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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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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.
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2.1 Force Transfer in Unreinforced Columns
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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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(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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Figure 2-2 Schematic illustration of moment connection
for high-seismic applications.

�

�

�

o o o o o o o o

o o o o o o

o o o
o o o o

o o o o
o

o o o

o

o
o o oo o

o o o o oo
o o o o o o

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

oo o o
o o oo

o o o o oo o o o
o oo o

o o

o o o
o o o o

o o o oo
o o o o o o o

o o

o o o o o

o o o o o
o o o

o o o
o

o o
o o o o o o

o o o o

o o o o

o o o oo o
o o oo o

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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2.2.1 Panel-Zone Shear Strength
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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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