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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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Fr m AISC Seismic Pr visi ns C mmentary Table I-C4-1, -values f
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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.
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2.1 Force Transfer in Unreinforced Columns

�

�

�
�
�

2

3

P

M P
P

d

P

M
d
P

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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(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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(Mu)1(Mu)2

Vus
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Vu

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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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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If using all wable stress design, the shear buckling limit is slightly
m re c nservative and the f ll wing W-shapes must be checked
f r shear buckling: W44 230, W40 215, W40 199, W40 183,
W40 174, W40 167, W40 149, W36 150, W36 135, W33 130,
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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

1 2

1/4

1/4

1

1

1 5

2

�

�

�

�

�

�

�

�

�
� �

� � �
� � �

�

�
�
��

�
�
�

�

�
�

�
�
�

�

�
�
�

� �

�
� �

�
�
�

�

�
�
�

� �

9

C

t
R

b . p t

p t . p
R . C k t N F t

p
d

t
F
kt

p
N w
Cp

. dd

w
p

.
d t

d
g d

p k
2.2.4 Web Cripplingg

d R
k

2.2.3 Local Web Yielding

F tt
R . C t N

t t
R

C
R . C k N F t

d

t
N N d

d
d N d

N
.

d
t
F
N w

w tFigure 2-6 Configuration of extended end-plate moment
connections.

�

� �

� �

� �

� �

�

� �

�

�

�

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 o o

o o

o o o o
o o

oo o o
oo 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 o

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

o o o o o o
o

o o
o o o o
o o

o o
o o o

o o o o o o
o o o o o

o o o
o o o o

o
o

o o o
o o o

o o o
o o

o

o
o

o o
o o

o o
o

o o o

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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connection
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Zone of column web subject to
compression buckling (out-of-plane)
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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
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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.
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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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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
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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.
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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.

Administrator
Rectangle




10 11

1 2

3.4 Minimizing the Economic Impact of Column
Stiffening Requirements in High-Seismic
Applications
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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.
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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.
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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
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Figure 4-1 Column with partial-depth transverse stiffeners.

Chapter 4
STRONG-AXIS MOMENT CONNECTIONS TO
STIFFENED COLUMNS
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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
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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.
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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).
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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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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
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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 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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�

�
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�

�
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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).
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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
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(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).
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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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4.3.3 Length of Transverse Stiffeners b t
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4.3.4 Connecting Transverse Stiffeners
to Column Flanges
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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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(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)
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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.
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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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4.4 Design of Web Doubler Plates
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4.4.1 Width and Depth of Web Doubler PlatesR
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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
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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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(a) (c)

(b) (d)

Column web

Web doubler
plates

Transverse
stiffener

Fillet welds made
first, remaining
gaps filled
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Figure 4-12 Common welded joint details at top and bottom edges with two
web doubler plates and a pair of transverse stiffeners.
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F r a full-depth transverse stiffener,(4.4-1)
0 9 0 6

( ) ( )
where 0 9 0 6 ( 2 ) 4

(4.4-3)
that p rti n f the t tal panel-z ne shear that is ( ) ( )
carried by the web d ubler plate, kips

0 9 0 6 2web d ubler plate specified minimum yield
strength, ksi where
c lumn depth, in.

required strength f the transverse stiffeners
When the web d ubler plate extends past the transverse (see Secti n 4.2.1), kips; the subscripts 1 and

stiffener, it must be f sufficient thickness t resist the 2 in Equati n 4.4-3 indicate the f rces at each
shear f rce that is transmitted t the c lumn panel-z ne end f the transverse stiffener as illustrated in
thr ugh the transverse stiffener. F r a partial-depth trans- Figure 4-10
verse stiffener, web d ubler plate specified minimum yield

strength, in.
transverse stiffener length, in.

0 9 0 6 ( ) 4 0 9 0 6 2 transverse stiffener c rner clip dimensi n, in.
(4.4-2) c lumn depth, in.
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t 4.4.3 Connecting Web Doubler Plates to Columns Along
the Column-Flange Edges
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This assumes a 45-degree level.
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In Equati ns 4.4-2 and 4.4-3, the first term after the equal 2 , in.
sign represents the design shear strength per in. f thick- c lumn depth, in.
ness f the web d ubler plate n tw shear planes with a distance fr m utside face f c lumn flange t the
length equal t that f the transverse stiffener fillet welds. web t e f the flange-t -web fillet, in.
The sec nd term represents the design shear strength per

Alternatively, the web d ubler plate and the c lumn webin. f thickness f the web d ubler plate n ne shear plane
can be interc nnected with plug welds (see AISC Seismicwith a length equal t the c lumn depth. When a single
Pr visi ns C mmentary Secti n C9.3 and Figure C-9.2)web d ubler plate is used, the c lumn web thickness must
and the t tal thickness must satisfy the ab ve equati n.als be checked using Equati ns 4.4-2 and 4.4-3.

When a fillet-welded edge detail is used, the minimum
web d ubler plate thickness t all w f r pr per
beveling f the plate t clear the c lumn flange-t -web
fillet is:

In wind and l w-seismic applicati ns and high-seismic
(4.4-4) applicati ns inv lving Ordinary M ment Frames (OMF),

web d ubler plates are welded al ng their c lumn-flangewhere
edges t devel p the required shear strength f the web

c lumn flange-t -web fillet radius, which can d ubler plate; that is, as used in Equati n 4.4-1.
be estimated by subtracting the flange thickness In high-seismic applicati ns inv lving Special M ment
fr m the -distance and r unding the result t the Frames (SMF) and Intermediate M ment Frames (IMF),
nearest / -in. increment, in. web d ubler plates are welded al ng their c lumn-flange
permissible encr achment fr m LRFD Manual edges t devel p the shear strength f the full web-
Table 9-1 (page 9-12), in. d ubler-plate thickness. Either fillet welds r gr ve
distance fr m utside face f c lumn flange t the welds can be used; see Figure 4-13. The preferred detail is
web t e f the flange-t -web fillet, in. usually the ne that minimizes the am unt f weld metal
c lumn flange thickness, in. required with due c nsiderati n f the ass ciated material

preparati n requirements.In wind and l w-seismic applicati ns, t prevent shear
It is rec gnized that welding in the flange-t -web fil-buckling f the web d ubler plate, the minimum thickness

let regi n f wide-flange c lumns carries the p tential f rper LRFD Specificati n Secti n F2 sh uld be:
shrinkage dist rti ns and subsequent cracking due t re-
straint and l w n tch t ughness (AISC, 1997b). This is

(4.4-5) primarily f c ncern f r the gr ve-welded detail in Fig-418
ure 4-13a. N netheless, fabricat rs may prefer that al-

Alternatively, the web d ubler plate can be designed f r ternative, which can be c mbined with g d quality and
shear buckling in acc rdance with LRFD Specificati n pr cess c ntr l, inspecti n, and repair when necessary
Appendix F2.2. t maximize efficiency. As an ther alternative, the detail

In high-seismic applicati ns, t prevent shear buckling sh wn in AISC Seismic Pr visi ns C mmentary Figure
f the web d ubler plate with ut the use f plug welds C-9.3c with a pair f web d ubler plates placed symmet-

between the web d ubler plate and the c lumn web, the rically away fr m the c lumn web and used integrally with
minimum thickness f b th the c lumn web and web d u- transverse stiffeners t p and b tt m can be used.
bler plate per AISC Seismic Pr visi ns Secti n 9.3b and The use f a fillet-welded detail requires a beveled edge
LRFD Specificati n Secti n F2 sh uld be: t clear the flange-t -web fillet radius and a web d ubler

plate thickness that is at least equal t the required bevel.
2 All wing a slight plate encr achment int the flange-t -(4.4-6)

90 418 web fillet radius, as illustrated in LRFD Manual Table 9-1
(page 9-12), reduces the required bevel and increases

where the net secti n that remains after beveling. Because the
flange-t -web fillet regi n is a sm th transiti n, suchm ment arm between c ncentrated flange f rces,
slight encr achment d es n t n rmally affect fit-up. Thein.
flange-t -web fillet radius can be estimated by subtract-transverse stiffener thickness, in.
ing the flange thickness fr m the -distance and r undingc lumn depth, in.
the result t the nearest / -in. increment.c lumn flange thickness, in.

The reducti n in plate thickness due t beveling must
be c nsidered when selecting the plate thickness (Secti n

c

c

p

e ep f

u dp

e

f

p min

y
p

ym s c f

m

s

c

f

© 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.

Administrator
Rectangle




(a) CJP groove-welded detail

k

Encroachment of web doubler plate
into column fillet per LRFD Manual
Table 9-1

Bevel, if
required

CJP groove weld may be a
non-prequalified detail (see
Section 4.4.3)

(b) Fillet-welded detail with plate bevel
equal to plate thickness

k

Encroachment of web doubler plate
into column fillet per LRFD Manual
Table 9-1

(c) Fillet-welded detail with plate bevel
less than plate thickness

k

Encroachment of web doubler plate
into column fillet per LRFD Manual
Table 9-1

31

Figure 4-13 Common welded joint details at column-flange
edges of web doubler plates.
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4.4.2) and fillet-weld size. There is both a strength and
geometric relationship that must be satisfied. When the
bevel dimension and plate thickness are equal, as illus-
trated in Figure 4-13b, the minimum fillet-weld size to de-
velop the required effective throat in the web doubler plate
is:

When the bevel dimension is less than the plate thick-
ness, as illustrated in Figure 4-13c, the minimum fillet-
weld size to develop the required effective throat in the
web doubler plate is:

If a complete-joint-penetration groove weld is used, this
joint is generally not an AWS prequalified weld joint, but
can be successfully made with slight modification to the
following AWS prequalified weld joint designations:

(a) C-L1a or C-L1a-GF for web doubler plates that
meet the thickness limitation ( ) and
plate edges cut square

(b) TC-U4a (series) for plate thicknesses exceeding the
qualifications of (a) with beveled plate edges

The two primary deviations from the prequalified joints
are: (1) the root opening will exceed the maximum toler-
ance, assuming the plate width is selected to match the
T-dimension of the column; and, (2) the weld throat will
be slightly reduced, due to the flange-to-web fillet radius.
As with a fillet weld, however, allowing a slight encroach-
ment into the flange-to-web fillet radius reduces the shop
labor required to make the weld by reducing the volume to
be filled. The above practices are therefore recommended.

4.4.4 Connecting Web Doubler Plates Along the Top
and Bottom Edges

When transverse stiffeners are not used and the web doubler
plate is extended past the beam flange or flange plate as
recommended in Section 4.4.1, there is no force to transfer

32

between the top and bottom edges of the web doubler
plate and the column web. This is also the case when
transverse stiffeners are used and the web doubler plate
is extended past the transverse stiffeners as illustrated in
Figures 4-4 and 4-5. In these cases, a minimum-size fillet
weld per LRFD Specification Table J2.4 is used, except
that the minimum size need not exceed the web doubler
plate thickness minus

When transverse stiffeners are used and the web dou-
bler plate extends to (but not past) the transverse stiffener,
the joint between the transverse stiffener, column web and
web doubler plate must be detailed consistently with the
load path for the unbalanced force in the transverse stiff-
eners. Several common details are illustrated in Figures
4-11 and 4-12. The strength checks required for each of
these details are illustrated in Examples 6-13 and 6-14.

In Figures 4-11a and 4-12a, a CJP groove welded joint
detail is used at the top and bottom edges of the web dou-
bler plate(s). In Figures 4-11b and 4-12b, the joint details
are essentially the same, except a fillet weld is first made
connecting the transverse stiffener to the column web and
the remaining gap to the web doubler plate is subsequently
filled with weld metal. In each of these cases, the result-
ing joint can be used successfully on the thinner range of
web doubler plates, say up to thick. Beyond this
thickness it is advisable to bevel the edge of the plate.
Although this adds to the fabrication costs, it will benefit
the welder and increase the probability of making a sound
weld. In each of the details illustrated in Figures 4-11a,
4-11b, 4-12a, and 4-12b, one-quarter of the unbalanced
force in the transverse stiffeners is transferred at each
weld.

In Figure 4-11c, a CJP groove weld is used to connect
one transverse stiffener to the column web. The web dou-
bler plate extends to contact the transverse stiffener and
is fillet welded to it. In Figure 4-12c, a similar detail is
used with web doubler plates on both sides of the column
web. If the column web thickness is sufficient to trans-
mit the full unbalanced force from the transverse stiffen-
ers (Equations 4.4-2 and 4.4-3 can be used for this check),
the fillet weld between the transverse stiffener and the web
doubler plate is selected as a minimum-size fillet weld per
LRFD Specification Table J2.4. Otherwise, the joint de-
tail must be configured to transmit the portion of the un-
balanced force in excess of the column web strength to the
web doubler plate.

In Figure 4-11d, the fillet welds on the right side connect
one side of the transverse stiffener to the column web and
the other side to the web doubler plate. In Figure 4-12d, a
similar detail is used with web doubler plates on both sides
of the column web. In each of these details, one-quarter of
the unbalanced force in the transverse stiffeners is trans-
ferred at each weld.

(4.4-7)

(4.4-8)

where

web doubler plate specified minimum yield
strength, ksi
minimum web doubler plate thickness re-
quired for strength per Equation 4.4-1, in.
welding electrode specified minimum
strength, ksi

Rev.
3/1/03
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5.1 Column Stiffening for Beams of Differing Depth
and/or Top of Steel

5.2 Column Stiffening for Weak-Axis Moment
Connections
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e

Figure 5-1 Columns with beams of differing
depths and/or tops of steel.

Chapter 5
SPECIAL CONSIDERATIONS
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Frequently, beams f differing depths are c nnected with
m ment c nnecti ns t pp site flanges f a c lumn at the
same l cati n as illustrated in Figure 5-1a. In ther cases,
the t ps f steel f r such beams may be ffset as illustrated
in Figures 5-1b and 5-1c.

F r panel-z ne web shear, the details illustrated in Fig-
ure 5-1 have multiple regi ns that must be investigated.
Regi n 1 will be critical f r reverse-curvature bending,
while regi n 2 r 3 will be critical f r pp sing m -
ments.

F r l cal strength f the c lumn flanges and/ r web t
resist the c ncentrated flange f rces, several pti ns ex-
ist if transverse stiffening is required. As illustrated in
Figures 5-1 and 5-2a, partial-depth transverse stiffeners
can be used. H wever, since it is generally advantage us
t use as few transverse stiffeners as p ssible, pairs f
partial-depth transverse stiffeners can be replaced with
sl ping full-depth transverse stiffeners as illustrated in
Figure 5-2b. The design f sl ping transverse stiffeners
is similar t that f r diag nal stiffeners. See Secti n 5.6.

Alternatively, it may be p ssible t use eccentric full-
depth transverse stiffeners as illustrated in Figure 5-2c.
In full-scale tests, Graham, et al. (1959) sh wed that
transverse stiffeners with 2-in. eccentricity pr vided 65
percent f the strength f identical c ncentric transverse
stiffeners and rapidly declined in effectiveness at greater
spacing. It was thus rec mmended that “f r design pur-
p ses it w uld pr bably be advisable t neglect the resis-
tance f stiffeners having eccentricities greater than tw
inches.” Otherwise, the required transverse stiffener area,
width, and thickness can be established by the same cri-
teria as f r c ncentric transverse stiffeners, pr vided the
strength is reduced linearly fr m 100 percent at zer ec-
centricity t 65 percent at 2-in. eccentricity.

In s me cases, m ment c nnecti ns must be made f r
beams that frame t the webs f wide-flange c lumns.
While the mechanics f analysis and design d n t dif-
fer significantly, the details f the f rce transfer and c n-
necti n design as well as the ductility c nsiderati ns
required are significantly different. N rmally, the c nnec-
ti n is c nfigured s that the field c nnecti n is utside
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±(Puf)1±(Puf)2

±(Puf)3

±(Puf)4

(a) Two partial-depth transverse stiffeners

(b) One sloped full-depth transverse stiffener

See Section 5.1 for discussion of eccentricity e.

e e

(c) One eccentric full-depth transverse stiffener

5.3 Column Stiffening for Concurrent Strong- and
Weak-Axis Moment Connections

34

Manual of Steel Construction

Figure 5-2 Transverse stiffening options Figure 5-3 Flange forces from multiple moment
at flange offsets. connections to one column.
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f the c lumn flanges. Alth ugh this requires that trans- In wind and l w-seismic applicati ns, as indicated in
verse stiffeners ( r weak-axis flange c nnecti n plates in LRFD Manual Part 10 (pages 10-61 thr ugh 10-65),
this case) be used, it greatly simplifies the erecti n f the weak-axis m ment c nnecti ns t wide-flange c lumns
beam, permits the use f an impact wrench t install all require special detailing t achieve an acceptable level
b lts, and increases accessibility and clearance f r weld- f ductility (Drisc ll and Beedle, 1982; Drisc ll et al.,
ing. 1983). Several rec mmendati ns are given therein f r the

pr p rti ning f c lumn stiffening and c nnecti n plates
f r weak-axis m ment c nnecti ns. Additi nally, refer t
Ferrell (1998). Pages 10-61 thr ugh 10-65 f the 2nd edi-
ti n LRFD and the reference
Ferrell (1998) have been reprinted in Appendix D f r ease
f reference.
In high-seismic applicati ns, c lumn stiffening f r

weak-axis m ment c nnecti ns must be c nsistent with
that used in the qualifying cyclic testing.

When weak-axis framing is present, the f rce transfer
m dels described in Secti n 4.2 and c lumn stiffening
sizing pr cedures described in Secti ns 4.3 and 4.4 must
be adjusted f r the additi nal f rces induced. Additi n-
ally, the ge metry f the transverse stiffeners that may
als serve as weak-axis c nnecti n plates must be adjusted
t pr vide f r the required ductility as discussed in Sec-
ti n 5.2.

C nsider the str ng-axis m ment c nnecti n transverse
stiffeners that als serve as weak-axis m ment c nnec-
ti n plates illustrated in Figure 5-3 f r a “f ur-way” m -
ment c nnecti n assembly. The transverse stiffener sizing
and c nnecti n t the c lumn flanges must be selected t
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(a)

(b)

e e

(c)

See Section 5.1 for discussion of eccentricity e.

1 2

3 4

1 2

5.4 Web Doubler Plates as Reinforcement for
Local Web Yielding, Web Crippling, and/or
Compression Buckling of the Web

5.5 Web Doubler Plates at Locations of Weak-Axis
Connections
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P P

P P

P P

Figure 5-4 Transverse stiffening at concurrent strong-
and weak-axis framing.
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transfer the p rti n f the flange f rces fr m the str ng- transverse stiffeners t transmit the f rces t the c lumn.
axis m ment c nnecti ns ( ) and ( ) in excess f In any case, eliminating the need f r a web d ubler plate
the c lumn strength, as well as the flange f rces fr m the thr ugh the selecti n f a c lumn with a thicker web may
weak-axis m ment c nnecti ns ( ) and ( ) . The be the m st reas nable and ec n mical alternative.
transverse stiffener c nnecti n t the c lumn web must
be selected t transfer the unbalanced f rce resulting fr m
the flange f rces fr m the str ng-axis m ment c nnecti ns
( ) and ( ) . Tamb li (1999) treats this c mplex
subject in greater depth.

When multiple transverse stiffeners and weak-axis
flange c nnecti n plates are required f r beams f vary-
ing n minal depth, adequate clearance must be pr vided
t install the transverse stiffeners. It is rec mmended that
the vertical spacing f transverse stiffeners l cated n the
same side f a c lumn web be n less than three inches
t ensure adequate clearance f r welding. A detail such as
that in Figure 5-4b may pr vide an ec n mical s luti n.
H wever, a m re ec n mical arrangement w uld likely
result if the beam sizes were f similar depth as illustrated
in Figure 5-4c.

In high-seismic applicati ns, c lumn stiffening f r c n-
current str ng- and weak-axis m ment c nnecti ns must
be c nsistent with that used in the qualifying cyclic test-
ing.

Fr m LRFD Specificati n Secti n K1.10, when required
f r l cal web yielding r c mpressi n buckling f the web,
the thickness and extent f the web d ubler plate must
pr vide the additi nal panel-z ne thickness necessary t
equal r exceed the required strength and distribute the
flange f rce int the c lumn web. Additi nally, the web
d ubler plate must be welded t devel p the pr p rti n f
the t tal flange f rce that is transmitted t the web d ubler
plate.

S metimes, pr visi n must be made f r the attachment f
a weak-axis c nnecti n t the web f the c lumn thr ugh
the web d ubler plate. The l ad path illustrated in Figure
5-5 can be used when the edge c nnecti ns f the web
d ubler plate are adequate t carry the l ads (Tamb li,
1999). Otherwise, the shear fr m the end reacti n f the
supp rted beam must be added algebraically t the vertical
shear in the web d ubler plate t determine the required
thickness and weld size. If the beam als were subjected
t a small axial tensi n and/ r m ment, l calized bending
w uld be a maj r c nsiderati n in sizing the web d ubler
plate. If the axial tensi n and/ r m ment were significant,
h wever, these c mp nents might better be res lved using

u f u f

u f u f

u f u f
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d m

Note: beam shear and column forces not shown above for clarity.

Cs
Mu

Puf

Puf

θ

Vus

Vus

Ru

Ru

d m

Puf

Puf

x

H = Rx/dm

H

x1

V = Pufdm/x1

V

One shear plane taken in web
doubler plate for weak-axis

connection shear Ru

36

Figure 5-5 Force transfer in web doubler plate with weak-axis shear connection.

Figure 5-6 Diagonal stiffening.
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5.6 Diagonal Stiffeners
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N te that it is n t always p ssible t use fillet welds because the r t
angle with diag nal stiffeners may n t meet the limitati ns specified f r
fillet welds in AWS D1.1.
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and the diag nal stiffener c mpressive f rce is

A pair f diag nal stiffeners may be used as an alterna- (5.6-3)
tive t a web d ubler plate t reinf rce a c lumn web
that has inadequate design panel-z ne shear strength. Assuming 0 9 and substituting terms,
H wever, the designer sh uld be aware f the increased
fabricati n c sts incurred by the additi n f diag nal stiff- c s( ) (5.6-4)

0 9eners t a c lumn. As with web d ubler plates, it fre-
quently is less c stly t select a member with a thicker

S lving f r the required diag nal stiffener area,web than it is t add the diag nal stiffening.
When specified, diag nal stiffeners are sized f r the 1

strength that is required in excess f the design shear c s( ) (0 9 )
strength f the c lumn web. The full f rce in the diag -

(5.6-5)nal stiffener must be devel ped at each end, as f r any
truss diag nal, using either fillet welds r gr ve welds.

whereThe diag nal stiffeners will prevent c lumn web buckling
with nly a n minal attachment t the web. , the sum f the fact red m ments

Fr m Figure 5-6, the c mbined h riz ntal and vertical due t lateral l ad and gravity l ad, kip-in.
shear f rces may be res lved as a diag nal c mpressive beam depth, in.
stress in the c lumn web. Thus, a diag nal stiffener may design c mpressive strength as given in
be used t “truss” the c lumn as a c mpressi n strut. LRFD Specificati n Secti n E2, kips

F r static equilibrium, the panel-z ne shear must be re- design shear strength (see Secti n 2.2.1), kips
sisted by shear in the c lumn web and the h riz ntal c m- fact red st ry shear due t the lateral l ad,
p nent f the diag nal stiffener design strength. Thus, kips

Letting 0 85 (assumes f r diag nal stiffenerc s( ) (5.6-1)
/ 0) and 0 90(0 60 ),

where, f r a c nnecti n t ne side f a c lumn,
1 1 31

0 64
c s( ) 0 85(5.6-2)

(5.6-6)

F r a m re detailed treatment f diag nal stiffeners, refer
t Bl dgett (1967).

s

s c n c cr s

m b

u
us v c cr s

b

u us v
s req

c cr c cr c crb

u uL uG

b

c cr

v

us

cr yu v u f

v y c w

u us
s req w cu

y ybu us
m

© 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.

