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Projection of beam flanges, or
transverse stiffeners, if present

Column panel-zone

1.1 Scope

1.2 Column Stiffening

1

Figure 1-1 Illustration of column panel-zone.
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in Chapter 2. Ec n mical c nsiderati ns f r unreinf rced
c lumns and c lumns with reinf rcement are given inThe design f c lumns f r axial l ad, c ncurrent axial l ad
Chapter 3. F rce transfer and design strength f reinf rcedand flexure, and drift c nsiderati ns is well established.
c lumns with str ng-axis m ment c nnecti ns, as well asH wever, the c nsiderati n f stiffening requirements f r
the design f transverse stiffeners and web d ubler plates,wide-flange c lumns at m ment c nnecti ns as a r utine
is c vered in Chapter 4. Special c nsiderati ns in c lumncriteri n in the selecti n f the c mp nents f the struc-
stiffening, such as stiffening f r weak-axis m ment c n-tural frame is n t as well established. Thus, the ec n mic
necti ns and framing arrangements with ffsets, are c v-benefit f selecting c lumns with flange and web thick-
ered in Chapter 5. Design examples that illustrate thenesses that d n t require stiffening is n t widely pur-
applicati n f these pr visi ns are pr vided in Chapter 6,sued, in spite f the eff rts f ther auth rs wh have
with design aids f r wind and l w-seismic applicati ns inaddressed this t pic previ usly (Th rnt n, 1991; Th rn-
Appendices A, B, and C.t n, 1992; Barger, 1992; Dyker, 1992; and Ricker, 1992).

This Design Guide is written with the intent f changing
that trend and its c ntents are f cused in tw areas:

Transverse stiffeners are used t increase the strength
1. The determinati n f design strength and stiffness

and/ r stiffness f the c lumn flange and/ r web at the l -
f r unreinf rced wide-flange c lumns at l cati ns

cati n f a c ncentrated f rce, such as the flange f rce in-
f str ng-axis beam-t -c lumn m ment c nnecti ns;

duced by the flange r flange-plate f a m ment-c nnected
and,

beam. Web d ubler plates are used t increase the shear
2. The design f c lumn stiffening elements, such as

strength and stiffness f the c lumn panel-z ne between
transverse stiffeners (als kn wn as c ntinuity plates)

the pair f flange f rces fr m a m ment-c nnected beam.
and web d ubler plates, when the unreinf rced c l-

The panel-z ne is the area f the c lumn that is b unded
umn strength and/ r stiffness is inadequate.

by the c lumn flanges and the pr jecti ns f the beam
flanges as illustrated in Figure 1-1.Rec mmendati ns f r ec n my are included in b th cases.

If transverse stiffeners and/ r web d ubler plates carryF rce transfer and design strength f unreinf rced
l ads fr m members that frame t the weak-axis f thec lumns with str ng-axis m ment c nnecti ns are c vered
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1.3 References Specifications

1.5 Acknowledgements

1.4 Definitions of Wind, Low-Seismic, and High-
Seismic Applications
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Specification for Structural
Steel Buildings

Seismic Provisions
for Structural Steel Buildings

Specification for Structural
Steel Buildings—Allowable Stress Design and Plastic De-
sign
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Fr m AISC Seismic Pr visi ns C mmentary Table I-C4-1, -values f
8, 6, and 4 are c mm nly used f r Special M ment Frames (SMF), Inter-
mediate M ment Frames (IMF), and Ordinary M ment Frames (OMF),
respectively.
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c lumn, the rec mmendati ns herein must be adjusted as High-seismic applicati ns are th se f r which inelastic be-
discussed in Secti ns 5.2, 5.3, and 5.5. As discussed in havi r is expected in the beams r panel-z nes as a means
Secti n 5.4, if web d ubler plates are required t increase f dissipating the energy induced during str ng gr und
the panel-z ne shear strength, they can als be used t re- m ti ns. Such buildings are designed t meet the require-
sist l cal web yielding, web crippling, and/ r c mpressi n ments in b th the LRFD Specificati n and the AISC Seis-
buckling f the web per LRFD Specificati n Secti n K1. mic Pr visi ns and a resp nse m dificati n fact r that
As discussed in Secti n 5.6, diag nal stiffening can be is appr priate f r the level f detailing required f r the
used in lieu f web d ubler plates if it d es n t interfere m ment-frame system selected is used in the determina-
with the weak-axis framing. ti n f seismic f rces. Additi nally, the m ment c n-

necti ns used in high-seismic applicati ns have special
seismic detailing that is appr priate f r the m ment-frame
system selected.This Design Guide is generally based up n the require-

ments in the AISC LRFD
(AISC, 1993), hereinafter referred t as

the LRFD Specificati n, and the AISC This Design Guide resulted partially fr m w rk that was
(AISC, 1997a), hereinafter d ne as part f the Design Office Pr blems activity f

referred t as the AISC Seismic Pr visi ns. Alth ugh di- the ASCE C mmittee n Design f Steel Building Struc-
rect reference t the AISC tures. Chapter 3 is based in large part up n this previ us

w rk. Additi nally, the AISC C mmittee n Manuals and
(AISC, 1989) is n t included, the principles herein Textb ks has enhanced this Design Guide thr ugh care-

remain generally applicable. ful scrutiny, discussi n, and suggesti ns f r impr vement.
The auth r thanks the members f these AISC and ASCE
C mmittees f r their invaluable input and guidance. In
particular, Lawrence A. Kl iber, James O. Malley, and
David T. Ricker c ntributed significantly t the devel p-F r the purp ses f this Design Guide, wind, l w-seismic
ment f Chapters 3 and 4 and William C. Minchin andand high-seismic applicati ns are defined as f ll ws.
Th mas M. Murray pr vided helpful c mments and sug-Wind and l w-seismic applicati ns are th se f r which
gesti ns thr ugh ut the text f this Design Guide.the structure is designed t meet the requirements in the

LRFD Specificati n with n special seismic detailing.
This includes all applicati ns f r which the structural re-
sp nse is intended t remain in the n minally elastic range
and the resp nse m dificati n fact r used in the determi-
nati n f seismic f rces, if any, is n t taken greater than 3.

© 2003 by American Institute of Steel Construction, Inc. All rights reserved.
This publication or any part thereof must not be reproduced in any form without permission of the publisher.Full document details: AISC 813 2003

Administrator
Rectangle


http://www.avadocuments.com/doc/aisc-813-2003
http://www.avadocuments.com/doc/aisc-813-2003


2

2.1 Force Transfer in Unreinforced Columns
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2.1.1 Required Strength for Local Flange and Web Limit
States
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Chapter 2
STRONG-AXIS MOMENT CONNECTIONS
TO UNREINFORCED COLUMNS
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The actual m ment arm can be readily calculated as the distance be-
tween the centers f the flanges r flange plates as illustrated in Figure
2-1a. Alternatively, as stated in LRFD Specificati n C mmentary Sec-
ti n K1.7, 0.95 times the beam depth has been c nservatively used f r

in the past.
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In wind and l w-seismic applicati ns, it is ften p ssible c uple in the beam flanges r flange plates. The c rre-
t use wide-flange c lumns with ut transverse stiffeners sp nding flange f rce is calculated as:
and web d ubler plates at m ment-c nnected beams. T
use an unreinf rced c lumn, the f ll wing criteria must (2.1-1)

2be met:

where1. The required strength (Secti n 2.1) must be less than
r equal t the design strength (Secti n 2.2); and, fact red beam flange f rce, tensile r c mpres-

2. The stiffness f the c lumn cr ss-secti n must be ad- sive, kips
equate t resist the bending def rmati ns in the c l- fact red beam end m ment, kip-in.
umn flange (Secti n 2.3). m ment arm between the flange f rces, in.

fact red beam axial f rce, kipsIf these criteria cann t be met, c lumn stiffening is re-
quired. The f rmulati n f Equati n 2.1-1 is such that the c m-

In high-seismic applicati ns, transverse stiffeners are bined effect f the m ment and axial f rce is transmitted
n rmally required, as discussed in Secti n 2.3. H wever, thr ugh the flange c nnecti ns, ign ring any strength c n-
it remains p ssible in many cases t use wide-flange tributi n fr m the web c nnecti n, which is usually m re
c lumns in high-seismic applicati ns with ut web d ubler flexible.
plates at m ment-c nnected beams. When the m ment t be devel ped is less than the full

flexural strength f the beam, as is c mm nly the case
when a drift criteri n g verns the design, and the axial
f rce is relatively small, this calculati n is fairly straight-In an unreinf rced c lumn, c ncentrated f rces fr m the
f rward. H wever, when the full flexural strength f thebeam flanges r flange plates are transferred l cally int
beam must be devel ped, r when the axial f rce is large,the c lumn flanges. These c ncentrated f rces spread
such a m del seems t guarantee an verstress in the beamthr ugh the c lumn flange and flange-t -web fillet regi n
flange, particularly f r a directly welded flange m mentint the web as illustrated in Figure 2-1a. Shear is dis-
c nnecti n. N netheless, the ab ve f rce transfer m delpersed between them in the c lumn web (panel-z ne) as
remains acceptable because inelastic acti n int the rangeillustrated in Figure 2-1b. Ultimately, axial f rces in the
f strain hardening all ws the devel pment f the designc lumn flanges balance this shear as illustrated in Figure

flexural strength f the beam in the c nnecti n (Huang et2-1c.
al., 1973). Such self-limiting inelastic acti n is permitted
in LRFD Specificati n Secti n B9. Alternatively, a web
c nnecti n with a stiffness that is c mpatible with that f
the c nnecti ns f the beam flanges can be used t activate

In wind and l w-seismic applicati ns, beam end m ments, the full beam cr ss-secti n and reduce the p rti n carried
shears, and axial f rces are determined by analysis f r by the flanges.
the l ads and l ad c mbinati ns in LRFD Specificati n N te that, if a c mp site m ment c nnecti n is used be-
Secti n A4.1. N te that the t tal design m ment is sel- tween the beam and c lumn, the calculati ns in Equati ns
d m equal t the flexural strength f the beam(s). A ra- 2.1-1and2.1-2mustbeadjustedbasedup ntheappr priate
ti nal appr ach such as that illustrated in Example 6-4 r
similar t that pr p sed by Disque (1975) can be used in
c njuncti n with these l ads and l ad c mbinati ns. Dif-
ferent l ad c mbinati ns may be critical f r different
l cal-strength limit states.

