f yielded web members and hinged ch rd members.
It is based up n appr ximate analysis and test results f special truss girder

Seismic Provisions for Structural Steel Buildings

Fig. C-12.3. Hysteretic behavior of STMF.

C12.2. Special Segment

C12.3. Nominal Strength of Special Segment Members

C12.4. Nominal Strength of Non-Special Segment Members
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assemblies that were subjected t st ry drifts up t 3 percent (Basha and G el,
1994). Tests n axially l aded members have sh wn that 0 3 is representa-
tive f the average n minal p st-buckling strength under cyclic l ading.

The ductility demand n diag nal web members in the special segment can be
rather large. Flat bars are suggested at this time because f their high ductility.
Tests (Itani and G el, 1991) have sh wn that single angles with width-thickness
rati s that are less than 30/ als p ssess adequate ductility f r use as web
members in an X c nfigurati n. Ch rd members in the special segment are re-
quired t be c mpact cr ss-secti ns t facilitate the f rmati n f plastic hinges.

The t p and b tt m ch rds are required t be laterally braced t pr vide f r the
stability f the special segment during cyclic yielding. The lateral bracing limit
f r flexural members as specified in the LRFD Specificati n has been f und
t be adequate f r this purp se.

C ncentrically braced frames are th se braced frames in which the centerlines
f members that meet at a j int intersect at a p int t f rm a vertical truss sys-

tem that resists lateral f rces. A few c mm n types f c ncentrically braced
frames are sh wn in Figure C-13.1, including diag nally braced, cr ss-braced
(X), V-braced ( r inverted-V-braced) and K-braced c nfigurati ns. Because f
their ge metry, c ncentrically braced frames pr vide c mplete truss acti n with
members subjected primarily t axial f rces in the elastic range. H wever, dur-
ing a m derate t severe earthquake, the bracing members and their c nnecti ns
are expected t underg significant inelastic def rmati ns int the p st-buckling
range.

Since the initial ad pti n f c ncentrically braced frames int seismic design
c des, m re emphasis has been placed n increasing brace strength and stiff-
ness, primarily thr ugh the use f higher design f rces in rder t minimize

Commentary: Part I—Structural Steel Buildings

Fig. C-13.1. Examples of concentric bracing configurations.

C12.5. Compactness

C12.6. Lateral Bracing

C13. SPECIAL CONCENTRICALLY BRACED FRAMES (SCBF)

C13.1. Scope
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inelastic demand. M re recently, requirements f r ductility and energy dissipa-
ti n capability have als been added. Acc rdingly, pr visi ns f r Special C n-
centrically Braced Frames (SCBF), a new categ ry, have been added. SCBF
are intended t exhibit stable and ductile behavi r in the event f a maj r earth-
quake. Earlier design pr visi ns have been retained f r Ordinary C ncentrically
Braced Frames (OCBF) in Secti n 14.

During a severe earthquake, bracing members in a c ncentrically braced frame
are subjected t large def rmati ns in cyclic tensi n and c mpressi n int the
p st-buckling range. As a result, reversed cyclic r tati ns ccur at plastic hinges
in much the same way as they d in beams and c lumns in m ment frames. In
fact, braces in a typical c ncentrically braced frame can be expected t yield
and buckle at rather m derate st ry drifts f ab ut 0.3 percent t 0.5 percent.
In a severe earthquake, the braces c uld underg p st-buckling axial def r-
mati ns 10 t 20 times their yield def rmati n. In rder t survive such large
cyclic def rmati ns with ut premature failure the bracing members and their
c nnecti ns are required t be pr perly detailed.

Damage during past earthquakes and that bserved in lab rat ry tests f c n-
centrically braced frames has generally resulted fr m the limited ductility and
c rresp nding brittle failures, which are usually manifested in the fracture f
c nnecti n elements r bracing members. The lack f c mpactness in braces re-
sults in severe l cal buckling, the resulting high c ncentrati n f flexural strains
at these l cati ns and reduced ductility. Braces in c ncentrically braced frames
are subject t severe l cal buckling, with diminished effectiveness in the n n-
linear range at l w st ry drifts. Large st ry drifts that can result fr m early brace
fractures can imp se excessive ductility demands n the beams and c lumns,
r their c nnecti ns.

Research has dem nstrated that c ncentrically braced frames, with pr per c n-
figurati n, member design and detailing can p ssess ductility far in excess f
that previ usly ascribed t such systems. Extensive analytical and experimen-
tal w rk by G el and thers has sh wn that impr ved design parameters, such
as limiting width/thickness rati s (t minimize l cal buckling), cl ser spacing
f stitches and special design and detailing f end c nnecti ns greatly impr ve

the p st-buckling behavi r f c ncentrically braced frames. The design require-
ments f r SCBF are based n th se devel pments.

Previ us requirements f r c ncentrically braced frames s ught reliable behav-
i r by limiting gl bal buckling. Cyclic testing f diag nal bracing systems ver-
ifies that energy can be dissipated after the nset f gl bal buckling if brittle
failures due t l cal buckling, stability pr blems and c nnecti n fractures are
prevented. When pr perly detailed f r ductility as prescribed in these Pr vi-
si ns, diag nal braces can sustain large inelastic cyclic def rmati ns with ut
experiencing premature failures.

Analytical studies (Tang and G el, 1987; Hassan and G el, 1991) n bracing
systems designed in strict acc rdance with earlier c de requirements f r c n-
centrically braced frames predicted brace failures with ut the devel pment f
significant energy dissipati n. Failures ccurred m st ften at plastic hinges (l -
cal buckling due t lack f c mpactness) r in the c nnecti ns. Plastic hinges
n rmally ccur at the ends f a brace and at the brace midspan. Analytical

Seismic Provisions for Structural Steel Buildings83
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m dels f bracing systems that were designed t ensure stable ductile behavi r
when subjected t the same gr und m ti n rec rds as the previ us c ncentri-
cally braced frame designs exhibited full and stable hysteresis with ut fracture.
Similar results were bserved in full-scale tests by Wallace and Krawinkler
(1985) and Tang and G el (1989).

F r d uble-angle and d uble-channel braces, cl ser stitch spacing, in additi n
t m re stringent c mpactness criteria, is required t achieve impr ved ductility
and energy dissipati n. This is especially critical f r d uble-angle and d uble-
channel braces that buckle s that large shear f rces are imp sed n the stitches.
Studies als sh wed that placement f d uble angles in a t e-t -t e c nfigura-
ti n reduces bending strains and l cal buckling (Aslani and G el; 1991).

Many f the failures rep rted in c ncentrically braced frames due t str ng
gr und m ti ns have been in the c nnecti ns. Similarly, cyclic testing f spec-
imens designed and detailed in acc rdance with typical pr visi ns f r c ncen-
trically braced frames has pr duced c nnecti n failures (Astaneh et al., 1986).
Alth ugh typical design practice has been t design c nnecti ns nly f r axial
l ads, g d p st-buckling resp nse demands that eccentricities be acc unted
f r in the c nnecti n design, which sh uld be based up n the maximum f rces
the c nnecti n may be required t resist. G d c nnecti n perf rmance can
be expected if the effects f brace member cyclic p st-buckling behavi r are
c nsidered (G el, 1992c).

F r brace buckling in the plane f the gusset plates, the end c nnecti ns sh uld
be designed f r the full axial l ad and flexural strength f the brace (Astaneh
et al., 1986). N te that a realistic value f sh uld be used t represent the
c nnecti n fixity.

F r brace buckling ut f the plane f single plate gussets, weak-axis bending
in the gusset is induced by member end r tati ns. This results in flexible end
c nditi ns with plastic hinges at midspan in additi n t the hinges that f rm
in the gusset plate. Satisfact ry perf rmance can be ensured by all wing the
gusset plate t devel p restraint-free plastic r tati ns. This requires that the
free length between the end f the brace and the assumed line f restraint f r
the gusset be sufficiently l ng t permit plastic r tati ns, yet sh rt en ugh t
preclude the ccurrence f plate buckling pri r t member buckling. A length
f tw times the plate thickness is rec mmended (Astaneh et al., 1986). See

als Figure C-13.2. Alternatively, c nnecti ns with stiffness in tw directi ns,
such as cr ssed gusset plates, can be detailed. Test results indicate that f rcing
the plastic hinge t ccur in the brace rather than the c nnecti n plate results in
greater energy dissipati n capacity (Lee and G el, 1987).

Since the stringent design and detailing requirements f r SCBF are expected
t pr duce m re reliable perf rmance when subjected t high energy demands
imp sed by severe earthquakes, the design f rce level has been reduced bel w
that required f r OCBF.

Bracing c nnecti ns sh uld n t be c nfigured in such a way that beams r
c lumns f the frame are interrupted t all w f r a c ntinu us brace element.
This pr visi n is necessary t impr ve the ut- f-plane stability f the bracing
system at th se c nnecti ns.

Commentary: Part I—Structural Steel Buildings84
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The slenderness ( / ) limit has been raised t 1000/ f r SCBF.
The m re restrictive limit f 720/ as specified f r OCBF in Sec-
ti n 14.2a is n t necessary when the bracing members are detailed
f r ductile behavi r. Tang and G el (1989) and G el and Lee (1992)
sh wed that the p st-buckling cyclic fracture life f bracing mem-
bers generally decreases with an increase in slenderness rati . An up-
per limit is pr vided t maintain a reas nable level f c mpressive
strength.

The brace strength reducti n fact r f 0.8 as specified in Secti n 14.2b
f r OCBF has little influence n the seismic resp nse f c ncentrically
braced frames when ductile behavi r is ensured as f r SCBF.

This pr visi n attempts t balance the tensile and c mpressive resis-
tance acr ss the width and breadth f the building since the buckling
and p st-buckling strength f the bracing members in c mpressi n can
be substantially less than that in tensi n. G d balance helps prevent
the accumulati n f inelastic drifts in ne directi n. An excepti n is
pr vided f r cases where the bracing members are sufficiently ver-
sized t pr vide essentially elastic resp nse.

Width-thickness rati s f c mpressi n elements in bracing members
have been reduced t be at r bel w the requirements f r c mpact

Seismic Provisions for Structural Steel Buildings

Fig. C-13.2. Brace-to-gusset plate requirement for buckling
out-of-plane bracing system.

C13.2. Bracing Members

C13.2a.

C13.2b.

C13.2c.

C13.2d.
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secti ns in rder t minimize the detrimental effects f l cal buckling
and subsequent fracture during repeated inelastic cycles. Tests have
sh wn this failure m de t be especially prevalent in rectangular HSS
with width-thickness rati s larger than the prescribed limits (Hassan
and G el, 1991; Tang and G el, 1989).

Cl ser spacing f stitches and higher stitch strength requirements are
specified f r built-up bracing members in SCBF (Aslani and G el,
1991; Xu and G el, 1990) than th se specified in Secti n 14.2e f r
OCBF. These are intended t restrict individual element bending be-
tween the stitch p ints and c nsequent premature fracture f bracing
members. Wider spacing is permitted under excepti n when buckling
d es n t cause shear in the stitches. B lted stitches are n t permitted
within ne-f urth f the clear brace length as the presence f b lt h les
in that regi n may cause premature fractures due t the f rmati n f
plastic hinge in the p st-buckling range.

In c ncentrically braced frames, the bracing members n rmally carry
m st f the seismic st ry shear, particularly if n t used as a part f
a dual system. The required strength f bracing c nnecti ns sh uld
be adequate s that failure by ut- f-plane gusset buckling r brittle
fracture f the c nnecti ns are n t critical failure mechanism.

The minimum f the tw criteria, (i.e. the n minal expected axial ten-
si n strength f the bracing member and the maximum f rce that c uld
be generated by the verall system) determines the required strength
f b th the bracing c nnecti n and the beam-t -c lumn c nnecti n if

it is part f the bracing system. has been added t the first pr visi n
t rec gnize the material verstrength f the member.

Previ us requirements c nsidered nly net secti n c ncerns f r b lted
c nnecti ns. These Pr visi ns have been m dified t rec gnize the
need t prevent all types f p tential l cal failure in the c nnecti ns.

Braces that have “fixed” end c nnecti ns have been sh wn t dissipate
m re energy than th se that are “pin” c nnected, because buckling
requires the f rmati n f three plastic hinges in the brace. N nethe-
less, end c nnecti ns that can acc mm date the r tati ns ass ciated
with brace buckling def rmati ns while maintaining adequate strength
have als been sh wn t have acceptable perf rmance. Testing has
dem nstrated that where a single gusset plate c nnecti n is used, the
r tati ns can be acc mm dated as l ng as the brace end is separated
by at least tw times the gusset thickness fr m a line ab ut which
the gusset plate may bend unrestrained by the beam, c lumn, r ther
brace j ints (Astaneh et al., 1986). This c nditi n is illustrated in
Figure C-13.2 and pr vides hysteretic behavi r as illustrated in Fig-
ure C-13.3.

Where “fixed”-ended c nnecti ns are used in ne axis with “pinned”
c nnecti ns in the ther axis, the effect f the fixity sh uld be c nsid-
ered in determining the critical buckling axis.

Commentary: Part I—Structural Steel Buildings

C13.2e.

C13.3. Bracing Connections

C13.3a.

C13.3b.

C13.3c.
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V-braced and Inverted-V-Braced Frames exhibit a special pr blem
that sets them apart fr m braced frames in which b th ends f the
braces frame int beam-c lumn j ints. Up n c ntinued lateral dis-
placement as the c mpressi n brace buckles, its f rce dr ps while that
in the tensi n brace c ntinues t increase up t the p int f yielding.
This creates an unbalanced vertical f rce n the intersecting beam.
In rder t prevent undesirable deteri rati n f lateral strength f the
frame, the SCBF pr visi ns require that the beam p ssess adequate
strength t resist this p tentially significant p st-buckling f rce redis-
tributi n (the unbalanced f rce) in c mbinati n with appr priate grav-
ity l ads. Tests have sh wn that typical bracing members dem nstrate
a residual p st-buckling c mpressive strength f ab ut 30 percent f
the initial c mpressive strength (Hassan and G el, 1991). This is the
maximum c mpressi n f rce that sh uld be c mbined with the full
yield f rce f the adjacent tensi n brace. The full tensi n f rce can be
expected t be in the range f . The adverse effect f this unbal-
anced f rce can be mitigated by using bracing c nfigurati ns, such as
V- and Inverted-V-braces in alternate st ries creating an X- c nfigura-
ti n ver tw st ry m dules, r by using a “zipper c lumn” with V- r
Inverted-V bracing (Khatib et al., 1988). See Figure C-13.4. Adequate
lateral supp rt at the brace-t -beam intersecti n is necessary in rder
t prevent adverse effects f p ssible lateral-t rsi nal buckling f the
beam.

The requirements in Secti ns 13.4a.1 and 13.4a.2 pr vide f r a mini-
mum strength f the beams t supp rt gravity l ads in the event f l ss
f brace capacities.

Seismic Provisions for Structural Steel Buildings

Fig. C-13.3. P- diagram
for a strut.

C13.4. Special Bracing Configuration Special Requirements

C13.4a.
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The limitati ns f Secti ns 13.4a.2 and 13.4a.3 need n t be applied n
beam strength f r f st ries, penth uses, and ne-st ry structures as
the life safety c nsequences f excessive beam def rmati ns may n t
be as severe as f r fl rs.

K-bracing is generally n t c nsidered desirable in c ncentrically
braced frames and is pr hibited entirely f r SCBF because it is c n-
sidered undesirable t have c lumns that are subjected t unbalanced
lateral f rces fr m the braces, as these f rces may c ntribute t c lumn
failures.