Administrator
Rectangle




© 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.

Administrator
Rectangle




W14x53, Fy = 50 ksi

Check if column
stiffening is required

W18x50, Fy = 50 ksi

2

7 16
15 161

2

2

2

7 16
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Given:
V P

Determine the design panel-zone web shear strength:

P F A

P
P

F
d . b .
t . t .

R . . F d tF
d . b . k
k t . t .

VT A .

Solution:

Calculate the flange forces and panel-zone shear force:

Determine the design strength of the flange and web to
resist the flange forces in tension:M

P
d t

R . . t F C

P

R . C k N F t

P

Determine the design strength of the web to resist the
flange forces in compression:

Figure 6-1 Framing arrangement for
Example 6-1.

Chapter 6
DESIGN EXAMPLES
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Neglecting the effects f st ry shear, the panel-z ne web
shear f rce is determined fr m Equati n 2.1-5 as

172 kips
Determine if transverse stiffeners and/ r a web d ubler
plate will be required f r the directly welded flange m -

Assuming the behavi r f the panel-z ne remains n mi-ment c nnecti n illustrated in Figure 6-1. The m ment
nally within the elastic range,transferred at the c nnecti n is 250 ft-kips. The axial

c mpressi n in the c lumn is 300 kips. The c nnecti n is (50 ksi)(15.6 in. ) 780 kips
part f a frame in a wind r l w-seismic applicati n. Ne-

300 kipsglect the effects f st ry shear f r calculati n purp ses. 0.385
780 kips

W18 50, 50 ksi
17 99 in. 7 495 in. Since this rati is less than 0.4, Equati n 2.2-1 is appli-
0 355 in. 0 570 in. cable.

0 9 0 6W14 53, 50 ksi
13 92 in. 8 060 in. 1 / in. 0.9 0.6(50 ksi)(13.92 in.)(0.370 in.)

/ in. 0 370 in. 0 660 in.
139 kips 172 kips11 in. 15 6 in.

Theref re, the web f the W14 53 is inadequate t resist
the panel-z ne web shear with ut reinf rcement.

Fr m Equati n 2.1-1, the f rce at each flange is

250 ft-kips(12 in./ft)
172 kips F r a tensile flange f rce, the limit states f l cal flange17.99 in. 0.570 in.

bending and l cal web yielding must be checked. F r l cal
flange bending, fr m Equati n 2.2-8,

0 9 6 25

0.9 6.25(0.660 in.) (50 ksi) 1

123 kips 172 kips

F r l cal web yielding, fr m Equati n 2.2-10,

1 0 [ (5 ) ]

1.0 [1(5)(1 / in.)

0.570 in.](50 ksi)(0.370 in.)

144 kips 172 kips

Theref re, the flange and web f the W14 53 are inad-
equate t resist the tensile flange f rce with ut reinf rce-
ment.

F r a c mpressive flange f rce, the limit states f l cal
web yielding, web crippling, and c mpressi n buckling

u uf

y y

u

y
y

f

w f

v y c wy
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w f
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u
uf
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n y tf
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W14x74, Fy = 50 ksi

Column stiffening is
not required

W18x50, Fy = 50 ksi

1 32 4

1 5
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2
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1 32 4

1 32 4
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Example 6-2
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N N

R P
Given:

N
N

d
Solution:

F tt Try a W14 74 with F ksi:R . C t N
t t

P F A

P
P ,

P P .

R V

N .

R PP

P

N N
Summary:

Summary:

F

Comments:

P P .

R V

N .

R P

N N

N .

R P
Figure 6-2 Framing arrangement for

Example 6-2.
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f the web must be checked. In this case, the c mpressi n by interp lati n between the values that are tabulated f r
buckling limit state d es n t apply because there is a m - / in. and / in.
ment c nnecti n t ne flange nly. F r l cal web yielding,
as determined previ usly,

144 kips 172 kips

F r web crippling, fr m Equati n 2.2-12,
F r the framing arrangement given in Example 6-1, rese-

3 3(0.570 in.) lect the c lumn size t eliminate the need f r stiffening.
0.123

13.92 in.

500 75 135 1

(50 ksi)(21.8 in. ) 1,090 kips

0.75 135(1)(0.370 in.) 300 kips
0.275

1 090 kips
0.370 in.

1 (0.123) Fr m Table A-1, with / 0 4,0.660 in.

172 kips 172 kips
(50 ksi)(0.660 in.)

Fr m Table B-1, with 0 570 in.,0.370 in.

173 kips ( ) 172 kips138 kips 172 kips

189 kips ( ) 172 kipsTheref re, the web f the W14 53 is inadequate t resist
the c mpressive flange f rce with ut reinf rcement. by interp lati n between the values that are tabulated f r

/ in. and / in.

As illustrated in Figure 6-1, the W14 53 is inadequate
t resist the l cal f rces that are induced with ut c lumn As illustrated in Figure 6-2, a W14 74 c lumn ( 50
stiffening. F r the selecti n f a c lumn that is adequate ksi) can be used with ut stiffening. This c lumn-weight
with ut stiffening, refer t Example 6-2. F r the design f increase f 21 lb/ft ( 74 53) is well within the range
stiffening f r the W14 53, refer t Example 6-3.

The f reg ing s luti n can be determined m re expedi-
ently using the design aids in Appendices A and B. The
design panel-z ne web shear strength is determined fr m
Table A-1 where, f r a W14 53 with / 0 4,

139 kips 172 kips

The design strength f the flange and web t resist the
flange f rce in tensi n is determined fr m Table B-1
where, f r a W14 53, with 0 570 in. and reading
fr m the (tensi n) c lumn,

123 kips 172 kips

by interp lati n between the values that are tabulated f r
/ in. and / in. The design strength f the web

t resist the flange f rce in c mpressi n is als determined
fr m Table B-1 where, f r a W14 53, with 0 570 in.
and reading fr m the (c mpressi n) c lumn,

138 kips 172 kips
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Example 6-3

Use PL / in. 12 / in. 2’-1 / .

Use / -in. fillet welds to connect the web doubler
plate to the column flanges.

Use / -in. fillet welds to connect the top and
bottom edges of the web doubler plate to the column
web.
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h F
t

.

Given:

t k t r

.

. k

. k

Solution A:

Calculate the transverse stiffener forces and web doubler
plate shear force:

. F t
w t

F
R P R

V V R

t

R

Design the web doubler plate and its associated welding:

V
t

. . F d

.
Design the transverse stiffeners and their
associated welding:
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identified as ec n mical in Chapter 3 f r the eliminati n f [13.92 in. 2(0.660 in.)] 36 ksi
tw pairs f partial-depth transverse stiffeners and a web 418 418
d ubler plate.

0 181 in.

Check minimum thickness required t facilitate the fillet-
welded j int detail between the web d ubler plate and the
c lumn flange (f r c nstructability). Fr m Equati n 4.4-4,

F r the framing arrangement given in Example 6-1 (a 1 / in. 0.660 in. / in.
wind r l w-seismic applicati n), design the transverse

0 528 in.stiffeners and web d ubler plate that are required t in-
crease the l cal c lumn strength f the W14 53 c lumn. The thickness required f r c nstructability g verns.
Use a stiffening detail with a pair f partial-depth trans- The web d ubler plate width and depth are selected
verse stiffeners at each beam flange and a web d ubler based up n the dimensi ns f the panel-z ne and the edge
plate n ne side nly that extends past the transverse stiff- details. Transverse t the axis f the c lumn, the web d u-
eners by 2 5 (n minally). Use ASTM A36 material f r bler plate dimensi n is selected equal t the clear distance
the stiffening elements, transverse stiffeners with fillet- between the c lumn flanges, which is 12 / in. Parallel t
welded j int details and tw alternative s luti ns as f l- the axis f the c lumn, the web d ubler plate dimensi n
l ws: is selected equal t the beam depth plus tw times 2 5 ,

which is n minally 25 / in.A) fillet-welded j int details between the web d ubler
N te that, nce theplate and the c lumn flanges and web.

transverse stiffeners are designed, the web d ubler plateB) a gr ve-welded j int detail between the web d u-
will have t be checked f r shear strength t carry the re-bler plate and the c lumn flanges and a fillet-welded
acti n fr m ne transverse stiffener at each flange int thej int detail t the c lumn web.
c lumn panel-z ne.

The c lumn-flange edges are t be fillet welded. There-
f re, the web d ubler plate must have a / -in. / -in.
bevel al ng each f these edges. F r adequate weld and
plate strength at the bevel, fr m Equati n 4.4-7,

Fr m Equati n 4.2-1, the required strength f r the trans-
1 70verse stiffeners is 2

172 kips 123 kips 49 kips
1.70(36 ksi)(0.122 in.)

Fr m Equati n 4.2-2, the required strength f r the web (0.122 in.) 2
70 ksid ubler plate is

0.107 in. 0.172 in.172 kips 139 kips 33 kips

where is the web d ubler plate thickness required f rCheck that the unbalanced l ad fr m the transverse stiff-
strength per Equati n 4.4-1. Fr m LRFD Specificati n Ta-ener that attaches directly t the web d ubler plate is n t
ble J2.4, with a / -in.-thick web d ubler plate and 0.660-m re critical than the panel-z ne web shear. F r this case,
in.-thick c lumn flange, the minimum fillet-weld size isthe unbalanced l ad in ne transverse stiffener is ne-half
/ in.f r 24.5 kips. Thus, the panel-z ne web shear f rce

is m re critical than the unbalanced l ad fr m the trans-
The t p and b tt m edges f the web d ubler plate areverse stiffener.

welded t the c lumn web with minimum-size fillet welds
per LRFD Specificati n Table J2.4. Fr m LRFD Specifi-
cati n Table J2.4, with a / -in.-thick web d ubler plateF r strength, fr m Equati n 4.4-1,
and 0.370-in.-thick c lumn web, the minimum fillet-weld
size is / in.33 kips

0 9 0 6 0.9 0.6(36 ksi)(13.92 in.)

0 122 in.

Check minimum thickness required t prevent shear buck-
ling f the web d ubler plate. Fr m Equati n 4.4-5, Fr m Equati n 4.3-1, the minimum required cr ss-

y
p

ep f

y eff
eff

EXX
u st nuf

u v cwu dp

eff
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u dp
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1 4

3 1 3 38 2 4 4
1 4

1 4

2
min

min

3 4
1 4

min

3 34 4

5 8

min

min

3 43 8

3 38 4

2 2
min

min

3 8
min

3 16

3 8

1 4

min

3 8
5 8

1 14 4

min

3 43 8

�

o.k.

o.k.

Use / -in. double-sided fil-
let welds to connect the transverse stiffeners to the col-
umn flange.

governs

Use 2 PL / -in. 3 in. 0’-6 / with one / -in. / -
in. corner clip each and / -in. double-sided fillet welds
to connect the transverse stiffeners to the column web
and web doubler plate.
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Solution B:

Calculate the transverse stiffener forces and web doubler
plate shear force:R
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secti nal area f r the transverse stiffeners at each flange is F r weld shear strength with / -in. fillet welds, using a
rearranged f rm f Equati n 4.3-9,

49 kips
1.51 in.

0.9(36 ksi)

0 75 0 6 2 2Fr m Equati n 4.3-2, the minimum width f each trans-
verse stiffener, checking the side with ut the web d ubler 49 kips

/ in.plate as the w rst case, is
0.75 0.6(70 ksi)( / in.) 2 2

7.495 in. 0.370 in.
2.31 in. 2 95 in.3 2 3 2

F r shear strength in the c lumn web and web d ublerTry a pair f 3-in.-wide transverse stiffeners at each beam
plate with each element checked against ne-half f ,flange with / -in. / -in. c rner clips. Fr m Equati n
the 0.370-in.-thick c lumn web with 50 ksi is m re4.3-3, the minimum thickness is
critical than the / -in.-thick web d ubler plate with
36 ksi. Using a rearranged f rm f the first term after the
equal sign in Equati n 4.4-2,2 95

0.570 in. (3 in.) 36 ksi
2 95 4(0 9 0 6 )

0.285 in. 0.189 in. 49 kips
/ in.

4[0.9 0.6(50 ksi)(0.370 in.)]Try a / -in. transverse stiffener thickness.

2( / in.)(3 in. / in.) 1 23 in.

1 69 in. 1 51 in. Checking the sec nd term after the equal sign in Equati n
4.4-2,The d uble-sided fillet welds c nnecting the transverse

stiffeners t the c lumn flanges are sized t devel p the
strength f the welded p rti n f the transverse stiffener. 0 9 0 6 2
Fr m Equati n 4.3-6, the weld size required f r strength is

49 kips
0 943 0.943(36 ksi)( / in.)

0.9 0.6(50 ksi)(13.92 in.) 2
70 ksi

0 0652 in. 0 370 in.
0.182 in. / in.

The minimum transverse stiffener length, fr m LRFD
Fr m LRFD Specificati n Table J2.4, with a / -in.-thick

Specificati n Secti n K1 (as summarized in Secti ns 4.1.2
transverse stiffener and 0.660-in.-thick c lumn flange, the

thr ugh 4.1.5), is
minimum weld size is / in.

2 13.92 in. 2(0.660 in.)
2 2

The length f the transverse stiffeners and the d uble-
sided fillet welds c nnecting them t the c lumn web r 6 30 in.
web d ubler plate are selected t transmit the f rce in the
transverse stiffener and minimize the required fillet weld
size. Fr m LRFD Specificati n Table J2.4, with a / -in.-
thick transverse stiffener, / -in-thick web d ubler plate
and 0.370-in.-thick c lumn web, the minimum weld size
is / in. Try / -in. fillet welds.

F r shear strength in the transverse stiffener, using a re-
arranged f rm f Equati n 4.3-4,

Fr m S luti n A,
0 9 0 6 2

49 kips49 kips
/ in. 4.11 in.

0.9 0.6(36 ksi)( / in.) 2 33 kips
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� �1 1 14 2 4 1 4

1 4

3 16

3 34 4

min

3min 8

3 38 4

2 2
min

3 8
min

1 14 2
3 16

3 81 4

1 4

3 8
1 4

3 316 161 4

3 16

min

3 43 8

3 16

2
min

min

3 4
3 16

min

�

o.k.

Use PL / in. 11 / in. 2’-1 / . Use / -in. double-sided fil-
let welds to connect the transverse stiffeners to the col-
umn flange.

Use / -in. CJP groove welds to connect the web dou-
bler plate to the column flanges.

Use / -in. fillet welds to connect the top
and bottom edges of the web doubler plate to the col-
umn web.
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Design the web doubler plate and its associated welding:

V
t

b F. . F d t
t

.

h F
t

A.

. A .

. F t
w

F

. k

R
l clip

. . F t

Design the transverse stiffeners and their
associated welding:

R
A RF l clip

. . F w

tb
b

.
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Try a pair f 3-in.-wide transverse stiffeners at each beam
flange with / -in. / -in. c rner clips. Fr m Equati nF r strength, fr m Equati n 4.4-1,
4.3-3, the minimum thickness is

33 kips
0 9 0 6 0.9 0.6(36 ksi)(13.92 in.)

2 95
0 122 in.

0.570 in. (3 in.) 36 ksi
Check minimum thickness required t prevent shear buck- 2 95
ling f the web d ubler plate. Fr m Equati n 4.4-5,

0.285 in. 0.189 in.
[13.92 in. 2(0.660 in.)] 36 ksi

Try a / -in. transverse stiffener thickness.418 418
2( / in.)(3 in. / in.)0 181 in.
1 69 in. 1 51 in.The thickness required t prevent shear buckling f the

web d ubler plate g verns. The d uble-sided fillet welds c nnecting the transverse
The web d ubler plate width and depth are selected stiffeners t the c lumn flanges are sized t devel p the

based up n the dimensi ns f the panel-z ne and the edge strength f the welded p rti n f the transverse stiffener.
details. Transverse t the axis f the c lumn, the web d u- Fr m Equati n 4.3-6, the weld size required f r strength is
bler plate dimensi n is selected equal t the T-dimensi n
f the c lumn, plus twice the permissible encr achment 0 943 0.943(36 ksi)( / in.)

fr m LRFD Manual Table 9-1 (page 9-12), which is 11 70 ksi
in. 2( / in.) 11 / in. Parallel t the axis f the c l-

0.182 in. / in.umn, the web d ubler plate dimensi n is selected equal t
the beam depth plus tw times 2 5 , which is n minally Fr m LRFD Specificati n Table J2.4, with a / -in.-thick
25 / in. transverse stiffener and 0.660-in.-thick c lumn flange, the

N te that, nce the minimum weld size is / in.
transverse stiffeners are designed, the web d ubler plate
will have t be checked f r shear strength t carry the re-
acti n fr m ne transverse stiffener at each flange int the The length f the transverse stiffeners and the d uble-
c lumn panel-z ne. sided fillet welds c nnecting them t the c lumn web r

The c lumn-flange edges are t be CJP gr ve welded. web d ubler plate are selected t transmit the f rce in the
transverse stiffener and minimize the required fillet weld
size. Fr m LRFD Specificati n Table J2.4, with a / -in.-

The t p and b tt m edges f the web d ubler plate are thick transverse stiffener, / -in-thick web d ubler plate
welded t the c lumn web with minimum-size fillet welds and 0.370-in.-thick c lumn web, the minimum weld size
per LRFD Specificati n Table J2.4. Fr m LRFD Specifi- is / -in. Try / -in. fillet welds.
cati n Table J2.4, with a / -in.-thick web d ubler plate F r shear strength in the transverse stiffener, using a re-
and 0.370-in.-thick c lumn web, the minimum fillet-weld arranged f rm f Equati n 4.3-4,
size is / in.

0 9 0 6 2

49 kips
/ in. 4.11 in.

0.9 0.6(36 ksi)( / in.) 2
Fr m Equati n 4.3-1, the minimum required cr ss-

F r weld shear strength with / -in. fillet welds, using asecti nal area f r the transverse stiffeners at each flange is
rearranged f rm f Equati n 4.3-9,

49 kips
1.51 in.

0.9(36 ksi)

0 75 0 6 2 2Fr m Equati n 4.3-2, the minimum width f each trans-
verse stiffener, checking the side with ut the web d ubler 49 kips
plate as the w rst case, is / in.

0.75 0.6(70 ksi)( / in.) 2 2
7.495 in. 0.370 in.

2.31 in.
3 2 3 2 3 68 in.

u dp
p

s ysty c
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W14x53, Fy = 50 ksi

W18x50, Fy = 50 ksi

typ.

typ.

typ.

typ.

2 PL 3/8

1/4

1/4

1/4

3/4

1/2

3/4

3/41/4

1/4

1/4
× 3 × 0’-6   , Fy = 36 ksi,

at each beam flange with one 
×     corner clip each

PL 5/8 × 129/16 × 2’-1   , Fy = 36
ksi, with 5/8 × 5/8 bevels on
vertical edges

� � �3 1 3 38 2 4 4
3 16

1 4

min 5 9 1 58 16 4 8
5 8

3 41 14 4

3 18 2
3 34 4

min
1 4

1 4

1 1 14 2 4
1 4min

3 16
3 8

1 3 32 4 4

to connect the transverse stiffeners to the column web
and web doubler plate.

o.k.

governs

Use 2 PL / -in. 3 in. 0’-6 / with one / -in. / -
in. corner clip each and / -in. double-sided fillet welds

�

�

� �

� � �

�

�

� �

� �

�
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R
F

Summary A:
F

R
l clip

. . F t

R
t

. . F d

Summary B:. t

d t
l

.

Figure 6-3 Framing arrangement for Example 6-3
(Solution A).
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F r shear strength in the c lumn web and web d ubler
plate with each element checked against ne-half f ,
the / -in.-thick web d ubler plate with 36 ksi is
m re critical than the 0.370-in.-thick c lumn web with

50 ksi. Using a rearranged f rm f the first term af-
The use f a W14 53 c lumn requires the use f a webter the equal sign in Equati n 4.4-2,
d ubler plate and a pair f transverse stiffeners at the l -
cati n f each beam flange. The web d ubler plate re-
quired is a PL / in. 12 / in. 2’-1 / with / -in.4(0 9 0 6 )
/ -in. bevels n the c lumn-flanges edges. It is welded t

49 kips the c lumn flanges al ng the c lumn-flange edges and t/ in. 3.27 in.
4[0.9 0.6(36 ksi)( / in.)] the c lumn web al ng the t p and b tt m edges with / -

in. single-sided fillet welds. The partial-depth transverseChecking the sec nd term after the equal sign in Equati n
stiffeners required are 4 PL / -in. 3 in. 0’-6 / with4.4-2,
ne / -in. / -in. c rner clip each. Each transverse stiff-

ener is welded t the c lumn flange and the c lumn web
0 9 0 6 2 r web d ubler plate with / -in. d uble-sided fillet welds.

This c lumn-stiffening c nfigurati n is illustrated in Fig-49 kips
ure 6-3.0.9 0.6(36 ksi)(13.92 in.) 2

0 0905 in. / in.

The use f a W14 53 c lumn requires the use f a webThe minimum transverse stiffener length, fr m LRFD
d ubler plate and a pair f transverse stiffeners at the l ca-Specificati n Secti n K1 (as summarized in Secti ns 4.1.2
ti n f each beam flange. The web d ubler plate requiredthr ugh 4.1.5), is
is a PL / in. 11 / in. 2’-1 / . It is welded t the

2 13.92 in. 2(0.660 in.) c lumn flanges al ng the c lumn-flange edges with / -in.
2 2 CJP gr ve welds and t the c lumn web al ng the t p and

b tt m edges with / -in. single-sided fillet welds. The6 30 in.
partial-depth transverse stiffeners required are 4 PL / -
in. 3 in. 0’-6 / with ne / -in. / -in. c rner clip
each. Each transverse stiffener is welded t the c lumn

u st

y

y

ust

y

ust

y c

p

f
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W14x53, Fy = 50 ksi

W18x50, Fy = 50 ksi
3/16

typ.

typ.

3/16

typ.

typ.

3/16

1/4

1/4
1/4

2 PL 3/8
3/4

1/2

3/4

× 3 × 0’-6   , Fy = 36 ksi,
at each beam flange with one 
×     corner clip each

 = 36 ksi1/4PL 1/4 × 111/2 × 2’-1   , Fy

W14x90, Fy = 50 ksi

Check if column
stiffening is required

W18x50, Fy = 50 ksiW18x50, Fy = 50 ksi

   -in.-thick × 7    - in.-wide
flange plate (typ.)

1/2
3/4

1 4
3 16

Example 6-4

�

� �

� �
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Given: F

d . b .

t . t .

Figure 6-4 Framing arrangement for Example 6-3
(Solution B).

Figure 6-5 Framing arrangement for Example 6-4.

�
� �

�
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o o
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o o

flange with / -in. d uble-sided fillet welds and t the c l- at each c nnecti n are: 250 ft-kips due t lateral l ad,
umn web r web d ubler plate with / -in. d uble-sided 100 ft-kips due t t tal gravity l ad and 45 ft-kips due
fillet welds. This c lumn-stiffening c nfigurati n is illus- t dead l ad nly. The axial c mpressi n in the c lumn is
trated in Figure 6-4. 500 kips. The c nnecti ns are part f a frame in a wind r

l w-seismic applicati n. Neglect the effects f st ry shear
f r calculati n purp ses.

W18 50, 50 ksi
Determine if transverse stiffeners and/ r a web d ubler

17 99 in. 7 495 in.plate will be required f r the flange-plated m ment c n-
0 355 in. 0 570 in.necti n illustrated in Figure 6-5. The m ments transferred

y

f

w f
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1 2
3 8

7 81
1 4

3 14 2

2

3 4

3 4

2

2

3 31 8 4
1

3 4

2
2

3 4
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V P PF
d . b . k
k t . t .
T A .