F r the general case, the beam end m ment is res lved
at the c lumn face int an effective tensi n-c mpressi n

uf

u u
uf

m

uf

u

m

u
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d m

(a) Beam flange forces
distributed through
column flange and fillet

(b) Free-body diagram
illustrating shear and
axial force transfer
through column panel-
zone

(c) Free-body diagram
illustrating resulting
column axial forces and
flange forces (moments)

Note: beam shear and axial force (if any) omitted for clarity.
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Figure 2-1 Force transfer in unreinforced columns.
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With str ng panel-z nes and fully restrained (FR) c nstructi n, the pri-
mary s urce f inelasticity is c mm nly hinging in the beam itself. If the
panel-z ne is a significant s urce f inelasticity, r if partially restrained
(PR) c nstructi n is used, the flange-f rce calculati n in Equati n 2.1-2
sh uld be adjusted based up n the actual f rce transfer m del.
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detailing and f rce transfer m del. S me p ssible c mp s- Figure C-11.1 can be used. Fr m AISC Seismic Pr vi-
ite c nnecti ns are illustrated in AISC (1997a), Le n et al. si ns Secti n 11.2a, the flange f rces in Ordinary M ment
(1996), and Viest et al. (1998). Frames (OMF) need n t be taken greater than th se that

In high-seismic applicati ns, the m ments, shears, and c rresp nd t a m ment equal t 1 1 r the
axial f rces are determined by analysis f r the l ads and maximum m ment that can be delivered by the system,
l ad c mbinati ns in LRFD Specificati n Secti n A4.1 whichever is less.
and AISC Seismic Pr visi ns Secti n 4.1. The resulting F r Special M ment Frames (SMF) and Intermediate
flange f rce is then determined using Equati n 2.1-1. M ment Frames (IMF), a cyclic inelastic r tati n capa-
N te that the c rresp nding c nnecti n details have spe- bility f 3 and 2 percent, respectively, is required. Several
cial seismic detailing t pr vide f r c ntr lled inelastic alternative c nnecti n details using reinf rcement, such as
def rmati ns during str ng gr und m ti n as a means f c verplates, ribs, r haunches, r using reduced beam sec-
dissipating the input energy fr m an earthquake. ti ns (d gb nes), have been successfully tested and used.

F r Ordinary M ment Frames (OMF), a cyclic inelas- Such c nnecti ns shift the l cati n f the plastic hinge
tic r tati n capability f 1 percent is required. M ment int the beam by a distance fr m the c lumn face as
c nnecti ns such as th se discussed in AISC Seismic illustrated in Figure 2-2. Fr m AISC Seismic Pr visi ns
Pr visi ns C mmentary Secti n C11.2 and illustrated in Secti n 9.3a, the flange f rces in Special M ment Frames

(SMF) and Intermediate M ment Frames (IMF) need n t
be taken greater than:

1 1
(2.1-2)

u y y x

u f

y y uu
u f

m m
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Reinforced zone or zone between
beam end connection and reduced
beam section (RBS)

Plastic hinge locationa

1 2

3

1 2

2.2 Determining the Design Strength of an
Unreinforced Column
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2.1.2 Required Strength for Panel-Zone Shear
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Figure 2-2 Schematic illustration of moment connection
for high-seismic applications.
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where 1.1 is an adjustment fact r that n minally acc unts Seismic Pr visi ns L ad C mbinati ns 4-1 and 4-2 and
f r the effects f strain hardening, and Equati n 2.1-1, the t tal panel-z ne shear f rce is calcu-

lated with Equati n 2.1-3. As a w rst case, h wever, the
an adjustment fact r that n minally acc unts f r t tal panel-z ne shear f rce need n t be taken greater
material yield verstrength per AISC Seismic than:
Pr visi ns Secti n 6.2
1.5 f r ASTM A36 wide-flange beams 0 8[( ) ( ) ] (2.1-4)
1.3 f r ASTM A572 grade 42 wide-flange beams

The fact r 0.8 in Equati n 2.1-4 is fr m AISC Seismic1.1 f r wide-flange beams in ther material
Pr visi ns Secti n 9.3a. It rec gnizes that the effect fgrades (e.g., ASTM A992 r A572 grade 50)
the gravity l ads will c unteract s me p rti n f the effectbeam specified minimum yield strength, ksi
f the lateral l ads n ne side f an interi r c lumn andplastic secti n m dulus f beam cr ss-secti n at

thereby inhibit the devel pment f the full plastic m menthinge l cati n (distance fr m c lumn face), in.
in the beam n that side.shear in beam at hinge l cati n (distance fr m

In wind, l w-seismic, and high-seismic applicati ns, f rc lumn face), kips
a c lumn with nly ne m ment-c nnected beam, Equa-distance fr m face f c lumn flange t plastic
ti n 2.1-3 can be reduced t :hinge l cati n, in.

(2.1-5)The axial f rce effect is neglected in Equati n 2.1-2, since
the m del is already based c nservatively up n the fully

N te that gravity-l ad reducti n, as used f r high-seismicyielded and strain-hardened beam flange at the critical
applicati ns in Equati n 2.1-4, is n t appr priate in Equa-secti n.
ti n 2.1-5 f r a c lumn with nly ne m ment-c nnected
beam.

As illustrated in Figure 2-3, the t tal panel-z ne shear
f rce at an interi r c lumn results fr m the c mbined
effects f tw m ment-c nnected beams and the st ry

An unreinf rced c lumn must have sufficient strength l -shear . In wind and l w-seismic applicati ns, the t -
cally in the flange(s) and web t resist the resulting flange-tal panel-z ne shear f rce is calculated as:
f rce c uple(s). M ment c nnecti ns are termed “d uble
c ncentrated f rces” in LRFD Specificati n Secti n K1( ) ( ) (2.1-3)
because there is ne tensile flange f rce and ne c mpres-
sive flange f rce acting n the same side f the c lumnIn high-seismic applicati ns, when the flange f rces have
as illustrated in Figure 2-4a. When pp sing m ment-been calculated using the m ment resulting fr m AISC
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Note: shear forces in beams and moments and axial forces in column omitted for clarity.
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Figure 2-3 Panel-zone web shear at an interior column (with
moment-connected beams bending in reverse curvature).
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c nnected beams c incide, a pair f d uble c ncentrated F r 0 4 , 0 9 0 6 1 4
f rces results as illustrated in Figures 2-4b (the gravity
l ad case) and 2-4c (the lateral l ad case).

(2.2-2)The design strength f the panel-z ne in shear must be
checked f r all c lumns with m ment c nnected beams. In the sec nd assumpti n, it is rec gnized that signif-
F r a tensile flange f rce, the design strength f the flange icant p st-yield panel-z ne strength is ign red by limit-
in l cal flange bending and the design strength f the web ing the calculated panel-z ne shear strength t that in the
in l cal yielding must als be checked. F r a c mpres- n minally elastic range. At the same time, it must be real-
sive flange f rce, the design strength f the web in l - ized that inelastic def rmati ns f the panel-z ne can sig-
cal yielding, crippling, and c mpressi n buckling must be nificantly impact the strength and stability f the frame.
checked. N te that the c mpressi n buckling limit state Acc rdingly, a higher strength can generally be utilized
is applicable nly when the c mpressive c mp nents f a as l ng as the effect f inelastic panel-z ne def rmati n
pair f d uble c ncentrated f rces c incide as illustrated in n frame stability is c nsidered in the analysis. When this
Figure 2-4b (i.e., at the b tt m flanges). If the magnitudes pti n is selected, the resulting design strength given in
f these pp sing flange f rces are n t equal, the c mpres- Equati ns 2.2-3 and 2.2-4 is determined fr m LRFD Spec-

si n buckling limit state is checked f r the smaller flange ificati n Equati ns K1-11 and K1-12 with c nsiderati n f
f rce, since nly this p rti n f the larger flange f rce must the magnitude f the axial l ad in the c lumn:
be resisted. Each f these limit states is discussed bel w.

F r 0 75 ,

3
In wind and l w-seismic applicati ns and high-seismic 0 9 0 6 1 (2.2-3)
applicati ns inv lving Ordinary M ment Frames (OMF),
the design shear strength f the panel-z ne is deter-

F r 0 75 ,mined with the pr visi ns f LRFD Specificati n Secti n
K1.7, which all ws tw alternative assumpti ns.

