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INTRODUCTION

When a plate is subjected to applied loads and significant 
out-of-plane deformation, the demand on the connec-

tion may exceed that derived from calculations due to the 
applied loads only. Where inelastic behavior is acceptable, 
the intent may be to ensure ductile behavior. For plates with 
fillet-welded edge connections, this can be accomplished by 
sizing the fillet welds to develop the strength of the plate.

One specific example of this arises when a brace in a 
special concentrically braced frame (SCBF) is subject to 
compression and buckles out-of-plane. Resulting weak-axis 
bending of the gusset plate may demand more of the gusset 
plate edge connection than the calculated forces that result 
on the gusset edge due to the brace force specified in Section 
F2.6c.2 of AISC 341-16 (AISC, 2016). If not accounted for 

in the weld size, the uncalculated weak-axis moment on the 
welds from out-of-plane bending of the gusset plate might 
cause rupture of the fillet welds to govern the behavior of 
the system.

Section F2.6c.4 of AISC 341-16—a new provision at 
the time of writing of this paper—provides a fairly simple 
approach that can be used to determine an appropriate fil-
let weld size to preclude this concern. It allows the required 
shear strength for the welds to be taken equal to 0.6RyFytp/αs  
(i.e., the expected shear strength of the plate), where these 
variables are defined in AISC 341-16. A user note is pro-
vided to further simplify this for common steel grades and 
double-sided fillet welds: A weld size of 0.62tp is sufficient 
for 36-ksi gusset plates and 70-ksi weld metal, and a weld 
size of 0.74tp is sufficient for 50-ksi gusset plates and 70-ksi 
weld metal.

An exception also is provided to recognize that a weak-
axis flexural hinge in the gusset plate edge can be used to 
protect the fillet welds. It recognizes that the forces pres-
ent from the brace consume a portion of the strength of the 
gusset plate edge. This paper explains how to calculate the 
portion consumed, the remainder of the gusset plate strength 
that must be developed, and the corresponding fillet weld 
size that will do so. It also shows that this approach will pro-
duce a smaller required fillet weld size than the other option 
provided in Section F2.6c.4 of AISC 341-16.
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INTERACTION ON THE GUSSET PLATE EDGE

A yield mechanism can be used in the gusset plate to deter-
mine the maximum weak-axis bending moment that can 
exist in the presence of the gusset plate edge forces that 
result from the force in the brace. Using the generalized 
interaction equation recommended by Dowswell (2015), the 
total utilization of the gusset plate in shear, compression, 
and strong- and weak-axis bending can be expressed as:
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where

Pu =  gusset edge compression force due to brace 
compression force specified in section F2.6c.2, 
kips

Vu =  gusset edge shear force due to brace compres-
sion force specified in Section F2.6c.2, kips

Mux =  gusset edge strong-axis moment due to 
brace compression force specified in Section 
F2.6c.2, kip-in.

Muy =  gusset edge weak-axis moment due to defor-
mations from brace buckling, kip-in.

ϕRyPy =  0.9RyFyLtp, the expected compression strength 
of the gusset place edge, kips

ϕRyVp =  1.0(0.6RyFyLtp), the expected shear strength of 
the gusset plate edge, kips
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strength of the gusset plate edge, kip-in.

Ry =  ratio of the expected yield stress to the speci-
fied minimum yield stress, Fy

Fy =  specified minimum yield stress, ksi
L =  length of fillet welds on gusset plate edge, in.
tp =  gusset plate thickness, in.

Because all variables in Equation 1 except Muy are known 
for a given gusset plate, it is convenient to rewrite it at the 
point of equivalency as follows:
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Equation  2 provides the maximum weak-axis moment, 
Muy max, that can be delivered to the welds by the gusset plate 
in the presence of Pu, Vu, and Mux.

In the preceding formulations, the expected yield 
strength, RyFy is used rather than the minimum specified 
yield strength, Fy. To not use Ry would reduce the denomina-
tor in these terms—and thereby also reduce the calculated 
value of the remaining weak-axis flexural demand, Muy max, 
that must be developed. RyFy also is used in the denomina-
tor of the weak-axis flexural strength ratio as provided in 
Section A3.2 in AISC 341-16 because all of these ratios are 
determined for the same element in the interaction equation.