Determine the design panel-zone web shear strength:

Solution:

Calculate the flange forces and panel-zone shear force:
P F A

P
P

R . . F d tM
P

d t

V

Determine the design strength of the flange and web to
resist the flange forces in tension:M

P
d t

.

R . . t F C

P

R . C k N F t

M
P

d t
P

M Determine the design strength of the web to resist theP
d t flange forces in compression:

R P
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( ) ( )W14 90, 50 ksi
14 02 in. 14 520 in. 1 / in.

224 kips 131 kips/ in. 0 440 in. 0 710 in.
11 / in. 26 5 in.2 355 kips

Use / -in.-thick by 7 / -in.-wide flange plates.

Assuming the behavi r f the panel-z ne remains n mi-
nally within the elastic range,

(50 ksi)(26.5 in. ) 1,330 kipsThe w rst-case flange f rce f r all limit states except c m-
pressi n buckling f the web and panel-z ne web shear is 500 kips

0.376that due t the c mbined effects f the 250 ft-kip m ment 1,330 kips
due t lateral l ad and the 100 ft-kip m ment due t t -

Since this rati is less than 0.4, Equati n 2.2-1 is applica-tal gravity l ad. Fr m Equati n 2.1-1, the c rresp nding
ble.flange f rce is

0 9 0 6(250 ft-kips 100 ft-kips)(12 in./ft)
(17.99 in. / in.) 0.9 0.6(50 ksi)(14.02 in.)(0.440 in.)

224 kips 167 kips 355 kips

The w rst-case flange f rce f r the web c mpressi n Theref re, the web f the W14 90 is inadequate t resist
buckling limit state is that due t the c mbined effects f the panel-z ne web shear with ut reinf rcement.
the pp sing 100 ft-kip m ments due t t tal gravity l ad.
Fr m Equati n 2.1-1, the c rresp nding flange f rce is

(100 ft-kips)(12 in./ft)
F r a tensile flange f rce, the limit states f l cal flange

(17.99 in. / in.) bending and l cal web yielding must be checked. F r l cal
flange bending, fr m Equati n 2.2-8,64 0 kips

0 9 6 25Neglecting the effects f st ry shear, the w rst-case panel-
z ne web shear f rce is that due t the c mbined effects f 0.9 6.25(0.710 in.) (50 ksi) 1
the tw 250 ft-kip m ment due t lateral l ad (in reverse

142 kips 224 kipscurvature), the 100 ft-kip m ment due t t tal gravity l ad
n ne side (adding) and the 45 ft-kip m ment due t dead

F r l cal web yielding, fr m Equati n 2.2-10,l ad nly n the ther side (subtracting). Fr m Equati n
2.1-1, the c rresp nding flange f rces are 1 0 [ (5 ) ]

( ) 1.0 [1(5)(1 / in.) / in.](50 ksi)(0.440 in.)( )

168 kips 224 kips
(250 ft-kips 100 ft-kips)(12 in./ft)

Theref re, the flange and web f the W14 90 are inad-(17.99 in. / in.)
equate t resist the tensile flange f rce with ut reinf rce-
ment.224 kips

( )
( )

F r a c mpressive flange f rce, the limit states f l cal
250 ft-kips 45 ft-kips)(12 in./ft) web yielding, web crippling, and c mpressi n buckling

(17.99 in. / in.) f the web must be checked. F r l cal web yielding, as
determined previ usly,131 kips

168 kips 224 kips
The c rresp nding panel-z ne web shear f rce is deter-

F r web crippling, fr m Equati n 2.2-12,mined fr m Equati n 2.1-5 as
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1 5

2

2

1.5

2
3

3

3 8

3 4

3 4

3 4
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o.k.

Example 6-5

n.g.

o.k.o.k.

T o.k.

C o.k.

compression buckling

o.k.

Example 6-6n.g.
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N
N

d

F tt
R . C t N R P .t t

Given:

P
Solution:

Try a W14 193 with F ksi:

P F A
C t F

R . Ph
P

P P .

R VP .

N

R P

P
Summary:

P .

Summary:

F

Comments:

P P .

R V

Given:

N

R P

N

R P
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3 3( / in.) The design strength f the web t resist c mpressi n0.160
14.02 in. buckling is als determined fr m Table B-1 where, f r a

W14 90,

0 75 135 1 197 kips 64 0 kips

0.75 135(1)(0.440 in.)

0.440 in. (50 ksi)(0.710 in.)
1 (0.160) F r the framing arrangement given in Example 6-4, rese-0.710 in. 0.440 in.

lect the c lumn size t eliminate the need f r stiffening.

190 kips 224 kips

F r c mpressi n buckling f the web, fr m Equati n 2.2- 50
13,

(50 ksi)(56.8 in. ) 2,840 kips
4,100

0 90 500 kips
0.176

2,840 kips
4,100(1)(0.440 in.) 50 ksi

0.90 Fr m Table A-1, with / 0 4,14.02 in. 2(1 / in.)

372 kips 355 kips197 kips 64 0 kips

Fr m Table B-1, with / in.,Theref re, the web f the W14 90 is inadequate t re-
sist the c mpressive flange f rce with ut reinf rcement, 506 kips( ) 224 kips
except f r the web c mpressi n buckling limit state.

506 kips( ) 224 kips

1,640 kips ( )
The W14 90 is inadequate t resist the l cal f rces that

64 0 kipsare induced with ut c lumn stiffening. F r the selecti n
f a c lumn that is adequate with ut stiffening, refer t

Example 6-5. F r the design f stiffening f r the W14 90,
refer t Example 6-6. As illustrated in Figure 6-6, a W14 193 c lumn (

50 ksi) can be used with ut stiffening. This c lumn-
weight increase f 103 lb/ft ( 193 90) is well within the
range identified as ec n mical in Chapter 3 f r the elimi-The f reg ing s luti n can be determined m re expedi-
nati n f tw pairs f full-depth transverse stiffeners andently using the design aids in Appendices A and B. The
a web d ubler plate.design panel-z ne web shear strength is determined fr m

Table A-1 where, f r a W14 90 with / 0 4,

167 kips 355 kips

The design strength f the flange and web t resist the
flange f rce in tensi n is determined fr m Table B-1

F r the framing arrangement given in Example 6-4 (awhere, f r a W14 90, with / in. and reading fr m
wind r l w-seismic applicati n), design the transversethe c lumn,
stiffeners and web d ubler plates that are required t in-

142 kips 224 kips crease the l cal c lumn strength. Use a stiffening detail
with a pair f full-depth transverse stiffeners at each flange

The design strength f the web t resist the flange f rce plate and a pair f web d ubler plates that extend t the
in c mpressi n is als determined fr m Table B-1 where, transverse stiffeners (Figure 4-12a). Use ASTM A36 ma-
f r a W14 90, with / in. and reading fr m the terial f r the stiffening elements, transverse stiffeners with
c lumn, fillet-welded j int details and gr ve-welded web d ubler

plate edge details.168 kips 224 kips
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W14x193, Fy = 50 ksi

Column stiffening is
not required

W18x50, Fy = 50 ksiW18x50, Fy = 50 ksi

   -in.-thick × 7    - in.-wide
flange plate (typ.)

1/2
3/4

� �3 3 38 4 4

3 8

3 8

min
1 1 34 4 4

1 2
3 8

3 14 2
3 38 4

min

2
min

�

�

�

Use 2 PL / in. 11 / in. 1’-5 / .

Use / -in. CJP groove welds to connect the web dou-
bler plates to the column flanges.

Use / -in. CJP groove welds to con-
nect the top and bottom edges of the web doubler plate
to the column web.

� �
� �

�
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�

�
�

� �
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Solution:

Calculate the transverse stiffener forces and web doubler
plate shear force:

R P R

V V R

Design the web doubler plates and their associated weld-
ing:

V
t

. . F d

Design the transverse stiffeners and their
associated welding:

h F
t

R
A

F.

Figure 6-6 Framing arrangement for Example 6-5.

��

� �

� �

� �

�
�

�
�

�

�

o o
o

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 oo o o
oo o o o

o o o o
oo o o

oo
o

o o o o o
o o ooo

o o o o o
o o

oo

o

o
o o o o

o o o
o o

The thickness required f r strength g verns.
The web d ubler plate width and depth are selected

based up n the dimensi ns f the panel-z ne and the
edge details. Transverse t the axis f the c lumn, the

Fr m Equati n 4.2-1, the required strength f r the trans-
web d ubler plate dimensi n is selected equal t the T-

verse stiffeners is
dimensi n f the c lumn, plus twice the permissible en-
cr achment fr m LRFD Manual Table 9-1 (page 9-12),224 kips 142 kips
which is 11 / in. 2( / in.) 11 / in. Parallel t the

82 kips axis f the c lumn, the web d ubler plate dimensi n is se-
lected equal t the beam depth plus tw times the flange-Fr m Equati n 4.2-2, the required strength f r the tw web
plate thickness minus tw times the transverse stiffenerd ubler plates is
thickness minus tw times the r t pening f r the CJP

355 kips 167 kips gr ve weld that will be used t c nnect the web d u-
bler plate al ng the t p and b tt m edges. Assuming / -in.

188 kips transverse stiffener thickness and a / -in. r t pening f r
the CJP gr ve weld, 17.99 in. 2( / -in.) 2( / -in.)
2( / -in.) 17 / in., n minally.

F r strength, fr m Equati n 4.4-1, the t tal thickness f
The c lumn-flange edges are t be CJP gr ve welded.web d ubler plates required is

0 9 0 6 The t p and b tt m edges f the web d ubler plates are
welded t the c lumn web and transverse stiffeners with188 kips
CJP gr ve welds.

0.9 0.6(36 ksi)(14.02 in.)

0.690 in. ( r 0.345 in. per plate)

Check minimum thickness required t prevent shear buck-
ling f the web d ubler plate. Fr m Equati n 4.4-5,

Fr m Equati n 4.3-1, the minimum required cr ss-
[14.02 in. 2(0.710 in.)] 36 ksi secti nal area f r the transverse stiffeners at each flange is

418 418 82 kips
2.53 in.

0.9(36 ksi)0 181 in.

u st nuf

u v cwu dp

udp
p

y c

y
p

ust
st

yst
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1 4

3 16

1 1 9 32 2 16 4
3 4

1 2
1min 2

min
1 2

3 3 14 4 4

1 2

1min 4

3 14 2

1 2

1 1 32 2 4

2 2 1 2min

5 8 3 4

1 32 8
3 16

3 8

1 2 min 1 min 2

3 38 4

1 2

3 38 4

3 4

1 2

� �

�

�

Use / -in. double-sided
fillet welds to connect the transverse stiffeners to the
column flange.

o.k.

Use / -in. fillet welds.

o.k.

o.k.

o.k.
Use 2 PL / -in. 3 / in. 1’-0 / with two / -in.

/ -in. corner clips each at each flange plate.
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tb
b . F t

w
F

b Ft
t

A

R R
w

. . F l clip

.

R R P R P R

R . . F w l clip

R . . F w l clipR R
t

. . F l clip

.
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Fr m Equati n 4.3-2, the minimum width f each trans- strength f the welded p rti n f the transverse stiffener.
verse stiffener is Fr m Equati n 4.3-6, the weld size required f r strength

is
7 / in. 0.440 in.

2.28 in. 0 943 0.943(36 ksi)( / in.)3 2 3 2
70 ksi

Try a pair f 3 / -in.-wide transverse stiffeners at each
beam flange with / -in. / -in. c rner clips. Fr m Equa- 0.242 in. / in.
ti n 4.3-3, the minimum thickness is

Fr m LRFD Specificati n Table J2.4, with / -in.-thick
transverse stiffeners and 0.710-in.-thick c lumn flanges,
the minimum weld size is / in.2 95

/ in. (3 / in.) 36 ksi
2 95 The transverse stiffeners are t be c nnected t the c l-

umn panel z ne with a detail that c mbines tw fillet welds0.375 in. 0.221 in.
and tw CJP gr ve weld as illustrated in Figure 4-12a.

Try a / -in. transverse stiffener thickness. Fr m Equati n 4.3-10, the fillet weld size required f r
strength is2( / in.)(3 / in. / in.)

( ) ( )2.75 in. A 2.53 in.
0 75 0 6 ( 2 ) 2 2The length f the transverse stiffeners is selected equal t

the depth f the c lumn minus tw times the c lumn flange 82 kips
thickness, which is 14.02 in. 2(0.710 in.) 12 / in. 0.75 0.6(70 ksi)(12.6 in. 2 / in.) 2 2

Check the shear strength f the transverse stiffener t
transmit the unbalance f rce in the transverse stiffener 0 0829 in.
t the c lumn panel-z ne. Neglecting the effects f st ry

Fr m LRFD Specificati n Table J2.4, the minimum weldshear, the w rst-case unbalanced f rce in the transverse
size f r the / -in.-thick transverse stiffener, / -in-thickstiffener is that due t the c mbined effects f the tw 250
web d ubler plate and 0.440-in.-thick c lumn web is /ft-kip m ment due t lateral l ad (in reverse curvature),
in.the 100 ft-kip m ment due t t tal gravity l ad n ne side

Each / -in. CJP gr ve weld must transmit ne-quarter(adding) and the 45 ft-kip m ment due t dead l ad nly
f the 82-kip unbalanced f rce in the transverse stiffen-n the ther side (subtracting). The unbalanced f rce in

ers (20.5 kips). Fr m LRFD Specificati n Table J2.5, thethe transverse stiffener is
shear strength is the lesser f that n the effective area in

( ) ( ) ( ) ( ) the transverse stiffener base metal and that in the weld it-
self. F r the transverse stiffener base metal,(224 kips 142 kips)

0 9 0 6 ( 2 )(131 kips 168 kips)

0.9 0.6(36 ksi)( / in.)(12.6 in. 2 / in.)82 kips 0 kips

80.9 kips 20.5 kips82 kips

Fr m Equati n 4.3-5, F r the weld metal,

0 8 0 6 ( 2 )( ) ( )
0 9 0 6 ( 2 ) 2) 0.8 0.6(70 ksi)( / in.)(12.6 in. 2 / in.)

82 kips
140 kips 20.5 kips0.9 0.6(36 ksi)(12.6 in. 2 / in.) 2

The c lumn web and web d ubler plate thicknesses0 190 in.
must als be checked f r shear strength t transmit the

Theref re, a / -in. transverse stiffener thickness is unbalanced f rce in the transverse stiffeners t the panel-
z ne. F r this detail, ne-half f the unbalanced f rce (41
kips, the shear transmitted by the fillet welds) can be as-

The d uble-sided fillet welds c nnecting the transverse signed t the c lumn web with ne-quarter (20.5 kips, the
stiffeners t the c lumn flanges are sized t devel p the shear transmitted by each CJP gr ve weld) assigned t

pz
s yst s

EXX

s yst
s

st

ust ustst

EXX

ust ust n nuf uf

n yst

n EXXust ust
s
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W14x90, Fy = 50 ksi

W18x50, Fy = 50 ksiW18x50, Fy = 50 ksi

  -in.-thick × 7    -in.-wide
flange plate (typ.)

3/16

typ.
3/8

1/4

3/4
1/2

1/4
typ.

typ.
3/8

2 PL 3/8 × 113/4 × 1’-53/4, Fy = 36
ksi, one on each side of column
web

 1’-0     , 2 PL 1/2
1/2

9/16

3/4
3/4

× 3 × Fy = 36 
ksi, at each beam flange with  

× two            corner clips each

3 3 38 4 4

3 8
1 2

1 9 3 32 16 4 4

1 4

3 316 83 8

3 4
1 2

1 2

1 2

�

�

o.k.

o.k.

Example 6-7
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�
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�
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R . . F d t

R . . F d t

Given:

p
Summary:

g

d

Figure 6-7 Framing arrangement for Example 6-6.
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each web d ubler plate. F r the c lumn web, the design at the l cati n f each beam flange plate. The web d u-
shear strength is bler plates required are 2 PL / in. 11 / in. 1’-5 / .

They are welded t the c lumn flanges al ng the c lumn-
0 9 0 6 flange edges and t the c lumn web and transverse stiffen-

ers al ng the t p and b tt m edges with / -in. CJP gr ve0.9 0.6(50 ksi)(14.02 in.)(0.440 in.)
welds. The transverse stiffeners required are 4 PL / -in.

167 kips 41 kips 3 / in. 1’-0 / with tw / -in. / -in. c rner clip
each. Each transverse stiffener is welded t the c lumn

F r the web d ubler plate, the design shear strength is
flange with / -in. d uble-sided fillet welds and t the c l-
umn web and web d ubler plates with a c mbinati n f a0 9 0 6
/ -in. single-sided fillet weld and / -in. CJP gr ve weld.

0.9 0.6(36 ksi)(14.02 in.)( / in.) This c lumn-stiffening c nfigurati n is illustrated in Fig-
ure 6-7.102 kips 20.5 kips

Theref re, the c lumn web and web d ubler plates are f
adequate thickness t pr vide f r pr per f rce transfer f
the unbalance f rce in the transverse stiffener t the panel-
z ne. If either the c lumn web r the web d ubler plate

Repeat Example 6-1 using a f ur-b lt extended end-platethickness were inadequate in the ab ve calculati ns, shear
m ment c nnecti n as illustrated in Figure 6-8 instead ftransfer between these elements n the effective area f
a directly welded flange m ment c nnecti n. F r the end-the CJP gr ve weld r t area can be utilized as a l ad
plate thickness, use / in. F r the beam-flange-t -end-path. N te, h wever, that if f rce is t be transferred fr m
plate welds, use / -in. fillet welds n b th sides f thethe c lumn web t the web d ubler plate in this manner,
beam flange.the maximum f rce transfer may be limited by the design

Use the f ll wing end-plate parameters in the calcula-shear strength n the effective area at the juncture between
ti ns (see Secti n 2.2.2):the CJP gr ve weld and the web d ubler plate.

1 / in.

5 / in.
The use f a W14 90 c lumn requires the use f a pair
f web d ubler plates and a pair f transverse stiffeners 1 in.

n y c w

n cydp pl

f

b
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W14x53, Fy = 50 ksi

Check if column
stiffening is required

W18x50, Fy = 50 ksi

3/4-in.-thick end plate
with 1-in.-diameter
bolts

typ.1/2

1/2

2

2

7 316 4

1 2

1

1 2 15 16

1/4 1/4

�
�

�

�

�
�

n.g.

n.g.

o.k.

o.k.

�

�
�

�
� �

� �

� � �
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�
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�
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bSolution: R . t F C
pCalculate the flange forces and panel-zone shear force:

P

V
. P

Determine the design panel-zone web shear strength:
F

R V

R . C k t N F t

Determine the design strength of the flange and web to
resist the flange forces in tension:

P

b . p t

Determine the design strength of the web to resist the
. flange forces in compression:

g d
p k

p
.

d R P

Figure 6-8 Framing arrangement for Example 6-7.
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0 9

Fr m Example 6-1,
8.93 in.

0.9 (0.660 in.) (36 ksi) 1172 kips (1.52)(1.56 in.)

172 kips
53 2 kips 172 kips

N te that has been c nservatively taken as 36 ksi as rec-Fr m Example 6-1,
mmended in Secti n 2.2.2. F r l cal web yielding, fr m

139 kips 172 kips Equati n 2.2-11,

Theref re, the web f the W14 53 is inadequate t resist 1 0 [ (6 2 ) ]
the panel-z ne web shear with ut reinf rcement.

1.0 [(1)(6 1 / in. 2 / in.)

0.570 in.](50 ksi)(0.370 in.)
F r a tensile flange f rce, the limit states f l cal flange

198 kips 172 kips
bending and l cal web yielding must be checked. F r l cal
flange bending, fr m Equati n 2.2-9, Theref re, while the web thickness is adequate, the flange

f the W14 53 is inadequate t resist the tensile flange2 5(2 )
f rce with ut reinf rcement.

2.5(2 1 / in. 0.570 in.)

8 93 in.

F r a c mpressive flange f rce, the limit states f l cal
web yielding, web crippling, and c mpressi n buckling2 4
f the web must be checked. In this case, the c mpressi n

5 / in. 1 in. buckling limit state d es n t apply because there is a m -/ in. 1.56 in.
2 4 ment c nnecti n t ne flange nly. F r l cal web yielding,

as determined previ usly,
1.56 in.

1 36 1.36 1.52
1 in. 198 kips 172 kips

s
n y tf

m e

uf

u
uf

y

v u

n t p y w

uf

s f f b

b
e

e
m

b n uf
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1 32 4
1 32 4

1 5

2 1 5

2

2

2
1.5

1.5

2

req

�
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o.k.

n.g.

o.k.Example 6-8

Example 6-9
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N w t
N

NdN
dN

d
.

t
R . C t N F ttt R . C t N

t t
F t
t

P

P

P F A
Summary:

P
P

R . . F d t

V

Summary:Given:
F

Solution:

Given:

P p
t Solution:F b C

Calculate the flange forces and panel-zone shear force:
.

F P

V
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F r web crippling, fr m Equati n 2.2-12, Check the web thickness f the W14 159 f r web crip-
pling. Fr m Equati n 2.2-12,

2 2 2( / in.) 2( / in.) 2.50 in.
3 3(0.570 in. 2 / in. 2 / in.)

3 3(2.50 in.)
14.98 in.0.539

13.92 in.
0 615

0 75 135 1
0 75 135 1

0.75 135(1)(0.745 in.)

0.75 135(1)(0.370 in.)
0.745 in. (50 ksi)(1.19 in.)

1 (0.615)
1.19 in. 0.745 in.0.370 in. (50 ksi)(0.660 in.)

1 (0.539)
0.660 in. 0.370 in.

655 kips 172 kips

161 kips 172 kips Check the web thickness f the W14 159 f r panel-z ne
web shear. Assuming the behavi r f the panel-z ne re-Theref re, the web f the W14 53 is inadequate t resist
mains n minally within the elastic range,the c mpressive flange f rce with ut reinf rcement.

(50 ksi)(46.7 in. ) 2,340 kips

300 kips
0.128The W14 53 is inadequate t resist the l cal f rces that

2,340 kipsare induced with ut c lumn stiffening. F r the selecti n
f a c lumn that is adequate with ut stiffening, refer t Since this rati is less than 0.4, Equati n 2.2-1 is applica-

Example 6-8. Alth ugh the design f stiffening f r the ble.
W14 53 is n t illustrated with an example pr blem f r

0 9 0 6this case, it can be acc mplished in a manner that is simi-
lar t that illustrated in Example 6-3. 0.9 0.6(50 ksi)(14.98 in.)(0.745 in.)

301 kips 172 kips

As illustrated in Figure 6-9, a W14 159 c lumn (F r the framing arrangement given in Example 6-7, rese-
50 ksi) can be used with ut stiffening. This c lumn-lect a c lumn size that will eliminate the need f r stiffen-
weight increase f 106 lb/ft ( 159 53) is within theing.
range identified as ec n mical in Chapter 3 f r the elim-
inati n f tw pairs f partial-depth transverse stiffeners
and a web d ubler plate.

As determined in Example 6-7, the flange thickness must
be increased t increase the l cal flange bending strength
and the web thickness must be increased t increase the
web crippling strength and the panel-z ne web shear
strength. The required flange thickness is determined us-

Repeat Example 6-1, except with a c lumn that ends 2 in.ing a rearranged f rm f Equati n 2.2-9 as
ab ve the t p f the beam as illustrated in Figure 6-10.

(172 kips)(1.56 in.)(1.52)
0.9(36 ksi)(8.93 in.)(1.0)

1 19 in. Fr m Example 6-1,
N te that has been c nservatively taken as 36 ksi as 172 kips
rec mmended in Secti n 2.2.2. A W14 159 has a flange

172 kipsthickness equal t 1.19 in.

p

d
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W14x53, Fy = 50 ksi

Check if column
stiffening is required

W18x50, Fy = 50 ksi

2”

W14x159, Fy = 50 ksi

Column stiffening is
not required

W18x50, Fy = 50 ksi

typ.1/2

1/2

    -in.-thick end plate
with 1-in.-diameter
bolts

3/4

�

��

n.g.

n.g.n.g.