3 1 2The first assumpti n is that, f r calculati n purp ses, 0 9 0 6 1 1 9
the behavi r f the panel-z ne remains n minally within
the elastic range. The resulting design strength given in
Equati ns 2.2-1 and 2.2-2 is then determined fr m LRFD (2.2-4)
Specificati n Equati ns K1-9 r K1-10 with c nsiderati n

F r equal t r less than 50 ksi, all W-shapes listedf the magnitude f the axial l ad in the c lumn:
in ASTM A6 except a W30 90 and a W16 31 have

F r 0 4 , 0 9 0 6 (2.2-1) a web thickness that is adequate t prevent buckling
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2.2.2 Local Flange Bending
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Figure 2-5 Concentration
of stress in flange or

flange-plate weld for a
column with thin flanges

and no transverse
stiffeners.
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under panel-z ne web shear per LRFD Specificati n Sec- N te that Equati n 2.2-7 is in a f rm that has been adapted
ti n F2. F r 50 ksi, these tw shapes exceed the fr m that which appears in the AISC Seismic Pr visi ns.
limit n / by 1.9 and 1.5 percent, respectively. Thus,
f r all practical purp ses, in wind and l w-seismic appli-
cati ns, shear buckling f the c lumn web need n t be

When a directly welded flange r flange-plated m ment
checked f r c lumns with equal t r less than 50 ksi.

c nnecti n is used, differential stiffness acr ss the width
In high-seismic applicati ns inv lving Special M ment

f an unstiffened c lumn flange results in a stress c ncen-
Frames (SMF) r Intermediate M ment Frames (IMF), the

trati n in the weld adjacent t the c lumn web as illus-
effect f inelastic panel-z ne def rmati n n frame stabil-

trated in Figure 2-5 that must be limited f r tensile flange
ity must be c nsidered in the analysis. The design shear

f rces. The design l cal flange bending strength
strength f the panel-z ne given in Equati ns 2.2-5

given in Equati n 2.2-8 is determined fr m LRFD Speci-
and 2.2-6 is determined fr m AISC Seismic Pr visi ns

ficati n Equati n K1.1 with c nsiderati n f the pr ximity
Secti n 9.3a:

f the c ncentrated flange f rce t the end f the c lumn:
F r 0 75 ,

0 9 6 25 (2.2-8)

3
When an extended end-plate m ment c nnecti n is used,0 75 0 6 1 (2.2-5)
flange bending must be limited t prevent yielding f the
c lumn flange under tensile flange f rces. The design l cal

F r 0 75 , flange bending strength given in Equati n 2.2-9 is
determined fr m Murray (1990) with c nsiderati n f the3 1 2 pr ximity f the c ncentrated flange f rce t the end f the0 75 0 6 1 1 9
c lumn as:

(2.2-6)
0 9 (2.2-9)

These pr visi ns are identical t th se in LRFD Specifi-
cati n Equati ns K1-11 and K1-12, except that a l wer re-

wheresistance fact r is used t pr vide an added margin against
excessive panel-z ne yielding. Additi nally, t prevent c lumn flange thickness, in.
shear buckling under the higher inelastic demand ass ci- c lumn specified minimum yield strength, ksi.
ated with high-seismic l ading, the minimum thickness f N te that Equati n 2.2-9 was devel ped fr m re-
the unreinf rced c lumn web given in Equati n 2.2-7 is search that c nsidered nly ASTM A36 material
determined fr m AISC Seismic Pr visi ns Secti n 9.3b: (Curtis and Murray, 1989). If c lumn material

with higher yield strength is used, it is rec m-2
mended that be taken c nservatively as 36 ksi(2.2-7)

90 in Equati n 2.2-9.
where

c lumn web thickness, in.
c lumn flange width, in.
c lumn flange thickness, in.
beam depth, in.
c lumn depth, in.
c lumn minimum specified yield strength, ksi
c lumn required axial strength, in.

, c lumn axial yield strength, in.
c lumn cr ss-secti nal area, in.
m ment arm between c ncentrated flange f rces,
in.
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(a) Four-bolt unstiffened (b) Eight-bolt stiffened
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0.5 if the distance fr m the c lumn end t the When an extended end-plate m ment c nnecti n is used,
cl ser face f the beam tensi n flange is less than the c ncentrated f rce is distributed t the c lumn web as
10 illustrated in Figure 2-7b. The design l cal web yielding

strength given in Equati n 2.2-11 is determined fr m1 therwise
Murray (1990) with c nsiderati n f the pr ximity f the2 5(2 ), in., f r a f ur-b lt unstiffened ex-
c ncentrated flange f rce t the end f the c lumn:tended end plate; see Figure 2-6a

2 3 5 , in., f r an eight-b lt stiffened
1 0 [ (6 2 ) ] (2.2-11)extended end plate; see Figure 2-6b

distance fr m centerline f b lt t nearer surface where
f the tensi n flange, in; plus / in. is gener-

c lumn web thickness, in.ally en ugh t pr vide wrench clearance; 2 in. is
c lumn specified minimum yield strength, ksia c mm n fabricat r standard
distance fr m utside face f c lumn flange t thebeam flange thickness, in.
web t e f the flange-t -web fillet, in.vertical pitch f b lt gr up ab ve and b lt gr up
beam flange r flange plate thickness plus 2 , in.bel w tensi n flange, in.
0.5 if the distance fr m the c lumn end t the

1 36 f r a f ur-b lt unstiffened extended cl ser face f the beam flange is less than
1 therwiseend plate
leg size f fillet weld r gr ve weld reinf rce-
ment, if used, in.1 13 f r an eight-b lt stiffened extended
end-plate thickness, in.

end plate c lumn depth, in.

2 4
b lt gage, in.
b lt diameter, in. The design l cal web crippling strength given in
distance fr m beam web centerline t flange t e Equati n 2.2-12 is determined fr m LRFD Specificati n
f flange-t -web fillet, in. Equati ns K1-4, K1-5, r K1-6 with c nsiderati n f the

pr ximity f the c ncentrated flange f rce t the end f the
c lumn:

When a directly welded flange r flange-plated m ment
c nnecti n is used, the c ncentrated f rce is distributed 0 75 135 1
t the c lumn web as illustrated in Figure 2-7a. The de-
sign l cal web yielding strength given in Equati n

(2.2-12)2.2-10 is determined fr m LRFD Specificati n Equati ns
K1-2 r K1-3 with c nsiderati n f the pr ximity f the

wherec ncentrated flange f rce t the end f the c lumn:
0.5 if the distance fr m the c lumn end t the

1 0 [ (5 ) ] (2.2-10) cl ser face f the beam c mpressi n flange is less
than /2
1 therwise
c lumn web thickness, in.
3 / if the distance fr m the c lumn end t the
cl ser face f the beam tensi n flange is either:
(1) greater than r equal t /2; r, (2) less than

/2 and / is less than r equal t 0.2.
4

0 2 therwise

c lumn flange thickness, in.
c lumn specified minimum yield strength, ksi
beam flange r flange plate thickness plus 2 f r
directly welded flange r flange-plated m ment
c nnecti n, in.
beam flange thickness plus (2 2 ) f r ex-
tended end-plate m ment c nnecti ns, in.
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(a) Directly welded flange or flange-
plated moment connection
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2.2.5 Compression Buckling of the Web
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Figure 2-7 Local force transfer for local web yielding limit state.

Figure 2-8 Compression buckling of the column web.
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leg size f fillet weld r gr ve weld reinf rce- web c mpressi n buckling strength given in Equa-
ment, if used, in. ti n 2.2-13 is determined fr m LRFD Specificati n Equa-

ti ns K1-8 with c nsiderati n f the pr ximity f theend-plate thickness, in.
c ncentrated flange f rce t the end f the c lumn:c lumn depth, in.

4 100N te that, fr m LRFD Specificati n C mmentary Sec-
0 90 (2.2-13)ti n K1.4, f r the r lled shapes listed in ASTM A6, the

limit state f web crippling will n t g vern the design f where
transverse stiffening f r a m ment c nnecti n, except t a

0.5 if the distance fr m the c lumn end t theW12 50 r W10 33 c lumn. That is, if transverse stiff-
cl ser face f the c mpressi n flanges is less thanening is required, an ther limit state, such as l cal web

/2yielding r l cal flange bending, will be m re critical in
1 therwiseall except the af rementi ned tw cases.
c lumn web thickness, in.
c lumn specified minimum yield strength, ksi

2 , in.
When a pair f c mpressive flange f rces c incide as il- c lumn depth, in.
lustrated in Figure 2-4b, the c lumn web is subject t ut- distance fr m utside face f c lumn flange t the
f-plane buckling as illustrated in Figure 2-8. The design web t e f the flange-t -web fillet, in.
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2.3 Column Cross-Sectional Stiffness Considerations

2.4 Design Aids
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if testing dem nstrates that the intended inelastic r tati n
can be achieved with ut their use.In additi n t satisfying the strength requirements given

in Secti n 2.2, the supp rting c lumn must als have suf-
ficient stiffness t resist l cal def rmati ns f the cr ss-
secti n under the tensile and c mpressive flange f rces. In F r wind and l w-seismic applicati ns, the determinati n
wind and l w-seismic applicati ns, design f r the strength f the design strength f unreinf rced wide-flange shapes
criteria in Secti n 2.2 has hist rically resulted in c lumns used as c lumns is simplified with the tables in Appen-
with suitable stiffness as well as strength. In high-seismic dices A, B, and C. In Appendix A, the design c lumn
applicati ns, h wever, the ass ciated higher inelastic de- panel-z ne shear strength is tabulated. In Appendix B, the
mand necessitates a m re explicit c nsiderati n f flange design l cal c lumn strength at l cati ns f c ncentrated
stiffness t limit the variati n in stress distributi n acr ss flange f rces is tabulated assuming that the c ncentrated
the width f the c nnected flange r flange plate. AISC f rce is n t at a c lumn-end l cati n. In Appendix C, the
Seismic Pr visi ns Secti ns 9.5 and 11.3 indicate that design l cal c lumn strength at l cati ns f c ncentrated
transverse stiffeners that match the c nfigurati n f th se flange f rces is tabulated assuming that the c ncentrated
used in the qualifying cyclic tests (see AISC Seismic Pr - f rce is at a c lumn-end l cati n. The use f these tables
visi ns Appendix S) f r the m ment c nnecti n t be used is illustrated in several f the example pr blems in Chap-
are required.N te that transverse stiffeners aren t required ter 6.
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3.1 Achieving Balance Between Increases in Material
Cost and Reductions in Labor Cost

� �

6

5

7

13

Chapter 3
ECONOMICAL SELECTION OF COLUMNS
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FOB stands f r “free n b ard,” which indicates that the qu ted price
assumes delivery t the indicated l cati n. In the ab ve case, the indi-

The estimated c sts are predicated up n the material and lab r c sts
cated l cati n is the mill itself; subsequent shipping w uld incur addi-

that existed at the time this Design Guide was written (circa early 1999).
ti nal c st.