In the event f a maj r earthquake, c lumns in c ncentrically braced frames
can underg significant bending bey nd the elastic range after buckling and
yielding f the braces. Even th ugh their bending strength is n t utilized in the
design pr cess when elastic design meth ds are used, c lumns in SCBF are
required t have adequate c mpactness and shear and flexural strength in rder
t maintain their lateral strength during large cyclic def rmati ns f the frame.
Analytical studies n SCBF that are n t part f a dual system have sh wn that
c lumns can carry as much as 40 percent f the st ry shear (Tang and G el,
1987; Hassan and G el, 1991). When c lumns are c mm n t b th SCBF and
SMF in a dual system, their c ntributi n t st ry shear may be as high as 50
percent. This feature f SCBF greatly helps in making the verall frame hys-
teretic l ps “full” when c mpared with th se f individual bracing members
which are generally “pinched” (Hassan and G el, 1991; Black et al., 1980). See
Figure C-13.5.

Commentary: Part I—Structural Steel Buildings

Fig. C-13.4. (a) Two-story X-braced frame, (b) “Zipper-Column” with Inverted-V bracing.

C13.4b.

C13.5. Columns
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SCBF c lumn splice requirements f r shear are m re restrictive than th se f r
SMF.

SCBF requirements sh uld n t be waived f r l w buildings because the value
used is nly appr priate with the detailing requirements given here.

These Pr visi ns f r Ordinary C ncentrically Braced Frames (OCBF) are the
same as th se that were included in previ us editi ns f r c ncentrically braced
frames and c ntain s me but n t all f the SCBF detailing requirements that
ensure ductile behavi r. Generally, the required strengths f r OCBF are higher
than th se f r SCBF, which represents an attempt t keep the inelastic def rma-
ti ns fr m bec ming t large in a large seismic event. The c mments in this
Secti n are limited t th se pr visi ns f r OCBF that are different fr m th se
f r SCBF and the reader is referred t C mmentary Secti n C13 f r additi nal
inf rmati n.

F r structures that are taller than tw st ries, the slenderness rati /
f the braces is limited t a smaller value f 720/ than that f r

braces in SCBF. Alth ugh braces with smaller slenderness will gen-
erally dissipate m re energy, studies n HSS bracing members have
sh wn that their fracture life and, theref re, t tal energy dissipati n
capability may decrease with slenderness rati (Tang and G el, 1989;
Lee and G el, 1987).

Seismic Provisions for Structural Steel Buildings

Fig. C-13.5. Base shear vs. story drift of a SCBF.

C14. ORDINARY CONCENTRICALLY BRACED FRAMES (OCBF)

C14.1. Scope

C14.2. Bracing Members

C14.2a.
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Due t the cyclic nature f seismic resp nse, the c mpressive design
strength f bracing members is reduced t 80 percent f the value
given in LRFD Specificati n Chapter E. When evaluating the n m-
inal strength f the bracing system f r the purp se f determining the
maximum l ad that the bracing can imp se n the ther elements r
system, such as when using Equati ns (4-1) and (4-2), the reducti n
f r cyclic behavi r sh uld n t be used as it w uld underestimate the
n minal strength f the bracing system during the early cycles f seis-
mic resp nse.

Adequate shear transfer is required acr ss stitches s that the shear
f rces ass ciated with the curvatures in the buckled brace can be
transferred acr ss the stitches with ut slip. Welded stitches are rec-
mmended. The pr visi n requiring the stitches t be designed f r 50

percent f the n minal strength f the individual element is based up n
s me early test results (Astaneh et al., 1986).

In rder t av id failure at the brace end c nnecti ns, the c nnecti ns
sh uld be designed t devel p the tensile strength f the brace, r at
least the maximum f rce that can be delivered t the system. It is als
c nsidered that minimum f rce level ass ciated with the amplified
l ading given by L ad C mbinati ns 4-1 and 4-2 can be accepted.
These same minimum strength requirements als apply t beam c n-
necti ns that are part f the bracing system.

The increase fact r f 1.5 f r the seismic design f rce f r bracing
members in V-Braced r Inverted-V-Braced Frame c nfigurati ns is
carried ver fr m previ us editi ns. Alth ugh the increased design
f rce will generally limit p st-buckling def rmati ns f the braces,
studies have sh wn that brace buckling can ccur at rather m derate
st ry drifts, subjecting the intersecting beams t rather large unbal-
anced f rces as drifts bec me large (Hassan and G el, 1991; Tang and
G el, 1989).

In areas f high seismicity where it is envisi ned that str ng gr und
m ti ns w uld cause inelastic resp nse, the K-Braced OCBF is n t a
desirable system f r seismic resistance. Buckling and tensi n yielding
f K-braces creates an unbalanced h riz ntal f rce n the c lumns

which can p tentially lead t m re seri us c nsequences than similar
unbalanced f rce acting n beams in V-Braced r Inverted-V-Braced
OCBF.

In buildings that are classified in Seismic Design Categ ries A, B, and
C, K-Braced OCBF are permitted when 3. It is rec mmended,
h wever, that K-bracing n t be used f r seismic resistance unless ther
c nfigurati ns are impractical.

F r smaller and less imp rtant buildings, the pr visi ns f Secti ns 14.2
thr ugh 14.4 may be waived if the structure has the strength t resist the

Commentary: Part I—Structural Steel Buildings

C14.2b.

C14.2e.

C14.3. Bracing Connections

C14.3a.

C14.4. Bracing Configuration

C14.4a.

C14.4b.

C14.5. Low Buildings
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amplified seismic L ad C mbinati ns 4-1 and 4-2. This, f r example, w uld
permit tensi n- nly bracing f r such structures.

Research has sh wn that EBF can pr vide an elastic stiffness that is c mparable
t that f r SCBF and OCBF, particularly when sh rt Link lengths are used,
and excellent ductility and energy dissipati n capacity in the inelastic range,
c mparable t that f SMF (R eder and P p v; 1978; Libby, 1981; Mer vich
et al., 1982; Hjelmstad and P p v, 1983; Malley and P p v, 1984; Kasai and
P p v, 1986a and 1986b; Ricles and P p v, 1987a and 1987b; Engelhardt and
P p v, 1989a and 1989b; P p v et al., 1989). EBF are c mp sed f c lumns,
beams, and braces in which at least ne end f each bracing member c nnects t
a beam at a sh rt distance fr m an adjacent beam-t -brace c nnecti n r a beam-
t -c lumn c nnecti n as illustrated in Figure C-15.1. This sh rt beam segment,
called the Link, is intended as the primary z ne f inelasticity. These pr visi ns
are intended t ensure that cyclic yielding in the Links can ccur in a stable
manner while the diag nal braces, c lumns, and p rti ns f the beam utside
f the Link remain essentially elastic under the f rces that can be generated by

fully yielded and strain hardened Links.

In s me bracing arrangements, such as that illustrated in Figure C-15.2 with
Links at each end f the brace, Links may n t be fully effective. If the upper
Link has a significantly l wer design shear strength than that f r the Link in
the st ry bel w, the upper Link will def rm inelastically and limit the f rce
that can be delivered t the brace and t the l wer Link. When this c nditi n
ccurs the upper Link is termed an active Link and the l wer Link is termed an

inactive Link. The presence f p tentially inactive Links in an EBF increases
the difficulty f analysis.

It can be sh wn with plastic frame analyses that, in s me cases, an inactive Link
will yield under the c mbined effect f dead, live and earthquake l ads, thereby
reducing the frame strength bel w that expected (Kasai and P p v, 1984). Fur-
therm re, because inactive Links are required t be detailed and c nstructed as
if they were active, and because a predictably inactive Link c uld therwise be
designed as a pin, the c st f c nstructi n is needlessly increased. Thus, an EBF
c nfigurati n that ensures that all Links will be active, such as that illustrated
in Figure C-15.1, is rec mmended. Further rec mmendati ns f r the design f
EBF are available (P p v et al., 1989).

The p tential f r inelasticity in c lumns sh uld be av ided in EBF because,
when c mbined with Link inelasticity, a s ft st ry c uld therwise result. Ac-
c rdingly, in Secti n 7.2, the required axial c lumn strength when / ex-
ceeds 0.5 is based up n applicati n f the amplified earthquake l ad in
Equati n 4-1. Furtherm re, in Secti n 15.8, the required strength f c lumns
due t the f rces intr duced at the c nnecti n f a Link and/ r brace is based
n these f rces multiplied by a fact r f 1 1 . It sh uld be n ted that, in a

severe earthquake the f rmati n f plastic hinges at c lumn bases is generally
unav idable.

Seismic Provisions for Structural Steel Buildings

C15. ECCENTRICALLY BRACED FRAMES (EBF)

C15.1. Scope
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The f ll wing general pr visi ns f r Links are intended t ensure that stable
inelasticity can ccur in the Link.

The Link cr ss-secti n is required t meet the same width-thickness
criteria as is specified f r beams in SMF (Table I-9-1).

T ensure the use f steel with pr ven ductile behavi r, the specified
minimum yield stress sh uld n t exceed 50 ksi.

The reinf rcement f Links with web d ubler plates is n t permitted as
such reinf rcement d es n t fully participate as intended in inelastic

Commentary: Part I—Structural Steel Buildings

Fig. C-15.1. Common types of eccentrically braced frames.

C15.2. Links

C15.2a.

C15.2b.

C15.2c.
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def rmati ns. Additi nally, beam web penetrati ns within the Link
are n t permitted because they adversely affect the desirable yielding
f the Link web.

The Link design shear strength is the lesser f that determined
fr m the yield shear r twice the plastic m ment divided by the Link
length, as dictated by statics assuming equalizati n f end m ments.
This design shear strength sh uld then be greater than r equal t the
required shear strength determined fr m the LRFD Specificati n L ad
C mbinati ns A4-5 r A4-6.

The effects f axial f rce n the Link can be ign red if the required
axial strength n the Link d es n t exceed 15 percent f the n minal
yield strength f the Link . In general, such an axial l ad is negligi-
ble because the h riz ntal c mp nent f the brace l ad is transmitted
t the beam segment utside f the Link. H wever, when the fram-
ing arrangement is such that larger axial f rces can devel p in the
Link, such as fr m drag struts r a m dified EBF c nfigurati n, the
additi nal requirements in Secti n C15.2f apply and the design shear
strength and Link lengths are required t be reduced t ensure stable
yielding.

See C mmentary Secti n 15.2e.

The Gl ssary definiti n f the Link R tati n Angle in these Pr visi ns
has been changed fr m that used in the 1992 Seismic Pr visi ns, in
which the amplified earthquake f rce was taken as 0 4 times in
calculating the drift. In the 1997 NEHRP Pr visi ns, is used in lieu

Seismic Provisions for Structural Steel Buildings

Fig. C-15.2. EBF—active and inactive link.

C15.2d.

C15.2e.

C15.2f.

C15.2g.
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f 0 4 and results in a higher amplified earthquake f rce and c rre-
sp nding drift. The resulting Design St ry Drift is a reas nable, th ugh
n t necessarily maximum, estimati n f the t tal building drift under
the Design Earthquake. Acc rdingly, Link R tati n Angle limits f 8
percent f r shear Links and 2 percent f r flexural Links were selected
fr m test results t pr vide a m dest reserve r tati nal capability t
acc mm date frame def rmati ns bey nd th se c rresp nding t the

value.

The Link plastic r tati n angle can be c nservatively estimated by
assuming that the EBF bay will def rm in a rigid-plastic mechanism as
illustrated f r vari us EBF c nfigurati ns in Figure C-15.3. The plastic
r tati n angle is determined using a st ry drift , where
the elastic st ry drift can be taken equal t zer . Fr m ge metry,
the plastic st ry drift angle is then / . Alternatively, the Link
plastic r tati n angle can be determined m re accurately by n n-linear
elastic-plastic analyses.

F r the Inverted-Y-Braced EBF sh wn in Figure C-15.1, the Gl ssary
definiti n f r the Link R tati n Angle is n t technically applicable.
N netheless, as illustrated in Figure C-15.3, the c ncept is the same.
As usual b th ends f the Link are required t be laterally supp rted.

When the Link length is selected n t greater than 1 6 / , shear
yielding will d minate the inelastic resp nse. If the Link length is
selected greater than 2 6 / , flexural yielding will d minate the
inelastic resp nse. F r Links lengths intermediate between these val-
ues, the inelastic resp nse will ccur thr ugh s me c mbinati n f
shear and flexural yielding and straight line interp lati n is used t
determine the appr priate limit.

It has been dem nstrated experimentally (Whittaker et al., 1987;
F utch, 1989) as well as analytically (P p v et al., 1989) that Links
in the first fl r usually underg the largest inelastic def rmati n. In
extreme cases this may result in a tendency t devel p a s ft st ry.
The plastic Link r tati ns tend t attenuate at higher fl rs, and de-
crease with the increasing frame peri ds. Theref re f r severe seismic
applicati ns, a c nservative design f r the Links in the first tw r
three fl rs is rec mmended. This can be achieved by increasing the
minimum design shear strengths f these Links n the rder f 10
percent ver that specified in Secti n 15.2d. Alternatively, a greater
degree f c nservatism can be btained by placing vertical members
c nnecting the ends f the Links in a few l wer fl rs.

The use f the framing sh wn in Figure C-15.1 can be advantage us
where the beam-c lumn-brace c nnecti ns can be designed as sim-
ple c nnecti ns. Welds f the Link flanges are av ided in this kind f
framing, but cauti n is required t ensure that the required strength
can be pr vided.

The stiffness f an EBF can be m dified t ptimize the peri d f the
frame by altering the Link length.
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A pr perly detailed and restrained Link web can pr vide stable, ductile,
and predictable behavi r under severe cyclic l ading. The design f the
Link requires cl se attenti n t the detailing f the Link web thickness and
stiffeners.

Seismic Provisions for Structural Steel Buildings

Fig. C-15.3. Link rotation angle.

C15.3. Link Stiffeners
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Full-depth stiffeners are required at the ends f all Links and serve
t transfer the Link shear f rces t the reacting elements as well as
restrain the Link web against buckling.

The maximum spacing f Link Intermediate Web Stiffeners in shear
Links is dependent up n the size f the Link R tati n Angle (Kasai
and P p v, 1986b) with a cl ser spacing required as the r tati n angle
increases. Flexural Links having lengths greater than 2 6 / but
less than 5 / are required t have an intermediate stiffener at a
distance fr m the Link end equal t 1.5 times the beam flange width t
preclude the p ssibility f flange l cal buckling. Links f a length that
is between the shear and flexural limits are required t meet the stiff-
ener requirements f r b th shear and flexural Links. When the Link
length exceeds 5 / , Link Intermediate Web Stiffeners are n t re-
quired. Link Intermediate Web Stiffeners are required t extend full
depth in rder t effectively resist shear buckling f the web and are
required n b th sides f the web f r Links 25 in. in depth r greater.
F r Links that are less than 25 in. deep, the stiffener need be n ne
side nly.

This Secti n was m dified slightly fr m that in the 1992 AISC Seismic
Pr visi ns t be c mpatible with Secti n 15.2g and t c rrect min r
discrepancies in the stiffener spacing f rmulas.

All Link stiffeners are required t be fillet welded t the Link web
and flanges. The welds t the Link web is required t pr vide a design
strength that is equal t the n minal vertical tensile strength f the
stiffener in a secti n perpendicular t b th the plane f the web and
the plane f the stiffener r the shear yield strength f the stiffener,
whichever is less. The c nnecti n t the Link flanges are designed f r
c rresp ndingly similar f rces.