�
�

�
�

� �

� �� �

53

Determine which column-end criteria apply and if they
apply at the near flange only or at both flanges of the
beam:

Determine the design strength of the flange and web to
resist the flange forces in tension:t .

d .
d .

d .

R PDetermine the design panel-zone web shear strength:

R PR V

Figure 6-9 Framing arrangement for Example 6-8.

Figure 6-10 Framing arrangement for Example 6-9.
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Theref re, the web f the W14 53 is inadequate t resist
the panel-z ne web shear with ut reinf rcement.

The c lumn-end criteria apply f r l cal flange bending
within 10 6 60 in.; f r l cal web yielding, within

13 92 in.; and f r web crippling and c mpressi n F r a tensile flange f rce, the limit states f l cal flange
bucking f the web within /2 6 96 in. Thus, f r a bending and l cal web yielding must be checked. At the
W18 50 beam, with 17 99 in., the c lumn-end cri- b tt m flange f rce, fr m Example 6-1, f r l cal flange
teria apply f r all limit states at the near (t p) flange nly. bending,

123 kips 172 kips

Fr m Example 6-1, and f r l cal web yielding,

144 kips 172 kips139 kips 172 kips

f

c

c

n uf

n ufv u
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2

7 16

1 32 4

21

1 32 4

1 5

2

2

1.5

�
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n.g.

n.g.
n.g.

T

n.g.

n.g.

n.g.

n.g.

n.g.

n.g.

n.g.

Example 6-10
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Summary:

R . . t F C

. P
Comments:

R . C k N F t

P P .

R V
. P

N .

RDetermine the design strength of the web to resist the
flange forces in compression: P

R

P

N N
R P

N
.

R P R

P

RR . P

P

N
N N Nd

F tt
R . C t N

t t
Given:

. P
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The slight discrepancy between the calculated value (68.8 kips) and
the value determined by linear interp lati n (69.3 kips) results because
the equati ns used t generate the tabulated values are n t linear.
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At the t p flange f rce, f r l cal flange bending, fr m
Equati n 2.2-8,

The W14 53 is inadequate t resist the l cal f rces that
are induced with ut c lumn stiffening. F r the selecti n0 9 6 25
f a c lumn that is adequate with ut stiffening, refer t

0.9 6.25(0.660 in.) (50 ksi) 0.5 Example 6-10.
61 3 kips 172 kips

and f r l cal web yielding, fr m Equati n 2.2-10,
The f reg ing s luti n can be determined m re expedi-

1 0 [ (5 ) ] ently using the design aids in Appendices A, B, and C.
The design panel-z ne web shear strength is determined1.0 [0.5(5)(1 / in.)
fr m Table A-1 where, f r a W14 53 with / 0 4,

0.570 in.](50 ksi)(0.370 in.) 139 kips 172 kips
77 0 kips 172 kips The design strength f the flange and web t resist the

flange f rce in tensi n is determined fr m Tables B-1 andTheref re, the flange and web f the W14 53 are inad-
C-1 where, f r a W14 53, with 0 570 in. and read-equate t resist the tensile flange f rce with ut reinf rce-
ing fr m the c lumn,ment at b th the t p and b tt m flanges.

123 kips at the b tt m flange (Table B-1)

172 kips
F r a c mpressive flange f rce, the limit states f l cal
web yielding, web crippling, and c mpressi n buckling 61.3 kips at the t p flange (Table C-1)
f the web must be checked. In this case, the c mpressi n

172 kipsbuckling limit state d es n t apply because there is a m -
ment c nnecti n t ne flange nly. At the b tt m flange by interp lati n between the values that are tabulated f r
f rce, as determined previ usly, f r l cal web yielding, / in. and / in. The design strength f the web

t resist the flange f rce in c mpressi n is als determined144 kips 172 kips
fr m Tables B-1 and C-1 where, f r a W14 53, with

and f r web crippling, 0 570 in. and reading fr m the C c lumn,
138 kips 172 kips 138 kips at the b tt m flange (Table B-1)

At the t p flange f rce, f r l cal web yielding, as deter-
172 kipsmined previ usly,

69.3 kips at the t p flange (Table C-1)77 0 kips 172 kips

172 kipsand f r web crippling, fr m Equati n 2.2-12,

by interp lati n between the values that are tabulated f r3 3(0.570 in.)
0.123 / in. and / in.13.92 in.

0 75 135 1

F r the framing arrangement given in Example 6-9, rese-0.75 135(0.5)(0.370 in.)
lect the c lumn size t eliminate the need f r stiffening:

0.370 in. (50 ksi)(0.660 in.) A) entirely.1 (0.123)
0.660 in. 0.370 in. B) except the transverse stiffeners at the t p flange

f rce (near the c lumn end).
68 8 kips 172 kips

Theref re, the web f the W14 53 is inadequate t re-
sist the c mpressive flange f rce with ut reinf rcement at
b th the t p and b tt m flanges.
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W14x159, Fy = 50 ksi

Column stiffening is
not required

W18x50, Fy = 50 ksi
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Example 6-11
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Use / -in. fillet welds.
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Solution A: Summary A:

Try a W14 159 with F 50 ksi: F

P F A

P P .
Summary B:

R V
F

N .

R P

P

N N
N .

Given:R P

P
F

F
N N F

Solution B:

Solution A:

R R
w

. . F l clip

.

Figure 6-11 Framing arrangement for Example
6-10 (Solution A).
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As illustrated in Figure 6-11 W14 159 c lumn ( 50
ksi) can be used with ut stiffening. This c lumn-weight

(50 ksi)(46.7 in. ) 2,340 kips increase f 106 lb/ft ( 159 53) is within the range
identified as ec n mical in Chapter 3 f r the eliminati n f300 kips

0.128 tw pairs f partial-depth transverse stiffeners and a web2,340 kips
d ubler plate.

Fr m Table A-1, with / 0 4,

301 kips 172 kips
A W14 74 c lumn ( 50 ksi) can be used with ut

At the b tt m flange f rce (away fr m the c lumn end), stiffening, except the transverse stiffeners at the t p flange
fr m Table B-1, with 0 570 in., f rce (near the c lumn end). This c lumn-weight increase

f 21 lb/ft ( 74 53) is well within the range identified371 kips( ) 172 kips
as ec n mical in Chapter 3 f r the eliminati n f ne pair
f partial-depth transverse stiffeners and a web d ubler371 kips( ) 172 kips

plate.
by interp lati n between the values that are tabulated f r

/ in. and / in. At the t p flange f rce (near
the c lumn end), fr m Table C-1, with 0 570 in.,

194 kips( ) 172 kips

F r a pair f / -in.-thick full-depth transverse stiffeners195 kips( ) 172 kips
( 36 ksi) that transmit an unbalanced f rce f 82 kips

by interp lati n between the values that are tabulated f r t a 0.440-in.-thick c lumn web ( 50 ksi) with a sin-
/ in. and / in. gle / -in.-thick web d ubler plate ( 36 ksi), pr p r-

ti n the welds and check shear in the c lumn web and
web d ubler plate. The transverse stiffeners are 1’-0 / -
in. l ng and have tw / -in. / -in. c rner clips each.Fr m Example 6-2, a W14 74 can be used with ut a web
They are used with a W14 90 c lumn. Use a j int detaild ubler plate and with ut transverse stiffeners at the b t-
as illustrated in:t m flange f rce. At the t p flange f rce (near the c lumn

end), either a pair f partial-depth transverse stiffeners can A) Figure 4-11a.
be pr vided r a detail such as that illustrated in Figure B) Figure 4-11b.
6-12 can be used. C) Figure 4-11c.

D) Figure 4-11d.

The transverse stiffeners are t be c nnected t the c l-
umn panel z ne with a detail that c mbines three fillet
welds and ne CJP gr ve weld as illustrated in Figure
4-11a. Fr m Equati n 4.3-10, the fillet weld size required
f r strength is

( ) ( )

0 75 0 6 ( 2 ) 2 2

82 kips

0.75 0.6(70 ksi)(12.6 in. 2 / in.) 2 2

0 0829 in.

Fr m LRFD Specificati n Table J2.4, the minimum weld
size f r the / -in.-thick transverse stiffener, / -in-thick
web d ubler plate, and 0.440-in.-thick c lumn web is
/ in.
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W14x74, Fy = 50 ksi

W18x50, Fy = 50 ksi

Column stiffening is
not required

Note: column top extends past
transverse stiffener to provide
adequate shelf for fillet welds.
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R . . F d t

R . . F w l clip

R . . F d t

R . . F w l clip

Figure 6-12 Framing arrangement for Example 6-10
(Solution B).
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The / -in. CJP gr ve weld must transmit ne-quarter weld) assigned t the web d ubler plate. F r the c lumn
f the 82-kip unbalanced f rce in the transverse stiffen- web, the design shear strength is

ers (20.5 kips). Fr m LRFD Specificati n Table J2.5, the
0 9 0 6shear strength is the lesser f that n the effective area in

the transverse stiffener base metal and that in the weld it- 0.9 0.6(50 ksi)(14.02 in.)(0.440 in.)
self. F r the transverse stiffener base metal,

167 kips 61.5 kips
0 9 0 6 ( 2 )

F r the web d ubler plate, the design shear strength is
0.9 0.6(36 ksi)( / in.)(12.6 in. 2 / in.)

0 9 0 6
80.9 kips 20.5 kips

0.9 0.6(36 ksi)(14.02 in.)( / in.)
F r the weld metal, 102 kips 20.5 kips

0 8 0 6 ( 2 ) Theref re, the c lumn web and web d ubler plate are f
adequate thickness t pr vide f r pr per f rce transfer

0.8 0.6(70 ksi)( / in.)(12.6 in. 2 / in.) f the unbalance f rce in the transverse stiffeners t the
panel-z ne. If either the c lumn web r the web d ubler140 kips 20.5 kips
plate thickness were inadequate in the ab ve calculati ns,

The c lumn web and web d ubler plate thicknesses shear transfer between these elements n the effective area
must als be checked f r shear strength t transmit the f the CJP gr ve weld r t area can be utilized as a l ad
unbalanced f rce in the transverse stiffeners t the panel- path. N te, h wever, that if f rce is t be transferred fr m
z ne. F r this detail, three-quarters f the unbalanced the c lumn web t the web d ubler plate in this manner,
f rce (61.5 kips, the shear transmitted by the fillet welds) the maximum f rce transfer may be limited by the design
can be assigned t the c lumn web with the remaining ne- shear strength n the effective area at the juncture between
quarter (20.5 kips, the shear transmitted by the CJP gr ve the CJP gr ve weld and the web d ubler plate.
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Solution B:
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As in S luti n A, the shear strength f the effective area at the r t f
the CJP gr ve weld can be used f r f rce transfer t the web d ubler
plate, if necessary.
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Table J2.4 ( / -in.). F r the c lumn web, the design shear
strength is

The s luti n f r this example and the j int detail illus-
trated in Figure 4-11b is identical t S luti n A. 0 9 0 6

0.9 0.6(50 ksi)(14.02 in.)(0.440 in.)

167 kips 82 kipsThe transverse stiffeners are t be c nnected t the c lumn
panel z ne with a detail that c mbines three fillet welds

Theref re, the c lumn web is adequate t transfer the en-
and ne CJP gr ve weld as illustrated in Figure 4-11c.

tire unbalanced l ad t the panel z ne with ut additi nal
F r the fillet welds n the side f the web with ut a web

strength fr m the web d ubler plate. The fillet weld be-
d ubler plate, fr m Equati n 4.3-10, the fillet weld size

tween the web d ubler plate and the transverse stiffener is
required f r strength is

selected as minimum size per LRFD Specificati n Secti n
J2.4.( ) ( )

0 75 0 6 ( 2 ) 2 2

82 kips
The transverse stiffeners are t be c nnected t the c lumn

0.75 0.6(70 ksi)(12.6 in. 2 / in.) 2 2 panel z ne with a detail that c mbines three fillet welds
t the c lumn web and ne fillet weld t the web d ubler0 0829 in.
plate as illustrated in Figure 4-11d. Fr m Equati n 4.3-10,
the fillet weld size required f r strength isFr m LRFD Specificati n Table J2.4, the minimum weld

size f r the / -in.-thick transverse stiffener, / -in-thick
( ) ( )web d ubler plate, and 0.440-in.-thick c lumn web is /

0 75 0 6 ( 2 ) 2 2in.
The / -in. CJP gr ve weld must transmit ne-half f

82 kipsthe 82-kip unbalanced f rce in the transverse stiffeners
0.75 0.6(70 ksi)(12.6 in. 2 / in.) 2 2(41 kips). Fr m LRFD Specificati n Table J2.5, the shear

strength is the lesser f that n the effective area in the
0 0829 in.transverse stiffener base metal and that in the weld itself.

F r the transverse stiffener base metal, Fr m LRFD Specificati n Table J2.4, the minimum weld
size f r the / -in.-thick transverse stiffener, / -in-thick0 9 0 6 ( 2 )
web d ubler plate, and 0.440-in.-thick c lumn web is /

0.9 0.6(36 ksi)( / in.)(12.6 in. 2 / in.) in.

108 kips 41 kips
The c lumn web and web d ubler plate thicknesses must
als be checked f r shear strength t transmit the unbal-F r the weld metal,
anced f rce in the transverse stiffeners t the panel-z ne.

0 8 0 6 ( 2 ) F r this detail, three-quarters f the unbalanced f rce (61.5
kips, the shear transmitted by the fillet welds) can be as-0.8 0.6(70 ksi)( / in.)(12.6 in. 2 / in.)
signed t the c lumn web with the remaining ne-quarter

186 kips 41 kips (20.5 kips, the shear transmitted by the CJP gr ve weld)
assigned t the web d ubler plate. F r the c lumn web, the

F r this detail, either the entire unbalanced f rce can be design shear strength is
transmitted t the c lumn web (thr ugh the tw fillet
welds n the side f the c lumn web with ut a web d u- 0 9 0 6
bler plate and the CJP gr ve weld) r the fillet weld be-

0.9 0.6(50 ksi)(14.02 in.)(0.440 in.)tween the web d ubler plate and transverse stiffener can
be sized t transmit a p rti n f this f rce t the web d u- 167 kips 61.5 kips
bler plate. In the f rmer case, the fillet weld between the

F r the web d ubler plate, the design shear strength isweb d ubler plate and the transverse stiffener is selected
as a minimum-size fillet weld per LRFD Specificati n

0 9 0 6

0.9 0.6(36 ksi)(14.02 in.)( / in.)

102 kips 20.5 kips
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Theref re, the c lumn web and web d ubler plate are f 0 8 0 6 ( 2 )
adequate thickness t pr vide f r pr per f rce transfer f

0.8 0.6(70 ksi)( / in.)(12.6 in. 2 / in.)the unbalance f rce in the transverse stiffener t the panel-
z ne. 140 kips 20.5 kips

The c lumn web and web d ubler plate thicknesses
must als be checked f r shear strength t transmit the
unbalanced f rce in the transverse stiffeners t the panel-
z ne. F r this detail, ne-half f the unbalanced f rce (41

F r a pair f / -in.-thick full-depth transverse stiffeners kips, the shear transmitted by the fillet welds) can be as-
( 36 ksi) that transmit an unbalanced f rce f 82 kips signed t the c lumn web with ne-quarter (20.5 kips, the
t a 0.440-in.-thick c lumn web ( 50 ksi) with tw shear transmitted by each CJP gr ve weld) assigned t
/ -in.-thick web d ubler plates ( 36 ksi), pr p rti n each web d ubler plate. F r the c lumn web, the design

the welds and check shear in the c lumn web and web d u- shear strength is
bler plates. The transverse stiffeners are 1’-0 / -in. l ng

0 9 0 6and have tw / -in. / -in. c rner clips each. They are
used with a W14 90 c lumn. Use a j int detail as illus-

0.9 0.6(50 ksi)(14.02 in.)(0.440 in.)trated in:
167 kips 41 kipsA) Figure 4-12a.

B) Figure 4-12b. F r the web d ubler plate, the design shear strength is
C) Figure 4-12c.
D) Figure 4-12d. 0 9 0 6

0.9 0.6(36 ksi)(14.02 in.)( / in.)

102 kips 20.5 kipsEach transverse stiffener is t be c nnected t the c lumn
panel z ne with a detail that c mbines ne fillet weld and

Theref re, the c lumn web and web d ubler plates arene CJP gr ve weld as illustrated in Figure 4-12a. Fr m
f adequate thickness t pr vide f r pr per f rce transferEquati n 4.3-10, the fillet weld size required f r strength
f the unbalance f rce in the transverse stiffeners t theis

panel-z ne. If either the c lumn web r the web d ubler
( ) ( ) plate thickness were inadequate in the ab ve calculati ns,

shear transfer between these elements n the effective area0 75 0 6 ( 2 ) 2 2
f the CJP gr ve weld r t area can be utilized as a l ad

82 kips path. N te, h wever, that if f rce is t be transferred fr m
the c lumn web t the web d ubler plate(s) in this manner,0.75 0.6(70 ksi)(12.6 in. 2 / in.) 2 2
the maximum f rce transfer may be limited by the design

0 0829 in. shear strength n the effective area at the juncture between
the CJP gr ve weld and the web d ubler plate.Fr m LRFD Specificati n Table J2.4, the minimum weld

size f r the / -in.-thick transverse stiffener, / -in-thick
web d ubler plate, and 0.440-in.-thick c lumn web is /
in. The s luti n f r this example and the j int detail illus-

The / -in. CJP gr ve weld must transmit ne-quarter trated in Figure 4-12b is identical t S luti n A.
f the 82-kip unbalanced f rce in the transverse stiffen-

ers (20.5 kips). Fr m LRFD Specificati n Table J2.5, the
shear strength is the lesser f that n the effective area in

Each transverse stiffener is t be c nnected t the c lumnthe transverse stiffener base metal and that in the weld it-
panel z ne with a detail that c mbines ne fillet weld andself. F r the transverse stiffener base metal,
ne CJP gr ve weld as illustrated in Figure 4-12c. The

0 9 0 6 ( 2 ) / -in. CJP gr ve weld must transmit ne-half f the 82-
kip unbalanced f rce in the transverse stiffeners (41 kips).

0.9 0.6(36 ksi)( / in.)(12.6 in. 2 / in.) Fr m LRFD Specificati n Table J2.5, the shear strength is
the lesser f that n the effective area in the transverse80.9 kips 20.5 kips
stiffener base metal and that in the weld itself. F r the

F r the weld metal, transverse stiffener base metal,
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Use a / -in. fillet weld. Example 6-13
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As in S luti n A, the shear strength f the effective area at the r t f
the CJP gr ve weld can be used f r f rce transfer t the web d ubler
plate, if necessary.
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Fr m LRFD Specificati n Table J2.4, the minimum weld0 9 0 6 ( 2 )
size f r the / -in.-thick transverse stiffener, / -in-thick

0.9 0.6(36 ksi)( / in.)(12.6 in. 2 / in.) web d ubler plate, and 0.440-in.-thick c lumn web is /
in.108 kips 41 kips

The c lumn web and web d ubler plate thicknesses
must als be checked f r shear strength t transmit theF r the weld metal,
unbalanced f rce in the transverse stiffeners t the panel-

0 8 0 6 ( 2 ) z ne. F r this detail, ne-half f the unbalanced f rce (41
kips, the shear transmitted by the fillet welds t the c l-0.8 0.6(70 ksi)( / in.)(12.6 in. 2 / in.)
umn web) can be assigned t the c lumn web with the re-
maining ne-quarter (20.5 kips, the shear transmitted by186 kips 41 kips
the fillet weld t each web d ubler plate) assigned t each

F r this detail, either the entire unbalanced f rce can web d ubler plate. F r the c lumn web, the design shear
be transmitted t the c lumn web (thr ugh the tw CJP strength is
gr ve welds) r the fillet welds between the web d ubler

0 9 0 6plates and transverse stiffeners can be sized t transmit a
p rti n f this f rce t the web d ubler plates. In the f r-

0.9 0.6(50 ksi)(14.02 in.)(0.440 in.)mer case, the fillet welds between the web d ubler plates
and the transverse stiffeners are selected as minimum-size 167 kips 41 kips
fillet welds per LRFD Specificati n Table J2.4 ( / -in.).

F r the web d ubler plate, the design shear strength isF r the c lumn web, the design shear strength is

0 9 0 60 9 0 6

0.9 0.6(36 ksi)(14.02 in.)( / in.)0.9 0.6(50 ksi)(14.02 in.)(0.440 in.)

102 kips 20.5 kips167 kips 82 kips

Theref re, the c lumn web is adequate t transfer the en- Theref re, the c lumn web and web d ubler plates are f
tire unbalanced l ad t the panel z ne with ut additi nal adequate thickness t pr vide f r pr per f rce transfer f
strength fr m the web d ubler plates. The fillet welds be- the unbalance f rce in the transverse stiffener t the panel-
tween the web d ubler plates and the transverse stiffener z ne.
are selected as minimum size per LRFD Specificati n Sec-
ti n J2.4.

The transverse stiffeners are t be c nnected t the c lumn Determine the transverse stiffener requirements and if a
panel z ne with a detail that c mbines tw fillet welds t web d ubler plate will be required f r the high-seismic re-
the c lumn web and ne fillet weld t each f the web d u- duced beam secti n (RBS) c nnecti n illustrated in Figure
bler plates as illustrated in Figure 4-12d. Fr m Equati n 6-13 in a Special M ment Frame (SMF) r Intermediate
4.3-10, the fillet weld size required f r strength is M ment Frame (IMF). The axial c mpressi n in the c l-

umn is 1,000 kips. The shear at the plastic hinge l cati n is( ) ( )
150 kips. Neglect the effects f st ry shear f r calculati n

0 75 0 6 ( 2 ) 2 2 purp ses.

82 kips W36 150, 50 ksi
35 85 in. 11 975 in. 581 in.0.75 0.6(70 ksi)(12.6 in. 2 / in.) 2 2
22 5 in. 0 625 in. 0 940 in.

0 0829 in.
W14 426, 50 ksi

18 67 in. 16 695 in. 3 / in.
1 / in. 1 875 in. 3 035 in.
11 / in. 125 in.

Use an RBS detail with a plastic secti n m dulus
356 in. (at RBS).

n yst

n EXX

n y c w

n cydp pln y c w

u st u st
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W14x426, Fy = 50 ksi

Check if column
stiffening is required

W36x150, Fy = 50 ksi

22.5”

Centerline of radius-
cut RBS (location of
plastic hinge)

2

2

3

min

2

�

o.k.

o.k.
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b tSolution:
R . . F d t

d d tCalculate the flange forces and panel-zone shear force:

. R F Z V a
P

d t

V

d d t
t

V P

Determine the design panel-zone web shear strength:

. t .

P F A

P
.

P
Determine the transverse stiffener requirements:

Figure 6-13 Framing arrangement for Example 6-13
(problem statement).
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3
0 75 0 6 1

Fr m Equati n 2.1-2, the f rce at each flange need n t be
0.75 0.6(50 ksi)(18.67 in.)(1.875 in.)taken greater than

1 1 3(16.695 in.)(3.035 in.)
1

(35.85 in.)(18.67 in.)(1.875 in.)

1.1(1.1)(50 ksi)(356 in. ) (150 kips)(22.5 in.)
1,080 kips 714 kips(35.85 in. 0.940 in.)

T prevent seismic shear buckling in the panel-z ne, fr m714 kips
Equati n 2.2-7,

Neglecting the effects f st ry shear, the panel-z ne web
2shear f rce is determined fr m Equati n 2.1-5 as

90
714 kips

(35.85 in. 0.940 in.) 18.67 in. 2(3.035 in.)
90In a high-seismic applicati n, either Equati n 2.2-5 r

Equati n 2.2-6 is used. 0 528 in. 1 875 in.