Because it is anticipated that lab r c sts will c ntinue t rise at a faster
rate than material c sts, the user may find it advantage us t peri dically Because mill prices fluctuate, the designer may find it advantage us t
inquire with l cal fabricat rs t determine a m re current estimate f peri dically inquire with fabricat rs, steel mills, r ther shape suppliers
these c sts. t determine the current range f mill prices.

o o
o o o o
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Transverse stiffeners and web d ubler plates are ex- welding transverse stiffeners and web d ubler plates that
tremely lab r-intensive detail materials due primarily t is pred minant in their c st.
the fit-up and welding that is ass ciated with their use. An equivalent c lumn weight change is tabulated fr m
Additi nally, issues such as restraint, lamellar tearing and these estimated c sts based up n a mill price f $425 per
welding sequence must be addressed when transverse t n, which is a median value in the c mm n range f
stiffeners and/ r web d ubler plates are used. As such, fr m $400 t $450 per t n FOB, and a 14-ft fl r-t -
they add c nsiderable c st in spite f their dispr p rti n- fl r height. The tabulated values are calculated as the es-
ately l w material c st. If transverse stiffeners and web timated c st times 2000 lb per t n divided by $425 per t n
d ubler plates can be eliminated and an unreinf rced c l- divided by the 14-ft length. The resulting value is the es-
umn can be used, significant c st savings can ften be re- timated maximum per-f t c lumn-weight increase that
alized. Additi nally, the eliminati n f c lumn stiffening c uld be made t eliminate that element f the c lumn
will simplify (and thereby ec n mize) c nnecti ns that stiffening with ut increasing c st. In fact, because the tab-
are made t the weak axis f the c lumn. ulated values d n t c nsider ther intangible ec n mic

In wind and l w-seismic applicati ns, the specificati n benefits, such as the simplificati n f c nnecti ns that are
f c lumn sizes that eliminate transverse stiffeners is en- made t the weak axis f the c lumn, the tabulated value

c uraged. In high-seismic applicati ns, h wever, trans- sh uld be c nsidered c nservative.
verse stiffeners will n rmally be required, as discussed As an example, c nsider a W14 90 c lumn with full-
previ usly in Secti n 2.3. depth transverse stiffeners (Case 5, Table 3.1) at each

In wind, l w-seismic, and high-seismic applicati ns, beam flange (2 pairs t tal) and ne web d ubler plate
the specificati n f c lumn sizes that eliminate web d u- (Case 8, Table 3.1). The t tal f the tabulated c lumn-
bler plates is enc uraged. Web d ubler plates require weight-change values f r this c lumn stiffening arrange-
significant welding int the c lumn flange-t -web fillet re- ment is 40 lb/ft 82 lb/ft 122 lb/ft. Thus, if any
gi n (k-area), which is an area f p tentially l wer n tch heavier W14 up t and including a W14 211 c lumn
t ughness (AISC, 1997b). The shrinkage that acc mpa- c uld be used with ut transverse stiffeners and a web d u-
nies the c ling f these welds typically can dist rt the bler plate, it w uld likely be m re ec n mical than the
cr ss-secti n and verwelding in this regi n carries the W14 90. In m st cases, the actual increase in c lumn
p tential f r cracking. Additi nally, the weld j int may re- weight required t eliminate c lumn stiffening will be
quire the use f a n n-prequalified detail as discussed in much less than the maximum calculated and a significant
Secti n 4.4.3. ec n mic benefit can be realized.

When the required c lumn-weight change exceeds the
sum f the tabulated values, s me engineering judgment
must be used. If the c mparis n is unfav rable, but still
cl se, the use f a heavier c lumn might still be justi-In Table 3.1, estimated c sts are given f r s me arbitrarily
fied by the af rementi ned intangibles. Alternatively, theselected transverse stiffener and web d ubler plate details
designer may still find it advantage us t investigate theas illustrated in Figure 3-1. These estimated c sts were
p ssibility f eliminating the web d ubler plate nly ( rdetermined by averaging the c st estimates pr vided by
transverse stiffeners nly in s me cases).several fabricat rs and r unding the result t the near-

As an example, c nsider again the W14 90 c lumnest five-d llar increment. When c mparing these typical
with full-depth transverse stiffeners (Case 5, Table 3.1)details t actual details, it sh uld be n ted that the c mpar-
at each beam flange (tw pairs t tal) and ne web d u-ative weld types and sizes are f much greater significance
bler plate (Case 8, Table 3.1). If any heavier W14 up tthan the thicknesses r verall dimensi ns f the plate ma-

terials. It is the lab r inv lved in cutting, pr filing, and

,
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9

Equivalent
Column Weight
(lb/ft) if Wide-

Flange Steel Costs
Attachment to Attachment to Estimated $425 per Ton from

Case Thickness Column Flange Column Web Cost Rolling Mill

Partial-Depth Transverse Stiffeners (Two Pairs)
4 PL 4 / 0’-10 (ASTM A36) with one / / corner clip each

Full-Depth Transverse Stiffeners (Two Pairs)
4 PL 4 / 1’-0 / (ASTM A36) with two / / corner clips each

Web Doubler Plate (One)
1 PL 12 / 2’-0 (ASTM A36)

3.2 Eliminating Column Stiffening

1 / in. fitted to bear / -in. fillet welds $80 27
2 1 in. fitted to bear / -in. fillet welds $120 40
3 / in. / -in. fillet welds / -in. fillet welds $90 30
4 1 in. / -in. fillet welds / -in. fillet welds $140 47

5 / in. / -in. fillet welds / -in. fillet welds $120 40
6 1 in. / -in. fillet welds / -in. fillet welds $210 71
7 1 / in. CJP groove weld / -in. fillet welds $470 158

8 / in. CJP groove weld / -in. fillet welds $245 82
9 / in. CJP groove weld / -in. fillet welds $370 124

10 / in. / -in. fillet weld / -in. fillet welds $215 72
11 1 in. / -in. fillet weld / -in. fillet welds $305 103

8

9

14

3

1 3 3
2 4 4

1 9 3 3
2 16 4 4

5
8

The consulted fabricators were asked if they would instead prefer a CJP-groove-welded detail in place of this
larger-size fillet-welded detail. In all cases, the answer was no.
A / -in. by / -in. bevel on the column-flange edges of the web doubler plate is used to clear the column
flange-to-web fillet. It should be noted that the fillet-welded web doubler plate detail in Case 10 is not suitable
for high seismic applications because the weld size does not develop the strength of the full thickness of the
web doubler plate.
A floor-to-floor height of 14 ft has been used in this tabulation.

Table 3.1
Estimated Cost of Various Column Stiffening Details (as illustrated in Figure 3-1)

1 3
2 16

5
16

1 1 3
2 4 16

11 5
2 16

1 1 3
2 4 16

1 5
2 16

11 1
2 2

1 3
2 16

3 5
4 16

23 5 5
4 8 16

27 5
8 16

1

2 3 3
4 4

3

�

�

�

�

o o o

o o

Inquire with steel mills t determine the current range f shapes f r
which a grade extra applies.

C mm n grades include ASTM A992, ASTM A572 grade 50, and
A36.

o o o o
o o o o o o

o o o o o
o o

o o o o o
o o o o o o

o o o o o
o o

o

o o o
o o o o

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

o o o
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o

and including a W14 159 c lumn c uld be used with- the design strength f the c lumn, yet there will be
ut a web d ubler plate, but with the transverse stiff- little r n impact n the material c st. Mill grade

eners, it w uld be m re ec n mical than the W14 90. extras f r 50-ksi wide-flange material are largely
Similarly, if any heavier W14 up t and including a n nexistent in shapes that weigh as much as 150 lb
W14 120 c lumn c uld be used with ut transverse stiff- per ft f length. Even f r W-shapes in weight ranges
eners, but with a web d ubler plate, it w uld be m re ec - that have grade extras, these n minal c st differences
n mical than the W14 90. f tw r three pennies per p und are negligible when

c mpared t the advantage gained in detail mate-
rial savings. C lumn material with even higher yield
strength, such as ASTM A913 grade 65 material, is

Fr m Secti n 3.1, it is clear that there is significant p ten-
als available; h wever, the ass ciated material c st

tial f r ec n mic benefit when transverse stiffeners and
differential is greater.

web d ubler plates can be eliminated. Theref re, the de-
2. C nsider a different c lumn secti n that has a

signer sh uld c nsider alternatives that eliminate the need
thicker flange and/ r web, as appr priate. This in-

f r c lumn stiffening, when p ssible. The design aids in
crease in material c st, given t day’s typical FOB

Appendices A, B, and C pr vide f r the rapid identifi-
mill price f r c mm n grades f steel f appr x-

cati n f c lumn strength and stiffening requirements in
imately $400 t $450 per t n, is in m st cases

wind and l w-seismic applicati ns. S me additi nal sug-
gesti ns f ll w.

