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To The ediTor

Unanticipated Stresses and the Welded 
Flange Plate Moment Connection
(STRUCTURE magazine, August 2018, by Sompandh Wanant)

The August 2018 STRUCTURE article, 
Unanticipated Stresses and the Welded Flange 

Plate Moment Connection, presents information 
and opinions on welded steel moment connec-
tions and more specifically on connections in 
the standard ANSI/AISC 358-16, Prequalified 
Connections for Special and Intermediate Steel 
Moment Frames for Seismic Applications. Some 
of the information in this article may be 
potentially misleading, particularly regarding 
statements made on vertical beam shear dis-
tribution and weld shrinkage residual stresses. 
These issues are addressed below.

Vertical Beam Shear Distribution

Mr. Wanant notes in his article that the 
common assumption that the beam web con-
nection transfers the shear and the beam flange 
connections transfer the moment is not accu-
rate. Mr. Wanant is completely correct in this 
observation. The fact that much of the beam 
shear is transferred by the flange connections 
is well recognized based on post-Northridge 
earthquake moment frame connection research 
and is well recognized in the prequalification 
of connections for ANSI/AISC 358.
A number of researchers have concluded, 

based both on experimental evidence and on 
finite element simulations, that substantial 
shear is transferred to the column through the 
beam flange connections. (See, for example, 
El-Tawil et al. 1998, Lee et al. 1997, Uang et 
al. 2000). Further, the distribution of shear 
between the beam web and flanges near the 
face of the column depends on the connection 
details, is different in the elastic and inelastic 
ranges of behavior, and differs depending on 
the degree of inelastic rotation sustained by the 
beam. The formulas suggested by Mr. Wanant 
to predict the distribution of shear between 
the beam web and flanges (Eqn. 1 and 2 in 
the article) are based on elastic analysis and 
therefore are not valid in the inelastic range of 
behavior. Connection behavior in the inelastic 
range is of greatest interest in seismic design and 
the prequalification of connections for ANSI/
AISC 358. Further, even in the elastic range of 
behavior, Eqn. 1 and 2 do not correctly predict 
how much shear is carried by the beam flanges 
at the beam-to-column connection.
It is well understood from research that the 

beam flanges transfer a large portion of the 

beam shear at welded beam-to-column 
connections. It is also understood that 
the shear in the beam flanges not only 
adds shear stress to the beam flanges 
but also generates secondary bending 
stresses in the beam flanges. Additional 
complexities occur in the state of stress 
in the beam flanges near the face of the 
column due to column flange bending 
and due to the influence of weld access 
holes. These issues have also been extensively 
studied in research. Nonetheless, despite 
the complexities in the state of stress in the 
beam flanges near the face of the column, 
research and testing have also shown that 
welded beam-to-column connections can 
develop very large cyclic ductility, if prop-
erly designed and detailed. ANSI/AISC 358 
provides the needed guidance to design and 
construct beam-to-connections capable of 
providing satisfactory seismic performance. It 
would be incorrect to infer that issues such as 
shear in the beam flanges have somehow been 
overlooked by the research community or 
have been overlooked in the development of 
prequalified connections in ANSI/AISC 358.

Weld Shrinkage Residual Stresses

Mr. Wanant notes in his article: “Although 
both the RBS and WUF-W are prequalified 
by laboratory testing, the validity of the test-
ing is questionable since it did not represent 
the actual building frame construction. In 
preparing the test specimens, there was no 
external restraint in the welding of beam-to-
column specimens or the cyclic loading tests.”
Most moment frame connections are tested 

using specimens constructed with an approxi-
mately 10- to 20-foot segment of a beam 
connected to a column. Mr. Wanant is correct 
that no external restraint is normally applied 
at the free end of the beam during welding. 
However, it is incorrect to assume this invalidates 
these tests. Zhang and Dong (2000) conducted 
a computational study of welding residual 
stresses in welded moment frame connections. 
In their study, they computed residual stresses 
in a simple butt-welded joint where the plates 
had no external restraint. They also computed 
residual stresses in a weld connecting a beam 
flange to a column, where the beam flange 
was completely restrained against horizontal 

movement a short distance from the weld, rep-
resenting a more severe condition of restraint 
than found in actual construction. Both cases, 
with or without external restraint, showed very 
high, yield level residual stresses in both the 
longitudinal and transverse directions, along 
with significant triaxiality. These results suggest 
that the external restraint is not needed to gener-
ate high welding residual stresses. Rather, local 
effects, which are well represented in moment 
connection test specimens, provide restraint 
leading to high residual stresses. For example, 
in the multi-pass welds used to connect a beam 
flange to a column, shrinkage of each pass is 
restrained by the previous passes. Further, dif-
ferential cooling of a weld pass across the width 
of the beam flange will generate large residual 
stresses even in the absence of external restraint 
to the beam, since the portions of the weld that 
cool first will restrain the portions of the weld 
that cool later, for the same weld pass.
Studies on the impact of welding residual 