(50 ksi)(125 in. ) 6,250 kips Theref re, the web f the W14 426 is adequate t resist
the panel-z ne web shear with ut reinf rcement.1,000 kips

0 160
6,250 kips

As indicated in Secti n 2.3, transverse stiffeners are re-Since this rati is less than 0.75, Equati n 2.2-5 is appli-
quired t match the c nfigurati n used in the qualifyingcable.

f f
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9 516 16
3 34 4

1 2

3 4

9 516 16

9 3 316 4 4

5 16

max

3 4

max

3 4

3

3 316 41

21max 4

3

1 2

�

�

�

Use 2 PL 1 in. 5 in. 1’-0 / with two Use / -in. double-sided fillet welds to
/ -in. / -in. corner clips each. connect the transverse stiffeners to the column web.

Use
1-in. CJP groove welds to connect the transverse stiff-
eners to the column flange.

Example 6-14
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R R
w

. . F l clip

.

Determine the welding requirements for the transverse Summary:
stiffeners:

R . F b clip t
Given:

R . . F l clip t

F
d . b .
Z a .
t . t .

F
d . b .
k k
t . t .

R . . F d t T A

Z

Solution:

Calculate the flange forces and panel-zone shear force:
R R
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( ) ( )cyclic tests. Fr m Engelhardt et al. (1998), a pair f
full-depth transverse stiffeners at each flange with 1-in. 0 75 0 6 ( 2 ) 2 2
thickness and 5-in. width is adequate. These transverse
stiffeners are required f r cr ss-secti nal stiffness nly, as 275 kips
the design strengths f the c lumn flange and web t re- 0.75 0.6(70 ksi)(12.6 in. 2 / in.) 2 2
sist b th tensile and c mpressive flange f rces (see Table
B-1) are well in excess f the required strength f 714 0 278 in.
kips. The transverse stiffener length is selected as the c l-
umn depth minus twice the flange thickness, which equals The minimum size fillet weld per LRFD Specificati n Ta-
1’-0 / in. ble J2.4 is / in.

The W14 426 is adequate with ut a web d ubler plateC mplete-j int-penetrati n gr ve welds are used t c n-
but requires the use f a pair f transverse stiffeners at thenect the transverse stiffeners t the c lumn flanges.
l cati n f each beam flange. Use 4 PL 1 in. 5 in.
1’-0 / with tw / -in. / -in. c rner clips each, 1-in.
CJP gr ve welds t c nnect the transverse stiffeners tIn lieu f calculating the f rce that must be transmit-
the c lumn flanges, and / -in. d uble-sided fillet weldsted fr m the transverse stiffeners t the c lumn web,
t c nnect the transverse stiffeners t the c lumn web.the d uble-sided fillet welds c nnecting the transverse
This c lumn-stiffening c nfigurati n is illustrated in Fig-stiffeners t the c lumn web can be sized f r the maxi-
ure 6-14.mum f rce pr visi ns given in Secti n 4.3. Fr m Equati n

4.3-17 (limit based up n the strength f the transverse
stiffener ends in tensi n),

0 9 (2)( )

0.9(36 ksi)(2)(5 in. / in.)(1 in.) Determine the transverse stiffener requirements and if a
web d ubler plate will be required f r the high-seismic

275 kips reduced beam secti n (RBS) c nnecti ns illustrated in
Figure 6-15 in a Special M ment Frame (SMF) r Inter-

Fr m Equati n 4.3-15 (limit based up n shear in the trans- mediate M ment Frame (IMF). The axial c mpressi n in
verse stiffeners), the c lumn is 1,200 kips. The shear at the plastic hinge

l cati n is 150 kips. Neglect the effects f st ry shear f r0 9 0 6 ( 2 ) 2
calculati n purp ses.

0.9 0.6(36 ksi)(12.6 in. 2 / in.) W36 150, 50 ksi
35 85 in. 11 975 in.2(1 in.)
581 in. 22 5 in.

432 kips 0 625 in. 0 940 in.

W14 500, 50 ksiFr m Equati n 4.3-16 (limit based up n shear in the c l-
19 60 in. 17 010 in.umn web, ne shear plane used because the entire f rce
4 / in. 1 / in.must be transmitted int the panel-z ne),
2 190 in. 3 500 in.

0 9 0 6 11 / in. 147 in.

Use an RBS detail with a plastic secti n m dulus0.9 0.6(50 ksi)(18.67 in.)(1.875 in.)
356 in. (at RBS).

945 kips

Thus, the limit based up n the strength f the transverse
stiffener ends in tensi n g verns. Fr m Equati n 4.3-10
with the quantity ( ) ( ) set equal t 275 kips, Fr m Equati n 2.1-2, the f rce at each flange need n t be

ust ust

EXX
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x
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W14x500, Fy = 50 ksi

Check if column
stiffening is required

W36x150, Fy = 50 ksi

22.5”

Centerline of radius-
cut RBS (location of
plastic hinge), typ.

W36x150, Fy = 50 ksi

22.5”

W14x426, Fy = 50 ksi

W36x150, Fy = 50 ksi

5/16

typ.

1
typ.

2 PL 1 × 5 × 1’-09/16, Fy = 36 ksi,
at each beam flange with two 
×     corner clip each

5/16

3/4
3/4

1 2

3

�
�

� �

� � ��

�
�
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. R F Z V a
P

d t V . P P

Figure 6-14 Framing arrangement for Example 6-13
(solution).

Figure 6-15 Framing arrangement for Example 6-14
(problem statement).

�

�

o o o
o o o

taken greater than Neglecting the effects f st ry shear, the panel-z ne web
shear f rce is determined fr m Equati n 2.1-4 as

1 1

0 8[( ) ( ) ]

1.1(1.1)(50 ksi)(356 in. ) (150 kips)(22.5 in.) 0.8[714 kips 714 kips]
(35.85 in. 0.940 in.)

1,140 kips
714 kips

y y u
uf

f u uf uf
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7 16

9 16
3 34 4

2

max

2 3 4

2
max

3 4

min

max

1 2

1 2

3 4

7 16

5 16

9 16

9 3 316 4 4

�

�

�

�

1-in. CJP groove welds to connect the transverse stiff-
eners to the column flange.

o.k.

o.k.

Use / -in. double-sided fillet welds to
connect the transverse stiffeners to the column web.

Use 2 PL 1 in. 5 in. 1’-0 / with
two / -in. / -in. corner clips each.

Use
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Determine the design panel-zone web shear strength:

P F A

P
.

P

R . F b clip t

b t
R . . F d t

d d t

R . . F l clip t

V

d d t
t

R . . F d t

. t .

R R
Determine the transverse stiffener requirements:

R R
w

. . F l clip

Summary:

Determine the welding requirements for the transverse
stiffeners:
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In a high-seismic applicati n, either Equati n 2.2-5 r
In lieu f calculating the f rce that must be transmit-Equati n 2.2-6 is used.

ted fr m the transverse stiffeners t the c lumn web,
(50 ksi)(147 in. ) 7,350 kips the d uble-sided fillet welds c nnecting the transverse

stiffeners t the c lumn web can be sized f r the maxi-1,200 kips
mum f rce pr visi ns given in Secti n 4.3. Fr m Equati n0 163

7,350 kips 4.3-14 (limit based up n the strength f the transverse
stiffener ends in tensi n),Since this rati is less than 0.75, Equati n 2.2-5 is appli-

cable. 0 9 (4)( )

0.9(36 ksi)(4)(5 in. / in.)(1 in.)3
0 75 0 6 1

551 kips

Fr m Equati n 4.3-15 (limit based up n shear in the trans-0.75 0.6(50 ksi)(19.60 in.)(2.190 in.)
verse stiffeners),

3(17.010 in.)(3.500 in.) 0 9 0 6 ( 2 ) 21
(35.85 in.)(19.60 in.)(2.190 in.)

0.9 0.6(36 ksi)(12.6 in. 2 3 / in.)

1,360 kips 1,140 kips 2(1 in.)

T prevent seismic shear buckling in the panel-z ne, fr m 432 kips
Equati n 2.2-7,

Fr m Equati n 4.3-16 (limit based up n shear in the c l-
2 umn web, ne shear plane used because the entire f rce

90 must be transmitted int the panel-z ne),

(35.85 in. 0.940 in.) 19.60 in. 2(3.500 in.) 0 9 0 6
90

0.9 0.6(50 ksi)(19.60 in.)(1.875 in.)
0 528 in. 2 190 in.

992 kips
Theref re, the web f the W14 500 is adequate t resist

Thus, the limit based up n shear in the transverse stiff-
the panel-z ne web shear with ut reinf rcement.

eners g verns. Fr m Equati n 4.3-10 with the quantity
( ) ( ) set equal t 432 kips,

As indicated in Secti n 2.3, transverse stiffeners are re- ( ) ( )
quired t match the c nfigurati n used in the qualifying 0 75 0 6 ( 2 ) 2 2
cyclic tests. Fr m Engelhardt et al. (1998), a pair f full-
depth transverse stiffeners at each flange with 1-in. thick- 432 kips
ness and 5-in. width is adequate (see Figure 6-7b). These 0.75 0.6(70 ksi)(12.6 in. 2 / in.) 2 2
transverse stiffeners are required f r cr ss-secti nal stiff-

0.437 in. / in.ness nly as the design strengths f the c lumn flange and
web t resist b th tensile and c mpressive flange f rces

The minimum size fillet weld per LRFD Specificati n Ta-(see Table B-1) are well in excess f the required strength
ble J2.4 is / in.f 714 kips. The transverse stiffener length is selected as

the c lumn depth minus twice the flange thickness, which
equals 1’-0 / in.

The W14 500 is adequate with ut a web d ubler plate
but requires the use f a pair f transverse stiffeners at the
l cati n f each beam flange. Use 4 PL 1 in. 5 in.
1’-0 / with tw / -in. / -in. c rner clips each, 1-in.C mplete-j int-penetrati n gr ve welds are used t c n-
CJP gr ve welds t c nnect the transverse stiffeners tnect the transverse stiffeners t the c lumn flanges.
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W14x500, Fy = 50 ksi

W36x150, Fy = 50 ksiW36x150, Fy = 50 ksi

7/16

typ.

1
typ.

2 PL 1 × 5 × 1’-09/16, Fy = 36 ksi,
at each beam flange with two 
×     corner clip each

7/16

3/4

3/4

7 16

64

Figure 6-16 Framing arrangement for Example 6-14
(solution).

o o o o o o
o o o

the c lumn flanges, and / -in. d uble-sided fillet welds t c lumn-stiffening c nfigurati n is illustrated in Figure
c nnect the transverse stiffeners t the c lumn web. This 6-16.

© 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.

Administrator
Rectangle




65

Seismic Engineering Journal,
Provisions for Structural Steel Buildings,

Interim Guidelines: Evaluation, Repair, Modifi-
Modern Steel Construction, cation and Design of Steel Moment Frames,

Manual of Steel Construction,
Interim Guidelines Advisory

Specification for Structural Steel Buildings,

Specifi- Proceedings of the 1998 AISC National Steel
cation for Structural Steel Buildings—Allowable Stress Construction Conference,
Design and Plastic Design,

Modern Steel Construction,

Report for AISC,
Design of Welded Structures,

Bulletin 188,
Engi-

neering Journal,
Partially

Restrained Composite Connections,

Extended End-Plate Moment Con-
nections,Engineering Journal,

Modern Steel Construction,

Engineering Journal, Handbook of Structural Steel Con-
nection Design and Details,

Fritz Engineering Laboratory Report No. 469.7, Modern Steel Construction,

Modern Steel Construction, Proceedings of
the 1991 AISC National Steel Construction Conference,

Strength and Ductility of FR Welded-Bolted
Connections, Composite Con-

struction: Design for Buildings,

REFERENCES

o o o o o o o o
o o

o

o o o
o

o o o o
o o o oo o o

o

o o o o o
o

o
o o o o o

o o o

o o
o o

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 oo

o
o o o o

o o o o
oo o

o o
oo o o

oo 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

American Institute f Steel C nstructi n, 1997a, D gb ne C nnecti ns,” V l. 35,
AISC, Chi- N . 4, pp. 128-139, AISC, Chicag , IL.

cag , IL. Federal Emergency Management Agency, 1995, FEMA
American Institute f Steel C nstructi n, 1997b, “k-area 267

Advis ry Statement,” Feb- FEMA,
ruary, AISC, Chicag , IL. Washingt n, D.C. N te that this d cument is intended

t be updated peri dically. T date, ne update hasAmerican Institute f Steel C nstructi n, 1994, LRFD
been issued: Federal Emergency Management Agency,AISC, Chicag , IL.
1998, FEMA 267A

American Institute f Steel C nstructi n, 1993, LRFD N . 1—Supplement t FEMA 267, FEMA, Washing-
AISC, t n, D.C.

Chicag , IL.
Ferrell, M.T., 1998, “M ment C nnecti ns t C lumn

American Institute f Steel C nstructi n, 1989, Webs,”
pp. 13.1-13.8, AISC, Chi-

AISC, Chicag , IL. cag , IL.
Barger, B.L., 1992, “What Design Engineers Can D t

Graham, J.D., Sherb urne, A.N., Khabbaz, R.N., andReduce Fabricati n C sts,”
Jensen, C.D., 1959, “Welded Interi r Beam-t -C lumnFebruary, pp. 31-32, AISC, Chicag , IL.
C nnecti ns,” AISC, Chicag , IL.

Bl dgett, O.W., 1967, The
Huang, J. S., W. F. Chen, and L. S. Beedle, 1973, “Be-Linc ln Electric C mpany, Cleveland, OH.

havi r and Design f Steel Beam-t -C lumn M ment
Curtis, L.E. and Murray, T.M., 1989, “C lumn Flange C nnecti ns,” Oct ber, Welding Research

Strength at M ment End-Plate C nnecti ns,” C uncil, New Y rk, NY.
V l. 26, N . 2, pp. 41-50, AISC,

Le n, R.T., H ffman, J.J., and Staeger, T., 1996,Chicag , IL.
AISC, Chicag , IL.

Disque, R.O., 1975, “Directi nal M ment C nnecti ns—
Murray, T.M., 1990,APr p sedDesignMeth d f rUnbracedSteelFrames,”

AISC, Chicag , IL.V l. 12, N . 1, pp. 14-18, AISC,
Chicag , IL. Ricker, D.T., 1992, “Value Engineering and Steel Ec n-

my,” February, pp. 22-26,Drisc ll, G.C. and Beedle, L.S., 1982, “Suggesti ns f r
AISC, Chicag , IL.Av iding Beam-t -C lumn Web C nnecti n Failures,”

V l. 19, N . 1, pp. 16-19, AISC, Tamb li, A., 1999,
Chicag , IL. McGraw-Hill, New Y rk,

NY.; see Chapter 2 by W. A. Th rnt n and T. Kane,Drisc ll, G.C., P urb hl ul, A., and Wang, X., 1983,
pp. 128-143.“Fracture f M ment C nnecti ns—Tests n Simu-

lated Beam-t -C lumn Web M ment C nnecti n De- Th rnt n, W.A., 1992, “Designing f r C st Efficient
tails,” Fabricati n,” February,
Lehigh University, Bethlehem, PA. pp. 12-20, AISC, Chicag , IL.

Dyker, W.G., 1992, “What Design Engineers Can D t Th rnt n, W.A., 1991, “Structural Arrangement f r C st
Reduce Fabricati n C sts,” Effective Fabricati n and Erecti n,”
February, pp. 28-29, AISC, Chicag , IL.

El Tawil, S., Mikesell, T., Vidarss n, E., and Kunnath, pp. 27.1-27.16, AISC, Chicag , IL.
S.K., 1998, Viest, I.M., C lac , J.P., Furl ng, R.W., Griffis, L.G.,

Rep rt N . SAC/BD-98/01 Le n, R.T., and Wylie, L.A., 1998,
Engelhardt, M.D., Winneberger, T., Zekany, A.J., and McGraw-Hill/ASCE,

P tyraj, T.J., 1998, “Experimental Investigati n f Rest n, VA.

© 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.

Administrator
Rectangle




© 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.

Administrator
Rectangle




24

2

�

�

�
�

�
�
�

�

�

�

24

67

P F A

P
F
A
dP F A
t

F
P F A

R . . F dt

P F A

P
R . . F dt .

F A

Appendix A
COLUMN PANEL-ZONE WEB SHEAR STRENGTH

� �
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N te that the value determined by linear interp lati ns between tab-
ulated values will be appr ximate, since the equati ns used t generate
the tabulated values are n t necessarily linear.

o o o o
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o o o o o
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F r wind and l w-seismic applicati ns, Table A-1 aids in The design strength at intermediate values f /( )
the determinati n f the panel-z ne web shear strength can be determined by linear interp lati n. In the ab ve
f r wide-flange c lumns with str ng-axis directly welded discussi n and equati ns,
flange, flange plated, and extended end-plate m ment

c lumn fact red axial f rce, kips
c nnecti ns. F r high-seismic applicati ns, see AISC

c lumn specified minimum yield strength, ksi
(1997a). All values are given t three significant figures.

c lumn gr ss area, in.F r a given W-shape, the table is entered under the
c lumn depth, in.appr priate values f /( ) t determine the design
c lumn web thickness, in.shear strength f the c lumn web. The tabulated values

are f r material with 50 ksi. The tabulated design strengths are based up n the “first-
F r values f /( ) that are less than r equal t 0.4, yield” strength pr visi ns in LRFD Specificati n Sec-

the tabulated design strength is determined fr m LRFD ti n K1.7(a) and will be c nservative f r the “p st-
Specificati n Equati n K1-9, where: yield” strength pr visi ns in LRFD Specificati n Secti n

K1.7(b). Alternatively, a higher design strength can be de-0 9 0 6
termined by calculati n with the latter pr visi ns.

F r values f /( ) that are greater than 0.4, the tab-
ulated design strength is determined fr m LRFD Specifi-
cati n Equati n K1-10, where:

0 9 0 6 1 4

u y g
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Design Panel-Zone Shear Strength , kips

/( )

Shape 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

W44 335
290
262
230

W40 593
503
431
372
321
297
277
249
215
199
174

W40 466
392
331
278
264
235
211
183
167
149

W36 848
798
650
527
439
393
359
328
300
280
260
245
230

W36 256
232
210
194
182
170
160
150
135

1210 1150 1090 1030 970 909 849 788 727 667 606 546 485
1020 973 922 871 820 768 717 666 615 564 512 461 410

924 878 831 785 739 693 647 600 554 508 462 416 370
823 781 740 699 658 617 576 535 494 452 411 370 329

2080 1970 1870 1770 1660 1560 1450 1350 1250 1140 1040 935 831
1750 1660 1570 1490 1400 1310 1220 1140 1050 962 874 787 699
1490 1420 1340 1270 1190 1120 1050 970 896 821 746 672 597
1270 1210 1150 1080 1020 954 891 827 764 700 636 573 509
1080 1030 974 920 866 812 758 703 649 595 541 487 433
1000 950 900 850 800 750 700 650 600 550 500 450 400

889 845 801 756 712 667 623 578 534 489 445 400 356
797 758 718 678 638 598 558 518 478 439 399 359 319
684 650 616 581 547 513 479 445 410 376 342 308 274
679 645 611 577 543 509 475 441 407 373 339 305 271
670 637 603 570 536 503 469 436 402 369 335 302 268

1910 1820 1720 1630 1530 1440 1340 1240 1150 1050 957 861 765
1590 1510 1430 1360 1280 1200 1120 1040 956 877 797 717 638
1340 1280 1210 1140 1080 1010 941 873 806 739 672 605 537
1110 1050 995 940 885 830 774 719 664 608 553 498 442
1040 985 933 881 829 778 726 674 622 570 518 467 415

889 845 801 756 712 667 623 578 534 489 445 400 356
797 757 718 678 638 598 558 518 478 438 399 359 319
684 650 616 581 547 513 479 445 410 376 342 308 274
677 643 610 576 542 508 474 440 406 372 339 305 271
650 617 585 552 520 487 455 422 390 357 325 292 260

2890 2740 2600 2460 2310 2170 2020 1880 1730 1590 1440 1300 1160
2700 2560 2430 2290 2160 2020 1890 1750 1620 1480 1350 1210 1080
2150 2050 1940 1830 1720 1610 1510 1400 1290 1180 1080 969 861
1700 1620 1530 1450 1360 1280 1190 1110 1020 937 852 767 682
1410 1340 1260 1190 1120 1050 983 913 843 773 702 632 562
1250 1180 1120 1060 996 934 872 809 747 685 623 560 498
1130 1070 1020 961 905 848 792 735 679 622 565 509 452
1020 970 919 868 817 766 715 664 613 562 511 460 409

937 891 844 797 750 703 656 609 562 516 469 422 375
873 829 785 742 698 654 611 567 524 480 436 393 349
822 781 740 699 658 617 576 535 493 452 411 370 329
779 740 701 662 623 584 546 507 468 429 390 351 312
737 700 663 626 589 553 516 479 442 405 368 332 295

970 922 873 825 776 728 679 631 582 534 485 437 388
872 828 785 741 698 654 610 567 523 480 436 392 349
822 781 740 699 658 617 576 534 493 452 411 370 329
754 716 678 641 603 565 528 490 452 415 377 339 301
711 676 640 604 569 533 498 462 427 391 356 320 284
664 631 598 564 531 498 465 432 398 365 332 299 266
632 600 569 537 506 474 442 411 379 348 316 284 253
605 575 544 514 484 454 423 393 363 333 302 272 242
576 547 518 490 461 432 403 374 346 317 288 259 230
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Table A-1

Panel-Zone Web Shear Strength for Wide-Flange Columns, 50 ksi
(Wind and Low-Seismic Applications, see Section 1.4)
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Design Panel-Zone Shear Strength , kips

/( )

Shape 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

W33 354
318
291
263
241
221
201

W33 169
152
141
130
118

W30 477
391
326
292
261
235
211
191
173

W30 148
132
124
116
108

99
90

W27 539
448
368
307
258
235
217
194
178
161
146

W27 129
114
102

94
84

1110 1060 1000 946 891 835 779 724 668 612 557 501 445
987 938 889 839 790 740 691 642 592 543 494 444 395
903 858 813 768 722 677 632 587 542 497 452 406 361
811 771 730 689 649 608 568 527 487 446 406 365 324
766 728 689 651 613 574 536 498 460 421 383 345 306
710 674 639 603 568 532 497 461 426 390 355 319 284
650 618 585 553 520 488 455 423 390 358 325 293 260

612 581 551 520 489 459 428 398 367 336 306 275 245
574 545 517 488 459 431 402 373 345 316 287 258 230
544 517 490 462 435 408 381 354 326 299 272 245 218
518 492 466 440 415 389 363 337 311 285 259 233 207
488 464 439 415 390 366 342 317 293 268 244 220 195

1510 1430 1360 1280 1200 1130 1050 979 903 828 753 678 602
1220 1160 1100 1040 975 914 853 792 731 670 609 548 487

997 947 898 848 798 748 698 648 598 548 499 449 399
882 837 793 749 705 661 617 573 529 485 441 397 353
794 754 714 675 635 595 556 516 476 437 397 357 317
701 666 631 596 561 526 491 456 421 386 351 316 281
647 615 583 550 518 486 453 421 388 356 324 291 259
588 559 529 500 471 441 412 382 353 323 294 265 235
538 511 484 458 431 404 377 350 323 296 269 242 215

538 511 484 458 431 404 377 350 323 296 269 242 215
503 478 453 428 403 377 352 327 302 277 252 226 201
477 453 429 405 381 357 334 310 286 262 238 214 191
458 435 412 389 366 343 320 298 275 252 229 206 183
439 417 395 373 351 329 307 285 263 241 219 198 176
416 395 375 354 333 312 291 271 250 229 208 187 167
375 356 337 319 300 281 262 244 225 206 187 169 150