1. Specify c lumn material with yield strength f 50
ksi, such as ASTM A992 r A572 grade 50 steel.
The increased minimum yield strength will increase
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(b) Full-depth transverse
stiffeners (Cases 5, 6
and 7)

(c) Web doubler plate
(Cases 8, 9, 10 and 11)

Note: dimensions and edge connections for the above column stiffening
elements are as given in Table 3.1, based upon a W14 column.

(a) Partial-depth transverse
stiffeners (Cases 1, 2, 3
and 4)

3.3 Minimizing the Economic Impact of Column
Stiffening Requirements in Wind and Low-
Seismic Applications

15

Figure 3-1 Column stiffening arrangements for cost estimates in Table 3.1.
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easily ffset by the savings in lab r c sts, as illus- in wind and l w-seismic applicati ns:
trated previ usly in Secti n 3.1.

1. Where all wed by g verning building c des, de-
3. C nsider a deeper cr ss-secti n f r the beam that

sign c lumn stiffening in resp nse t the actual
is c nnected t the c lumn. Increasing the depth f

m ments and resulting flange f rces rather than
the beam decreases the flange f rce delivered due t

the full flexural strength f the cr ss-secti n; the
the increase in m ment arm between the flange-f rce

latter simply wastes m ney in the maj rity f
c uple. If it were p ssible t replace a W16 50 with

cases. When the Engineer f Rec rd (EOR) del-
a W18 50, the material c st w uld n t be increased;

egates the determinati n f the c lumn stiffen-
if a lighter, deeper shape were suitable, the material

ing requirements, the design f rces and m ments
c st w uld in fact be decreased. Even if there were

sh uld als be pr vided.
an increase in material c st, it w uld in m st cases be

2. If designing in all wable stress design, take ad-
easily ffset by the savings in lab r c sts. N te that

vantage f the all wable stress increase in wind-
this suggesti n may instead be punitive when the m -

l ad applicati ns (l ad c mbinati ns in LRFD
ment c nnecti n is designed t devel p the strength

inherently acc unt f r such c ncurrent ccurrence
f the beam.

f transient l ads).
4. Increase the number f m ment-resisting c nnec-

3. Pr perly address reduced design strength at c l-
ti ns and/ r frames t reduce the magnitude f the

umn-end applicati ns. The typical beam depth
m ment delivered t a given c nnecti n t a level

is usually such that the reduced design strength
that is within the l cal design strength f the c lumn

pr visi ns f r c lumn-end applicati ns apply
secti n.

nly at the nearer flange f rce.
4. Increase the number f m ment-resisting c nnec-

ti ns and/ r frames t reduce the magnitude f the
m ment delivered t a given c nnecti n t a level
that all ws a m re ec n mical stiffening detail.

5. Give preference t the use f fillet welds insteadIn s me cases, the need f r c lumn stiffening may n t be
f gr ve welds when their strength is adequateav idable. When this is the case, the f ll wing suggesti ns

and the applicati n is appr priate (see Chapter 4).may help minimize the c st impact f r building structures

© 2003 by American Institute of Steel Construction, Inc. All rights reserved.
This publication or any part thereof must not be reproduced in any form without permission of the publisher.Full document details: AISC 813 2003

Administrator
Rectangle


http://www.avadocuments.com/doc/aisc-813-2003
http://www.avadocuments.com/doc/aisc-813-2003


10 11

1 2

3.4 Minimizing the Economic Impact of Column
Stiffening Requirements in High-Seismic
Applications

10

11
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Applicable when a m ment c nnecti n is made t ne flange nly.

N te that this may n t be p ssible in high-seismic applicati ns if the
c lumn web thickness itself d es n t meet the seismic shear buckling
criteria given in Equati n 4.4-6.

o o o o o
o o o o o o

o oo
o o oo o o

o o o oo
o o oo

o oo
oo

o o o
o o o o

o oo o
o o oo o

o o o
o o o o

o
o o o

o o o o
o o o o

o o o o
o

o o o
o o o o

o
o o o

o o o
o o o

o o
o o o o

o o
o o o o o

o o
o o o o

o o
o o

o o
o

This is particularly true f r the welds c nnecting 11. Rec gnize that, in the c ncentrated-flange-f rce
transverse stiffeners t the c lumn. design pr visi ns in LRFD Specificati n Secti n

K1, it is assumed that the c nnecti n is a directly6. When p ssible, use a partial-depth transverse
welded flange r flange-plated m ment c nnec-stiffener, which is m re ec n mical than a full-
ti n, n t an extended end-plate m ment c nnec-depth transverse stiffener because it need n t
ti n. Appr priate design strength equati ns arebe fitted between the c lumn flanges. Select
given in Chapter 2 based up n the rec mmenda-the partial-depth transverse stiffener length t
ti ns in Murray (1990).minimize the required fillet-weld size f r the

transverse-stiffener-t -c lumn-web weld. 12. Limit the number f different thicknesses that
are used thr ugh ut a given pr ject f r trans-7. While transverse stiffeners are required in pairs
verse stiffeners and web d ubler plates. Pr duc-when the limit states f l cal flange bending
ti n ec n my is achieved when many repetitiver l cal web yielding are less than the required
elements can be used.strength, a single transverse stiffener is permitted

and sh uld be c nsidered when the limit states f
web crippling and/ r c mpressi n buckling f the
web nly are/is less than the required strength.

8. In cases when the flange f rce is nly c mpres-
sive, all w the pti n t weld the transverse stiff-

In high-seismic applicati ns, ec n my suggesti ns 4, 5,
ener end r t finish it t bear n the inside flange.

6, 9, 10, 11, and 12 in Secti n 3.3 remain applica-
In m st lateral l ad resisting frames, h wever,

ble. Additi nally, ec n my suggesti n 1 remains applica-
m ments are reversible and the design flange

ble f r web d ubler plates, when the flange f rce(s) are
f rce may be either tensile r c mpressive.

determined fr m LRFD Specificati n Secti n A4.1, AISC
9. Use a single web d ubler plate up t a required

Seismic Pr visi ns Secti n 4.1, and Equati n 2.1-1.
thickness f / in. If thicker web reinf rcement
is required, c nsider the use f tw plates, ne n
each side f the c lumn web. This practice may
be m re ec n mical and is likely t reduce heat
input, weld shrinkage, and member dist rti n.

10. Select the web d ubler plate thickness s that plug
welding between the c lumn web and web d u-
bler plate is n t required.

© 2003 by American Institute of Steel Construction, Inc. All rights reserved.
This publication or any part thereof must not be reproduced in any form without permission of the publisher.Full document details: AISC 813 2003

Administrator
Rectangle


http://www.avadocuments.com/doc/aisc-813-2003
http://www.avadocuments.com/doc/aisc-813-2003


Section A-A

Section B-B

transverse
stiffeners fillet
welded to column
flanges

transverse
stiffeners groove
welded to column
flanges

transverse
stiffeners fillet
welded to column
web

transverse
stiffeners groove
welded to column
web

B

B

A A

17

Figure 4-1 Column with partial-depth transverse stiffeners.

Chapter 4
STRONG-AXIS MOMENT CONNECTIONS TO
STIFFENED COLUMNS

o
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When the required strength (Secti n 2.1) exceeds the de- extend past the partial-depth and full-depth transverse
sign strength f the c lumn f r the c ncentrated f rces stiffeners, respectively. In Figure 4-6, the web d ubler
(Secti n 2.2), r when the stiffness f the c lumn cr ss- plate(s) extend t but n t past the full-depth transverse
secti n is inadequate t resist the bending def rmati ns stiffeners.
in the c lumn flange (Secti n 2.3), c lumn stiffening is As illustrated in Figures 4-4, 4-5 and 4-6 the web d u-
required. Several c mm n stiffening arrangements are il- bler plates that are fillet welded t the c lumn flanges are
lustrated in Figures 4-1 thr ugh 4-6 with c mm n weld- sh wn thicker than th se that are gr ve welded t the c l-
ing pti ns f r the attachments f the stiffening elements umn flanges are. This is intended t visually highlight the
t the c lumn. increased thickness that is ften required t facilitate the

In Figures 4-1 and 4-2, a c lumn with partial-depth use f a fillet-welded edge detail (see Secti n 4.4.2).
transverse stiffeners nly and a c lumn with full-depth Fillet-welded and gr ve-welded details are illus-
transverse stiffeners nly are illustrated, respectively. In trated generally in all cases. Fillet-welded details will be
Figure 4-3, a c lumn with web d ubler plate(s) nly is il- preferable in the maj rity f cases alth ugh partial-j int-
lustrated. In Figures 4-4, 4-5, and 4-6, c lumns with b th penetrati n r c mplete-j int-penetrati n gr ve welds
transverse stiffeners and web d ubler plates(s) are illus- may be the best ch ice in s me cases. Ultimately, prefer-
trated. In Figures 4-4 and 4-5, the web d ubler plate(s) ence sh uld be given t the use f details that require the
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Section A-A

Section B-B

transverse
stiffeners fillet
welded to column
flanges

transverse
stiffeners groove
welded to column
flanges

transverse
stiffeners fillet
welded to column
web

transverse
stiffeners groove
welded to column
web

B

B

A A

13

12

4.1 Determining the Column Stiffening
Requirements

12

13

18

4.1.2 Local Flange Bending

4.1.3 Local Web Yielding

4.1.1 Panel-Zone Web Shear

Figure 4-2 Column with full-depth transverse stiffeners.
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Alternatively, diag nal stiffening can be used if it d es n t interfere
with the weak-axis framing; see Secti n 5.6.