DESIGN REQUIREMENTS FOR  
GUSSET PLATE EDGE FILLET WELDS

The four required strengths at the gusset plate edge (Pu, 
Vu, Mux and Muy max) can be used to design fillet welds that 
will fully develop the edge of the gusset plate and preclude 
weld rupture. All four effects produce shear on the effective 
throat of the fillet weld. The effects of Pu, Mux and Muy max 
all are oriented transverse to the fillet weld, while the effect 
of Vu is oriented parallel to the weld axis. Accordingly, the 
maximum weld force per unit length due to the combination 
of all four effects can be expressed as follows:
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w = weld size, in.
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The corresponding weld design strength per inch is:

 ( )ϕ = + θr D1.392 1.0 0.5sinn
1.5

 
(11)

where
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Here, D is the number of sixteenths in the weld size, and the 
basic weld strength of 1.392D is determined as explained in 
Part 8 of the AISC Steel Construction Manual (AISC, 2011). 
Because the quantity in Equation 11 must equal or exceed 
the quantity in Equation 6, the minimum weld size can be 
determined as:

 ( )=
+ θ

D
f
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u
1.5

 

(13)

This weld size is sufficient to develop the gusset plate; there-
fore, it is unnecessary to also apply the “Richard” 1.25 weld 
ductility factor (AISC, 2011), which is used to address hot 
spots in cases where the welds do not develop the gusset 
plate.

Equation 10 is based on a moment arm equal to the dis-
tance between centroids of the effective throats of the fil-
let welds taken at 45 degrees in the welds (tp + 0.5w); see 

Figure 1. Although some references illustrate the use of the 
weld area centroids—a moment arm of tp  + 0.67w in this 
case—the calculations in this paper are made relative to the 
centroids of the effective throats, and the moment arm of 
tp + 0.5w is used for consistency.

This equation is directly useful when checking a design, 
as shown in Examples 1 and 2 at the end of this paper, but 
requires iteration when designing a connection. Iteration can 
be minimized by assuming a weld size; a reasonable start-
ing assumption is w = tp/2, in which case, tp + 0.5w = 1.25tp. 
Alternatively, the weld size can be ignored in design and 
the moment arm taken as tp if the resulting penalty is not 
objectionable.

COMPARISON TO TEST DATA

Table 1 shows the available testing (Johnson, 2005; Roeder, 
2015) by which the suitability of the foregoing method can 
be judged. Predicted and actual test results are shown as GY 
and BR for gusset yielding and brace rupture and WR for 
weld rupture. The former is the desired behavior; the latter 
is undesirable.

Note that weld tearing as testing progresses is not pre-
ventable and should not be confused with weld rupture. The 
geometric deformations of the specimens during testing 
will cause tearing starting at the ends of the welds. As long 
as the specimen remains viable and the brace continues to 
function through the testing until the brace fractures, it is an 
acceptable result. The key concept here is that the weld tear-
ing cannot be unstable and result in complete weld rupture. 
Rather, weld tearing must be stable so that gusset yielding 
can occur, and ultimately, brace rupture will limit the test.

Tests are available on both sides of the prediction point 
of the method, and as can be seen in Table 1, the predic-
tion of the method provided in this paper is correct for all 
tests shown. The testing by Roeder (2015) and the two edge 
connections in test HSS 01 (Johnson, 2005) are the most rel-
evant because they bound the prediction and all have a weld 
size within z in.—the smallest increment of weld size—of 
the prediction of the method.

Table  1 also shows a comparison to the use of the 
0.6RyFytp/αs provision from Section F2.6c.4 of AISC 341-
16, which is easier to use but requires a larger weld size than 
the method provided in this paper. Adjusting from weld size 
to weld volume to better reflect the impact on the cost of 
welding, the difference is from 125% to 300% in the cases 
shown in Table 1.

ASD DERIVATION

All of the foregoing information was presented using LRFD 
equations. Following are the similar equations for an ASD 
solution:Fig. 1. Moment arm for weak-axis bending.
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where
Pa =  gusset edge compression force due to brace 

compression force specified in Section F2.6c.2, 
kips

Va =  gusset edge shear force due to brace compres-
sion force specified in Section F2.6c.2, kips

Max =  gusset edge strong-axis moment due to brace 
compression force specified in Section F2.6c.2, 
kip-in.

May =  gusset edge weak-axis moment due to deforma-
tions from brace buckling, kin-in.
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CONCLUSIONS

The method provided in this paper is suitable to determine 
the minimum size of fillet welds necessary to prevent weld 
rupture as out-of-plane deformations occur. It can be used 
for fillet-welded gusset plate edges in special concentrically 
braced frames (SCBFs) to satisfy the exception provided in 
Section F2.6c.4 of AISC 341-16.

REFERENCES

AISC (2011), Steel Construction Manual, 14th Ed., Ameri-
can Institute of Steel Construction, Chicago, IL, p. 8-8.