1730 1640 1560 1470 1380 1300 1210 1120 1040 951 865 778 692
1400 1330 1260 1190 1120 1050 980 910 840 770 700 630 560
1130 1080 1020 962 906 849 793 736 679 623 566 510 453

927 881 835 788 742 696 649 603 556 510 464 417 371
767 728 690 652 613 575 537 498 460 422 383 345 307
704 669 634 599 563 528 493 458 423 387 352 317 282
637 605 573 542 510 478 446 414 382 350 319 287 255
569 541 512 484 455 427 398 370 342 313 285 256 228
544 517 490 463 436 408 381 354 327 299 272 245 218
492 467 442 418 393 369 344 320 295 270 246 221 197
447 425 403 380 358 335 313 291 268 246 224 201 179

455 432 410 387 364 341 319 296 273 250 228 205 182
420 399 378 357 336 315 294 273 252 231 210 189 168
377 358 339 320 301 283 264 245 226 207 188 170 151
356 338 321 303 285 267 249 231 214 196 178 160 142
332 315 299 282 265 249 232 216 199 182 166 149 133
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Table A-1 (cont’d)

Panel-Zone Web Shear Strength for Wide-Flange Columns, 50 ksi
(Wind and Low-Seismic Applications, see Section 1.4)
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Design Panel-Zone Shear Strength , kips

/( )

Shape 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

W24 492
408
335
279
250
229
207
192
176
162
146
131
117
104

W24 103
94
84
76
68

W24 62
55

W21 201
182
166
147
132
122
111
101

W21 93
83
73
68
62

W21 57
50
44

W18 311
283
258
234
211
192
175
158
143
130

1580 1500 1420 1340 1260 1180 1100 1030 946 867 789 710 631
1270 1210 1140 1080 1020 954 890 826 763 699 636 572 509
1030 974 923 872 820 769 718 667 615 564 513 461 410

837 795 753 712 670 628 586 544 502 460 419 377 335
740 703 666 629 592 555 518 481 444 407 370 333 296
674 641 607 573 540 506 472 438 405 371 337 303 270
604 574 544 513 483 453 423 393 362 332 302 272 242
557 529 501 473 446 418 390 362 334 306 279 251 223
511 486 460 434 409 383 358 332 307 281 256 230 204
476 452 428 404 381 357 333 309 286 262 238 214 190
434 412 391 369 347 326 304 282 261 239 217 195 174
400 380 360 340 320 300 280 260 240 220 200 180 160
360 342 324 306 288 270 252 234 216 198 180 162 144
325 309 292 276 260 244 227 211 195 179 162 146 130

364 346 328 310 291 273 255 237 219 200 182 164 146
338 321 304 287 270 254 237 220 203 186 169 152 135
306 291 275 260 245 229 214 199 183 168 153 138 122
284 270 256 242 227 213 199 185 171 156 142 128 114
266 253 239 226 213 199 186 173 160 146 133 120 106

276 262 248 234 220 207 193 179 165 152 138 124 110
251 239 226 214 201 189 176 163 151 138 126 113 101

566 538 509 481 453 424 396 368 340 311 283 255 226
509 484 458 433 407 382 356 331 305 280 255 229 204
455 432 410 387 364 341 319 296 273 250 228 205 182
429 407 386 365 343 322 300 279 257 236 214 193 172
383 364 345 326 306 287 268 249 230 211 192 172 153
351 334 316 299 281 263 246 228 211 193 176 158 140
319 303 287 272 256 240 224 208 192 176 160 144 128
288 274 260 245 231 216 202 187 173 159 144 130 115

339 322 305 288 271 254 237 220 203 186 169 152 135
298 283 268 253 238 223 209 194 179 164 149 134 119
261 248 235 222 209 196 183 170 157 144 130 117 104
245 233 221 209 196 184 172 159 147 135 123 110 98.1
227 215 204 193 181 170 159 147 136 125 113 102 90.7

230 219 207 196 184 173 161 150 138 127 115 104 92
214 203 192 182 171 160 150 139 128 118 107 96 85
195 185 176 166 156 146 137 127 117 107 98 88 78

916 870 824 779 733 687 641 595 550 504 458 412 366
826 785 743 702 661 619 578 537 496 454 413 372 330
742 705 667 630 593 556 519 482 445 408 371 334 297
660 627 594 561 528 495 462 429 396 363 330 297 264
592 562 532 503 473 444 414 385 355 325 296 266 237
527 501 475 448 422 396 369 343 316 290 264 237 211
482 457 433 409 385 361 337 313 289 265 241 217 193
431 410 388 367 345 323 302 280 259 237 216 194 173
384 365 346 327 307 288 269 250 230 211 192 173 154
348 331 313 296 279 261 244 226 209 192 174 157 139
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Table A-1 (cont’d)

Panel-Zone Web Shear Strength for Wide-Flange Columns, 50 ksi
(Wind and Low-Seismic Applications, see Section 1.4)
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Design Panel-Zone Shear Strength , kips

/( )

Shape 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

W18 119
106

97
86
76

W18 71
65
60
55
50

W18 46
40
35

W16 100
89
77
67

W16 57
50
45
40
36

W16 31
26

W14 808
730
665
605
550
500
455

W14 426
398
370
342
311
283
257
233
211
193
176
159
145

335 319 302 285 268 252 235 218 201 185 168 151 134
298 283 269 254 239 224 209 194 179 164 149 134 119
269 255 242 228 215 201 188 175 161 148 134 121 107
238 226 215 203 191 179 167 155 143 131 119 107 95.3
209 199 188 178 167 157 146 136 125 115 104 94.0 83.6

247 235 222 210 197 185 173 160 148 136 123 111 98.7
223 212 201 190 178 167 156 145 134 123 111 100 89.2
204 194 184 174 164 153 143 133 123 112 102 92.0 81.8
191 181 172 162 153 143 133 124 114 105 95.3 85.8 76.3
172 164 155 147 138 129 121 112 103 94.8 86.2 77.6 69.0

176 167 158 149 140 132 123 114 105 97 88 79 70
152 145 137 129 122 114 107 99 91 84 76 69 61
143 136 129 122 115 108 100 93 86 79 72 65 57

268 255 241 228 214 201 188 174 161 147 134 121 107
237 226 214 202 190 178 166 154 142 131 119 107 95.0
203 193 183 173 162 152 142 132 122 112 101 91.3 81.2
174 165 157 148 139 131 122 113 104 95.8 87.1 78.4 69.7

191 181 172 162 153 143 134 124 114 105 95.4 85.8 76.3
167 158 150 142 133 125 117 108 100 91.8 83.4 75.1 66.7
150 143 135 128 120 113 105 97.7 90.2 82.6 75.1 67.6 60.1
132 125 119 112 105 98.9 92.3 85.7 79.1 72.5 65.9 59.3 52.7
126 120 114 107 101 94.7 88.4 82.1 75.8 69.5 63.2 56.8 50.5

118 112 106 100 94.3 88.4 82.5 76.6 70.7 64.8 59.0 53.1 47.2
106 101 95.3 90.0 84.7 79.4 74.1 68.8 63.5 58.2 53.0 47.7 42.4

2310 2190 2080 1960 1850 1730 1610 1500 1380 1270 1150 1040 923
1860 1770 1670 1580 1490 1390 1300 1210 1120 1020 929 836 743
1650 1570 1490 1410 1320 1240 1160 1080 992 909 827 744 661
1470 1390 1320 1250 1170 1100 1030 953 879 806 733 660 586
1300 1240 1170 1110 1040 975 910 845 780 715 650 585 520
1160 1100 1040 985 927 869 811 753 695 637 579 522 464
1030 983 931 880 828 776 724 673 621 569 517 466 414

945 898 851 803 756 709 662 614 567 520 473 425 378
874 830 787 743 699 656 612 568 524 481 437 393 350
801 761 721 681 641 601 561 520 480 440 400 360 320
729 693 656 620 583 547 511 474 438 401 365 328 292
652 619 587 554 521 489 456 424 391 358 326 293 261
583 554 525 496 466 437 408 379 350 321 292 262 233
520 494 468 442 416 390 364 338 312 286 260 234 208
463 440 417 394 371 348 324 301 278 255 232 209 185
416 395 374 354 333 312 291 270 250 229 208 187 166
372 353 335 316 298 279 260 242 223 205 186 167 149
341 324 307 290 273 256 239 222 205 188 171 153 136
301 286 271 256 241 226 211 196 181 166 151 136 121
271 258 244 231 217 204 190 176 163 149 136 122 109
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Table A-1 (cont’d)

Panel-Zone Web Shear Strength for Wide-Flange Columns, 50 ksi
(Wind and Low-Seismic Applications, see Section 1.4)
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Design Panel-Zone Shear Strength , kips

/( )

Shape 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

W14 132
120
109

99
90

W14 82
74
68
61

W14 53
48
43

W14 38
34
30

W14 26
22

W12 336
305
279
252
230
210
190
170
152
136
120
106

96
87
79
72
65

W12 58
53

W12 50
45
40

W12 35
30
26

W12 22
19
16
14

255 243 230 217 204 191 179 166 153 140 128 115 102
231 219 208 196 185 173 161 150 138 127 115 104 92.3
203 193 183 173 162 152 142 132 122 112 101 91.3 81.2
185 176 167 158 148 139 130 121 111 102 92.7 83.4 74.2
167 158 150 142 133 125 117 108 100 91.6 83.3 75.0 66.6

197 187 177 167 158 148 138 128 118 108 98.5 88.7 78.8
172 164 155 146 138 129 121 112 103 94.7 86.1 77.5 68.9
157 149 142 134 126 118 110 102 94.4 86.5 78.7 70.8 62.9
141 134 127 120 113 105 98.4 91.4 84.4 77.3 70.3 63.3 56.3

139 132 125 118 111 104 97.3 90.4 83.4 76.5 69.5 62.6 55.6
127 120 114 108 101 94.9 88.6 82.3 76.0 69.6 63.3 57.0 50.6
112 107 101 95.6 90.0 84.4 78.7 73.1 67.5 61.9 56.2 50.6 45.0

118 112 106 100 94.4 88.5 82.6 76.7 70.8 64.9 59.0 53.1 47.2
108 102 96.8 91.4 86.1 80.7 75.3 69.9 64.5 59.2 53.8 48.4 43.0
101 95.8 90.8 85.8 80.7 75.7 70.6 65.6 60.5 55.5 50.4 45.4 40.4

95.8 91.0 86.2 81.4 76.6 71.8 67.0 62.3 57.5 52.7 47.9 43.1 38.3
85.3 81.1 76.8 72.5 68.3 64.0 59.7 55.5 51.2 46.9 42.7 38.4 34.1

806 766 725 685 645 605 564 524 484 443 403 363 322
716 680 644 609 573 537 501 465 430 394 358 322 286
655 622 589 557 524 491 458 426 393 360 327 295 262
580 551 522 493 464 435 406 377 348 319 290 261 232
522 496 470 444 418 392 366 339 313 287 261 235 209
469 445 422 398 375 351 328 305 281 258 234 211 187
412 391 370 350 329 309 288 268 247 226 206 185 165
364 345 327 309 291 273 255 236 218 200 182 164 145
322 306 290 274 258 242 225 209 193 177 161 145 129
286 272 257 243 229 215 200 186 172 157 143 129 114
252 239 226 214 201 189 176 163 151 138 126 113 101
212 202 191 180 170 159 149 138 127 117 106 95.5 84.9
189 179 170 160 151 142 132 123 113 104 94.4 84.9 75.5
174 166 157 148 139 131 122 113 105 95.8 87.1 78.4 69.7
157 149 141 134 126 118 110 102 94.3 86.4 78.6 70.7 62.8
142 135 128 121 114 107 100 92.4 85.3 78.2 71.1 64.0 56.9
128 121 115 108 102 95.7 89.3 83.0 76.6 70.2 63.8 57.4 51.0

118 113 107 101 94.8 88.9 82.9 77.0 71.1 65.2 59.2 53.3 47.4
112 107 101 95.5 89.9 84.3 78.6 73.0 67.4 61.8 56.2 50.6 44.9

122 116 110 104 97.4 91.3 85.2 79.2 73.1 67.0 60.9 54.8 48.7
109 104 98.2 92.7 87.3 81.8 76.4 70.9 65.4 60.0 54.5 49.1 43.6

95.1 90.3 85.6 80.8 76.1 71.3 66.6 61.8 57.1 52.3 47.6 42.8 38.0

101 96.2 91.1 86.1 81.0 75.9 70.9 65.8 60.8 55.7 50.6 45.6 40.5
86.6 82.3 78.0 73.6 69.3 65.0 60.6 56.3 52.0 47.6 43.3 39.0 34.7
75.9 72.1 68.3 64.5 60.7 56.9 53.1 49.3 45.5 41.7 37.9 34.1 30.4

86.4 82.1 77.8 73.5 69.1 64.8 60.5 56.2 51.8 47.5 43.2 38.9 34.6
77.2 73.3 69.4 65.6 61.7 57.9 54.0 50.2 46.3 42.4 38.6 34.7 30.9
71.2 67.7 64.1 60.5 57.0 53.4 49.9 46.3 42.7 39.2 35.6 32.0 28.5
64.3 61.1 57.9 54.7 51.5 48.2 45.0 41.8 38.6 35.4 32.2 28.9 25.7
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Table A-1 (cont’d)

Panel-Zone Web Shear Strength for Wide-Flange Columns, 50 ksi
(Wind and Low-Seismic Applications, see Section 1.4)
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Design Panel-Zone Shear Strength , kips

/( )

Shape 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

W10 112
100

88
77
68
60
54
49

W10 45
39
33

W10 30
26
22

W10 19
17
15
12

W8 67
58
48
40
35
31

W8 28
24

W8 21
18

W8 15
13
10

W6 25
20
15

W6 16
12

9

W5 19
16

W4 13

232 220 208 197 185 174 162 151 139 127 116 104 92.6
204 194 183 173 163 153 143 132 122 112 102 91.7 81.5
177 168 159 151 142 133 124 115 106 97.4 88.5 79.7 70.8
152 144 137 129 121 114 106 98.6 91.0 83.4 75.8 68.3 60.7
132 125 119 112 106 99.0 92.4 85.8 79.2 72.6 66.0 59.4 52.8
116 110 104 98.5 92.7 86.9 81.1 75.3 69.5 63.7 57.9 52.2 46.4
101 95.8 90.7 85.7 80.6 75.6 70.6 65.5 60.5 55.4 50.4 45.4 40.3

91.6 87.0 82.5 77.9 73.3 68.7 64.1 59.6 55.0 50.4 45.8 41.2 36.6

95.4 90.7 85.9 81.1 76.4 71.6 66.8 62.0 57.3 52.5 47.7 43.0 38.2
84.4 80.2 75.9 71.7 67.5 63.3 59.1 54.8 50.6 46.4 42.2 38.0 33.7
76.2 72.4 68.6 64.8 60.9 57.1 53.3 49.5 45.7 41.9 38.1 34.3 30.5

84.8 80.6 76.3 72.1 67.8 63.6 59.4 55.1 50.9 46.6 42.4 38.2 33.9
72.5 68.9 65.3 61.6 58.0 54.4 50.8 47.1 43.5 39.9 36.3 32.6 29.0
65.9 62.6 59.3 56.0 52.7 49.4 46.1 42.8 39.5 36.2 33.0 29.7 26.4

69.1 65.7 62.2 58.8 55.3 51.8 48.4 44.9 41.5 38.0 34.6 31.1 27.6
65.5 62.2 59.0 55.7 52.4 49.1 45.9 42.6 39.3 36.0 32.8 29.5 26.2
62.0 58.9 55.8 52.7 49.6 46.5 43.4 40.3 37.2 34.1 31.0 27.9 24.8
50.6 48.1 45.6 43.0 40.5 38.0 35.4 32.9 30.4 27.8 25.3 22.8 20.3

139 132 125 118 111 104 97.0 90.0 83.1 76.2 69.3 62.3 55.4
120 114 108 102 96.4 90.4 84.3 78.3 72.3 66.3 60.2 54.2 48.2

91.8 87.2 82.6 78.0 73.4 68.9 64.3 59.7 55.1 50.5 45.9 41.3 36.7
80.2 76.2 72.2 68.2 64.2 60.1 56.1 52.1 48.1 44.1 40.1 36.1 32.1
68.0 64.6 61.2 57.8 54.4 51.0 47.6 44.2 40.8 37.4 34.0 30.6 27.2
61.6 58.5 55.4 52.3 49.2 46.2 43.1 40.0 36.9 33.9 30.8 27.7 24.6

62.0 58.9 55.8 52.7 49.6 46.5 43.4 40.3 37.2 34.1 31.0 27.9 24.8
52.5 49.8 47.2 44.6 42.0 39.3 36.7 34.1 31.5 28.9 26.2 23.6 21.0

55.9 53.1 50.3 47.5 44.7 41.9 39.1 36.3 33.5 30.7 27.9 25.2 22.4
50.5 48.0 45.5 43.0 40.4 37.9 35.4 32.9 30.3 27.8 25.3 22.7 20.2

53.6 51.0 48.3 45.6 42.9 40.2 37.6 34.9 32.2 29.5 26.8 24.1 21.5
49.6 47.1 44.7 42.2 39.7 37.2 34.7 32.3 29.8 27.3 24.8 22.3 19.8
36.2 34.4 32.6 30.8 29.0 27.2 25.4 23.5 21.7 19.9 18.1 16.3 14.5

55.1 52.4 49.6 46.9 44.1 41.3 38.6 35.8 33.1 30.3 27.6 24.8 22.0
43.5 41.3 39.2 37.0 34.8 32.6 30.5 28.3 26.1 23.9 21.8 19.6 17.4
37.2 35.3 33.5 31.6 29.8 27.9 26.0 24.2 22.3 20.5 18.6 16.7 14.9

44.1 41.9 39.7 37.5 35.3 33.1 30.9 28.7 26.5 24.2 22.0 19.8 17.6
37.4 35.6 33.7 31.8 30.0 28.1 26.2 24.3 22.5 20.6 18.7 16.9 15.0
27.1 25.7 24.4 23.0 21.7 20.3 19.0 17.6 16.2 14.9 13.5 12.2 10.8

37.5 35.7 33.8 31.9 30.0 28.2 26.3 24.4 22.5 20.6 18.8 16.9 15.0
32.5 30.8 29.2 27.6 26.0 24.3 22.7 21.1 19.5 17.9 16.2 14.6 13.0

31.4 29.9 28.3 26.7 25.2 23.6 22.0 20.4 18.9 17.3 15.7 14.2 12.6
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Table A-1 (cont’d)

Panel-Zone Web Shear Strength for Wide-Flange Columns, 50 ksi
(Wind and Low-Seismic Applications, see Section 1.4)
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Appendix B
LOCAL COLUMN STRENGTH AT AN INTERMEDIATE
LOCATION ALONG A WIDE-FLANGE COLUMN
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An intermediate c lumn l cati n is ne that is far en ugh fr m the
c lumn end that the reducti ns f r c lumn-end l cati ns in AISC LRFD N te that the value determined by linear interp lati n between tabu-
Specificati n Secti n K1 d n t apply. See the discussi n in Appendix lated values will be appr ximate, since the equati ns used t generate
C f r Table C-1 f r further inf rmati n. the tabulated values are n t necessarily linear.
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F r wind and l w-seismic applicati ns, Table B-1 aids in K1-1, where
the determinati n f the l cal c lumn strength at inter-

0 90 6 25mediate c lumn l cati ns f r wide-flange c lumns with
str ng-axis directly welded flange and flange plated m -

F r the limit state f l cal web yielding, the designment c nnecti ns. Table B-1 is f r c lumns with = 50
strength is determined fr m LRFD Specificati n Equati nksi. F r high-seismic applicati ns, see AISC (1997a). All
K1-2, wherevalues are given t three significant figures.

F r wide-flange c lumns with extended end-plate m -
1 0 5

ment c nnecti ns, the design strength equati ns given in
Chapter 2 differ. F r a c mpressive flange f rce, the de-

The design strength at intermediate values f can be de-
signer can either calculate the design strength fr m the

termined by linear interp lati n. In the ab ve discussi n
Equati ns in Chapter 2 r c nservatively use the tabulated

and equati ns,
values. H wever, f r a tensile flange f rce, the l cal flange

c lumn flange thickness, in.bending limit state is significantly m re c nservative f r
c lumn depth, in.extended end-plate m ment c nnecti ns and the designer
thickness f beam flange r flange plate that de-must calculate the design strength fr m the Equati ns in
livers the c ncentrated f rce, in.Chapter 2.
c lumn specified minimum yield strength, ksiA flange f rce is c nsidered t be applied at an interme-
distance fr m uter face f flange t web t e fdiate l cati n when it is applied equal t r greater than the
flange-t -web fillet, in.distance sh wn bel w fr m the end f the c lumn.
c lumn web thickness, in.

The tabulated l cal c lumn strength is determined as the
lesser value fr m the limit states f l cal web yielding andL cal flange bending 10 fr m the c lumn end
web crippling. F r a given W-shape, the table is enteredL cal web yielding fr m the c lumn end
under the appr priate value f and the design strengthWeb crippling /2 fr m the c lumn end
is determined fr m the c rresp nding c mpressi n ( )C mpressi n buckling /2 fr m the c lumn end
c lumn. When designing f r tw pp sing c mpressivef the web
flange f rces, the l cal c lumn strength is determined as
the lesser value fr m the limit states f l cal web yielding,
web crippling, and c mpressi n buckling f the web. F r aThe tabulated l cal c lumn strength is determined as the
given W-shape, the table is entered under the appr priatelesser value fr m the limit states f l cal flange bending
value f and the design strength is determined f r l caland l cal web yielding. F r a given W-shape, the table is
web yielding and web crippling fr m the c rresp ndingentered under the appr priate values f and the design
c mpressi n ( ) c lumn. The lesser f this value and thatstrength is determined fr m the c rresp nding tensi n ( )
tabulated f r c mpressi n buckling f the web is taken asc lumn.
the design strength.F r the limit state f l cal flange bending, the design

F r the limit state f l cal web yielding, the designstrength is determined fr m LRFD Specificati n Equati n
strength is determined fr m LRFD Specificati n Equati n
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N te that the value determined by linear interp lati n between tabu-
lated values will be appr ximate, since the equati ns used t generate
the tabulated values are n t necessarily linear.
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K1-2, where The design strength at intermediate values f can be de-
termined by linear interp lati n. In the ab ve discussi n

1 0 5 and equati ns,

thickness f beam flange r flange plate that de-F r the limit state f web crippling, the design strength
livers the c ncentrated f rce, in.is determined fr m LRFD Specificati n Equati n K1-4,
c lumn specified minimum yield strength, ksiwhere
distance fr m uter face f c lumn flange t web
t e f flange-t -web fillet, in.

0 75 135 1 3 c lumn web thickness, in.
c lumn flange thickness, in.
c lumn depth, in.

F r the limit state f c mpressi n buckling f the web, the 2 , in.
design strength is determined fr m LRFD Specificati n
Equati n K1-8, where

4,100
0 90

n y w

y

.
y fw

n w w
c wf

f
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c
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WebLeast Design Strength for Local Flange Bending, Local Web Yielding, and Web Crippling , kips
Compr.