See Secti n 5.4.
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least am unt f weld metal with due c nsiderati n f the
material preparati n requirements.

When the c lumn flange thickness is inadequate t resist
the tensile flange f rce, a pair f transverse stiffeners ex-
tending at least ne-half the depth f the c lumn web is re-
quired. They must be welded t the l aded c lumn flange

In wind and l w-seismic applicati ns, vari us alternative t devel p the strength f the welded p rti n f the trans-
stiffening details utilizing transverse stiffeners, web d u- verse stiffener. The weld t the c lumn web must be sized
bler plates, r a c mbinati n there f, are permitted in t devel p the unbalanced f rce in the transverse stiffener
LRFD Specificati n Secti n K1, depending up n the limit t the web.
state(s) f r which c lumn stiffening is required. The weld-
ing requirements are als specified f r each case therein.
In high-seismic applicati ns, the required placement and

When the c lumn web thickness is inadequate t resist the
welding f transverse stiffeners and web d ubler plates is

tensile r c mpressive flange f rce, either a pair f trans-
given in LRFD Specificati n Secti n K1 and AISC Seis-

verse stiffeners r a web d ubler plate, extending at least
mic Pr visi ns Secti ns 9.3c, 9.5 and 11.3. These c lumn-

ne-half the depth f the c lumn web is required.
stiffening requirements and alternatives are summarized

In wind and l w-seismic applicati ns, when required
in Secti ns 4.1.1 thr ugh 4.1.6.

f r a tensile flange f rce, and in high-seismic applica-
ti ns, the transverse stiffener must be welded t the l aded

When the c lumn web thickness is inadequate t resist the
required panel-z ne shear strength, a web d ubler plate
is required. The welding requirements f r web d ubler
plates are as summarized in Secti n 4.4.3 and 4.4.4.
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Section A-A

Section B-B

web doubler plate beveled and fillet
welded to column flanges

web doubler
plates fillet welded
to column web
(top and bottom)

B

B

A A

web doubler plate groove welded to
column flanges

See note below

Note: 2.5k minimum for directly welded flange and flange-plated moment
connections, 3k + tp minimum for extended end-plate moment

connections (top and bottom)

15

14

14 15

19

4.1.5 Compression Buckling of the Web

4.1.4 Web Crippling

Figure 4-3 Column with web doubler plate(s).

o oSee Secti n 5.4. See Secti n 5.4.

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

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

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

o o o o o o
o o

o o

o o
o o o o

o o o o o
o o o o

o o o
o o o o o

o o o o
o o o o o o

o o o o

c lumn flange t devel p the strength f the welded p r- flange t devel p the f rce transmitted t the transverse
ti n f the transverse stiffener. In wind and l w-seismic stiffener. In high-seismic applicati ns, the transverse stiff-
applicati ns when required f r a c mpressive flange f rce, ener must be welded t the l aded flange t devel p the
the transverse stiffener must either bear n r be welded strength f the welded p rti n f the transverse stiffener.
t the l aded flange t devel p the f rce transmitted t the The weld t the c lumn web must be sized t devel p
transverse stiffener. the unbalanced f rce in the transverse stiffener int the

The weld t the c lumn web must be sized t devel p c lumn panel-z ne.
the unbalanced f rce in the transverse stiffener int the
c lumn panel-z ne.

When the c lumn web thickness is inadequate t resist the
pp sing c mpressive flange f rces, either a transverse

When the c lumn web thickness is inadequate t resist the stiffener, a pair f transverse stiffeners r a web d ubler
c mpressive flange f rce, either a transverse stiffener, a plate, extending the full depth f the c lumn web, is re-
pair f transverse stiffeners r a web d ubler plate, ex- quired.
tending at least ne-half the depth f the c lumn web, is In wind and l w-seismic applicati ns, the transverse
required. stiffener must either bear n r be welded t the l aded

In wind and l w-seismic applicati ns, the transverse flange t devel p the f rce transmitted t the transverse
stiffener must either bear n r be welded t the l aded
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Section A-A

Section B-B

transverse
stiffeners fillet
welded to column
flanges

transverse
stiffeners groove
welded to column
flanges

transverse
stiffeners fillet
welded to web
doubler plate

transverse
stiffeners groove
welded to web
doubler plate

B

B

A A

web doubler plate beveled and fillet
welded to column flanges

web doubler plate groove welded to
column flanges

See note below

web doubler
plates fillet welded
to column web
(top and bottom)

Note: 2.5k minimum for directly welded flange and flange-plated moment
connections, 3k + tp minimum for extended end-plate moment

connections (top and bottom)

4.2 Force Transfer in Stiffened Columns

20

4.1.6 Flange Stiffness 4.2.1 Required Strength for Transverse Stiffeners

Figure 4-4 Column with partial-depth transverse stiffeners
and web doubler plate(s) (extended).

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

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

o o o o
o o o o

o o
o o o o

o o
o o o

o
o o o o

o o
o o o

o
o o o o

o o
o o o

o o oo o o
o o oo

o o o o o oo o o o o
o oo o o

stiffener. In high-seismic applicati ns, the transverse stiff- transferred l cally int the c lumn flanges. These c ncen-
ener must be welded t the l aded flange t devel p the trated f rces spread thr ugh the c lumn flange and flange-
strength f the welded p rti n f the transverse stiffener. t -web fillet regi n int the web, transverse stiffener(s), if

The weld t the c lumn web must be sized t devel p used, and web d ubler plate(s), if used. Shear is dispersed
the unbalanced f rce in the transverse stiffener int the between them in the c lumn panel-z ne. Ultimately, axial
c lumn panel-z ne. f rces in the c lumn flanges balance this shear.

In wind and l w-seismic applicati ns, flange stiffness is
The f ll wing discussi n is applicable t the required

addressed by the l cal flange bending limit state (Secti n
strength f the ends f the transverse stiffener in tensi n

4.1.2). In high-seismic applicati ns, transverse stiffeners
and/ r c mpressi n. The required strength f the trans-

will n rmally be required (see Secti n 2.3) in pairs with
verse stiffener in shear t transmit an unbalanced l ad t

welding as described in Secti ns 4.3.4 and 4.3.5.
the c lumn panel-z ne is c vered in Secti n 4.3.2.

In wind and l w-seismic applicati ns, transverse stiff-
eners are required nly when the c ncentrated flange f rce
(Secti n 2.1.1) exceeds the design strength f the c l-In a stiffened c lumn, the l ad path is similar t that de-
umn flange r web (Secti ns 2.2.2 thr ugh 2.2.5). In anscribed in Secti n 2.1, except that the added stiffening
exact s luti n, this f rce w uld be app rti ned betweenelements share in a p rti n f the f rce transfer. C ncen-
the web and transverse stiffeners n the basis f relativetrated f rces fr m the beam flanges r flange plates are
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Section A-A

Section B-B

transverse
stiffeners fillet
welded to column
flanges

transverse
stiffeners groove
welded to column
flanges

transverse
stiffeners fillet
welded to web
doubler plate

transverse
stiffeners groove
welded to web
doubler plate

B

B

A A

web doubler plate beveled and fillet
welded to column flanges

web doubler plate groove welded to
column flanges

See note below

web doubler
plates fillet welded
to column web
(top and bottom)

Note: 2.5k minimum for directly welded flange and flange-plated moment
connections, 3k + tp minimum for extended end-plate moment

connections (top and bottom)

min

min

�

�

�

�

�
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R

R P R

P

R

Figure 4-5 Column with full-depth transverse stiffeners
and web doubler plate(s) (extended).

�
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o o o o o
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o o o o
o o o o

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

o o
o o o o o

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

o o o

stiffness and effective area. H wever, AISC has l ng al- crippling, and c mpressi n buckling (if ap-
l wed a simplified appr ach whereby nly the f rce in ex- plicable) at l cati ns f c mpressive flange
cess f the g verning c lumn flange r web limit-state f rces, kips
is assumed t be transmitted t the transverse stiffener

If is negative, transverse stiffening is n t required and
end in tensi n r c mpressi n. Because minimum trans-

its value is set equal t zer in subsequent calculati ns.
verse stiffener width and thickness pr visi ns are als in-

N te that the flange f rce against which each limit state
cluded (see Secti ns 4.3.1 and 4.3.2), this rati nal meth d

must be checked may vary. F r example, the c mpressi n
has hist rically pr vided a safe result. Acc rdingly, the

buckling limit-state will usually be applicable f r a pair
required strength f the transverse stiffener(s) in tensi n

f pp sing c mpressive flange f rces induced by max-
and/ r c mpressi n is:

imum c ncurrent negative m ments due t gravity l ad
at a c lumn with beams that are m ment c nnected t(4.2-1)
b th flanges. At the same time, the tensile r c mpres-
sive flange f rces induced by the maximum m ments duewhere
t lateral l ads may be m re critical f r the ther limit-

fact red beam flange f rce, tensile r c m- states.
pressive (Secti n 2.1), kips In high-seismic applicati ns, transverse stiffeners that
the lesser f the design strengths in flange match the c nfigurati n f th se used in the qualifying
bending and web yielding at l cati ns f ten- cyclic tests (AISC Seismic Pr visi ns Appendix S) f r the
sile flanges f rces, r the lesser f the de- m ment c nnecti n t be used are required as discussed
sign strengths in l cal web yielding, web previ usly in Secti n 2.3.

u st

u st nuf

uf

n

© 2003 by American Institute of Steel Construction, Inc. All rights reserved.
This publication or any part thereof must not be reproduced in any form without permission of the publisher.Full document details: AISC 813 2003

Administrator
Rectangle


http://www.avadocuments.com/doc/aisc-813-2003
http://www.avadocuments.com/doc/aisc-813-2003


Section A-A

Section B-B

transverse
stiffeners fillet
welded to column
flanges

transverse
stiffeners groove
welded to column
flanges

transverse stiffener
and web doubler
plate fillet welded

transverse stiffener
and web doubler
plate groove welded

B

B

A A

web doubler plate beveled and fillet
welded to column flanges

web doubler plate groove welded to
column flanges

transverse stiffener
fillet welded, web
doubler plate
groove welded

transverse stiffener
groove welded, web
doubler plate fillet
welded

min

min min

�
�

�

�

4.3 Design of Transverse Stiffeners

�

�

�
�

�

�

� �
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4.2.2 Required Strength for Web Doubler Plates

R

F

V V R

V

R

V

4.3.1 Width of Transverse Stiffeners

A b

R tb
A b

F

Figure 4-6 Column with full-depth transverse stiffeners and
web doubler plate(s) (flush).