Previ us research indicated that the p st-yield behavi r f l ng Links is d m-
inated by large, n n-unif rmly distributed inelastic flexural strains at the end
f the Link, which have led t premature fracture at l w inelastic strains in a

number f tests. Related research als indicated that the p st-yield behavi r f
sh rt Links is acceptable, being d minated by shear yielding, which at least par-
tially reduces the inelastic flexural strains at the end f the Link. Acc rdingly,
the use f l ng Links in the Link-t -c lumn c nfigurati n was disc uraged in
the 1992 AISC Seismic Pr visi ns, the use f the Link-t -c lumn EBF c n-
figurati n with the c nnecti n t the weak-axis f a wide-flange c lumn was
restricted, and additi nal restricti ns were placed n shear-d minated Link-t -
c lumn EBF c nfigurati ns c nsistent with the successful tests.

Link-t -c lumn c nnecti ns in EBF are subject t demands similar t th se
f r beam-t -c lumn c nnecti ns in m ment frames. In many cases they may
be subject t larger demands because the inelastic resp nse is c nfined t a
sh rter p rti n f the beam (the Link). Damage t m ment c nnecti ns in the
1994 N rthridge earthquake has led t substantial c de changes that enc ur-
age the physical testing f c nnecti ns t dem nstrate their suitability f r seis-
mic applicati ns (see C mmentary Secti ns 9 thr ugh 11). Acc rdingly, the

Commentary: Part I—Structural Steel Buildings

C15.3a.

C15.3b.

C15.3c.

C15.4. Link-to-Column Connections
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requirements f r Link-t -c lumn EBF c nfigurati ns have been revised t al-
l w tw basic alternatives. In the first appr ach, the expected perf rmance f
the Link-t -c lumn c nnecti n can be c nfirmed thr ugh appr ved cyclic test-
ing similar t that f r m ment c nnecti ns in Secti n 9.2a, f r a r tati n that is
at least 20 percent greater than that calculated fr m the Design St ry Drift. Al-
ternatively, shear Links can be placed adjacent t c lumns with the c nnecti n
reinf rced with haunches r ther suitable reinf rcement t preclude inelastic
acti n in a transiti n z ne between the Link and c lumn. Such reinf rcement is
required t maintain n minal elasticity immediately adjacent t the c lumn f r
the fully yielded and strain-hardened Link strength as defined in Secti n 15.6a.
In lieu f the ab ve, the EBF can be c nfigured t av id the use f Link-t -
c lumn c nnecti ns entirely.

The LRFD Specificati n d es n t explicitly address the c lumn panel-z ne de-
sign requirements at Link-t -c lumn c nnecti ns, as little research is available
n this issue. H wever, fr m research n panel-z nes f r SMF systems, it is

believed that limited yielding f panel-z nes in EBF systems w uld n t be
detrimental. Pending future research n this t pic, it is rec mmended that the
required shear strength f the panel-z ne be determined fr m Equati n 9-1 with
the flexural demand at the c lumn end f the Link as given by the equati ns in
C mmentary Secti n 15.6a.

Lateral restraint against ut- f-plane displacement and twist is required at the
ends f the Link t ensure stable inelastic behavi r. The required strength f r
such lateral supp rt is 6 percent f the n minal strength f the beam flange
as determined fr m physical testing. In typical applicati ns, a c mp site deck
al ne can n t be c unted n t pr vide adequate lateral supp rt f the Link ends
and direct bracing thr ugh transverse beams r a suitable alternative is rec m-
mended. This pr visi n has been revised t include the fact r as described
in Secti n 5.2.

Unlike braces in OCBF, the braces in EBF may be subject t signifi-
cant bending m ments. Acc rdingly, b th the beam and diag nal brace
sh uld, in general, be designed as beam-c lumns t meet the require-
ments in Secti n 15.6.

F r the beam segment(s) utside f the Link, adequate lateral bracing
sh uld be pr vided t maintain its stability under the axial f rce and
bending m ment generated by the Link, as required in Secti n 15.6d.
If the stability f the beam is pr vided by adequate lateral supp rt,
tests have sh wn that limited yielding f the beam segment is n t detri-
mental t EBF perf rmance, and f r s me EBF c nfigurati ns may be
unav idable (Engelhardt and P p v, 1989a). H wever, the c mbined
flexural strength f the beam and the brace, reduced f r the presence
f axial f rce, sh uld be adequate t resist the Link end m ment.

F r EBF ge metries with very small angles between the beam and
the brace and/ r f r EBF with l ng Links, the requirements in Sec-
ti n 15.6 may result in very heavy braces and, in extreme cases, c ver

Seismic Provisions for Structural Steel Buildings

C15.5. Lateral Support of the Link

C15.6. Diagonal Brace and Beam Outside of Links

C15.6a.

97

Ry



v

o o o
o

o
o o o

o o o
o o o o o

o o o o
o o o

o o o o
o o o o

o o o oo
o o o

o o o o
o o

o o o o
o o

o o o
o o o o

o o o o
o o o

o o o o o
o o o

o o o o o o
o

o o o o
o o o

o o o o
o o o

o o o o
o o o o

o o o o o

o o o o
o o o o
o o o

o
o

o
o

o o o o
o o o

o o o o
o o o o

o o o o o
o

plates n the beams r the use f a built-up member. Thus, EBF with
relatively steep braces (brace/beam angles appr ximately greater than
40 degrees) and sh rt Links are preferable because these difficulties
can generally be av ided. A general discussi n n design issues re-
lated t the beams and braces f EBF is pr vided in Engelhardt and
P p v (1989a), with further details pr vided in Engelhardt and P p v
(1989b).

Inelastic def rmati ns in EBF are restricted t ccur primarily in the
Links. Acc rdingly, the diag nal brace and the beam segment(s) ut-
side f the Link sh uld be designed t resist the maximum f rces that
can be generated by the Link, including c nsiderati n f steel ver-
strength, strain hardening, and the effects f c mp site fl r systems.
In EBF research literature, an verstrength fact r f 1.5 has generally
been applied t the n minal strength f a shear Link t determine the
required strength f r the brace and the beam. This fact r was devel-
ped fr m tests n typical beams with usual flange thicknesses. F r

Link beams with relatively thick flanges, this fact r may need t be
increased.

Using this verstrength fact r, the brace and beam segment were pr -
p rti ned with their design strength equal t their n minal strength
(i.e., using equal t unity), which was c nsidered t be appr pri-
ate because the 1.5 verstrength fact r represents an extreme l ading
c nditi n f r the beam and brace (Engelhardt and P p v, 1989b). As
specified in Secti n 15.6a, the design strength f the diag nal brace is
required t exceed the f rces c rresp nding t times the n minal
Link shear strength increased 25 percent f r strain hardening. That
is, with equal t 0.85 f r axial c mpressi n in the brace, the effec-
tive verstrength fact r (assuming 1 1) bec mes 1 25(1 1)/0 85,
r ab ut 1.6 f r steels with a l w variability in and (assuming

1 5) ab ut 2.2 f r steels with a high variability. With equal t
0.9 f r flexure in the beam r diag nal brace, the effective verstrength
fact r bec mes 1 25(1 1)/0 9, r ab ut 1.5, which represents a slight
relaxati n fr m the test criteri n f r steels with a l w variability in .

Based n a Link verstrength fact r f 1 25 , the required strength
f the diag nal brace can be taken as the f rces generated by the f l-

l wing values f Link shear and Link end m ment:

F r 2 / , Link shear 1 25
Link end m ment (1 25 )/2

F r 2 / , Link shear 2(1 25 )/
Link end m ment 1 25

The ab ve equati ns are based n the assumpti n that the Link end
m ments will be equal when the Link def rms plastically. F r Links
lengths less than r equal t 1 3 / attached t c lumns, experi-
ments have sh wn that Link end m ments d n t fully equalize during
inelastic resp nse (Kasai and P p v, 1986a). F r this situati n, Link
shear and Link end m ments can be taken as:
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Link shear 1 25

Link end m ment at c lumn 0 8 1 25

Link end m ment at brace (1 25 ) 0 8

The Link shear f rce will generate axial f rce in the diag nal brace,
and f r m st EBF c nfigurati ns, will als generate substantial axial
f rce in the beam segment utside f the Link. The rati f beam r
brace axial f rce t Link shear f rce is c ntr lled primarily by the ge-
metry f the EBF and is theref re n t affected by inelastic activity

within the EBF (Engelhardt and P p v, 1989a). C nsequently, this
rati can be determined fr m an elastic frame analysis and can be
used t amplify the beam and brace axial f rces t a level that c r-
resp nds t the Link shear f rce specified in the ab ve equati ns. At
the brace end f the Link, the Link end m ment will be transferred
t the brace and t the beam. If the diag nal brace and its c nnec-
ti n remain elastic based n Link verstrength design c nsiderati ns,
s me min r inelastic r tati n can be t lerated in the beam utside f
the Link.

The required strength f the beam utside f the Link has been reduced
fr m that in the 1992 AISC Seismic Pr visi ns.

Typically in EBF design, the intersecti n f the brace and beam center-
lines is l cated at the end f the Link. H wever, as permitted in Secti n
15.6c, the brace c nnecti n may be designed with an eccentricity s
that the brace and beam centerlines intersect inside f the Link. This
eccentricity in the c nnecti n generates a m ment that is pp site in
sign t the Link end m ment. C nsequently, the value given ab ve
f r the Link end m ment can be reduced by the m ment generated by
this brace c nnecti n eccentricity. This may substantially reduce the
m ment that will be required t be resisted by the beam and brace,
and may be advantage us in design. The intersecti n f the brace and
beam centerlines sh uld n t be l cated utside f the Link, as this in-
creases the bending m ment generated in the beam and brace. See
Figures C-15.5 and C-15.6.

If the brace c nnecti n at the Link is designed as a pin, the beam by
itself is required t be adequate t resist the entire Link end m ment.
This c nditi n n rmally w uld ccur nly in EBF with sh rt Links.
If the brace is t resist any p rti n f the Link end m ment, then the
brace c nnecti n at the Link sh uld be designed as fully restrained,
as required in Secti n 15.6d. Test results n several brace c nnecti n
details subject t axial f rce and bending m ment are rep rted in En-
gelhardt and P p v (1989a).

If the arrangement f the EBF system is such that a Link is n t adjacent t a
c lumn and large axial f rces are n t present in the beam, a simple c nnecti n
can be adequate if the c nnecti n pr vides s me restraint against t rsi n in the
beam. The magnitude f t rsi n t be c nsidered is calculated fr m a pair f
perpendicular f rces equal t 1.5 percent f the n minal axial flange tensile

Seismic Provisions for Structural Steel Buildings

C15.6b.

C15.6c.

C15.6d.

C15.7. Beam-to-Column Connection
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Stiffener Plates Both
Sides with Continuous
Fillet Welds to Web
and Flanges
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Intermediate Stiffener
Plates Both Sides for
Link Length e = 25 in.
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v Commentary: Part I—Structural Steel Buildings

Fig. C-15.5. EBF with W-shape bracing.

Fig. C-15.6. EBF with HSS bracing.
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strength applied in pp site directi ns n each flange and using the expected
yield strength f the flange material.

T c ntr l EBF perf rmance such that Link yielding is the pred minant inelas-
tic behavi r, an estimate f the maximum acti ns that can be generated in the
c lumns is required. As the shear strength f the adj ining critical Link is p -
tentially greater than the n minal strength due t strain hardening, the c lumn
is required t be designed f r the increased m ments and axial l ads intr duced
int the c lumn at the c nnecti n f a Link r brace at least equal t 1.1 times
the expected n minal strength f the Link as given in Secti n 15.6a. This c l-
umn strength check is made f r EBF in additi n t th se in Secti n 8, which is
applicable t all systems.

T assure ductile seismic resp nse, steel framing is required t meet the quality
requirements as appr priate f r the vari us c mp nents f the structure. ASCE
7 (ASCE, 1995) pr vides special requirements f r inspecti n and testing based
up n Seismic Design Categ ry. Additi nally, these Pr visi ns, the AISC LRFD

AISC
AWS D1.1, and the RCSC

pr vide acceptance criteria f r steel building structures.

These Pr visi ns require that a quality assurance plan be implemented as re-
quired by the Engineer f Rec rd. In s me cases, the c ntract r may already
have implemented such a plan as part f n rmal perati ns, particularly c n-
tract rs that participate in the AISC Quality Certificati n Pr gram f r steel fab-
ricat rs. The Engineer f Rec rd sh uld evaluate the quality assurance needs f r
each pr ject with due c nsiderati n f what is already a part f the c ntract r’s
quality assurance plan. Where additi nal needs are identified, such as f r in-
n vative c nnecti n details r unfamiliar c nstructi n meth ds, supplementary
requirements sh uld be specified as appr priate.

Visual inspecti n pri r t , during, and after welding is identified as the primary
meth d used t evaluate the c nf rmance f welded j ints t the applicable
quality requirements. J ints are examined pri r t the c mmencement f weld-
ing t check fit-up, preparati n bevels, gaps, alignment, and ther variables.
During welding, adherence t the WPS is maintained. After the j int is welded,
it is then visually inspected t the requirements f AWS D1.1. The subsequent
use f ther n n-destructive examinati n meth ds as required by the Engineer
f Rec rd is rec mmended t verify the s undness f welds that are subject

t tensile f rces as a part f the Seismic F rce Resisting Systems described in
Secti ns 9 thr ugh 15.

Seismic Provisions for Structural Steel Buildings

C15.8. Required Column Strength

C16. QUALITY ASSURANCE
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The devel pment f testing requirements f r beam-t -c lumn m ment c nnec-
ti ns was m tivated by the widespread ccurrence f flange weld fracture in
such c nnecti ns in the 1994 N rthridge Earthquake. In rder t impr ve per-
f rmance f c nnecti ns in future earthquakes, lab rat ry testing is required
in rder t identify p tential pr blems in the design, detailing, materials, r
c nstructi n meth ds t be used f r the c nnecti n. The requirement f r testing
reflects the view that the behavi r f c nnecti ns under severe cyclic l ading
cann t be reliably predicted by analytical means nly.

It is rec gnized that testing f c nnecti ns can be c stly and time c nsuming.
C nsequently, this Appendix has been written with the m st simple testing re-
quirements p ssible, while still pr viding reas nable assurance that c nnec-
ti ns tested in acc rdance with these Pr visi ns will perf rm satisfact rily in an
actual earthquake. Where c nditi ns in the actual building differ significantly
fr m the test c nditi ns specified in this Appendix, additi nal testing bey nd
the requirements herein may be needed t assure satisfact ry c nnecti n perf r-
mance. Many f the fact rs affecting c nnecti n perf rmance under earthquake
l ading are n t c mpletely underst d. C nsequently, testing under c nditi ns
that are as cl se as p ssible t th se f und in the actual building will pr vide
f r the best representati n f expected c nnecti n perf rmance.

It is n t intended in these Pr visi ns that pr ject-specific c nnecti n tests be
c nducted n a r utine basis f r building c nstructi n pr jects. In m st cases,
tests rep rted in the literature can be used t dem nstrate that a c nnecti n
satisfies the strength and inelastic r tati n requirements f these Pr visi ns.
Such tests, h wever, sh uld satisfy the requirements f this Appendix.