AISC (2012), Seismic Design Manual, 2nd Ed., American 
Institute of Steel Construction, Chicago, IL.

AISC (2016), Seismic Provisions for Structural Steel Build-
ings, ANSI/AISC 341-16, American Institute of Steel 
Construction, Chicago, IL.

Dowswell, B. (2015), “Plastic Strength of Connection Ele-
ments,” Engineering Journal, AISC, Vol. 52, No. 1, First 
Quarter, pp. 47–65, Chicago, IL.

Johnson, S.M. (2005), Improved Seismic Performance of 
Special Concentrically Braced Frames, Masters Thesis, 
University of Washington, Seattle, WA.

Muir, L.S. and Thornton, W.A. (2014), Vertical Bracing 
Connections—Analysis and Design, AISC Design Guide 
29, American Institute of Steel Construction, Chicago, IL.

Roeder, C. (2015), “Three SCBF Test Reports Provided to 
AISC,” University of Washington, Seattle, WA.

147-158_EJQ316_2015-31.indd   151 6/21/16   2:02 PM



152 / ENGINEERING JOURNAL / THIRD QUARTER / 2016

Example 1. ASTM A36 Gusset Plate Using Theoretical Derivation

Consider the gusset plate-to-beam flange fillet welds for the upper gusset plate illustrated in Figure 2 [Figure 5-33 of the AISC 
Seismic Design Manual (AISC, 2012)] and the loads for Case 2 (a 444-kip brace force; see page 5-230). Determine if the a-in. 
fillet welds used are acceptable for the new criterion. (Note that this example in the 2nd Edition AISC Seismic Design Manual 
illustrates the requirements in the 2010 AISC Seismic Provisions, which did not contain a requirement like that in Section 
F2.6c.4 of AISC 341-16 and illustrated in this paper.)

From the example:
L = 25.75 in. tp = 0.75 in. Fy = 36 ksi Ry = 1.3 FEXX = 70 ksi
Vu = 216 kips Pu = 193 kips Mux = 0 kip-in.

The maximum weak-axis flexural moment that can exist in the presence of Vu, Pu, and Mux can be calculated as follows:
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=

=

P
R F Lt0.9
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y y p
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(2)

The resultant weld force per inch can be calculated as follows:
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Fig. 2. Replication of Figure 5-33 of the AISC Seismic Design Manual, 2nd Ed.
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The required fillet weld size can be calculated as follows:

( )
( )

( )

=
+ θ

=
+

=

D
f

1.392 1.0 0.5 sin

10.4 kips/in.

1.392 1.0 0.5 sin 1.16

5.21 sixteenths

min
u

1.5

1.5⎡ ⎤⎣ ⎦
 

(13)

The a-in. fillet welds shown are adequate for the proposed criterion.

Now compare to the fillet weld size that would be required by the 0.6RyFytp/αs alternative provision given in Section F2.6c.4 of 
AISC 341-16:

( )( ) ( )=
α

×
=

×
=D

R F t0.6

2 1.392
0.6 1.3 36 ksi 0.75 in. 1.0

2 1.392
7.56 sixteenthsmin

y y p s

 

These 2-in. fillet welds, though easier to determine, would require 78% more weld metal volume.
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Fig. 3. Replication of Figure 6-1 of AISC Design Guide No. 29.

Example 2. ASTM A572 Grade 50 Gusset Plate Using Theoretical Derivation

Consider the gusset plate-to-beam flange fillet welds for the gusset plate illustrated in Figure 3 [Figure 6-1 of AISC Design 
Guide 29 (Muir and Thornton, 2014)] and the brace compression force of 783 kips (see page 296). Determine if the 2-in. fillet 
welds used are acceptable for the new criterion. (Note that this example in AISC Design Guide 29 illustrates the requirements 
in the 2010 AISC Seismic Provisions, which did not contain a requirement like that in Section F2.6c.4 of AISC 341-16 and illus-
trated in this paper.)

From the example:
L = 34.25 in. tp = 1 in. Fy = 50 ksi Ry = 1.1 FEXX = 70 ksi
Vu = 493 kips Pu = 161 kips Mux = 1,290 kip-in.

The maximum weak-axis flexural moment that can exist in the presence of Vu, Pu, and Mux can be calculated as follows:
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The resultant weld force per inch can be calculated as follows:
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The required fillet weld size can be calculated as follows:
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The 2-in. fillet welds shown are adequate for the proposed criterion.

Now compare to the fillet weld size that would be required by the 0.6RyFytp/αs alternative provision given in Section F2.6c.4 of 
AISC 341-16:
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These w-in. fillet welds, though easier to determine, would require 125% more weld metal volume.
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