�

�

oo o o
o o

o o o
o

o o o o o

o
o o o o o o o o o o

o o o o
o o o o o o

o o
o

o o

o o o
o o o o o o o

where

transverse stiffener required strength (Secti nWeb d ubler plate(s) are required nly when the c lumn
4.2.1), kipsweb shear (Secti n 2.1.2) exceeds the design strength f
transverse stiffener specified minimum yieldthe c lumn web (Secti n 2.2.1). The required strength f
strength, ksithe web d ubler plate(s) is:
0.9

(4.2-2) When beams are m ment c nnected t b th c lumn
flanges and share transverse stiffeners, the transverse stiff-where
ener end area is selected f r the maximum individual

fact red panel-z ne shear f rce (Secti n flange f rce, n t the c mbined f rce fr m b th transverse
2.1.2), kips stiffener ends. The c mbined f rce fr m b th transverse
c lumn web design shear strength (Secti n stiffener ends is f interest, h wever, f r the design f the
2.2.1), kips c lumn-web edge f the transverse stiffener and may im-

pact the required thickness; see Secti n 4.3.2.
If is negative, web d ubler plating is n t required.

In wind and l w-seismic applicati ns, fr m LRFD Spec-
Transverse stiffeners are sized t pr vide a cr ss-secti nal ificati n Secti n K1.9, the minimum width f each trans-
area , where verse stiffener , as illustrated in Figure 4-7, is

(4.3-1) (4.3-2)
3 2

u st

y st

u v cwu dp

u

v cw

u dp

st s

u st pz
st s

y st

© 2003 by American Institute of Steel Construction, Inc. All rights reserved.
This publication or any part thereof must not be reproduced in any form without permission of the publisher.Full document details: AISC 813 2003

Administrator
Rectangle


http://www.avadocuments.com/doc/aisc-813-2003
http://www.avadocuments.com/doc/aisc-813-2003


(b) Full-depth transverse stiffeners

(a) Partial-depth transverse stiffeners

bs

bs

tw bf (b for flange plate)

bs

bs

tw bf (b for flange plate)

Note: for flange-plated moment connections, use the flange-
plate width b in place of the beam-flange width bf

min

minmin

3 4

� �
�

�

�
�
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b b
t

4.3.2 Thickness of Transverse Stiffeners

t

b Ft
tA

t
b

R
t

. . F l clip

Figure 4-7 Illustration of transverse stiffener width b
(wind and low-seismic applications).

s

�
�

�
� � �

o o o

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

o o o o
o o o o o

o o o o o
o o o

o
o o

o o

where the transverse stiffeners extend t the full width f the c l-
umn flange.

width f beam flange ( ) r flange plate, in.
c lumn web thickness, in., if a web d ubler plate
is n t used r if the web d ubler plate extends
t (but n t past) the transverse stiffeners; t tal In wind and l w-seismic applicati ns, fr m LRFD Spec-
panel-z ne thickness, in., if the web d ubler plate ificati n Secti n K1.9, the minimum thickness f each
extends past the transverse stiffeners. transverse stiffener when transverse stiffeners are re-

quired is:The specified width sh uld be selected with c nsidera-
ti n f the thickness requirements in Secti n 4.3.2, t

(4.3-3)satisfy the minimum area (Secti n 4.3). Area
2 95reducti n due t c rner clips that are required t clear the

c lumn flange-t -web fillets sh uld be c nsidered when where
sizing the transverse stiffener and its welds. As discussed

beam flange r flange plate thickness, in.in the AISC LRFD Manual (page 8-117) a / -in. diag -
actual transverse stiffener width, in.nal c rner clip will generally be dimensi nally adequate

t clear m st c lumn flange-t -web fillets, but the clip di- The specified thickness sh uld be selected with c nsidera-
mensi n can be adjusted up r d wn as required t suit the ti n f the length requirements in Secti n 4.3.3, t satisfy
vari us c nditi ns. the shear strength that is required t transmit the unbal-

In high-seismic applicati ns, the width f each trans- anced f rce in the transverse stiffener t the c lumn panel-
verse stiffener sh uld be c nsistent with that used in the z ne. F r a pair f partial-depth transverse stiffeners, the
tested assemblies (see Secti n 2.3). T date, qualifying thickness required f r shear strength is:
cyclic tests have utilized transverse stiffeners f width
such that the t tal stiffened width equals r slightly ex- (4.3-4)

0 9 0 6 ( ) 2ceeds the beam flange r flange-plate width r such that

f

pz

s

s y st
sst

s

u st
s

y st
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t . F t . F t. . F l clip w
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R
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l
clip

R R

R
R

4.3.3 Length of Transverse Stiffeners b t

. R
b clip t

F

R
w

. . . F b clip

. R
F b clip

4.3.4 Connecting Transverse Stiffeners
to Column Flanges

clip
R

F

F

�

�

�
� � � �

�

� �

� �

�

o o o
o o o o

o o o o o o
o

Subsequent research (El Tawil et al., 1998) indicates that transverse
stiffness with thickness equal t r greater than 60 percent f the beam
flange r flange-plate thickness can pr vide f r the required cr ss-
secti nal stiffness when a beam is m ment-c nnected t ne c lumn
flange nly.
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F r a pair f full-depth transverse stiffeners, the thickness j int penetrati n gr ve welds with fillet-weld reinf rce-
required f r shear strength is: ment, r c mplete-j int-penetrati n gr ve welds. When

using d uble-sided fillet welds, the weld size required is:
( ) ( )

(4.3-5) 0 9 0 9430 9 0 6 ( 2 ) 2

0 75(1 5 0 6 ) 2
where (4.3-6)

required strength f the transverse stiffener (see
whereSecti n 4.2.1), kips; the subscripts 1 and 2 in

Equati n 4.3-5 indicate the f rces at each end transverse stiffener specified minimum yield
f the transverse stiffener strength, ksi

transverse stiffener specified minimum yield transverse stiffener thickness, in.
strength, ksi welding electr de specified minimum
transverse stiffener length, in. strength, ksi
transverse stiffener c rner clip dimensi n, in.

The 1.5 fact r in the den minat r f the sec nd term in
In Equati n 4.3-5, ( ) and ( ) can add, as f r lat- Equati n 4.3-6 is the weld strength increase fact r f r the
eral m ments, r subtract, as f r gravity m ments. The 90-degree angle f l ading determined fr m LRFD Spec-
m st critical case f r transverse stiffener thickness will ificati n Appendix J2.4.
usually result f r the case wherein they add. When the transverse stiffener is required f r a c mpres-

In high-seismic applicati ns, the thickness f each sive flange f rce nly (due t l cal web yielding, web
transverse stiffener sh uld be c nsistent with that used crippling, r c mpressi n buckling f the web), it must
in the tested assemblies. T date, m st qualifying cyclic either bear n r be welded t the c lumn flange t devel p
tests have utilized transverse stiffeners f thickness equal the f rce transmitted t the transverse stiffener. F r pr per
t that f the beam flange r flange plate t meet the rec- f rce transfer in bearing, must be equal t r less than
mmendati n f FEMA (1995). as given in LRFD Specificati n Secti n J8(a). Fr m

this secti n, it can be derived that, f r a pair f transverse
stiffeners, the width and thickness f each f the trans-
verse stiffeners must be such that:When full-depth transverse stiffeners are used, the length

is selected f r the distance between the c lumn flanges, 0 370
( ) (4.3-7)with due c nsiderati n f c lumn cr ss-secti nal t ler-

ances and the welded j int that is t be used. When partial-
depth transverse stiffeners are used, the length is selected Alternatively, when using d uble-sided fillet welds, the
t minimize the transverse stiffener thickness and, m re weld size required is:
imp rtantly, the size f d uble-sided fillet weld that is re-
quired f r the c nnecti n f the transverse stiffener t the
c lumn web; see Secti ns 4.3.2 and 4.3.5. N te that the 0 75(1 5 0 6 )( )(2) 2

(4.3-8)minimum length f r partial-depth transverse stiffeners is
0 524ne-half the c lumn depth.