Alth ugh the pr visi ns in this Appendix pred minantly c ncern the testing f
beam-t -c lumn c nnecti ns in m ment frames, they als apply t qualifying
cyclic tests f Link-t -c lumn c nnecti ns in EBF. While there are n rep rts f
failures f Link-t -c lumn c nnecti ns in the N rthridge Earthquake, it cann t
be c ncluded that these similar c nnecti ns are satisfact ry f r severe earth-
quake l ading as it appears that few EBF with a Link-t -c lumn c nfigura-
ti n were subjected t str ng gr und m ti n in this earthquake. Many f the
c nditi ns that c ntributed t p r perf rmance f m ment c nnecti ns in the
N rthridge Earthquake can als ccur in Link-t -c lumn c nnecti ns in EBF.
C nsequently, the same testing requirements are applied t b th m ment c n-
necti ns and t Link-t -c lumn c nnecti ns.

When devel ping a test pr gram, the designer sh uld be aware that regulat ry
agencies may imp se additi nal testing and rep rting requirements n t c vered
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in this Appendix. Examples f testing guidelines r requirements devel ped by
ther rganizati ns r agencies include th se published by SAC (FEMA, 1995;

FEMA, 1997b), by the ICBO Evaluati n Service (ICBO, 1997b), and by the
C unty f L s Angeles (C unty f L s Angeles . . . ,1996). Pri r t devel ping
a test pr gram, the appr priate regulat ry agencies sh uld be c nsulted t assure
the test pr gram meets all applicable requirements. Even when n t required, the
designer may find the inf rmati n c ntained in the f reg ing references t be a
useful res urce in devel ping a test pr gram.

One f the key parameters measured in a c nnecti n test is the inelastic r tati n
that can be devel ped in the specimen. F r the purp se f dem nstrating c n-
f rmance with requirements in these Pr visi ns, inelastic r tati n f a m ment
c nnecti n is required t be c mputed based n the assumpti n that all inelastic
def rmati n f a test specimen is c ncentrated at a single p int at the face f the
c lumn. In reality, inelastic def rmati ns are distributed ver a finite length f
the members and/ r the c nnecti n elements. F r many c nnecti n types used
since the N rthridge Earthquake, the p rti n f the beam subject t yielding is
l cated s me distance away fr m the face f the c lumn. In ther cases, yielding
may be l cated within the c lumn panel-z ne.

Regardless f where the actual inelastic def rmati n ccurs within the speci-
men, the inelastic r tati n is required t be c mputed with respect t the face f
the c lumn. The purp se f this requirement is t pr vide a c mm n basis f r
evaluating c nnecti ns and t av id the need f r adjusting the acceptance crite-
ria acc rding t different plastic hinge l cati ns. As the actual plastic hinge l -
cati n is m ved away fr m the face f the c lumn, the inelastic r tati n demand
at the hinge will increase f r the same level f inelastic st ry drift. H wever,
with the inelastic r tati n c mputed with respect t the face f the c lumn, the
inelastic r tati n required in these Pr visi ns need n t be adjusted f r different
hinge l cati ns.

The c mputati n f the inelastic r tati n requires an analysis f test specimen
def rmati ns. Examples f such calculati ns f r m ment c nnecti ns can be
f und in SAC (1996).

F r tests f Link-t -c lumn c nnecti ns, the key acceptance parameter is the
Link inelastic r tati n, als referred t in these Pr visi ns as the Link R tati n
Angle. The Link R tati n Angle is c mputed based up n an analysis f test
specimen def rmati ns, and can n rmally be c mputed as the inelastic p rti n
f the relative end displacement between the ends f the Link, divided by the

Link length. Examples f such calculati ns can be f und in Kasai and P p v
(1986c), Ricles and P p v (1987) and Engelhardt and P p v (1989a).

A variety f different types f subassemblages and test specimens have been
used f r testing m ment c nnecti ns. A typical subassemblage is planar and
c nsists f a single c lumn with a beam attached n ne r b th sides f the
c lumn. The specimen can be l aded by displacing either the end f the beam(s)
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r the end f the c lumn. Examples f typical subassemblages f r m ment c n-
necti ns can be f und in the literature, f r example in SAC (1996) and P p v
et al. (1996).

In these Pr visi ns, test specimens generally need n t include a c mp site slab
r the applicati n f axial l ad t the c lumn. H wever, such effects may have

an influence n c nnecti n perf rmance, and their inclusi n in a test pr gram
sh uld be c nsidered as a means t btain m re realistic test c nditi ns. An
example f test subassemblages that include c mp site fl r slabs and/ r the
applicati n f c lumn axial l ads can be f und in P p v et al. (1996), Le n et
al. (1997), and Tremblay et al. (1997). A variety f ther types f subassem-
blages may be appr priate t simulate specific pr ject c nditi ns, such as a
specimen with beams attached in rth g nal directi ns t a c lumn. A planar
bare steel specimen with a single c lumn and a single beam represents the min-
imum acceptable subassemblage f r a m ment c nnecti n test. H wever, m re
extensive and realistic subassemblages that better match actual pr ject c ndi-
ti ns sh uld be c nsidered where appr priate and practical, in rder t btain
m re reliable test results.

This secti n is intended t assure that the inelastic r tati n in the test specimen
is devel ped in the same members and c nnecti n elements as anticipated in the
pr t type. F r example, if the pr t type c nnecti n is designed s that essen-
tially all f the inelastic r tati n is devel ped by yielding f the beam, then the
test specimen sh uld be designed and perf rm in the same way. A test specimen
that devel ps nearly all f its inelastic r tati n thr ugh yielding f the c lumn
panel-z ne w uld n t be acceptable t qualify a pr t type c nnecti n wherein
flexural yielding f the beam is expected t be the pred minant inelastic acti n.

Because f n rmal variati ns in material pr perties, the actual l cati n f inelas-
tic acti n may vary s mewhat fr m that intended in either the test specimen r
in the pr t type. C nsequently, by requiring that nly 75 percent f the inelastic
r tati n ccur in the intended elements f the test specimen, s me all wance
is made f r such variati ns. Thus, f r the example ab ve where essentially all
f the inelastic r tati n in the pr t type is expected t be devel ped by flexural

yielding f the beam, at least 75 percent f the t tal inelastic r tati n f the test
specimen is required t be devel ped by flexural yielding f the beam in rder
t qualify this c nnecti n.

F r many types f c nnecti ns, yielding r inelastic def rmati ns may ccur in
m re than a single member r c nnecti n element. F r example, in s me c n-
necti n types, yielding may ccur within the beam, within the c lumn panel-
z ne, r within b th the beam and panel-z ne. The actual distributi n f yield-
ing between the beam and panel-z ne may vary depending up n the beam and
c lumn dimensi ns, web d ubler plate thickness, and n the actual yield stress
f the beam, c lumn and web d ubler plate. Such a c nnecti n design can be

qualified by running tw series f tests: ne in which at least 75 percent f
the inelastic r tati n is devel ped by beam yielding; and a sec nd in which at
least 75 percent f the inelastic r tati n is devel ped by panel-z ne yielding.
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The c nnecti n design w uld then be qualified f r any distributi n f yielding
between the beam and the panel-z ne in the pr t type.

Satisfying the requirements f this secti n will require the designer t have
a clear understanding f the manner in which a c nnecti n devel ps inelastic
r tati n.

The intent f this secti n is that the member sizes used in a test specimen sh uld
be, as nearly as practical, a full-scale representati n f the member sizes used
in the pr t type. The purp se f this requirement is t assure that any p ten-
tially adverse scale effects are adequately represented in the test specimen. As
beams bec me deeper and heavier, their ability t devel p inelastic r tati n may
be s mewhat diminished (R eder and F utch, 1996; Bl dgett, 1995). Alth ugh
such scale effects are n t yet c mpletely underst d, at least tw p ssible detri-
mental scale effects have been identified. First, as a beam gets deeper, larger
inelastic strains are generally required in rder t devel p the same level f
inelastic r tati n. Sec nd, the inherent restraint ass ciated with j ining thicker
materials can affect j int and c nnecti n perf rmance. Because f such p ten-
tially adverse scale effects, the beam sizes used in test specimens are required
t adhere t the limits given in this secti n.

This secti n nly specifies restricti ns n the degree t which test results can
be scaled up t deeper r heavier members. There are n restricti ns n the
degree t which test results can be scaled d wn t shall wer r lighter mem-
bers. N such restricti ns have been imp sed in rder t av id excessive testing
requirements and because currently available evidence suggests that adverse
scale effects are m re likely t ccur when scaling up test results rather than
when scaling d wn. N netheless, cauti n is advised when using test results n
very deep r heavy members t qualify c nnecti ns f r much smaller r lighter
members. It is preferable t btain test results using member sizes that are a
realistic representati n f the pr t type member sizes.

As an example f applying the requirements f this secti n, c nsider a test spec-
imen c nstructed with a W36x150 beam. This specimen c uld be used t qual-
ify any beam with a depth up t 40 in. ( 36/0 9) and a weight up t 200 lbs/ft
( 150/0 75). The limits specified in this secti n were ch sen s mewhat arbi-
trarily based n judgment, as n quantitative research results were available n
scale effects.

When ch sing a beam size f r a test specimen, several ther fact rs sh uld be
c nsidered ther than just the depth and weight f the secti n. One f these fac-
t rs is the width-thickness ( / ) rati s f the beam flange and web. The / rati s
f the beam may have an imp rtant influence n the perf rmance f specimens

that devel p plastic r tati n by flexural yielding f the beam. Beams with high
/ rati s devel p l cal buckling at l wer inelastic r tati n levels than beams

with l w / rati s. This l cal buckling causes strength degradati n in the beam,
and may theref re reduce the f rce demands n the c nnecti n. A beam with
very l w / rati s may experience little if any l cal buckling, and will theref re
subject the c nnecti n t higher m ments. On the ther hand, the beam with
high / rati s will experience highly l calized def rmati ns at l cal flange and
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web buckles, which may in turn initiate a fracture. C nsequently, it is desirable
t test beams ver a range f different / rati s in rder t evaluate these effects.

N specific restricti ns are placed n the size f c lumns used in test specimens
in rder t av id excessively burdens me testing requirements. The c lumn size
is ch sen, h wever, t pr duce inelastic def rmati n in the appr priate elements
f the specimen, acc rding t the requirements f Secti n S5.1. Despite the lack
f specific restricti ns, it is preferable t ch se a c lumn size that pr vides a

realistic representati n f the c lumn sizes in the pr t type.

The actual yield strength f structural steel can be c nsiderably greater than
its specified minimum value. Higher levels f actual yield stress in members
that supply inelastic r tati n by yielding can be detrimental t c nnecti n per-
f rmance by devel ping larger f rces at the c nnecti n pri r t yielding. F r
example, c nsider a c nnecti n design in which inelastic r tati n is devel ped
by yielding f the beam, and the beam has been specified t be f ASTM A36
steel. If the beam has an actual yield stress f 55 ksi, the c nnecti n is required
t resist a m ment that is 50 percent higher than if the beam had an actual yield
stress f 36 ksi. C nsequently, this secti n requires that the materials used f r
the test specimen represent this p ssible verstrength c nditi n, as this will
pr vide f r the m st severe test f the c nnecti n.

As an example f applying these pr visi ns, c nsider again a test specimen in
which inelastic r tati n is intended t be devel ped by yielding f the beam.
In rder t qualify this c nnecti n f r ASTM A36 beams, the test beam is re-
quired t have a yield stress f at least 46 ksi ( 0 85 f r ASTM A36). This
minimum yield strength is required t be exhibited by b th the web and flanges
f the test beam.

The intent f these Pr visi ns is t ensure that the welds n the test specimen
replicate the welds n the pr t type as cl sely as practicable. Acc rdingly, it
is required that the welding parameters, such as current and v ltage, be within
the range established by the filler metal manufacturer. Other essential variables,
such as steel grade, type f j int, r t pening, included angle and preheat level,
are required t be in acc rdance with AWS D1.1.

The l ading sequence specified in this secti n is identical t that specified in
ATC-24, “Guidelines f r Cyclic Seismic Testing f C mp nents f Steel Struc-
tures,” (ATC, 1992). This d cument sh uld be c nsulted f r further details f
the required l ading sequence. Additi nal displacement increments r addi-
ti nal cycles f l ading bey nd th se specified in Secti n S6.3 are permitted.

Dynamically applied l ads are n t required in these Pr visi ns. The use f
sl wly applied cyclic l ads, as typically rep rted in the literature f r c nnec-
ti n tests, are acceptable f r the purp ses f these Pr visi ns. It is rec gnized
that dynamic l ading can c nsiderably increase the c st f testing, and that few
lab rat ry facilities have the capability t dynamically l ad very large scale
test specimens. Furtherm re, the available research n dynamic l ading effects
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n steel c nnecti ns has n t dem nstrated a c mpelling need f r dynamic test-
ing. N netheless, applying the required l ading sequence dynamically, using
l ading rates typical f actual earthquake l ading, will likely pr vide a better
indicati n f the expected perf rmance f the c nnecti n, and sh uld be c n-
sidered where p ssible.

Tensi n testing is required f r the beam, c lumn, and critical c nnecti n ele-
ments f the test specimen. These tests are required t dem nstrate c nf rmance
with the requirements f Secti n S5.5, and t permit pr per analysis f test
specimen resp nse. Tensi n test results rep rted n certified mill test rep rts
are n t permitted t be used f r this purp se. Yield stress values rep rted n a
certified mill test rep rt may n t adequately represent the actual yield strength
f the test specimen members. Variati ns are p ssible due t material sampling

l cati ns and tensi n test meth ds used f r certified mill test rep rts.

ASTM standards f r tensi n testing permit the rep rted yield stress t be taken
as the upper yield p int. H wever, f r steel members subject t large cyclic
inelastic strains, the upper yield p int can pr vide a misleading representati n
f the actual material behavi r. Thus, while an upper yield p int is permitted

by ASTM, it is n t permitted f r the purp ses f this Secti n. Determinati n
f yield stress using the 0.2 percent strain ffset meth d is required in this Ap-

pendix.

Only tensi n tests are required in this secti n. Additi nal materials testing, h w-
ever, can s metimes be a valuable aid f r interpreting and extrap lating test re-
sults. Examples f additi nal tests which may be useful in certain cases include
Charpy V-N tch tests, hardness tests, chemical analysis, and thers. C nsider-
ati n sh uld be given t additi nal materials testing, where appr priate.

A minimum f tw tests is required f r each c nditi n in the pr t type in which
the variables listed in Secti n S5 remain unchanged. The designer is cauti ned,
h wever, that tw tests, in general, cann t pr vide a th r ugh assessment f the
capabilities, limitati ns, and reliability f a c nnecti n. Thus, where p ssible,
it is highly desirable t btain additi nal test data t permit a better evaluati n
f the expected resp nse f a c nnecti n t earthquake l ading. Further, when

evaluating the suitability f a pr p sed c nnecti n, it is advisable t c nsider a
br ader range f issues ther than just inelastic r tati n capacity. One fact r t
c nsider is the c ntr lling failure m de after the required inelastic r tati n has
been achieved. F r example, a c nnecti n that sl wly deteri rates in strength
due t l cal buckling may be preferable t a c nnecti n that exhibits a m re brit-
tle failure m de such as fracture f a weld, fracture f a beam flange, etc., even
th ugh b th c nnecti ns achieved the required inelastic r tati n. In additi n, the
designer sh uld als carefully c nsider the implicati ns f unsuccessful tests.
F r example, c nsider a situati n where five tests were run n a particular type
f c nnecti n, tw tests successfully met the acceptance criteria, but the ther

three failed prematurely. This c nnecti n c uld presumably be qualified under
these Pr visi ns, since tw successful tests are required. Clearly, h wever, the
number f failed tests indicate p tential pr blems with the reliability f the
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c nnecti n. On the ther hand, the failure f a tested c nnecti n in the lab rat ry
sh uld n t, by itself, eliminate that c nnecti n fr m further c nsiderati n. As
l ng as the causes f the failure are underst d and c rrected, and the c nnecti n
is successfully retested, the c nnecti n may be quite acceptable. Thus, while the
acceptance criteria in these Pr visi ns have intenti nally been kept simple, the
ch ice f a safe, reliable and ec n mical c nnecti n still requires c nsiderable
judgment.
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These Pr visi ns f r the seismic design f c mp site structural steel and rein-
f rced c ncrete buildings are based up n the 1994 NEHRP Pr visi ns (FEMA,
1994) and subsequent m dificati ns made in the 1997 NEHRP Pr visi ns
(FEMA, 1997a). Chapter 10 f the 1997 NEHRP Pr visi ns references these
pr visi ns f r detailing and design requirements f r c mp site structures. It is
anticipated that the 2000 IBC (ICC, 1997), which is currently in preparati n,
will similarly reference these Pr visi ns. Since c mp site systems are assem-
blies f steel and c ncrete c mp nents, Part I f these Pr visi ns, the LRFD
Specificati n (AISC, 1993) and ACI 318 (ACI, 1995), f rm an imp rtant basis
f r Part II.