Buckling, in.
,

/ / / 1 1 / 1 / 1 / 2 kips

Shape T C T C T C T C T C T C T C T C C only

W44 335
290
262
230

W40 593
503
431
372
321
297
277
249
215
199
174

W40 466
392
331
278
264
235
211
183
167
149

W36 848
798
650
527
439
393
359
328
300
280
260
245
230

W36 256
232
210
194
182
170
160
150
135

666 666 679 679 692 692 704 704 717 717 730 730 743 743 755 755 712
527 527 538 538 549 549 560 560 571 571 582 582 593 593 604 604 442
442 442 452 452 462 462 472 472 481 481 491 491 501 501 511 511 330
364 364 373 373 382 382 391 391 399 399 408 408 417 417 419 426 240

2010 2010 2030 2030 2050 2050 2080 2080 2100 2100 2120 2120 2140 2140 2170 2170 4390
1540 1540 1550 1550 1574 1574 1593 1593 1612 1612 1631 1631 1651 1651 1670 1670 2790
1210 1210 1230 1230 1240 1240 1260 1260 1280 1280 1290 1290 1310 1310 1330 1330 1840

957 957 972 972 986 986 1000 1000 1020 1020 1030 1030 1040 1040 1060 1060 1190
747 747 759 759 772 772 784 784 797 797 809 809 822 822 834 834 763
724 724 735 735 747 747 759 759 766 770 766 782 766 793 766 805 622
581 581 591 591 602 602 612 612 623 623 633 633 643 643 654 654 436
502 502 511 511 520 520 530 530 539 539 548 548 558 558 567 567 323
394 394 402 402 410 410 418 418 419 427 419 433 419 436 419 439 209
319 374 319 382 319 390 319 398 319 405 319 409 319 412 319 416 210
194 333 194 341 194 349 194 358 194 365 194 370 194 374 194 379 210

1740 1740 1760 1760 1790 1790 1810 1810 1830 1830 1850 1850 1870 1870 1890 1890 3550
1330 1330 1350 1350 1360 1360 1380 1380 1400 1400 1420 1420 1430 1430 1450 1450 2190
1030 1030 1040 1040 1060 1060 1070 1070 1090 1090 1100 1100 1120 1120 1130 1130 1390

778 778 791 791 803 803 816 816 829 829 842 842 854 854 867 867 811
717 717 729 729 741 741 753 753 765 765 777 777 789 789 801 801 676
581 581 591 591 602 602 612 612 623 623 633 633 643 643 654 654 436
502 502 511 511 520 520 530 530 539 539 548 548 558 558 563 567 323
394 394 402 402 410 410 418 418 419 427 419 433 419 436 419 439 209
295 364 295 372 295 380 295 388 295 396 295 402 295 406 295 410 209
194 323 194 331 194 339 194 343 194 347 194 352 194 356 194 360 191

3620 3620 3650 3650 3680 3680 3710 3710 3740 3740 3770 3770 3800 3800 3840 3840 13400
3270 3270 3300 3300 3330 3330 3350 3350 3380 3380 3410 3410 3440 3440 3470 3470 11300
2330 2330 2360 2360 2380 2380 2410 2410 2430 2430 2460 2460 2480 2480 2510 2510 6420
1660 1660 1680 1680 1700 1700 1720 1720 1740 1740 1760 1760 1780 1780 1800 1800 3500
1230 1230 1250 1250 1260 1260 1280 1280 1300 1300 1310 1310 1330 1330 1350 1350 2110
1030 1030 1040 1040 1060 1060 1070 1070 1090 1090 1100 1100 1120 1120 1130 1130 1520

889 889 903 903 917 917 931 931 945 945 959 959 973 973 987 987 1180
778 778 791 791 803 803 816 816 829 829 842 842 854 854 867 867 891
676 676 688 688 700 700 712 712 724 724 735 735 747 747 759 759 708
606 606 617 617 628 628 639 639 650 650 661 661 672 672 683 683 581
549 549 559 559 570 570 580 580 583 591 583 601 583 612 583 622 497
510 510 513 520 513 530 513 540 513 550 513 560 513 570 513 580 430
447 461 447 470 447 480 447 489 447 499 447 508 447 518 447 527 368

642 642 654 654 666 666 678 678 690 690 702 702 714 714 726 726 717
555 555 566 566 576 576 587 587 598 598 609 609 620 620 631 631 535
490 490 501 501 511 511 520 521 520 532 520 542 520 552 520 563 465
428 428 437 437 447 447 447 457 447 466 447 476 447 485 447 495 364
392 394 392 403 392 412 392 421 392 430 392 440 392 449 392 458 310
340 349 340 357 340 366 340 374 340 383 340 391 340 400 340 408 255
293 323 293 331 293 339 293 347 293 355 293 364 293 372 293 380 223
249 301 249 309 249 316 249 324 249 332 249 340 249 348 249 355 198
176 261 176 268 176 276 176 283 176 291 176 298 176 306 176 313 175
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Table B-1

Local Column Strength at Intermediate Location Along Wide-Flange Column, 50 ksi
(Wind and Low-Seismic Applications, see Section 1.4)
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WebLeast Design Strength for Local Flange Bending, Local Web Yielding, and Web Crippling , kips
Compr.

Buckling, in.
,

/ / / 1 1 / 1 / 1 / 2 kips

Shape T C T C T C T C T C T C T C T C C only

W33 354
318
291
263
241
221
201

W33 169
152
141
130
118

W30 477
391
326
292
261
235
211
191
173

W30 148
132
124
116
108

99
90

W27 539
448
368
307
258
235
217
194
178
161
146

W27 129
114
102

94
84

848 848 863 863 877 877 892 892 906 906 921 921 935 935 950 950 1370
712 712 725 725 738 738 751 751 764 764 777 777 790 790 803 803 985
627 627 639 639 651 651 663 663 675 675 687 687 699 699 711 711 777
527 527 538 538 549 549 560 560 571 571 582 582 593 593 604 604 577
464 464 475 475 485 485 495 495 506 506 516 516 527 527 537 537 501
409 409 419 419 429 429 438 438 448 448 457 458 457 467 457 477 407
355 355 364 364 372 373 372 382 372 391 372 400 372 409 372 418 320

354 354 362 362 371 371 379 379 387 387 396 396 404 404 412 412 264
306 306 313 314 313 321 313 329 313 337 313 345 313 353 313 361 225
259 272 259 280 259 287 259 295 259 303 259 310 259 318 259 325 194
206 252 206 259 206 266 206 274 206 281 206 288 206 295 206 303 171
154 222 154 229 154 235 154 242 154 249 154 256 154 263 154 270 146

1550 1550 1570 1570 1590 1590 1610 1610 1630 1630 1650 1650 1670 1670 1690 1690 4230
1120 1120 1140 1140 1160 1160 1170 1170 1190 1190 1210 1210 1220 1220 1240 1240 2460

816 816 830 830 844 844 859 859 873 873 887 887 901 901 916 916 1440
682 682 695 695 708 708 720 720 733 733 746 746 759 759 771 771 1030
578 578 590 590 602 602 613 613 625 625 636 636 648 648 660 660 785
477 477 488 488 498 498 508 508 519 519 529 529 540 540 550 550 557
421 421 431 431 441 441 450 450 460 460 470 470 480 480 486 489 455
353 353 362 362 371 371 379 379 388 388 395 397 395 406 395 415 348
315 315 319 323 319 332 319 340 319 348 319 356 319 364 319 373 275

333 333 341 341 349 349 358 358 366 366 374 374 382 382 390 390 269
277 277 281 284 281 292 281 300 281 308 281 315 281 323 281 331 226
243 254 243 261 243 269 243 276 243 283 243 291 243 298 243 305 195
203 237 203 244 203 251 203 258 203 265 203 272 203 279 203 286 176
162 220 162 227 162 233 162 240 162 247 162 254 162 261 162 267 158
126 193 126 200 126 206 126 213 126 219 126 226 126 232 126 239 137
105 160 105 166 105 172 105 178 105 184 105 189 105 195 105 201 101

2120 2120 2140 2140 2170 2170 2190 2190 2220 2220 2240 2240 2270 2270 2290 2290 8310
1540 1540 1560 1560 1580 1580 1600 1600 1620 1620 1650 1650 1670 1670 1690 1690 4880
1120 1120 1130 1130 1150 1150 1170 1170 1190 1190 1200 1200 1220 1220 1240 1240 2860

830 830 845 845 859 859 874 874 888 888 903 903 917 917 932 932 1700
625 625 637 637 649 649 662 662 674 674 686 686 698 698 711 711 1020
537 537 549 549 560 560 572 572 583 583 594 594 606 606 617 617 818
464 464 475 475 485 485 495 495 506 506 516 516 527 527 537 537 620
396 396 405 405 415 415 424 424 434 434 443 443 452 452 462 462 459
349 349 358 358 367 367 376 376 385 385 394 394 398 403 398 412 413
307 307 316 316 324 324 328 332 328 340 328 349 328 357 328 365 313
263 263 267 270 267 278 267 285 267 293 267 301 267 308 267 316 241

284 284 292 292 299 299 307 307 315 315 322 322 330 330 337 337 247
239 239 243 246 243 253 243 260 243 267 243 274 243 281 243 289 201
194 208 194 214 194 220 194 227 194 233 194 240 194 246 194 253 149
156 182 156 188 156 194 156 201 156 207 156 213 156 219 156 225 128
115 164 115 170 115 175 115 181 115 187 115 193 115 198 115 203 106
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Table B-1 (cont’d)

Local Column Strength at Intermediate Location Along Wide-Flange Column, 50 ksi
(Wind and Low-Seismic Applications, see Section 1.4)
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WebLeast Design Strength for Local Flange Bending, Local Web Yielding, and Web Crippling , kips
Compr.

Buckling, in.
,

/ / / 1 1 / 1 / 1 / 2 kips

Shape T C T C T C T C T C T C T C T C C only

W24 492
408
335
279
250
229
207
192
176
162
146
131
117
104

W24 103
94
84
76
68

W24 62
55

W21 201
182
166
147
132
122
111
101

W21 93
83
73
68
62

W21 57
50
44

W18 311
283
258
234
211
192
175
158
143
130

2150 2150 2170 2170 2200 2200 2220 2220 2250 2250 2270 2270 2300 2300 2320 2320 9490
1570 1570 1590 1590 1610 1610 1630 1630 1650 1650 1670 1670 1690 1690 1710 1710 5570
1140 1140 1160 1160 1170 1170 1190 1190 1210 1210 1230 1230 1240 1240 1260 1260 3260

848 848 863 863 877 877 892 892 906 906 921 921 935 935 950 950 1940
712 712 725 725 738 738 751 751 764 764 777 777 790 790 803 803 1400
612 612 624 624 636 636 648 648 660 660 672 672 684 684 696 696 1100
527 527 538 538 549 549 560 560 571 571 582 582 593 593 604 604 820
466 466 476 476 486 486 496 496 506 506 516 516 527 527 537 537 661
408 408 417 417 427 427 436 436 445 445 455 455 464 464 473 473 524
361 361 370 370 379 379 388 388 397 397 405 405 414 414 419 423 435
313 313 321 321 329 329 334 337 334 345 334 353 334 362 334 370 341
259 272 259 280 259 287 259 295 259 303 259 310 259 318 259 325 275
203 230 203 237 203 244 203 251 203 258 203 265 203 272 203 278 207
158 194 158 200 158 206 158 213 158 219 158 225 158 231 158 238 155

248 248 254 254 261 261 268 268 270 275 270 282 270 289 270 296 206
215 216 215 222 215 229 215 235 215 241 215 248 215 254 215 261 169
167 189 167 195 167 201 167 207 167 213 167 219 167 223 167 226 129
130 164 130 169 130 175 130 180 130 186 130 189 130 192 130 195 106
96.3 148 96.3 152 96.3 155 96.3 157 96.3 160 96.3 163 96.3 166 96.3 169 88.9

97.9 153 97.9 159 97.9 164 97.9 167 97.9 170 97.9 173 97.9 176 97.9 179 98.8
71.7 129 71.7 132 71.7 135 71.7 137 71.7 140 71.7 143 71.7 146 71.7 149 76.8

552 552 563 563 574 574 586 586 597 597 609 609 620 620 631 631 1080
477 477 488 488 498 498 508 508 519 519 529 529 540 540 550 550 819
408 408 417 417 427 427 436 436 445 445 455 455 464 464 473 473 604
347 347 356 356 365 365 372 374 372 383 372 392 372 401 372 410 532
301 303 301 311 301 319 301 327 301 335 301 343 301 351 301 360 394
259 261 259 268 259 276 259 283 259 291 259 298 259 306 259 313 308
215 230 215 237 215 244 215 251 215 258 215 265 215 272 215 278 238
180 202 180 208 180 214 180 220 180 227 180 233 180 239 180 245 179

243 252 243 259 243 266 243 274 243 281 243 288 243 295 243 303 279
196 208 196 214 196 220 196 227 196 233 196 240 196 246 196 253 195
154 176 154 182 154 188 154 193 154 199 154 205 154 210 154 215 135
132 160 132 165 132 171 132 176 132 181 132 185 132 188 132 191 114
106 143 106 147 106 150 106 153 106 155 106 158 106 161 106 163 91.6

119 144 119 149 119 154 119 159 119 162 119 164 119 167 119 170 94.7
80.5 125 80.5 128 80.5 131 80.5 133 80.5 136 80.5 139 80.5 141 80.5 144 78.6
57.0 102 57.0 104 57.0 107 57.0 109 57.0 112 57.0 114 57.0 117 57.0 119 61.2

1330 1330 1340 1340 1360 1360 1380 1380 1400 1400 1420 1420 1440 1440 1460 1460 5930
1130 1130 1150 1150 1170 1170 1190 1190 1200 1200 1220 1220 1240 1240 1260 1260 4630

976 976 992 992 1010 1010 1020 1020 1040 1040 1060 1060 1070 1070 1090 1090 3540
812 812 827 827 841 841 856 856 870 870 885 885 899 899 914 914 2620
692 692 706 706 719 719 732 732 745 745 759 759 772 772 785 785 2000
597 597 609 609 621 621 633 633 645 645 657 657 669 669 681 681 1490
512 512 523 523 534 534 545 545 556 556 567 567 579 579 590 590 1180
440 440 451 451 461 461 471 471 481 481 491 491 501 501 511 511 896
374 374 383 383 392 392 402 402 411 411 420 420 429 429 438 438 655
322 322 331 331 339 339 348 348 356 356 364 364 373 373 381 381 506
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Local Column Strength at Intermediate Location Along Wide-Flange Column, 50 ksi
(Wind and Low-Seismic Applications, see Section 1.4)
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WebLeast Design Strength for Local Flange Bending, Local Web Yielding, and Web Crippling , kips
Compr.

Buckling, in.
,

/ / / 1 1 / 1 / 1 / 2 kips

Shape T C T C T C T C T C T C T C T C C only

W18 119
106

97
86
76

W18 71
65
60
55
50

W18 46
40
35

W16 100
89
77
67

W16 57
50
45
40
36

W16 31
26

W14 808
730
665
605
550
500
455

W14 426
398
370
342
311
283
257
233
211
193
176
159
145

295 295 303 303 311 311 316 319 316 328 316 336 316 344 316 352 474
247 247 249 254 249 262 249 269 249 277 249 284 249 291 249 299 346
213 216 213 222 213 229 213 236 213 242 213 249 213 256 213 262 258
167 179 167 185 167 191 167 197 167 203 167 209 167 215 167 221 186
130 151 130 157 130 162 130 167 130 173 130 178 130 183 130 189 130

185 192 185 198 185 204 185 210 185 217 185 223 185 229 185 235 205
158 167 158 173 158 179 158 184 158 190 158 195 158 201 158 207 154
136 148 136 153 136 158 136 163 136 169 136 174 136 179 136 184 120
112 133 112 138 112 143 112 147 112 152 112 155 112 158 112 161 100
91.4 115 91.4 119 91.4 121 91.4 124 91.4 126 91.4 128 91.4 131 91.4 133 75.4

103 117 103 122 103 126 103 129 103 132 103 134 103 136 103 139 78.2
77.5 93.5 77.5 95.3 77.5 97.1 77.5 98.9 77.5 101 77.5 102 77.5 104 77.5 106 52.5
50.8 78.6 50.8 80.5 50.8 82.5 50.8 84.4 50.8 86.3 50.8 88.3 50.8 90.2 50.8 92.1 45.6

254 254 261 261 269 269 273 276 273 283 273 291 273 298 273 305 384
212 212 215 218 215 225 215 231 215 238 215 244 215 251 215 258 277
162 169 162 175 162 181 162 186 162 192 162 198 162 203 162 209 180
124 141 124 146 124 151 124 156 124 160 124 163 124 166 124 169 118

144 153 144 159 144 164 144 169 144 175 144 180 144 185 144 191 152
112 129 112 134 112 139 112 144 112 147 112 150 112 153 112 156 105
89.8 111 89.8 114 89.8 116 89.8 119 89.8 121 89.8 124 89.8 126 89.8 128 78.6
71.7 87.6 71.7 89.5 71.7 91.4 71.7 93.2 71.7 95.1 71.7 97.0 71.7 99 71.7 101 54.3
52.0 77.2 52.0 79.3 52.0 81.3 52.0 83.3 52.0 85.3 52.0 87.4 52.0 89.4 52.0 91.4 49.2

54.5 70.1 54.5 71.7 54.5 73.3 54.5 74.9 54.5 76.5 54.5 78.1 54.5 79.7 54.5 81.3 39.8
33.5 54.1 33.5 55.7 33.5 57.2 33.5 58.8 33.5 60.3 33.5 61.9 33.5 63.4 33.5 65.0 30.1

5480 5480 5530 5530 5580 5580 5620 5620 5670 5670 5720 5720 5760 5760 5810 5810 122000
4310 4310 4350 4350 4380 4380 4420 4420 4460 4460 4500 4500 4540 4540 4580 4580 66800
3710 3710 3740 3740 3780 3780 3810 3810 3850 3850 3880 3880 3920 3920 3950 3950 52500
3160 3160 3190 3190 3220 3220 3250 3250 3280 3280 3320 3320 3350 3350 3380 3380 40400
2710 2710 2740 2740 2770 2770 2800 2800 2830 2830 2860 2860 2890 2890 2920 2920 31300
2320 2320 2350 2350 2380 2380 2400 2400 2430 2430 2460 2460 2480 2480 2510 2510 24400
1980 1980 2000 2000 2030 2030 2050 2050 2080 2080 2100 2100 2130 2130 2150 2150 18900

1750 1750 1780 1780 1800 1800 1820 1820 1850 1850 1870 1870 1890 1890 1920 1920 15200
1570 1570 1590 1590 1620 1620 1640 1640 1660 1660 1680 1680 1700 1700 1730 1730 12800
1390 1390 1410 1410 1430 1430 1450 1450 1470 1470 1500 1500 1520 1520 1540 1540 10500
1220 1220 1240 1240 1260 1260 1280 1280 1300 1300 1320 1320 1340 1340 1360 1360 8440
1050 1050 1070 1070 1090 1090 1110 1110 1120 1120 1140 1140 1160 1160 1180 1180 6500

903 903 919 919 935 935 951 951 968 968 984 984 1000 1000 1020 1020 4980
767 767 782 782 797 797 811 811 826 826 841 841 856 856 870 870 3760
649 649 662 662 675 675 689 689 702 702 716 716 729 729 742 742 2830
564 564 576 576 588 588 600 600 613 613 625 625 637 637 649 649 2190
484 484 495 495 506 506 517 517 528 528 540 540 551 551 562 562 1640
425 425 436 436 446 446 457 457 467 467 477 477 483 488 483 498 1330
359 359 368 368 377 377 386 386 396 396 398 405 398 414 398 424 961
306 306 315 315 323 323 332 332 334 340 334 349 334 357 334 366 727
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Local Column Strength at Intermediate Location Along Wide-Flange Column, 50 ksi
(Wind and Low-Seismic Applications, see Section 1.4)

© 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.

Administrator
Rectangle




WebLeast Design Strength for Local Flange Bending, Local Web Yielding, and Web Crippling , kips
Compr.

Buckling, in.
,

/ / / 1 1 / 1 / 1 / 2 kips

Shape T C T C T C T C T C T C T C T C C only

W14 132
120
109

99
90

W14 82
74
68
61

W14 53
48
43

W14 38
34
30

W14 26
22

W12 336
305
279
252
230
210
190
170
152
136
120
106

96
87
79
72
65

W12 58
53

W12 50
45
40

W12 35
30
26

280 280 288 288 296 296 298 304 298 312 298 320 298 329 298 337 620
247 247 249 254 249 262 249 269 249 277 249 284 249 291 249 299 477
208 212 208 218 208 225 208 231 208 238 208 244 208 251 208 258 337
171 180 171 186 171 192 171 199 171 205 171 211 171 217 171 223 264
142 157 142 162 142 168 142 173 142 179 142 184 142 190 142 195 197

206 214 206 220 206 226 206 233 206 239 206 245 206 252 206 258 313
173 181 173 187 173 193 173 198 173 204 173 210 173 215 173 221 215
146 161 146 166 146 171 146 176 146 181 146 185 146 189 146 193 169
117 135 117 138 117 142 117 145 117 148 117 151 117 154 117 157 125

123 134 123 137 123 140 123 143 123 146 123 149 123 152 123 155 120
100 112 99.6 115 100 117 99.6 120 100 122 99.6 125 100 127 99.6 130 92.9
79.0 89.9 79.0 92.0 79.0 94.1 79.0 96.2 79.0 98 79.0 100 79.0 103 79.0 105 67.1

74.6 86.2 74.6 90.1 74.6 94.0 74.6 97.5 74.6 100 74.6 102 74.6 104 74.6 106 64.9
58.2 74.8 58.2 77.4 58.2 79.3 58.2 81.3 58.2 83.2 58.2 85.2 58.2 87.2 58.2 89.1 50.4
41.7 64.3 41.7 66.3 41.7 68.3 41.7 70.3 41.7 72.2 41.7 74.2 41.7 76.2 41.7 78.2 42.9

49.6 61.3 49.6 62.8 49.6 64.3 49.6 65.8 49.6 67.4 49.6 68.9 49.6 70.4 49.6 71.9 35.9
31.6 47.1 31.6 48.5 31.6 50.0 31.6 51.4 31.6 52.8 31.6 54.2 31.6 55.6 31.6 57.1 26.5

1660 1660 1680 1680 1700 1700 1730 1730 1750 1750 1770 1770 1790 1790 1810 1810 15500
1420 1420 1440 1440 1460 1460 1480 1480 1500 1500 1520 1520 1540 1540 1560 1560 11900
1240 1240 1260 1260 1280 1280 1300 1300 1320 1320 1330 1330 1350 1350 1370 1370 9860
1040 1040 1060 1060 1080 1080 1090 1090 1110 1110 1130 1130 1150 1150 1160 1160 7430

900 900 916 916 932 932 948 948 964 964 980 980 996 996 1010 1010 5800
789 789 804 804 819 819 833 833 848 848 863 863 878 878 892 892 4530
659 659 672 672 686 686 699 699 712 712 725 725 739 739 752 752 3270
552 552 564 564 576 576 588 588 600 600 612 612 624 624 636 636 2420
473 473 484 484 495 495 506 506 517 517 527 527 538 538 549 549 1820
393 393 402 402 412 412 422 422 432 432 439 442 439 452 439 462 1350
331 331 339 339 343 348 343 357 343 366 343 375 343 384 343 393 984
265 265 273 273 276 280 276 288 276 295 276 303 276 311 276 318 622
228 230 228 237 228 244 228 251 228 258 228 265 228 272 228 278 459
185 200 185 206 185 212 185 219 185 225 185 232 185 238 185 245 374
152 175 152 181 152 187 152 192 152 198 152 204 152 210 152 216 285
126 153 126 159 126 164 126 169 126 175 126 180 126 185 126 191 218
103 133 103 138 103 143 103 147 103 152 103 157 103 162 103 167 163

115 127 115 130 115 133 115 137 115 140 115 143 115 146 115 149 129
93.0 112 93.0 116 93.0 120 93.0 123 93.0 126 93.0 129.1 93.0 132 93.0 135 112

115 132 115 136 115 139 115 143 115 146 115 150 115 153 115 157 140
93.0 108 93.0 111 93.0 114 93.0 117 93.0 120 93.0 123 93.0 126 93.0 129 103
74.6 84.6 74.6 86.8 74.6 89.0 74.6 91.3 74.6 93.5 74.6 95.8 74.6 98 74.6 100 71.0

76.1 78.8 76.1 82.5 76.1 86.3 76.1 90.0 76.1 93.8 76.1 97.5 76.1 100 76.1 103 67.1
54.5 64.2 54.5 66.4 54.5 68.2 54.5 69.9 54.5 71.7 54.5 73.4 54.5 75.1 54.5 76.9 43.8
40.6 50.1 40.6 51.5 40.6 52.9 40.6 54.3 40.6 55.7 40.6 57.1 40.6 58.5 40.6 59.9 30.3
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WebLeast Design Strength for Local Flange Bending, Local Web Yielding, and Web Crippling , kips
Compr.