stresses on the behavior of welded moment con-
nections were conducted by Chi et al. (2000). 
In their study, they used the residual stresses 
computed by Zhang and Dong (2000) for the 
case in which the beam flange was completely 
restrained. Their research showed these residual 
stresses increase the fracture toughness demand 
on the beam flange welds and can reduce the 
fracture strength of the connection in the pres-
ence of low-toughness welds, as was the case 
for pre-Northridge connections. However, 
the high level of fracture toughness required 
in post-Northridge welded moment connec-
tions, combined with improved detailing and 
inspection requirements, provide substantially 
improved protection against premature brittle 
fracture in beam flange welds and make these 
welds highly tolerant of large residual stresses.
In summary, it is misleading to suggest that 

tests used to prequalify moment connections 
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Figure 2. Reprint of Fig. 7.1 (AISC 358-16) bolted 
flange plate moment connection.
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for ANSI/AISC 358 are not valid on the basis 
of welding residual stresses. Further, as described 
above, current requirements for welding, 
detailing, and inspecting moment frame 
connections provide robust welds with a 
high tolerance for residual stresses.
In his article, Mr. Wanant also states: “The 

Bolted Flange Plate (BFP) moment con-
nection (Figure 2) employs the flange plates 
as connecting elements, and the plates are 
free to move when welded to the column; 
therefore, only minor residual stress exists 
at the welded joint and may be considered 
negligible.” Based on the research by Zhang 
and Dong (2000) described above, very 
high residual stresses would be expected 
in the welds that connect the flange plates 
to the column in the Bolted Flange Plate 
Connection, and certainly should not 
be considered negligible. Consequently, 
designers should not relax requirements 
for welding, detailing, and inspection for 
the Bolted Flange Plate Connection based 
on a belief that welding residual stresses are 
negligible in this connection.

Welded Flange Plate Connection

In his article, Mr. Wanant indicates that the 
Welded Flange Plate (WFP) connection 
should be considered for prequalification, 
but that has not yet been tested for prequali-
fication. The WFP connection was tested 
as part of the FEMA/SAC project, and 
is included in FEMA 350, Recommended 

Seismic Design Criteria for New Steel Moment-
Frame Buildings (FEMA 2000). Note that a 
number of details of the WFP connection in 
FEMA 350 differ from those shown in Figure 3 
in Mr. Wanant’s article. Designers with interest 
in the WFP connection are referred to FEMA 
350 for suggested design and detailing rules. 
Note, however, that the WFP connection has 
not yet been prequalified in ANSI/AISC 358.
The AISC Connection Prequalification Review 

Panel (CPRP) is responsible for prequalifying 
connections for inclusion in ANSI/AISC 358. 
The CPRP, in turn, follows the requirements for 
prequalification specified in Chapter K of ANSI/
AISC 341-16, Seismic Provisions for Structural 
Steel Buildings. The AISC CPRP welcomes new 
connections for possible prequalification and has 
prioritized connections based on the strength 
of available prequalification data and based on 
industry demands. As described above, a lim-
ited number of tests were conducted on the 
WFP connection by Kim et al. (2000), and it 
is unclear if this test data is sufficient to support 
prequalification. However, the CPRP may con-
sider the WFP connection for prequalification 
in the future.

Closing Remarks

The prequalified moment connections in 
ANSI/AISC 358 have undergone extensive 
testing supported by computational and 

analytical studies. The development and 
prequalification of connections for ANSI/
AISC 358 is informed by the extensive body 
of research on moment connections con-
ducted after the 1994 Northridge Earthquake, 
including research on shear in beam flanges, 
welding residual stresses, and host of other 
issues. While there are certainly needs for 
additional research, the existing body of 
knowledge on moment connection behav-
ior for seismic applications is very strong, 
and designers can have confidence that the 
connections in ANSI/AISC 358 will provide 
robust behavior under seismic loading.■

 The online version of this article 
contains references. Please visit 
www.STRUCTUREmag.org.

Submitted by:

James O. Malley, P.E., S.E., SECB, Senior 
Principal, Degenkolb Engineers and Chair, 
AISC Committee on Specifications.

Lawrence F. Kruth, P.E., Vice President of 
Engineering & Research, AISC.

Michael D. Engelhardt, Professor, the University 
of Texas at Austin and Chair, AISC Connection 
Prequalification Review Panel.
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Figure 3. Welded flange plate moment connection.
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