The available research dem nstrates that pr perly detailed c mp site members
and c nnecti ns can perf rm reliably when subjected t seismic gr und m -
ti ns. H wever, there is at present limited experience with c mp site building
systems subjected t extreme seismic f rces and many f the rec mmendati ns
herein are necessarily f a c nservative and/ r qualitative nature. Careful atten-
ti n t all aspects f the design is necessary, particularly the general building
lay ut and detailing f members and c nnecti ns. C mp site c nnecti n details
are illustrated thr ugh ut this C mmentary t c nvey the basic character f the
c mp site systems. H wever, these details sh uld n t necessarily be treated as
design standards and the reader is str ngly enc uraged t refer t the cited ref-
erences f r m re specific inf rmati n n the design f c mp site c nnecti ns.
Additi nally, refer t Viest et al. (1997).

The design and c nstructi n f c mp site elements and systems c ntinues t
ev lve in practice. With further experience and research, it is expected that
these pr visi ns can be better quantified, refined and expanded. N netheless,
these Pr visi ns are n t intended t limit the applicati n f new systems, except
where explicitly stated, f r which testing and analysis dem nstrates that the
structure has adequate strength, ductility, and t ughness.

It is generally anticipated that the verall behavi r f the c mp site systems
herein will be similar t that f r c unterpart structural steel systems r re-
inf rced c ncrete systems and that inelastic def rmati ns will ccur in c n-
venti nal ways, such as flexural yielding f beams in FR m ment frames r
axial yielding and/ r buckling f braces in braced frames. H wever, differ-
ential stiffness between steel and c ncrete elements is m re significant in the
calculati n f internal f rces and def rmati ns f c mp site systems than f r
structural steel nly r reinf rced c ncrete nly systems. F r example, def rma-
ti ns in reinf rced c ncrete elements can vary c nsiderably due t the effects
f cracking.

When systems have b th ductile and n n-ductile elements, the relative stiffness
f each sh uld be pr perly m deled; the ductile elements can def rm inelas-

tically while the n n-ductile elements remain n minally elastic. When using
elastic analysis, member stiffness sh uld be reduced t acc unt f r the degree
f cracking at the nset f significant yielding in the structure. Additi nally, it

Seismic Provisions for Structural Steel Buildings
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is necessary t acc unt f r material verstrength that may alter relative strength
and stiffness.

The specificati ns, c des and standards that are referenced in Part II are listed
with the appr priate revisi n date that was used in the devel pment f Part II,
except th se that are already listed in Part I.

See Part I C mmentary Secti n C3.

In general, requirements f r l ads and l ad c mbinati ns f r c mp site struc-
tures are similar t th se described in Part I Secti n C4. H wever, the 1997
NEHRP Pr visi ns is currently the nly c de r standard that includes specific
seismic l ading criteria f r these new c mp site structures. As indicated ab ve,
it is anticipated that the 2000 IBC (ICC, 1997) will include seismic l ading
pr visi ns similar t th se in the 1997 NEHRP Pr visi ns.

The calculati n f seismic f rces f r c mp site systems per the 1997 NEHRP
Pr visi ns is the same as is described f r steel structures in Part I C mmentary
Secti n C4. Table II-C4-1 lists the seismic resp nse m dificati n fact rs and

fr m the 1997 NEHRP Pr visi ns. The values in Table II-C4-1 are pred-
icated up n meeting the design and detailing requirements f r the c mp site
systems as specified in these pr visi ns. Overstrength fact rs f r the c mp s-
ite systems given in Table II-4-1 f these Pr visi ns are the same as th se spec-
ified in the 1997 NEHRP Pr visi ns.

ACI 318 Appendix C has been included by reference t facilitate the pr p r-
ti ning f building structures that include members made f steel and c ncrete.
When reinf rced c ncrete members are pr p rti ned using the minimum design
l ads c ntained in LRFD Specificati n Secti n A4.1, which is c nsistent with
th se in ASCE 7 (ASCE, 1995), the strength reducti n fact rs in ACI 318
Appendix C sh uld be used in lieu f th se in ACI 318 Chapter 9.

The seismic resp nse m dificati n fact rs and f r c mp site systems spec-
ified by the 1997 NEHRP Pr visi ns are similar t th se f r c mparable systems
f steel and reinf rced c ncrete. This is based n the fact that, when carefully

designed and detailed acc rding t these pr visi ns, the verall inelastic re-
sp nse f r c mp site systems sh uld be similar t c mparable steel and rein-
f rced c ncrete systems. Theref re, in Building C des where specific l ading
requirements are n t specified f r c mp site systems, appr priate values f r the
seismic resp nse fact rs can be inferred fr m specified values f r steel and/ r
reinf rced c ncrete systems.

The limitati ns in Secti n 5.1 n structural steel grades used with Part II re-
quirements are the same as th se given in Part I. The limitati ns in Secti n
5.2 n specified c ncrete c mpressive strength in c mp site members are the

Part II—Composite Structural Steel and Reinforced Concrete Buildings
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Composite Concentrically Braced Frame (C-CBF) 5 4 /
Ordinary Composite Braced Frames (C-OBF) 3 3
Composite Eccentrically Braced Frames (C-EBF) 8 4

Composite Steel Plate Shear Walls (C-SPW) 6 / 5 /
Special Reinforced Concrete Shear Walls

Composite with Steel Elements (C-SRCW) 6 5
Ordinary Reinforced Concrete Shear Walls

Composite with Steel Elements (C-ORCW) 5 4 /

Composite Special Moment Frames (C-SMF) 8 5 /
Composite Intermediate Moment Frames (C-IMF) 5 4 /
Composite Partially Restrained Moment Frame (C-PRMF) 6 5 /
Composite Ordinary Moment Frames (C-OMF) 3 2 /

Composite Concentrically Braced Frames (C-CBF) 6 5
Composite Eccentrically Braced Frames (C-EBF) 8 4
Composite Steel Plate Shear Walls (C-SPW) 8 6 /
Special Reinforced Concrete Shear Walls

Composite with Steel Elements (C-SRCW) 8 6 /
Ordinary Reinforced Concrete Shear Walls

Composite with Steel Elements (C-ORCW) 7 6

Composite Concentrically Braced Frame (C-CBF) 5 4 /
Composite Ordinary Braced Frame (C-OBF) 4 3
Ordinary Reinforced Concrete Shear Walls

Composite with Steel Elements (C-ORCW) 5 / 4 /

o o
o o o o o

o o
o

o o o
o o o o

same as th se given in LRFD Specificati n Chapter I and ACI 318 Chapter 21.
While these limitati ns are particularly appr priate f r c nstructi n in Seismic
Design Categ ries D and higher, they apply in any Seismic Design Categ ry
when systems are designed with the assumpti n that inelastic ductility will be
present.

These Pr visi ns address the seismic design requirements that sh uld be ap-
plied in additi n t the basic design requirements f r gravity and wind l ading.

1
2

1 1
2 2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1 1
2 2
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TABLE II-C4-1
Design Factors for Composite Systems

R C

V

V

BASIC STRUCTURAL SYSTEM AND
SEISMIC FORCE RESISTING SYSTEM

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

Braced Frame Systems:

Shear Wall Systems:

Moment Frame Systems:

Dual Systems with SMF capable of resisting 25 percent of :

Dual Systems with IMF capable of resisting 25 percent of :
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In c mp site c nstructi n, fl r and r f slabs typically c nsist f either c m-
p site r n n-c mp site metal deck slabs that are c nnected t the structural
framing t pr vide an in-plane c mp site diaphragm that c llects and dis-
tributes seismic f rces. Generally, c mp site acti n is distinguished fr m n n-
c mp site acti n n the basis f the ut- f-plane shear and flexural behavi r
and design assumpti ns.

C mp site metal deck slabs are th se f r which the c ncrete fill and metal deck
w rk t gether t resist ut- f-plane bending and ut- f-plane shear. Flexural
strength design pr cedures and c des f practice f r such slabs are well estab-
lished (ASCE, 1995; ASCE, 1991a and 1991b; AISI, 1996; SDI, 1993).

N n-c mp site metal deck slabs are ne-way r tw -way reinf rced c ncrete
slabs f r which the metal deck acts as f rmw rk during c nstructi n, but is n t
relied up n f r c mp site acti n. N n-c mp site metal deck slabs, particularly
th se used as r fs, can be f rmed with metal deck and verlaid with insulat-
ing c ncrete fill that is n t relied up n f r ut- f-plane strength and stiffness.
Whether r n t the slab is designed f r c mp site ut- f-plane acti n, the c n-
crete fill inhibits buckling f the metal deck, increasing the in-plane strength
and stiffness f the diaphragm ver that f the bare steel deck.

The diaphragm sh uld be designed t c llect and distribute seismic f rces t the
Seismic F rce Resisting System. In s me cases, f rces fr m ther fl rs sh uld
als be included, such as at a level where a change in the structural stiffness
results in a redistributi n. Rec mmended diaphragm (in-plane) shear strength
and stiffness values f r metal deck and c mp site diaphragms are available f r
design fr m industry s urces that are based up n tests and rec mmended by
regulat ry agencies (Vulcraft, 1990; SDI, 1987; NES, *(biannual review); US
Armed Services, 1982; ICBO, *(biannual review); Naeim, 1989). In additi n,
s me recent research n c mp site diaphragms has been rep rted (Easterling
and P rter, 1994).

As the thickness f c ncrete ver the steel deck is increased, the shear strength
can appr ach that f r a c ncrete slab f the same thickness. F r example, in
c mp site fl r deck diaphragms having c ver depths between 2 in. and 6 in.,
measured shear stresses n the rder f 3 5 (where and are in units
f psi) have been rep rted. In such cases, the diaphragm strength f c ncrete

metal deck slabs can be c nservatively based n the principles f reinf rced
c ncrete design (ACI, 1995) using the c ncrete and reinf rcement ab ve the
metal deck ribs and ign ring the beneficial effect f the c ncrete in the flutes.

The shear f rces are required t be transferred thr ugh welds and/ r shear de-
vices in the c llect r and b undary elements. Fasteners between the diaphragm
and the steel framing sh uld be capable f transferring f rces using either welds
r shear devices. Where c ncrete fill is present, it is generally advisable t use

mechanical devices such as headed shear stud c nnect rs t transfer diaphragm
f rces between the slab and c llect r/b undary elements, particularly in c m-
plex shaped diaphragms with disc ntinuities. H wever, in l w-rise buildings
with ut abrupt disc ntinuities in the shape f the diaphragms r in the Seismic
F rce Resisting System, the standard metal deck attachment pr cedures may
be acceptable.

Part II—Composite Structural Steel and Reinforced Concrete Buildings

C6.2. Composite Floor and Roof Slabs
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These pr visi ns apply nly t c mp site beams that are part f the Seismic
F rce Resisting System.

When the design f a c mp site beam satisfies Equati n 6-1, the strain in
the steel at the extreme fiber will be at least five times the tensile yield strain
pri r t c ncrete crushing at strain equal t 0.003. It is expected that this
ductility limit will c ntr l the beam ge metry nly in extreme beam/slab
pr p rti ns.

While these Pr visi ns permit the design f c mp site beams based s lely up n
the requirements in the LRFD Specificati n, the effects f reversed cyclic l ad-
ing n the strength and stiffness f shear studs sh uld be c nsidered. This is
particularly imp rtant f r C-SMF where the design f rces are calculated as-
suming large member ductility and t ughness. In the absence f test data t
supp rt specific requirements in these Pr visi ns, the f ll wing special mea-
sures sh uld be c nsidered in C-SMF: (1) implementati n f an inspecti n and
quality assurance plan t insure pr per welding f shear stud c nnect rs t the
beams; and (2) use f additi nal shear stud c nnect rs bey nd th se required
in the LRFD Specificati n in regi ns f the beams where plastic hinging is
expected.

The basic requirements and limitati ns f r determining the design strength f
encased c mp site c lumns are the same as th se in the LRFD Specificati n.
Additi nal requirements f r reinf rcing bar details f c mp site c lumns that
are n t c vered in the LRFD Specificati n are included based n pr visi ns in
ACI 318.

C mp site c lumns can be an ideal s luti n f r use in seismic regi ns because
f their inherent structural redundancy. F r example, if a c mp site c lumn is

designed such that the structural steel can carry m st r all f the dead l ad
acting al ne, then an extra degree f pr tecti n and safety is aff rded, even
in a severe earthquake where excursi ns int the inelastic range can be ex-
pected t deteri rate c ncrete c ver and buckle reinf rcing steel. H wever, as
with any c lumn f c ncrete and reinf rcement, the designer sh uld be aware
f the c nstructability c ncerns with the placement f reinf rcement and p -

tential f r c ngesti n. This is particularly true at beam-t -c lumn c nnecti ns
where p tential interference between a steel spandrel beam, a perpendicular
fl r beam, vertical bars, j int ties, and shear stud c nnect rs can cause dif-
ficulty in reinf rcing bar placement and a p tential f r h neyc mbing f the
c ncrete.

Seismic detailing requirements f r c mp site c lumns are specified in the f l-
l wing three categ ries: rdinary, intermediate, and special. The required level
f detailing is specified in these Pr visi ns f r seismic systems in Secti ns 8

thr ugh 17. The rdinary detailing requirements f Secti n 6.4a are intended
as basic requirements f r all cases. Intermediate requirements are intended f r
seismic systems permitted in Seismic Design Categ ry C, and special require-
ments are intended f r seismic systems permitted in Seismic Design Categ ries
D and ab ve.

Seismic Provisions for Structural Steel Buildings

C6.3. Composite Beams

C6.4. Reinforced-concrete-encased Composite Columns

113



v

o
o o o o o o

o

o o o o o
o o o

o o o o o
o o

o o
o o o o

o o

o o
o o o o o

o o o o o o
o o

o o o o o
o o o

o o o o
o o o o

o o o o
o o o o

o o o o

o o
o o o o

o o
o o o o o o o o

o o
o o o o

o o o o o o

These requirements are intended t supplement the basic requirements
f the LRFD Specificati n f r encased c mp site c lumns in all Seis-

mic Design Categ ries.

1. Specific instructi ns are given f r the determinati n f the n m-
inal shear strength in c ncrete encased steel c mp site members
including assignment f s me shear t the reinf rced c ncrete en-
casement. Examples f r determining the effective shear width f
the reinf rced c ncrete encasement are illustrated in Figure C-6.1.
These pr visi ns exclude any strength assigned t c ncrete
al ne (Furl ng, 1997).