Buckling, in.
,

/ / / 1 1 / 1 / 1 / 2 kips

Shape T C T C T C T C T C T C T C T C C only

W12 22
19
16
14

W10 112
100

88
77
68
60
54
49

W10 45
39
33

W10 30
26
22

W10 19
17
15
12

W8 67
58
48
40
35
31

W8 28
24

W8 21
18

W8 15
13
10

W6 25
20
15

W6 16
12

9

W5 19
16

W4 13

50.8 60.1 50.8 63.4 50.8 66.6 50.8 69.1 50.8 70.9 50.8 72.7 50.8 74.5 50.8 76.3 43.4
34.5 49.9 34.5 51.5 34.5 53.2 34.5 54.8 34.5 56.4 34.5 58.1 34.5 59.7 34.5 61.4 32.1
19.8 39.8 19.8 41.6 19.8 43.4 19.8 45.2 19.8 47.0 19.8 48.8 19.8 50.6 19.8 52.4 26.5
14.2 32.0 14.2 33.6 14.2 35.2 14.2 36.8 14.2 38.4 14.2 40.0 14.2 41.6 14.2 43.2 19.8

363 363 373 373 382 382 392 392 401 401 411 411 420 420 429 429 1476
306 306 315 315 323 323 332 332 340 340 349 349 353 357 353 366 1080
253 253 261 261 268 268 276 276 276 284 276 291 276 299 276 306 761
205 205 212 212 213 219 213 225 213 232 213 239 213 245 213 252 511
167 167 167 173 167 179 167 185 167 191 167 197 167 203 167 209 354
130 143 130 148 130 154 130 159 130 164 130 169 130 175 130 180 255
106 120 106 125 106 130 106 134 106 139 106 143 106 148 106 153 174
88.2 105 88.2 109 88.2 114 88.2 118 88.2 122 88.2 126 88.2 131 88.2 135 135

108 114 108 118 108 123 108 127 108 131 108 136 108 140 108 144 147
79.0 92.5 79.0 96.5 79.0 100 79.0 104 79.0 108 79.0 111 79.0 114 79.0 118 106
53.2 76.8 53.2 79.9 53.2 83.0 53.2 86.1 53.2 89.2 53.2 92.3 53.2 95.4 53.2 98.5 83.7

73.2 74.1 73.2 77.8 73.2 81.6 73.2 85.3 73.2 89.1 73.2 92.8 73.2 96.6 73.2 100 82.0
54.5 60.1 54.5 63.4 54.5 66.6 54.5 69.9 54.5 73.1 54.5 75.4 54.5 77.5 54.5 79.6 53.4
36.5 48.0 36.5 51.0 36.5 54.0 36.5 57.0 36.5 60.0 36.5 62.7 36.5 64.7 36.5 66.7 41.6

43.9 53.9 43.9 57.0 43.9 60.2 43.9 63.3 43.9 66.4 43.9 68.7 43.9 70.8 43.9 72.8 47.3
30.6 48.0 30.6 51.0 30.6 54.0 30.6 57.0 30.6 59.5 30.6 61.7 30.6 63.9 30.6 66.2 41.9
20.5 42.4 20.5 45.3 20.5 48.2 20.5 50.7 20.5 53.1 20.5 55.6 20.5 58.0 20.5 60.4 36.9
12.4 28.9 12.4 30.7 12.4 32.5 12.4 34.3 12.4 36.1 12.4 37.8 12.4 39.6 12.4 41.4 20.8

212 212 219 219 226 226 233 233 240 240 246 248 246 255 246 262 789
174 174 180 180 185 186 185 193 185 199 185 206 185 212 185 218 565
124 124 129 129 132 134 132 139 132 144 132 149 132 154 132 159 273
88.2 100 88.2 105 88.2 109 88.2 114 88.2 118 88.2 123 88.2 127 88.2 132 199
68.9 81.4 68.9 85.3 68.9 89.1 68.9 93.0 68.9 96.9 68.9 101 68.9 105 68.9 109 127
53.2 70.4 53.2 73.9 53.2 77.5 53.2 81.0 53.2 84.6 53.2 88.2 53.2 91.7 53.2 95.3 98.6

60.8 70.4 60.8 73.9 60.8 77.5 60.8 81.0 60.8 84.6 60.8 88.2 60.8 91.7 60.8 95.3 97.7
45.0 56.7 45.0 59.7 45.0 62.4 45.0 64.9 45.0 67.4 45.0 69.8 45.0 72.3 45.0 74.8 62.1

45.0 53.9 45.0 57.0 45.0 60.2 45.0 63.3 45.0 66.4 45.0 69.5 45.0 72.7 45.0 75.8 61.3
30.6 46.0 30.6 48.9 30.6 51.8 30.6 54.6 30.6 57.5 30.6 60.0 30.6 62.4 30.6 64.8 47.8

27.9 49.0 27.9 52.1 27.9 55.1 27.9 58.2 27.9 61.3 27.9 64.3 27.9 67.4 27.9 70.4 58.1
18.3 42.4 18.3 45.3 18.3 48.2 18.3 51.0 18.3 53.9 18.3 56.8 18.3 59.7 18.3 62.5 48.0
11.8 24.4 11.8 26.0 11.8 27.6 11.8 29.2 11.8 30.9 11.8 32.5 11.8 34.1 11.8 35.8 19.3

58.2 69.0 58.2 73.0 58.2 77.0 58.2 81.0 58.2 85.0 58.2 89.0 58.2 93.0 58.2 97.0 180
37.5 52.0 37.5 55.3 37.5 58.5 37.5 61.8 37.5 65.0 37.5 68.3 37.5 71.5 37.5 74.8 98
19.0 38.8 19.0 41.7 19.0 44.6 19.0 47.4 19.0 50.3 19.0 53.2 19.0 56.1 19.0 58.9 67

46.1 52.0 46.1 55.3 46.1 58.5 46.1 61.8 46.1 65.0 46.1 68.3 46.1 71.5 46.1 74.8 96
22.1 38.8 22.1 41.7 22.1 44.6 22.1 47.4 22.1 50.3 22.1 53.2 22.1 56.1 22.1 58.9 66
13.0 25.3 13.0 27.4 13.0 29.5 13.0 31.6 13.0 33.7 13.0 35.7 13.0 37.8 13.0 39.9 26.8

52.0 58.2 52.0 61.6 52.0 65.0 52.0 68.3 52.0 71.7 52.0 75.1 52.0 78.5 52.0 81.8 146
36.5 48.0 36.5 51.0 36.5 54.0 36.5 57.0 36.5 60.0 36.5 63.0 36.5 66.0 36.5 69.0 103

33.5 51.6 33.5 55.1 33.5 58.6 33.5 62.1 33.5 65.6 33.5 69.1 33.5 72.6 33.5 76.1 206

R

N
R

y �

82

1 1 3 1 1 3
4 2 4 4 2 4

n

n

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

F
Table B-1 (cont’d)

Local Column Strength at Intermediate Location Along Wide-Flange Column, 50 ksi
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Appendix C
LOCAL COLUMN STRENGTH AT A WIDE-FLANGE
COLUMN-END LOCATION
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N te that the value determined by linear interp lati n between tabu-
lated values will be appr ximate, since the equati ns used t generate
the tabulated values are n t necessarily linear.
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F r wind and l w-seismic applicati ns, Table C-1 aids in entered under the appr priate value f and the design
the determinati n f the l cal c lumn strength at c lumn- strength is determined fr m the c rresp nding tensi n ( )
end l cati ns f r wide-flange c lumns with str ng-axis c lumn.
directly welded flange and flange plated m ment c nnec- F r the limit state f l cal flange bending, the design
ti ns. Table C-1 is f r c lumns with = 50 ksi. F r high- strength is determined fr m LRFD Specificati n Equati n
seismic applicati ns, see AISC (1997a). All values are K1-1 with a 50-percent reducti n, where
given t three significant figures.

6 25F r wide-flange c lumns with extended end-plate m - 0 90
ment c nnecti ns, the design strength equati ns given in 2
Chapter 2 differ. F r a c mpressive flange f rce, the de-

F r the limit state f l cal web yielding, the designsigner can either calculate the design strength fr m the
strength is determined fr m LRFD Specificati n Equati nEquati ns in Chapter 2 r c nservatively use the tabulated
K1-3, wherevalues. H wever, f r a tensile flange f rce, the l cal flange

bending limit state is significantly m re c nservative f r 1 0 (2 5 )
extended end-plate m ment c nnecti ns and the designer
must calculate the design strength fr m the Equati ns in The design strength at intermediate values f can be de-
Chapter 2. termined by linear interp lati n. In the ab ve discussi n

A flange f rce is c nsidered t be applied at a c lumn- and equati ns,
end l cati n when it is applied less than the distance

c lumn flange thickness, in.sh wn bel w fr m the end f the c lumn.
c lumn depth, in.
thickness f beam flange r flange plate that de-
livers the c ncentrated f rce, in.
c lumn specified minimum yield strength, ksi
distance fr m uter face f c lumn flange t web
t e f flange-t -web fillet, in.L cal flange bending 10 fr m the c lumn end
c lumn web thickness, in.L cal web yielding fr m the c lumn end

Web crippling /2 fr m the c lumn end
C mpressi n buckling /2 fr m the c lumn end
f the web The tabulated l cal c lumn strength is determined as the

lesser value fr m the limit states f l cal web yielding and
The values in Tables C-1 and C-2 are calculated assuming web crippling. F r a given W-shape, the table is entered
the flange f rce is applied at a distance fr m the c lumn under the appr priate value f and the design strength
end that is less than all f ur f the f reg ing c lumn-end is determined fr m the c rresp nding c mpressi n ( )
criteria. When the flange f rce is applied at a distance fr m c lumn. When designing f r tw pp sing c mpressive
the c lumn end that is less than ne r m re, but n t all flange f rces, the l cal c lumn strength is determined as
f the f reg ing c lumn-end criteria, the tabulated values the lesser value fr m the limit states f l cal web yielding,

will be c nservative. The user may find it advantage us t web crippling, and c mpressi n buckling f the web. F r a
calculate the individual design strengths in lieu f using given W-shape, the table is entered under the appr priate
the tabulated values. value f and the design strength is determined f r l cal

web yielding and web crippling fr m the c rresp nding

The tabulated l cal c lumn strength is determined as the
lesser value fr m the limit states f l cal flange bending
and l cal web yielding. F r a given W-shape, the table is
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COLUMN STIFFENING CONSIDERATIONS
FOR WEAK-AXIS MOMENT CONNECTIONS
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Pages 10-61 thr ugh 10-65 f the 2nd editi n f the LRFD “Figure 10-26 illustrates the distributi n f l ngitu-
and the reference Ferrell dinal stress acr ss the width f the c nnecti n plate

(1998) have been reprinted in this appendix f r ease f and the c ncentrati n f stress in the plate at the c l-
reference. umn flange tips. It als illustrates the unif rm l ngitu-

dinal stress distributi n in the c nnecti n plate at s me
FROM AISC (1994): distance away fr m the c nnecti n. The stress distri-

buti n sh wn represents schematically the values mea-
sured during the l ad tests and th se btained fr m
finite element analysis. ( is a n minal stress in the
elastic range.) The results f the analyses are valid up t
the l ading that causes the c mbined stress t equal the

It is frequently required that FR m ment c nnecti ns yield p int. Furtherm re, the analyses indicate that l -
be made t c lumn web supp rts. While the mechanics calized yielding c uld begin when the applied unif rm
f analysis and design d n t differ fr m FR m ment stress is less than ne-third f the yield p int. An ther

c nnecti n t c lumn flange supp rts, the details f the c ntributi n f the n n-unif rmity is the fact that there
c nnecti n design as well as the ductility c nsiderati ns is n back-up stiffener. This means that the welds t the
required are significantly different. web near its center are n t fully effective.

“The l ngitudinal stresses in the m ment c nnecti nWhen an FR m ment c nnec-
plate intr duce strains in the transverse and the thr ugh-ti n is make t a c lumn web, it is n rmal practice t st p
thickness directi ns (the P iss n effect). Because f thethe beam sh rt and l cate all b lts utside f the c lumn
attachment f the c nnecti n plate t the c lumn flanges,flanges . . . . This simplifies the erecti n f the beam and
restraint is intr duced; this causes tensile stresses in thepermits the use f an impact wrench t tighten all b lts.
transverse and the thr ugh-thickness directi ns. Thus,It is als preferable t l cate welds utside the c lumn
referring t Figure 10-26, tri-axial tensile stresses areflanges t pr vide adequate clearance.
present al ng Secti n A-A, and they are at their max-
imum values at the intersecti ns f Secti ns A-A andDrisc ll and Beedle (1982)
C-C. In such a situati n, and when the magnitudes fdiscuss the testing and failure f tw FR m vement c n-
the stresses are sufficiently high, materials that are th-necti ns t c lumn-web supp rts: a directly welded flange
erwise ductile may fail by premature brittle fracture.”c nnecti n and a b lted flange-plated c nnecti n, sh wn
The results f nine simulated weak-axis FR m mentrespectively in Figures 10-25a and 10-25b. Alth ugh the

c nnecti n tests perf rmed by Drisc ll et al. (1983) arec nnecti ns in these tests were pr p rti ned t be “criti-
summarized in Figure 10-27. In these tests, the beamcal,” theywereexpected t pr vide inelastic r tati nsat full
flange was simulated by a plate measuring either 1 in.plastic l ad. Failure ccurred unexpectedly, h wever, n
10 in. r 1 / in. 9 in. The fracture strength exceeds thethe first cycle f l ading; brittle fracture ccurred in the ten-
yield strength in every case, and sufficient ductility is pr -si nc nnecti nplateat the l adc rresp nding t theplastic
vided in all cases except f r that f Specimen D. Als , ifm ment bef re significant inelastic r tati n had ccurred.
the r lling directi n in the first five specimens (A, B, C, D,Examinati n and testing after the unexpected failure re-
and E) were parallel t the l ading directi n, which w uldvealed that the welds were f pr per size and quality and
m re cl sely appr ximate an actual beam flange, the duc-that the plate had n rmal strength and ductility. The f l-
tility rati s f r these w uld be higher. The c nnecti nsl wing is qu ted, with min r edit rial changes relative t
with extended c nnecti n plates (i.e., pr jecti n f threefigure numbers, directly fr m Drisc ll and Beedle (1982).
inches), with extensi ns either rectangular r tapered,“Calculati ns indicate that the failures ccurred due
appeared equally suitable f r the static l ads f the tests.t high strain c ncentrati ns. These c ncentrati ns are:

Based n the tests, Drisc ll et al. (1983) rep rt that th se(1) at the juncti n f the c nnecti n plate and the c l-
specimens with extended c nnecti n plates have betterumn flange tip and (2) at the edge f the butt weld j in-
t ughness and ductility and are preferred in design f ring the beam flange and the c nnecti n plate.

o
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Figure 10-25 Test specimens used by Driscoll and Beedle (1982).

Figure 10-26 Stress distributions in test specimens used by Driscoll and Beedle
(1982).
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seismic l ads, even th ugh the ther c nnecti n types (ex- beam flange. This greater area acc unts f r shear lag
cept D) may be deemed adequate t meet the requirements and als pr vides f r misalignment t lerances.
f many design situati ns. AWS D1.1, Secti n 3.3.3 restricts the misalign-
In acc rdance with the preceding discussi n, the f ll w- ment f abutting parts such as this t 10 percent f the

ing suggesti ns are made regarding the design f this type thickness, with / in. maximum f r a part restrained
f c nnecti n: against bending due t eccentricity f alignment.

C nsidering the vari us t lerances in mill r lling
( / in. f r W-shapes), fabricati n, and erecti n, it1. F r directly welded (butt) flange-t -plate c nnec-
is prudent design t call f r the stiffener thicknessti ns, the c nnecti n plate sh uld be thicker than the
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Figure 10-27a Results of weak-axis FR connection ductility tests performed by
Driscoll et al. (1983).
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t be increased t acc mm date these t lerances and The extensi n sh uld als pr vide adequate r m f r
av id the subsequent pr blems enc untered at erec- run ut bars when required.
ti n. An increase f / in. t / in. generally is used. 3. Tapering an extended c nnecti n plate is nly neces-

Frequently, this c nnecti n plate als serves as the sary when the c nnecti n plate is n t welded t the
stiffener f r a str ng-axis FR r PR m ment c n- c lumn web (Specimen E, Figure 10-27). Tapering
necti n. The welds which attach the plate/stiffener is n t necessary if the flange f rce is always c m-
t the c lumn flange may then be subjected t c m- pressive (e.g., at the b tt m flange f a cantilevered
bined tensile and shearing r c mpressi n and shear- beam).
ing f rces. Vect r analysis is c mm nly used t 4. T pr vide f r increased ductility under seismic l ad-
determine weld size and stress. ing, a tapered c nnecti n plate sh uld extend three

It is g d practice t use fillet welds whenever p s- inches. Alternatively, a backup stiffener and an un-
sible. Welds sh uld n t be made in the c lumn fillet tapered c nnecti n plate with 3-in. extensi n c uld
area f r strength. be used.

2. The c nnecti n plate sh uld extend at least / in. be- N rmal and acceptable quality f w rkmanship f r c n-
y nd the c lumn flange t av id intersecting welds necti ns inv lving gravity and wind l ading in building
and t pr vide f r strain el ngati n f the plate. c nstructi n w uld t lerate the f ll wing:
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Figure 10-27b Results of weak-axis FR connection ductility tests performed by
Driscoll et al. (1983).

© 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.

Administrator
Rectangle




3 8

3 4

1 4

Moment Connections to Column Webs

99

Seismic Provisions for Structural Steel Buildings

Introduction

t

Moment Connection with Field Welded Beam Flanges
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1. Run ff bars and backing bars may be left in place f r
Gr ups 4 and 5 beams (subject t tensile stress nly)
where they are welded t c lumns r used as tensi n
members in a truss.

2. Welds need n t be gr und, except as required f r
n ndestructive testing.

3. C nnecti n plates that are made thicker r wider f r
c ntr l f t lerances, tensile stress, and shear lag need
n t be gr und r cut t a transiti n thickness r width
t match the beam flange t which they c nnect.

4. C nnecti n plate edges may be sheared r plasma r
gas cut.

5. Intersecti ns and transiti ns may be made with ut
fillets r radii.

6. Burned edges may have reas nable r ughness and
n tches within AWS t lerances.

If a structure is subjected t l ads ther than gravity
and wind l ads, such as seismic, dynamic, r fatigue l ad-
ing, m re stringent c ntr l f the quality f fabricati n and
erecti n with regard t stress risers, n tches, transiti n ge-
metry, welding, and testing may be necessary; refer t

AISC’s .

FROM FERRELL (1998):

(M. Th mas Ferrell, Ferrell Engineering, Inc.)

acc mm date t lerances f r fabricati n and beam
Details f r m ment c nnecti ns t c lumn webs must c n- flange tilt. N te that the b tt m f this c nnecti n
sider mill and sh p t lerances f the structural members plate is aligned with the b tt m f the beam t p
and pr vide f r material ductility. This paper will present flange.
details which will acc mm date these requirements and 4. The b tt m c nnecti n plate thickness is equal t
present limit state strength c nsiderati ns f r b th m - plus / in. This is necessary t acc mm date t ler-
ment c nnecti ns with field welded beam flanges and field ances f r fabricati n and beam flange tilt plus p s-
b lted flange plates. sible verrun/underrun in the beam depth. N te that

the centerline f this c nnecti n plate is aligned with
the centerline f the b tt m flange f the beam.

5. The welds f r c nnecti n plates t the c lumnFigure 1 illustrates a field welded flange m ment c nnec-
flanges must be designed f r shear f rces. Theseti n.
welds may als be subjected t tensile/c mpressi n
and shear f rces when these plates serve as stiff-1. The c nnecti n plates must be the same grade f ma-
ener plates f r a str ng-axis m ment beam. Use filletterial as the weak-axis m ment beam.
welds where p ssible. It is g d practice t deduct2. The c nnecti n plate has been extended / in. min-
twice the weld size fr m the length f plate avail-imum bey nd the c lumn flange t pr vide better
able f r welding s that the welds d n t terminatet ughness and ductility. AISC L ad and Resistance
at the edges f the plate r c lumn flange. If cal-Fact r Design [Manual] V lume II, pages 10-60
culated stresses are transferred thr ugh the weldsthr ugh 10-65, has summarized results f nine sim-
at the c lumn web, then backup stiffeners must beulated weak-axis FR m ment c nnecti n tests per-
pr vided.f rmed by Drisc ll et al. t aid in selecti n f details

6. B lts f r the shear plate t beam web are n rmallyt ensure ductility.
l cated utside f the c lumn flanges. This practice3. The t p c nnecti n plate thickness is equal t
simplifies beam erecti n and all ws access t tightenplus / in. This additi nal thickness is necessary t

f

f
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Moment Connections with Beam Flange Plates
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the b lts with use f an impact wrench. Sh rt sl ts These c nnecti ns with versized h les must be de-
sh uld be used in the plate and standard h les in the signed as slip critical. If tensi n c ntr l b lts are
beam web. Flange welds sh uld be c mpleted bef re used, if p ssible, use a b lt gage which will all w
the b lts are tightened. The sh rt sl ts will “h ld” b lts at the b tt m flange t be tightened fr m the
t p f beam elevati n and all w f r weld shrinkage inside f the beam flange. In many cases this is n t
t ccur at the flange welds. The b lts are designed p ssible due t beam flange widths and beam depths.
f r shear f rces nly (n eccentricity). The welds f r 3. Shims must be pr vided at the t p r b tt m flanges
the shear plate t c lumn web are designed f r shear t acc mm date fabricati n and mill t lerances f r
nly. The welds f r the shear plate t c nnecti n flange tilt plus p ssible verrun/underrun in beam

plates must be designed f r shear stresses due t the depths. Fabricat rs n rmally prefer the shims t be
eccentricity fr m the neutral axis f the b lt gr up t at the b tt m flange due t restricti ns n pr gram-
the edge f the c lumn flange. If a c lumn web d u- ming f sh p equipment. If shims are pr vided at the
bler is required due t a str ng-axis m ment beam, t p flange, the detail can be pr vided t serve as a
then the additi nal stresses fr m the shear plate must deck supp rt (Figure 3).
be c nsidered in determining the thickness f the 4. The flange plates must be designed f r tensi n yield-
web d ubler plate. ing, tensi n rupture, and c mpressi n strength.

5. The flange b lts must be designed f r shear strength.
6. The beam design flexural strength with regard t net

secti n must be determined t assure that the net
Figure 2 illustrates a field b lted flange plate m ment c n-

beam secti n is adequate with ut reinf rcing.
necti n.

7. The welds f r the flange plates t the c lumn
flanges/webs are designed using the same criteria1. It is n t necessary f r the flange plates t be the same
used f r the c nnecti n plates f r the field weldedgrade f material as the weak-axis m ment beam.
flange m ment beams in Figure 1.2. Oversized h les sh uld be used in the flange plates

8. The web shear plate design is the same as f r the fieldt all w f r mill t lerances in the c lumn and beam.
welded flange m ment beams.
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