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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
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R. Becker T. A. Sab l
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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
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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.
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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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All other systems meeting Part I requirements 2
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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

Q

Q Q

. D . L . S Q

. D Q

L

Q

TABLE I-4-1
System Overstrength Factor,

E

o E E

o

o

o E

o E

o E

` ` `

Seismic Force Resisting System

V
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V

V

V

2
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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.

6
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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.

Seismic Provisions for Structural Steel Buildings
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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.

Part I—Structural Steel Buildings
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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)

Part I—Structural Steel Buildings
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Flanges of I-shaped / 52/
rolled beams, hybrid
or welded beams and
channels in flexure

Webs in combined / For / 0 125
flexural and axial

520compression 1 1 54

For / 0 125

191 253
2 33

Round HSS in axial / 1300/
compression or flexure

Rectangular HSS in / or / 110/
axial compression or
flexure
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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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9.7. Beam-to-Column Connection Restraint
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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.

Part I—Structural Steel Buildings
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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
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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
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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
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13.5a.

13.5b.

14. ORDINARY CONCENTRICALLY BRACED FRAMES (OCBF)
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14.2b.

14.2c.

20

Q E Q

P P

F b t

Kl r F

P

P
P

!

b b

y c n

y f b f

y

c n

n

u

f

f

#

Full document details: AISC 341 1997

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


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

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

15.2d.

15.2e.

15.2f.

15.2g.

15.3. Link Stiffeners

15.3a.
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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

15.3b.

15.3c.

15.4. Link-to-Column Connections

15.4a.

15.4b.
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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

15.6a.

15.6b.

15.6c.

15.6d.

15.6e.

15.7. Beam-to-Column Connections
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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

16. QUALITY ASSURANCE
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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

31

F

y

y

y y y

y

4d d

d
d d d d

Full document details: AISC 341 1997

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


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

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
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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

o o o o o o

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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