2. Currently n existing specificati n in the United States includes
requirements f r shear c nnect rs f r encased steel secti ns. The
pr visi ns in this subsecti n require that shear c nnect rs be pr -
vided t transfer all calculated axial f rces between the structural
steel and the c ncrete, neglecting the c ntributi n f b nd and fric-
ti n. Fricti n between the structural steel and c ncrete is assumed
t transfer the l ngitudinal shear stresses required t devel p the
plastic bending strength f the cr ss secti n. H wever, minimum
shear studs sh uld be pr vided acc rding t the maximum spac-
ing limit f 16 inches. Further inf rmati n regarding the design f
shear c nnect rs f r encased members is available (Furl ng, 1997;
Griffis, 1992a and 1992b).

3. The tie requirements in this secti n are essentially the same as th se
f r c mp site c lumns in ACI 318 Chapter 10.

4. The requirements f r l ngitudinal bars are essentially the same as
th se that apply t c mp site c lumns f r l w- and n n-seismic
design as specified in ACI 318. The distincti n between l ad car-
rying and restraining bars is made t all w f r l ngitudinal bars (re-
straining bars) that are pr vided s lely f r erecti n purp ses and t

Part II—Composite Structural Steel and Reinforced Concrete Buildings

Fig. C-6.1. Effective widths for shear strength calculation
of encased composite columns.

C6.4a. Ordinary Seismic System Requirements.
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impr ve c nfinement f the c ncrete. Due t interference with steel
beams framing int the encased members, the restraining bars are
ften disc ntinu us at fl r levels and, theref re, are n t included

in determining the c lumn strength.

5. The requirements f r the steel c re are essentially the same as
th se f r c mp site c lumns as specified in the LRFD Specifi-
cati n and ACI 318. In additi n, earthquake damage t encased
c mp site c lumns in Japan (Azizinamini and Gh sh, 1996) high-
lights the need t c nsider the effects f abrupt changes in stiffness
and strength where encased c mp site c lumns transiti n int re-
inf rced c ncrete c lumns and/ r c ncrete f undati ns.

The m re stringent tie spacing requirements f r intermediate seis-
mic systems f ll w th se f r reinf rced c ncrete c lumns in regi ns
f m derate seismicity as specified in ACI 318 Chapter 21 (Secti n

21.8). These requirements are applied t all c mp site c lumns f r
systems permitted in Seismic Design Categ ry C t make the c mp s-
ite c lumn details at least equivalent t the minimum level f detail-
ing f r c lumns in intermediate m ment frames f reinf rced c ncrete
(FEMA, 1997a; ICC, 1997).

The additi nal requirements f r encased c mp site c lumns used in
special seismic systems are based up n c mparable requirements f r
structural steel and reinf rced c ncrete c lumns in systems permit-
ted in Seismic Design Categ ries D and ab ve (FEMA, 1997a; ICC,
1997). F r additi nal explanati n f these requirements, see the C m-
mentaries f r Part I in these Pr visi ns and ACI 318 Chapter 21.

The minimum tie area requirement in Equati n 6-2 is based up n a
similar pr visi n in ACI 318 Secti n 21.4.4, except that the required
tie area is reduced t take int acc unt the steel c re. The tie area
requirement in Equati n 6-2 and related tie detailing pr visi ns are
waived if the steel c re f the c mp site member can al ne resist the
expected (arbitrary p int in time) gravity l ad n the c lumn because
additi nal c nfinement f the c ncrete is n t necessary if the steel c re
can inhibit c llapse after an extreme seismic event. The l ad c mbi-
nati n f 1 0 0 5 is based up n a similar c mbinati n pr p sed as
l ading criteria f r structural safety under fire c nditi ns (Ellingw d
and C r tis, 1991).

The requirements f r c mp site c lumns in C-SMF are based up n
similar requirements f r steel and reinf rced c ncrete c lumns in SMF
(FEMA, 1997a; ICC, 1997). F r additi nal c mmentaries, see Part I
in these Pr visi ns and ASCE 7.

The str ng-c lumn/weak-beam (SC/WB) c ncept f ll ws that used
f r steel and reinf rced c ncrete c lumns in SMF. Where the f rma-
ti n f a plastic hinge at the c lumn base is likely r unav idable, such
as with a fixed base, the detailing sh uld pr vide f r adequate plastic
r tati nal ductility. F r Seismic Design Categ ry E, special details,
such as steel jacketing f the c lumn base, sh uld be c nsidered t
av id spalling and crushing f the c ncrete.

Seismic Provisions for Structural Steel Buildings
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Cl sed h ps are required t ensure that the c ncrete c nfinement
and n minal shear strength are maintained under large inelastic def r-
mati ns. The h p detailing requirements are equivalent t th se f r
reinf rced c ncrete c lumns in SMF. The transverse reinf rcement
pr visi ns are c nsidered t be c nservative since c mp site c lumns
generally will perf rm better than c mparable reinf rced c ncrete
c lumns with similar c nfinement. H wever, further research is
required t determine t what degree the transverse reinf rcement
requirements can be reduced f r c mp site c lumns. It sh uld be
rec gnized that the cl sed h p and cr ss-tie requirements f r C-SMF
may require special details such as th se suggested in Figure C-6.2 t
facilitate the erecti n f the reinf rcement ar und the steel c re. Ties
are required t be anch red int the c nfined c re f the c lumn t
pr vide effective c ntainment.

The basic requirements and limitati ns f r detailing and determining the design
strength f filled c mp site c lumns are the same as th se in LRFD Specifi-
cati n Chapter I. The limit f / 0 04 is the same as that in the LRFD
Specificati n and defines the limit f applicability f these Pr visi ns. Alth ugh
it is n t intended in these Pr visi ns that filled c mp site c lumns with smaller
steel area rati s be pr hibited, alternative pr visi ns are n t currently available.

The shear strength f the filled member is c nservatively limited t the
n minal shear yield strength f the steel tube because the actual shear
strength c ntributi n f the c ncrete fill has n t yet been determined in
testing. This appr ach is rec mmended until tests are c nducted (Fur-
l ng, 1997; ECS, 1994). Even with this c nservative appr ach, shear
strength rarely g verns the design f typical filled c mp site c lumns
with cr ss-secti nal dimensi ns up t 30 in. Alternatively, the shear
strength f r filled tubes can be determined in a manner that is similar
t that f r reinf rced c ncrete c lumns with the steel tube c nsidered
as shear reinf rcement and its shear yielding strength neglected. H w-
ever, given the upper limit n shear strength as a functi n f c ncrete
crushing in ACI 318, this appr ach w uld nly be advantage us f r
c lumns with l w rati s f structural steel t c ncrete areas (Furl ng,
1997).

Part II—Composite Structural Steel and Reinforced Concrete Buildings

Fig. C-6.2. Example of a closed hoop detail
for encased composite column.

C6.5. Concrete-filled Composite Columns

C6.5a.
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The m re stringent slenderness criteria f r the wall thickness in square
r rectangular HSS is based up n c mparable requirements fr m Part I

in these Pr visi ns f r unfilled HSS used in SMF. C mparing the pr -
visi ns in the LRFD Specificati n and Part I in these Pr visi ns, the
width/thickness rati f r unfilled HSS in SMF is ab ut 80 percent f
th se f r OMF. This same rati f 0.8 was applied t the standard
(n n-seismic) / rati f r filled HSS in the LRFD Specificati n. The
reduced slenderness criteria was imp sed as a c nservative measure
until further research data bec mes available n the cyclic resp nse
f filled square and rectangular tubes. M re stringent / rati lim-

its f r circular pipes are n t applied as data are available t sh w the
standard / rati is sufficient f r seismic design (B yd et al., 1995;
Schneider, 1998).

The use f c mp site c nnecti ns ften simplifies s me f the special chal-
lenges ass ciated with traditi nal steel and c ncrete c nstructi n. F r example,
c mpared t structural steel, c mp site c nnecti ns ften av id r minimize
the use f field welding, and c mpared t reinf rced c ncrete, there are fewer
instances where anch rage and devel pment f primary beam reinf rcement is
a pr blem.

Given the many alternative c nfigurati ns f c mp site structures and c nnec-
ti ns, there are few standard details f r c nnecti ns in c mp site c nstructi n
(Griffis, 1992b; G el, 1992a; G el, 1993). H wever, tests are available f r sev-
eral c nnecti n details that are suitable f r seismic design. References are given
in this Secti n f the C mmentary and C mmentary Secti ns C8 t C17. In
m st c mp site structures built t date, engineers have designed c nnecti ns
using basic mechanics, equilibrium, existing standards f r steel and c ncrete
c nstructi n, test data, and g d judgement. The pr visi ns in this Secti n are
intended t help standardize and impr ve design practice by establishing basic
behavi ral assumpti ns f r devel ping design m dels that satisfy equilibrium
f internal f rces in the c nnecti n f r seismic design.

The requirements f r def rmati n capacity apply t b th c nnecti ns designed
f r gravity l ad nly and c nnecti ns that are part f the Seismic F rce Re-
sisting System. The ductility requirement f r gravity l ad nly c nnecti ns is
intended t av id failure in gravity c nnecti ns that may have r tati nal re-
straint but limited r tati n capacity. F r example, sh wn in Figure C-7.1 is a
c nnecti n between a reinf rced c ncrete wall and steel beam that is designed
t resist gravity l ads and is n t c nsidered t be part f the Seismic F rce Re-
sisting System. H wever, this c nnecti n is required t be designed t maintain
its vertical shear strength under r tati ns and/ r m ments that are imp sed by
inelastic seismic def rmati ns f the structure.

In calculating the required strength f c nnecti ns based n the n minal
strength f the c nnected members, all wance sh uld be made f r all c m-
p nents f the members that may increase the n minal strength ab ve that

Seismic Provisions for Structural Steel Buildings

C6.5c.

C7. COMPOSITE CONNECTIONS

C7.1. Scope

C7.2. General Requirements
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usually calculated in design. F r example, this may ccur in beams where the
negative m ment strength pr vided by slab reinf rcement is ften neglected
in design but will increase the m ments applied thr ugh the beam-t -c lumn
c nnecti n. An ther example is in c ncrete-filled tubular braces where the in-
creased tensile and c mpressive strength f the brace due t c ncrete sh uld be
c nsidered in determining the required c nnecti n strength. Because the eval-
uati n f such c nditi ns is case specific, these pr visi ns d n t specify any
all wances t acc unt f r verstrength. H wever, as specified in Part I Secti n
6.2, calculati ns f r the required strength f c nnecti ns sh uld, as a minimum,
be made using the Expected Yield Strength f the c nnected steel member.
Where c nnecti ns resist f rces imp sed by yielding f steel in reinf rced c n-
crete members, ACI 318 Secti n 21.5 implies an expected yield strength equal
t 1 25 f r reinf rcing bars.

In general, f rces between structural steel and c ncrete will be trans-
ferred by a c mbinati n f b nd, adhesi n, fricti n and direct bearing.
Transfers by b nd and adhesi n are n t permitted f r n minal strength
calculati n purp ses because: (1) these mechanisms are n t effective
in transferring l ad under inelastic l ad reversals; and (2) the effec-
tiveness f the transfer is highly variable depending n the surface
c nditi ns f the steel and shrinkage and c ns lidati n f the c ncrete.

Transfer by fricti n shall be calculated using the shear fricti n pr vi-
si ns in ACI 318 where the fricti n is pr vided by the clamping acti n
f steel ties r studs r fr m c mpressive stresses under applied l ads.

Since the pr visi ns f r shear fricti n in ACI 318 are based largely
n m n t nic tests, the values are reduced by 25 percent where large

inelastic stress reversals are expected. This reducti n is a c nservative

Part II—Composite Structural Steel and Reinforced Concrete Buildings

Fig. C-7.1. Steel beam-to-RC wall gravity
load shear connection.

C7.3. Nominal Strength of Connections

C7.3.a.
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requirement that d es n t appear in ACI 318 but is applied herein due
the relative lack f experience with certain c nfigurati ns f c mp site
structures.

In many c mp site c nnecti ns, steel c mp nents are encased by c n-
crete that will inhibit r fully prevent l cal buckling. F r seismic de-
sign where inelastic f rce reversals are likely, c ncrete encasement
will be effective nly if it is pr perly c nfined. One meth d f c nfine-
ment is with reinf rcing bars that are fully anch red int the c nfined
c re f the member (using requirements f r h ps in ACI 318 Chapter
21). Adequate c nfinement als may ccur with ut special reinf rce-
ment where the c ncrete c ver is very thick. The effectiveness f the
latter type f c nfinement sh uld be substantiated by tests.

F r fully encased c nnecti ns between steel ( r c mp site) beams and
reinf rced c ncrete ( r c mp site) c lumns such as sh wn in Fig-
ure C-7.2, the panel z ne n minal shear strength can be calculated as
the sum f c ntributi ns fr m the reinf rced c ncrete and steel shear
panels (see Figure C-7.3). This superp siti n f strengths f r calculat-
ing the panel z ne n minal shear strength is used in detailed design
guidelines (Deierlein et al., 1989; ASCE, 1994) f r c mp site c n-
necti ns that are supp rted by test data (Sheikh et al., 1989; Kann
and Deierlein, 1997; Nishiyama et al., 1990). Further inf rmati n n
the use and design f such c nnecti ns is included in C mmentary
Secti n 9.

Reinf rcing bars in and ar und the j int regi n serve the dual functi ns
f resisting calculated internal tensi n f rces and pr viding c nfine-

ment t the c ncrete. Internal tensi n f rces can be calculated using
established engineering m dels that satisfy equilibrium (e.g., classi-
cal beam-c lumn the ry, the truss anal gy, strut and tie m dels). Tie
requirements f r c nfinement usually are based n empirical m dels
f test data and past perf rmance f structures (ACI, 1991; Kitayama

et al., 1987).

Seismic Provisions for Structural Steel Buildings

Fig. C-7.2. Reinforced concrete column-to-steel beam moment connection.

C7.3.b.

C7.3.c.

C7.3.d.
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1. In c nnecti ns such as th se in C-PRMF, the f rce transfer between
the c ncrete slab and the steel c lumn requires careful detailing.
F r C-PRMF c nnecti ns (see Figure C-7.4), the strength f the
c ncrete bearing against the c lumn flange sh uld be checked.
Only the s lid p rti n f the slab (area ab ve the ribs) sh uld
be c unted, and the n minal bearing strength sh uld be limited
t 1 2 (Ammerman and Le n, 1990). In additi n, because the
f rce transfer implies the f rmati n f a large c mpressive strut
between the slab bars and the c lumn flange, adequate transverse
steel reinf rcement sh uld be pr vided in the slab t f rm the
tensi n tie. Fr m equilibrium calculati ns, this am unt sh uld
be the same as that pr vided as l ngitudinal reinf rcement and
sh uld extend at least 12 in. bey nd either side f the effective slab
width.

2. Due t the limited size f j ints and the c ngesti n f reinf rce-
ment, it ften is difficult t pr vide the reinf rcing bar devel pment
lengths specified in ACI 318 f r transverse c lumn reinf rcement

Part II—Composite Structural Steel and Reinforced Concrete Buildings

Fig. C-7.3. Panel shear mechanisms in steel beam-to-reinforced
concrete column connections (Deierlein et al., 1989).
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in j ints. Theref re, it is imp rtant t take int acc unt the spe-
cial requirements and rec mmendati ns f r tie requirements as
specified f r reinf rced c ncrete c nnecti ns in ACI 318 Sec-
ti n 21.5 and in ACI (1991), Kitayama et al. (1987), Sheikh and
Uzumeri (1980), Park et al. (1982) and Saatci glu (1991). Test data
(Sheikh et al., 1989; Kann and Deierlein, 1997; Nishiyama et al.,
1990) n c mp site beam-t -c lumn c nnecti ns similar t the
ne sh wn in Figure C-7.2 indicate that the face bearing (stiffener)

plates attached t the steel beam pr vide effective c ncrete c n-
finement.