( )

where

transverse stiffener c rner clip dimensi n, in.In wind and l w-seismic applicati ns, when the transverse
transverse stiffener required strength (see Sec-stiffener is required f r a tensile flange f rce (due t l cal
ti n 4.2.1), kipsweb yielding r l cal flange bending), it must be welded
transverse stiffener specified minimum yield,t devel p the strength f the welded p rti n f the trans-
ksiverse stiffener. As illustrated in Figure 4-8, this can be
welding electr de specified minimumd ne with d uble-sided fillet welds, d uble-sided partial-
strength, ksi

The 1.5 fact r in the den minat r f the sec nd term in
Equati n 4.3-8 is the weld strength increase fact r f r the
90-degree angle f l ading determined fr m LRFD Spec-
ificati n Appendix J2.4.
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u st
s s

y st

u st
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w
ts

w

(a) Double-sided fillet welds

Column flangeColumn web

Transverse stiffener

(b) Double-sided partial-joint-penetration
groove welds with fillet-weld reinforcement

(c) Complete-joint-penetration groove weld
(single-sided preparation with backing bar

shown)

17

17

25

4.3.5 Connecting Transverse Stiffeners
to Column Panel-Zones

Figure 4-8 Welded joint details for transverse stiffener ends (welding to column flange).

o
o o

In such cases, minimum-size fillet welds per LRFD Specificati n
Table J2.4 are c mm nly used.

o o o o
o o o o

o o
o o o
o o oo

o o o o oo o o o o oo
o o oo

o o o o oo
o

o o o o o o
o
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o o o o oo

o oo o o
o o

o o o o o
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o o o o o

In high-seismic applicati ns, the transverse stiffener transverse stiffeners. Welding t the c lumn panel-z ne
must be welded t devel p the strength f the welded p r- will always be required when:
ti n f the transverse stiffener. As illustrated in Figure 4-8,

1. Partial-depth transverse stiffeners are used (see Fig-this can be d ne with d uble-sided fillet welds, d uble-
ure 4-9a);sided partial-j int penetrati n gr ve welds with fillet-

2. A beam is m ment-c nnected t ne flange f theweld reinf rcement, r c mplete-j int-penetrati n gr ve
c lumn nly; r,welds. When using d uble-sided fillet welds, the weld size

3. Beams are m ment-c nnected t b th c lumnrequired can be determined as given previ usly in Equa-
flanges and reverse-curvature bending is anticipatedti n 4.3-6.
(see Figure 4-9c).

The latter case is c mm n f r m ment c nnecti ns, es-
pecially in high-seismic applicati ns, and results in a ten-
sile f rce n ne end f the transverse stiffener c mbinedIn wind, l w-seismic and high-seismic applicati ns, the
with a c mpressive f rce n the ther end f the transversetransverse stiffener is welded t transmit the unbalanced
stiffener. The sum f these f rces is equilibrated by shearf rce, if any, in the transverse stiffener t the c lumn

panel-z ne. As illustrated in Figure 4-9b, welding t the
c lumn panel-z ne is n t required if the pp sing beam
flange f rces are equal and pp site, except when c m-
pressi n buckling f the web g verns r t stabilize the
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(b) Full-depth transverse stiffeners with
opposing flange forces

(a) Partial-depth transverse stiffeners

Puf

(Puf)1(Puf)2

Web welds always required for
partial-depth transverse stiffeners

Web welds not required for full-depth
transverse stiffeners if (Puf)1=(Puf)2,
except for compression buckling of
the web and to stabilize the
transverse stiffeners

(c) Full-depth transverse stiffeners with
reverse-curvature bending

(Puf)1(Puf)2

Web welds always required for full-
depth transverse stiffeners with
reverse-curvature bending

1 2�

�
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Figure 4-9 Web welding requirements for transverse stiffeners.
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that is distributed al ng the c lumn-web edge f the trans-
( ) ( )verse stiffener as illustrated in Figure 4-10.

(4.3-10)0 75 0 6 ( 2 ) 2 2F r a pair f partial-depth transverse stiffeners, the
fillet-weld size required f r shear strength (with d uble-

where
sided fillet welds n each transverse stiffener) is:

transverse stiffener required strength (see Sec-
ti n 4.2.1), kips; the subscripts 1 and 2 in(4.3-9)
Equati n 4.3-10 indicate the f rces at each end0 75 0 6 ( ) 2 2
f the transverse stiffener as illustrated in Fig-

F r a pair f full-depth transverse stiffeners, the fillet-weld ure 4-10
size required f r shear strength (with d uble-sided fillet
welds n each transverse stiffener) is:

u st u st

EXX

u st
u st

EXX
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Puf–φRnmin 1

2

Puf–φRnmin 1

2

Puf–φRnmin 2

2

Puf–φRnmin 2
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Puf–φRnmin 1
+ Puf–φRnmin 2
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4.4 Design of Web Doubler Plates
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4.4.1 Width and Depth of Web Doubler PlatesR

R . F b clip t

R . . F l cli p t

R . . F d t

Figure 4-10 Force transfer for transverse stiffeners (reverse curvature moment case).
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weld electr de specified minimum strength, where
ksi

maximum f rce f r which the welds c n-
transverse stiffener length, in.

necting the transverse stiffeners t the c l-
transverse stiffener c rner clip dimensi n, in.

umn panel-z ne must be designed, kips
transverse stiffener specified minimumIn Equati n 4.3-10, ( ) and ( ) can add, as f r lat-
yield strength, ksieral m ments, r subtract, as f r gravity m ments. The
transverse stiffener width, in.m st critical case f r weld size will usually result f r the
transverse stiffener c rner clip dimensi n,case wherein they add. H wever, the welds need n t be
in.sized t devel p a f rce that is larger than that due t any
transverse stiffener thickness, in.f the f ll wing criteria:
transverse stiffener length, in.

1. The sum f the design strengths at the c nnecti ns
panel-z ne specified minimum yield

f the transverse stiffener t the c lumn flanges (see
strength (c lumn web and/ r web d ubler

Equati ns 4.3-11 and 4.3-14 r 4.3-17);
plate), in.

2. The design shear strength f the c ntact area f the
panel-z ne material thickness (c lumn web

transverse stiffener with the c lumn panel-z ne (see
and/ r web d ubler plate), in.

Equati ns 4.3-12 and 4.3-15); n r
3. The shear yield strength f the c lumn panel-z ne N te that, if a pair f full-depth transverse stiffeners is

(see Equati ns 4.3-13 and 4.3-16). used, but a beam is m ment c nnected t ne c lumn
flange nly, Equati n 4.3-17 sh uld be used in lieu f

N te that the sec nd and third criteria sh uld n t g vern
Equati n 4.3-14, where:

unless the transverse stiffener was pr vided f r stiffness
rather than strength. 0 9 (2)( ) (4.3-17)

Thus, f r a pair f partial-depth transverse stiffeners, the
When transverse stiffeners transmit an unbalanced l addesign shear strength f the welds need n t exceed

t b th the c lumn web and the web d ubler plate simul-any f the f ll wing three f rces:
tane usly, the welded detail must be c nfigured f r pr per

0 9 (2)( ) (4.3-11) f rce transfer fr m the transverse stiffener t the c lumn
0 9 0 6 ( ) 2 (4.3-12) web and web d ubler plate. See Secti n 4.4.4.
0 9 0 6 (4.3-13)

Similarly, f r a pair f full-depth transverse stiffeners, the
design shear strength f the welds need n t exceed
any f the f ll wing three f rces: In wind, l w-seismic and high-seismic applicati ns, the

width and depth f web d ubler plates are selected based0 9 (4)( ) (4.3-14)
up n the dimensi ns f the panel-z ne, with due c nsider-

0 9 0 6 ( 2 ) 2 (4.3-15) ati n f the details t be used t c nnect the web d ubler
0 9 0 6 (4.3-16) plate.
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(a) (c)

(b) (d)

Column web

Web doubler
plate

Transverse
stiffener

Fillet weld made
first, remaining
gap filled
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18

28

k
k

k

k

4.4.2 Thickness of Web Doubler Plates

Figure 4-11 Common welded joint details at top and bottom edges with one
web doubler plate and a pair of transverse stiffeners.
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A c rner clip may still be desirable t separate and simplify the welds
n the ends and edge f the transverse stiffener.
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If full-depth transverse stiffeners are present, the web this detail may be preferable when partial-depth trans-
d ubler plate(s) can be extended t the transverse stiffen- verse stiffeners are used. H wever, if a web d ubler plate
ers and ne f the weld details illustrated in Figures is extended bey nd the transverse stiffener, its thickness
4-11 and 4-12 can be used. Alternatively, the web d ubler must be sufficient t transmit the full unbalanced f rce in
plate may be extended past the transverse stiffener t clear the transverse stiffener, if any, int the panel-z ne.
the z ne f the c lumn web subject t crippling and buck- If transverse stiffeners are n t present, the web d ubler
ling. As a minimum, this distance is 2.5 times the c lumn plate sh uld extend bey nd the beam flange r m ment-
-distance f r a directly welded flange r flange-plated c nnecti n flange plate t clear the z ne f the c lumn

m ment c nnecti n and 3 times the c lumn -distance web subject t crippling and buckling. As a minimum,
plus the end-plate plate thickness f r an extended end- this distance is 2.5 times the c lumn -distance f r a dir-
plate m ment c nnecti n. The ch ice between these stiff- ectly welded flange r flange-plated m ment c nnecti n
ening alternatives sh uld be an ec n mic ne made by the and 3 times the c lumn -distance plus the end-plate
fabricat r with the appr val f the Engineer f Rec rd. Ex- plate thickness f r an extended end-plate m ment c n-
tending the web d ubler plate past the transverse stiffener necti n.
may be desirable in s me cases because the t p and b tt m
edges f the web d ubler plate can be square-cut and the
c rners f transverse stiffeners may n t need t be clipped

The web d ubler plate thickness is selected t pr videt clear the c lumn flange-t -web fillets. Additi nally,
that required in excess f the c lumn web thickness t
resist panel-z ne web shear. F r strength, the required
web d ubler plate thickness is
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