3. As in reinf rced c ncrete c nnecti ns, large b nd stress transfer f
f rces t c lumn bars passing thr ugh beam-t -c lumn c nnecti ns
can result in slippage f the bars under extreme l adings. Current
practice f r reinf rced c ncrete c nnecti ns is t c ntr l this slip-
page by limiting the maximum l ngitudinal bar sizes as described
in ACI (1991).

Seismic Provisions for Structural Steel Buildings

Fig. C-7.4. Composite partially restrained connection.

121



v

o o o o o
o o o o o o

o o o o o o o o
o o o o o

o oo o o
o o o o
o o o o o

o o o o o
o o o o o o

o o o o o
o o o

o o o o
o o o o o

o o o
o o o o

o o o o o
o o o o o o
o o o

o o o o
o o o o o

o o o o o o o
o o o o

o o

o o o o o o o o
o o o

o o
o o o

o o o o
o o o o o

o o o o o o
o o o o

o o o

o o o o o
o o o o o o

o o
o o o o o o

o o o o o
o o

o o o o
o o o o o

o o o o o
o o o o

o o o o
o o o o o o o

o o o

C mp site partially restrained (PR) frames c nsist f structural steel c lumns
and c mp site steel beams that are interc nnected with PR c mp site c nnec-
ti ns (Zand nini and Le n, 1992). PR c mp site c nnecti ns utilize traditi nal
steel frame shear and b tt m flange c nnecti ns and the additi nal strength and
stiffness pr vided by the fl r slab has been inc rp rated by adding shear studs
t the beams and slab reinf rcement in the negative m ment regi ns adjacent
t the c lumns (see Figure C-7.4). This results in a m re fav rable distributi n
f strength and stiffness between negative and p sitive m ment regi ns f the

beams and pr vides f r redistributi n f f rces under inelastic acti n.

In the design f PR c mp site c nnecti ns, it is assumed that bending and
shear f rces can be c nsidered separately with the bending assigned t the steel
in the slab and a b tt m-flange steel angle r plate and the shear assigned t
a web angle r plate. Design meth d l gies and standardized guidelines f r
C-PRMF frames and c nnecti ns have been published (Ammerman and Le n,
1990; Le n and F rcier, 1992; Steager and Le n, 1993; Le n, 1990).

Subassemblage tests sh w that when pr perly detailed, the PR c mp site c n-
necti ns such as th se sh wn in Figure C-7.4 can underg large def rmati ns
with ut fracturing. The c nnecti ns generally are designed with a yield strength
that is less than that f the c nnected members t prevent l cal limit states,
such as l cal buckling f the flange in c mpressi n, web crippling f the beam,
panel z ne yielding in the c lumn and b lt r weld failures, fr m c ntr lling.
When these limit states are av ided, large c nnecti n ductilities sh uld ensure
excellent frame perf rmance under large inelastic l ad reversals.

C-PRMF were riginally pr p sed f r areas f l w t m derate seismicity in
the eastern United States (Seismic Design Categ ries C and bel w). H wever,
with appr priate detailing and analysis, C-PRMF can be used in areas f higher
seismicity (Le n, 1990). Tests and analyses f these systems have dem nstrated
that the seismically induced f rces n PR m ment frames can be l wer than
th se f r FR m ment frames due t : (1) lengthening in the natural peri d due
t yielding in the c nnecti ns and (2) stable hysteretic behavi r f the c nnec-
ti ns (Nader and Astaneh, 1992; DiC rs , et al., 1989). Thus, in s me cases,
C-PRMF can be designed f r l wer seismic f rces than OMF.

F r frames up t f ur st ries, the design sh uld be made using an analysis
that, as a minimum, acc unts f r the semi-rigid behavi r f the c nnecti ns by
utilizing linear springs with reduced stiffness (Bj rh vde, 1984). The effective
c nnecti n stiffness sh uld be c nsidered f r determining member f rce dis-
tributi ns and deflecti ns, calculating the building’s peri d f vibrati n, and
checking frame stability. Frame stability can be addressed using c nventi nal
effective buckling length pr cedures. H wever, the c nnecti n flexibility
sh uld be c nsidered in determining the r tati nal restraint at the ends f
the c lumns. F r structures taller than f ur st ries, drift and stability need t
be carefully checked using analysis techniques that inc rp rate b th ge metric
and c nnecti n n n-linearities (Ammerman and Le n, 1990; Chen and Lui,
1991). PR c mp site c nnecti ns can als be used as part f the gravity l ad
system f r braced frames pr vided that minimum design criteria such as th se

Part II—Composite Structural Steel and Reinforced Concrete Buildings

C8. COMPOSITE PARTIALLY RESTRAINED (PR) MOMENT
FRAMES (C-PRMF)
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pr p sed by Le n and Ammerman (1990) are f ll wed. In this case n height
limitati n applies, and the frame sh uld be designed as a braced system.

Because the m ments f inertia f r c mp site beams in the negative and p s-
itive regi ns are different, the use f either value al ne f r the beam members
in the analysis can lead t significant err rs. Theref re, the use f a weighted
average is rec mmended (Ammerman and Le n, 1990; Le n and Ammerman,
1990; Zaremba, 1988).

C mp site m ment frames include a variety f c nfigurati ns where steel r
c mp site beams are c mbined with reinf rced c ncrete r c mp site c lumns.
In particular, c mp site frames with steel fl r framing and c mp site r rein-
f rced c ncrete c lumns have been used in recent years as a c st-effective alter-
native t frames with reinf rced c ncrete fl rs (Furl ng, 1997; Griffis, 1992b).
F r seismic design, c mp site m ment frames are classified as either Special,
Intermediate, r Ordinary depending up n the detailing requirements f r the
members and c nnecti ns f the frame. As sh wn in Table II-C4-1, C-SMF are
primarily intended f r use in Seismic Design Categ ries D and ab ve. Design
and detailing pr visi ns f r C-SMF are c mparable t th se required f r steel
and reinf rced c ncrete SMF and are intended t c nfine inelastic def rmati n
t the beams. Since the inelastic behavi r f C-SMF is c mparable t that f r
steel r reinf rced c ncrete SMF, the and values are the same as f r th se
systems.

The use f c mp site trusses as flexural members in C-SMF is n t permitted
unless substantiating evidence is pr vided t dem nstrate adequate seismic re-
sistance f the system. This limitati n applies nly t members that are part f
the Seismic F rce Resisting System and d es n t apply t j ists and trusses
that carry gravity l ads nly. Trusses and pen web j ists generally are re-
garded as ineffective as flexural members in lateral l ad systems unless either
(1) the web members have been carefully detailed thr ugh a limit-state design
appr ach t delay, c ntr l, r av id verall buckling f c mpressi n members,
l cal buckling, r failures at the c nnecti ns (Itani and G el, 1991) r (2) a
str ng-beam/weak-c lumn mechanism is ad pted and the truss and its c n-
necti ns pr p rti ned acc rdingly (Camach and Galamb s, 1993). B th ap-
pr aches can be used f r ne-st ry industrial-type structures where the gravity
l ads are small and ductility demands n the critical members can be sustained.
Under these c nditi ns and when pr perly pr p rti ned, these systems have
been sh wn t pr vide adequate ductility and energy dissipati n capability.

A schematic c nnecti n drawing f r c mp site m ment frames with reinf rced
c ncrete c lumns is sh wn in Figure C-7.2 where the steel beam runs c n-
tinu usly thr ugh the c lumn and is spliced away fr m the beam-t -c lumn
c nnecti n. Often, a small steel c lumn that is interrupted by the beam is used
f r erecti n and is later encased in the reinf rced c ncrete c lumn (Griffis,

Seismic Provisions for Structural Steel Buildings

C9. COMPOSITE SPECIAL MOMENT FRAMES (C-SMF)

C9.1. Scope

C9.3. Beams

C9.4. Moment Connections
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1992b). Since the late 1980s, ver 60 large-scale tests f this type f c nnecti n
have been c nducted in the United States and Japan under b thm n t nic and
cyclic l ading (Sheikh et al., 1989; Kann and Deierlein, 1997; Nishiyama et
al., 1990). The results f these tests sh w that carefully detailed c nnecti ns
can perf rm as well as seismically designed steel r reinf rced c ncrete c n-
necti ns. In particular, details such as the ne sh wn in Figure C-7.2 av id the
need f r field welding f the beam flange at the critical beam-t -c lumn junc-
ti n. Theref re, these j ints are generally n t susceptible t the fracture behavi r
that is n w rec gnized as a critical aspect f welded steel m ment c nnecti ns.
Tests have sh wn that, f the many p ssible ways f strengthening the j int,
face bearing plates (see Figure C-7.2) attached t the beam are very effective
f r b th m bilizing the j int shear strength f reinf rced c ncrete and pr viding
c nfinement t the c ncrete. Further inf rmati n n design meth ds and equa-
ti ns f r these c mp site c nnecti ns is available in guidelines prepared by
ASCE (Nishiyama et al., 1990). N te that while the sc pe f the current ASCE
Guidelines (ASCE, 1994) limits their applicati n t regi ns f l w t m derate
seismicity, recent test data indicate that the ASCE Guidelines are adequate f r
regi ns f high seismicity as well (Kann and Deierlein, 1997; Nishiyama et
al., 1990).

C nnecti ns between steel beams and encased c mp site c lumns (see Fig-
ure C-9.1) have been used and tested extensively in Japan where design pr -
visi ns are included in Architectural Institute f Japan standards (AIJ, 1991).
Alternatively, the c nnecti n strength can be c nservatively calculated as the
strength f the c nnecti n f the steel beam t the steel c lumn. Or, depending
up n the j int pr p rti ns and detail, where appr priate, the strength can be
calculated using an adaptati n f design m dels f r c nnecti ns between steel
beams and reinf rce c ncrete c lumns (ASCE, 1994). One disadvantage f this
c nnecti n detail c mpared t the ne sh wn in Figure C-7.2 is that, like stan-
dard steel c nstructi n, the detail in Figure C-9.1 requires welding f the beam
flange t the steel c lumn.

Part II—Composite Structural Steel and Reinforced Concrete Buildings

Fig. C-9.1. Composite (encased) column-to-steel
beam moment connection.
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C nnecti ns t filled c mp site c lumns (see Figure C-9.2) have been used less
frequently and nly a few tests f these type have been rep rted (Azizinamini
and Prakash, 1993). Where the steel beams run c ntinu usly thr ugh the c m-
p site c lumn, the internal f rce transfer mechanisms and behavi r f these
c nnecti ns are similar t th se f r c nnecti ns t reinf rced c ncrete c lumns
(Figure C-7.2). Otherwise, where the beam is interrupted at the c lumn face,
special details are needed t transfer the c lumn flange f rces thr ugh the c n-
necti n.

These Pr visi ns require that c nnecti ns in C-SMF meet the same inelas-
tic r tati n capacity f 0.03 radians as required f r steel SMF in Part I. In
c nnecti n details where the beam runs c ntinu usly thr ugh the j int (Fig-
ure C-7.2) and the c nnecti n is n t susceptible t fracture, then the c nnecti n
design can be substantiated fr m available test data that is n t subjected t re-
quirements such as th se described in Part I Appendix S. H wever, where the
c nnecti n is interrupted and fracture is f c ncern, then c nnecti n perf r-
mance sh uld be substantiated f ll wing requirements similar t th se in Part I
Appendix S.

The basic c nstructi n and c nnecti ns f r C-IMF are similar t C-SMF ex-
cept that many f the seismic detailing requirements have been relaxed. C-IMF
are limited f r use in Seismic Design Categ ry C and bel w, and pr visi ns
f r C-IMF are c mparable t th se required f r reinf rced c ncrete IMF and
between th se f r steel IMF and OMF. The and values f r C-IMF are
equal t th se f r reinf rced c ncrete IMF and between th se f r steel IMF
and OMF.

C-OMF represent a type f c mp site m ment frame that is designed and de-
tailed f ll wing the LRFD Specificati n and ACI 318, excluding Chapter 21.

Seismic Provisions for Structural Steel Buildings

Fig. C-9.2. Concrete filled tube column-to-steel beam moment connection.

C10. COMPOSITE INTERMEDIATE MOMENT FRAMES (C-IMF)

C11. COMPOSITE ORDINARY MOMENT FRAMES (C-OMF)
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C-OMF are limited t Seismic Design Categ ries A and B, and the design pr -
visi ns are c mparable t th se f r reinf rced c ncrete and steel frames that
are designed with ut any special seismic detailing. The and values f r
C-OMF are ch sen acc rdingly.

C mp site braced frames c nsisting f steel, c mp site and/ r reinf rced c n-
crete elements have been used in l w- and high-rise buildings in regi ns f l w
and m derate seismicity. The C-OBF categ ry is pr vided f r systems with ut
special seismic detailing that are used in Seismic Design Categ ries A and B.
Because significant inelastic f rce redistributi n is n t relied up n in the de-
sign, there is n distincti n between frames where braces frame c ncentrically
r eccentrically int the beams and c lumns.

C-CBF is ne f the tw types f c mp site braced frames that is specially
detailed f r Sesimic Design Categ ries C and ab ve; the ther is C-EBF (see
Table II-C4-1). While experience using C-CBF is limited in high seismic re-
gi ns, the design pr visi ns f r C-CBF are intended t result in behavi r c mpa-
rable t steel OCBF, wherein the braces ften are the elements m st susceptible
t inelastic def rmati ns (see Part I C mmentary Secti n C14). The and
values and usage limitati ns f r C-CBF are the same as th se f r steel OCBF.

In cases where c mp site braces are used (either c ncrete filled r c ncrete
encased), the c ncrete has the p tential t stiffen the steel secti n and prevent
r deter brace buckling while at the same time increasing the capability t dis-

sipate energy. The filling f steel tubes with c ncrete has been sh wn t ef-
fectively stiffen the tube walls and inhibit l cal buckling (G el and Lee, 1992).
F r c ncrete encased steel braces, the c ncrete sh uld be sufficiently reinf rced
and c nfined t prevent the steel shape fr m buckling. It is rec mmended that
c mp site braces be designed t meet all requirements f c mp site c lumns
as specified in Secti ns 6.4a thr ugh 6.4c. C mp site braces in tensi n sh uld
be designed based n the steel secti n al ne unless test data justify higher
strengths. Braces that are all steel sh uld be designed t meet all requirements
f r steel braces in Part I f these Pr visi ns. Reinf rced c ncrete and c mp site
c lumns in C-CBF are detailed with similar requirements t c lumns in C-SMF.
With further research, it may be p ssible t relax these detailing requirements
in the future.

Examples f c nnecti ns used in C-CBF are sh wn in Figures C-13.1 thr ugh
C-13.3. Careful design and detailing f the c nnecti ns in a C-CBF is required
t prevent failure bef re devel ping the strength f the braces in either tensi n r
c mpressi n. All c nnecti n strengths sh uld be capable f devel ping the full
strength f the braces in tensi n and c mpressi n. Where the brace is c mp site,
the added brace strength aff rded by the c ncrete sh uld be c nsidered. In such
cases, it w uld be unc nservative t base the c nnecti n strength n the steel
secti n al ne. C nnecti n design and detailing sh uld rec gnize that buckling
f the brace c uld cause excessive r tati n at the brace ends and lead t l cal

c nnecti n failure.

Part II—Composite Structural Steel and Reinforced Concrete Buildings

C12. COMPOSITE ORDINARY BRACED FRAMES (C-OBF)

C13. COMPOSITE CONCENTRICALLY BRACED FRAMES (C-CBF)
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Structural steel EBF have been extensively tested and utilized in seismic re-
gi ns and are rec gnized as pr viding excellent resistance and energy abs rp-
ti n f r seismic l ads (see Part I C mmentary Secti n C15). While there has
been little use f C-EBF, the inelastic behavi r f the critical steel Link sh uld
be essentially the same as f r steel EBF and inelastic def rmati ns in the

Seismic Provisions for Structural Steel Buildings

Fig. C-13.1. Reinforced concrete (or composite)
column-to-steel concentric brace.

Fig. C-13.2. Reinforced concrete (or composite)
column-to-steel concentric brace.

C14. COMPOSITE ECCENTRICALLY BRACED FRAMES (C-EBF)
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c mp site r reinf rced c ncrete c lumns sh uld be minimal. Theref re, the
and values and usage limitati ns f r C-EBF are the same as th se f r steel
EBF. As described bel w, careful design and detailing f the brace-t -c lumn
and Link-t -c lumn c nnecti ns is essential t the perf rmance f the system.

The basic requirements f r C-EBF are the same as th se f r steel EBF with ad-
diti nal pr visi ns f r the design f c mp site r reinf rced c ncrete c lumns
and the c mp site c nnecti ns. While the inelastic def rmati ns f the c lumns
sh uld be small, as a c nservative measure, detailing f r the reinf rced c ncrete
and encased c mp site c lumns are based up n th se in ACI 318 Chapter 21.
In additi n, where Links are adjacent t the c lumn, cl sely space h p rein-
f rcement is required similar t that used at hinge regi ns in reinf rced c ncrete
SMF. This requirement is in rec gniti n f the large m ments and f rce rever-
sals imp sed in the c lumns near the Links.

Satisfact ry behavi r f C-EBF is dependent n making the braces and c lumns
str ng en ugh t remain essentially elastic under f rces generated by inelastic
def rmati ns f the Links. Since this requires an accurate calculati n f the
shear Link n minal strength, it is imp rtant that the shear Link regi n f the
Link n t be encased in c ncrete. P rti ns f the beam utside f the Link are
permitted t be encased since an verstrength utside the Link w uld n t re-
duce the effectiveness f the system. Shear Links are permitted t be c mp site
with the fl r r r f slab since the slab has a minimal effect n the n minal
shear strength f the Link. The additi nal strength pr vided by c mp site acti n
with the slab is imp rtant t c nsider, h wever, f r l ng Links wh se n minal
strength is g verned by flexural yielding at the ends f the Links (Ricles and
P p v, 1989).

Part II—Composite Structural Steel and Reinforced Concrete Buildings

Fig. C-13.3. Concrete filled tube or pipe column-to-steel concentric base.
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In C-EBF where the Link is n t adjacent t the c lumn, the c ncentric brace-
t -c lumn c nnecti ns are similar t th se sh wn f r C-CBF (Figures C-13.1
thr ugh C-13.3). An example where the Link is adjacent t the c lumn is sh wn
in Figure C-14.1. In this case, the Link-t -c lumn c nnecti n is similar t c m-
p site beam-t -c lumn m ment c nnecti ns in C-SMF (see Secti n 9) and t
steel c upling beam-t -wall c nnecti ns (see Secti n 15).

The pr visi ns in this Secti n apply t three variati ns f structural systems
using reinf rced c ncrete walls. One type is where reinf rced c ncrete walls
serve as infill panels in what are therwise steel r c mp site frames. Exam-
ples f typical secti ns at the wall-t -c lumn interface f r such cases are sh wn
in Figures C-15.1 and C-15.2. The details in Figure C-15.2 als can ccur in
the sec nd type f system where encased steel secti ns are used as vertical
reinf rcement in what are therwise reinf rced c ncrete shear walls. Finally,
the third variati n is where steel r c mp site beams are used t c uple tw
r m re reinf rced c ncrete walls. Examples f c upling beam-t -wall c nnec-

ti ns are sh wn in Figures C-15.3 and C-15.4. When pr perly designed, each f
these systems sh uld have shear strength and stiffness c mparable t th se f
pure reinf rced c ncrete shear wall systems. The structural steel secti ns in the
b undary members will, h wever, increase the in-plane flexural strength f the
c lumns and delay flexural hinging in tall walls. and values f r reinf rced
c ncrete shear walls with c mp site elements are the same as th se f r tradi-
ti nal reinf rced c ncrete shear wall systems. Requirements in this secti n are

Seismic Provisions for Structural Steel Buildings

Fig. C-14.1. Reinforced concrete (or composite) column-to-steel eccentric brace.

C15. ORDINARY REINFORCED CONCRETE SHEAR WALLS
COMPOSITE WITH STRUCTURAL STEEL
ELEMENTS (C-ORCW)
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Fig. C-15.1. Partially encased steel boundary element.

Fig. C-15.2. Fully encased composite boundary element.

Fig. C-15.3. Steel coupling beam to reinforced concrete wall.
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f r rdinary reinf rced c ncrete shear walls that are limited t use in Seismic
Design Categ ries C and bel w; requirements f r special reinf rced c ncrete
shear walls permitted in Seismic Design Categ ries D and ab ve are given in
Secti n 16.

F r cases where the reinf rced c ncrete walls frame int n n-encased steel
shapes (Figure C-15.1), mechanical c nnect rs are required t transfer ver-
tical shear between the wall and c lumn, and t anch r the wall reinf rce-
ment. Additi nally, if the wall elements are interrupted by steel beams
at fl r levels, shear c nnect rs are needed at the wall-t -beam interface.
Tests n c ncrete infill walls have sh wn that if shear c nnect rs are n t
present, st ry shear f rces are carried primarily thr ugh diag nal c mpressi n
struts in the wall panel (Chrys st m u, 1991). This behavi r ften includes
high f rces in l calized areas f the walls, beams, c lumns, and c nnec-
ti ns. The shear stud requirements will impr ve perf rmance by pr viding
a m re unif rm transfer f f rces between the infill panels and the b undary
members.

Tw examples f c nnecti ns between steel c upling beams t c ncrete walls
are sh wn in Figures C-15.3 and C-15.4. The requirements f r c upling beams
and their c nnecti ns are based largely n recent tests f unencased steel c u-
pling beams (Harries, et al., 1993; Shahr z et al., 1993). These test data and
analyses sh w that pr perly detailed c upling beams can be designed t yield
at the face f the c ncrete wall and pr vide stable hysteretic behavi r under re-
versed cyclic l ads. Under high seismic l ads, the c upling beams are likely t
underg large inelastic def rmati ns thr ugh either flexural and/ r shear yield-
ing. H wever, f r the rdinary class f shear wall, there are n special require-
ments t limit the slenderness f c upling beams bey nd th se in the LRFD
Specificati n. M re stringent pr visi ns are required f r the special class f
shear wall (see Secti n 16).

Seismic Provisions for Structural Steel Buildings

Fig. C-15.4. Steel coupling beam to reinforced concrete wall
with composite boundary member.
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Additi nal requirements are given in this secti n f r c mp site features f rein-
f rced c ncrete walls classified as special that are permitted in Seismic Design
Categ ries D and ab ve. These pr visi ns are applied in additi n t th se ex-
plained in the c mmentary t Secti n 15. As sh wn in Table II-C4-1, the
value f r special reinf rced c ncrete walls is larger than f r rdinary walls.

C ncerns have been raised that walls with encased steel b undary members
may have a tendency t split al ng vertical planes inside the wall near the c l-
umn. Theref re, the pr visi ns require that transverse steel be c ntinued int
the wall f r the distance 2 as sh wn in Figures C-15.1 and C-15.2.

As a c nservative measure until further research data are available, strengths
f r shear studs t transfer f rce int the structural steel b undary members are
reduced by 25 percent fr m their Static Yield Strength. This is d ne because
pr visi ns in the Specificati n and m st ther s urces f r calculating the n m-
inal strength f shear studs are based n staticm n t nic tests. The 25 percent
reducti n in stud strengths need n t apply t cases where the steel member is
fully encased since the pr visi ns c nservatively neglect the c ntributi n f
b nd and fricti n between the steel and c ncrete.

Several f the requirements f r Links in steel EBF are applied t c upling
beams t insure m re stable yielding behavi r under extreme earthquake l ad-
ing. It sh uld be n ted, h wever, that the Link requirements f r steel EBF are
intended f r unencased steel members. F r encased c upling beams, it may
be p ssible t reduce the web stiffener requirements f Secti n 16.3.a, which
are the same as th se in Part I Secti n 15.3a, but currently, there are n data
available that pr vides design guidance n this.

Steel plate reinf rced c mp site shear walls can be used m st effectively where
st ry shear f rces are large and the required thickness f c nventi nally rein-
f rced shear walls is excessive. The pr visi ns limit the shear strength f the
wall t the yield strength f the plate because there is insufficient basis fr m
which t devel p design rules f r c mbining the yield strength f the steel plate
and the reinf rced c ncrete panel. M re ver, since the shear strength f the steel
plate usually is much greater than that f the reinf rced c ncrete encasement,
neglecting the c ntributi n f the c ncrete d es n t have a significant practi-
cal impact. The NEHRP Pr visi ns assign structures with c mp site walls a
slightly higher value than special reinf rced c ncrete walls because the shear
yielding mechanism f the steel plate will result in m re stable hysteretic l ps
than f r reinf rced c ncrete walls (see Table II-C4-1). The value f r C-SPW
is als the same as that f r light frame walls with shear panels.

Three examples f c nnecti ns between c mp site walls t either steel r c m-
p site b undary elements are sh wn in Figures C-17.1, C-17.2, and C-17.3.
The pr visi ns require that the c nnecti ns between the plate and the b undary
members (c lumns and beams) be designed t devel p the full yield strength f
the plate. Minimum reinf rcement in the c ncrete c ver is required t maintain
the integrity f the wall under reversed cyclic l ading and ut- f-plane f rces.

Part II—Composite Structural Steel and Reinforced Concrete Buildings

C16. SPECIAL REINFORCED CONCRETE SHEAR WALLS COMPOSITE
WITH STRUCTURAL STEEL ELEMENTS (C-SRCW)

C17. COMPOSITE STEEL PLATE SHEAR WALLS (C-SPW)
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Until further research data are available, the minimum required wall reinf rce-
ment is based up n the specified minimum value f r reinf rced c ncrete walls
in ACI 318.

The thickness f the c ncrete encasement and the spacing f shear stud c n-
nect rs sh uld be calculated t ensure that the plate can reach yield pri r t
verall r l cal buckling. It is rec mmended that verall buckling f the c m-

p site panel be checked using elastic buckling the ry using a transf rmed sec-
ti n stiffness f the wall. F r plates with c ncrete n nly ne side, stud spacing
requirements that will meet l cal plate buckling criteria can be calculated based
up n / pr visi ns f r the shear design f webs in steel girders. F r example, in
LRFD Specificati n Secti n F2.2, the limiting / value specified f r c mpact
webs subjected t shear is / 187 / . Assuming a c nservative value
f the plate buckling c efficient 5 and 50 ksi, this equati n gives

the limiting value f / 59. F r a 3/8-in.-thick plate, this gives a maximum

Seismic Provisions for Structural Steel Buildings

Fig. C-17.1. Concrete stiffened steel shear wall with steel
boundary member.

Fig. C-17.2. Concrete stiffened steel shear wall with
composite (encased) boundary member.

Fig. C-17.3. Concrete filled composite shear wall
with two steel plates.
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value f 22 in. that is representative f the maximum center-t -center stud
spacing that sh uld suffice f r the plate t reach its full shear yielding strength.

Careful c nsiderati n sh uld be given t the shear and flexural strength f wall
piers and f spandrels adjacent t penings. In particular, c mp site walls with
large d r penings may require structural steel b undary members attached t
the steel plate ar und the penings.

Part II—Composite Structural Steel and Reinforced Concrete Buildings134
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Part III has been included in these Seismic Pr visi ns f r designers that ch se
t use ASD in the seismic design f steel structures. As n ted in Part I, the
seismic requirements are c llateral pr visi ns related t the LRFD Specifica-
ti n. Part I is based up n the limit-state seismic l ad m del used in the 1997
NEHRP Pr visi ns. Since the seismic requirements in Part I are based up n the
expected n nlinear perf rmance f a structure, the use f ASD in its traditi nal
f rm is s mewhat c mplicated because a kn wledge f design strengths, n t
all wable stresses, is required t assure that c nnect rs have sufficient strength
t all w n nlinear behavi r f the c nnected member(s).

The pr visi ns in Part III all w f r the selecti n f members in an ASD f rmat
that still pr vides f r the perf rmance intended in Part I. Part III is intended as
an verlay t Part I and, when using ASD, the designer will use Part I f r the
seismic design f a structure except where a secti n is replaced by r m dified
by a secti n sh wn in Part III.

Pr visi ns have n t been included f r the use f ASD with the c mp site struc-
tural steel and reinf rced c ncrete systems, members and c nnecti ns in Part II
because ACI 318 is in limit-states f rmat.

As this specificati n is being prepared, there c ntinues t be differences in sev-
eral key c des and standards n the appr priate l ad fact r t be applied t

when using all wable stress design. A limit-state based seismic l ad m del
was intr duced int ASCE 7 f r the first time in the 1993 editi n that was based
up n the 1991 NEHRP

ASCE 7-88 and its predecess r d cuments used a w rking-l ad
seismic l ad m del and a c rresp nding l ad fact r n f 1.5 f r LRFD and
1.0 f r ASD. In ASCE 7-93, the seismic l ad m del was changed t a limit
state basis and the l ad fact r n E was set at 1.0 f r b th ASD and LRFD as
d cumented in the c mmentary therein. At the same time, the l ad m del in
the Unif rm Building C de c ntinued t be ASD based and was n t changed
t a limit state m del until the publicati n f the 1997 UBC. There, the l ad
fact r n was set at 1.0 f r LRFD and /1 4 f r ASD. It is expected that with
the rapidly changing c de envir nment s me f this c nfusi n will begin t be
res lved with the devel pment f the 2000 Internati nal Building C de.

As menti ned ab ve, l ad fact rs n are inc nsistent thr ugh ut the c des
and standards in the U.S. and the designer needs t be aware f using the ap-
pr priate l ad fact r f r . H wever, where the c de r standard c ntains a
l ad fact r n that differs fr m th se in L ad C mbinati ns 4-1 and 4-2, the
designer is enc uraged t use a l ad fact r c nsistent with the g verning c de r
standard.

The pr cedures in this secti n pr vide a meth d l gy f r the c nversi n f al-
l wable stresses int n minal strengths, in m st cases by rem ving the fact r
f safety fr m the ASD equati ns. When d ing s , use f the 1/3 increase fr m

Seismic Provisions for Structural Steel Buildings

C1. SCOPE

C4.1. Loads, Load Combinations and Nominal Strengths

C4.2. Nominal Strengths
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ASD Specificati n Secti n A5.2 is n t permitted. These n minal strengths are
c nverted t design strengths when multiplied by the resistance fact rs given in
Part III Secti n 4.3. In general, the resistance fact rs given are c nsistent with
th se in the LRFD Specificati n.

The remainder f the pr visi ns in Part III translate the pr visi ns f Part I int
ASD termin l gy and c rrelate with the appr priate secti ns f ASD.

Commentary: Part III—Allowable Stress Design (ASD) Alternative136
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