n May 2016, the American Institute of Steel

Construction (AISC) published ANSI/AISC
358-16, Prequalified Connections for Special and
Intermediate Steel Moment Frames for Seismic
Applications. It has been a significant influence
on the research and development of products by
government agencies, universities, and engineering
research centers. Much of the research was done
soon after the failure of steel moment frames during
the 1994 Northridge Earthquake.

These Prequalified Connections were developed to
establish standards and aid in the design of building
structures subjected to seismic loading. There is a
total of nine Prequalified Connections, including
four proprietary connections (#5, 6, 7 and 8),
which are standalone designs and included herein
for information only:

1) Reduced Beam Section (RBS) Moment
Connection

2) Bolted Unstiffened and Stiffened
Extended End-Plate Moment
Connections

3) Bolted Flange Plate (BFP) Moment
Connection

4) Welded Unreinforced Flange-Welded
Web (WUF-W) Moment Connection

5) Kaiser Bolted Bracket (KBB) Moment
Connection

6) ConXtech ConXL Moment Connection:

7) SidePlate Moment Connection

8) Simpson Strong-Tie'Strong Frame
Moment Connection

9) Double-Tee Moment €ofinection

Vertical Beam Shear Distribution

Structural engineers have made design assumptions
for generations, most of which have been effective
and conservative, but some assumptions have yielded
less than favorable results. The design assumption
we made on the steel moment connection is a prime
example; we simply assume the beam shear transfer
to the column by the beam web and shear tab or clip
angles, and the moment transfer to the column by
tensile and compressive forces in the beam flanges.
From Figure 1, we can see that there are three points
of contact between the beam and the column, i.e.,
connections at the top and bottom flanges and the
beam web. At each point of contact, a portion of the
total beam shear will be distributed to the column
in accordance with their relative stiffness. The shear
distribution can be determined based on the follow-
ing equations:
d=di+d,=PL?/12El + 1.2 PL/GA
(Eqn. 1) (Both ends are considered fixed)

where d = total deflection, d; = deflection due to
bending, d, = deflection due to shear deformation,
P = applied force, L = distance between both ends,
A = cross section area, I = moment of inertia, E =
modulus of elasticity, and G = shear modulus. shear
modulus, G = E/2(1+p), where p = Poisson’s ratio.

For structural steel E = 29 x 10° psi, and p = 0.30,
let P = unit force = 1, and equation (1) becomes
d =13/384I + L/9.3A (Eqn. 2)

Since stiffness is the inverse of the deflection, k =
1/d, we can determine the relative stiffness of each
connecting element (ky, k,, and ki) with respect to
the total sum of the stiffness, and thereby obtain

the shear distribution at each location.

Are the beam shears distributed to the beam flanges
significant? Yes, they are. As an example, a W24x68
beam connects to a column flange by a 7%-inch x
18-inch shear tab, with a CJP weld to the column
and slip-critical bolts to the beam web; beam flanges
are groove-welded to the column, and the weld access
holes conform to the FEMA 350 detail. From Figure I,
let L, = 3 inches, L= Lis= 2.63 inches (FEMA 350)

and, using the connecting element stiffness deter-

structural
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Unanticipated Stresses and the Welded Flange

Plate Mement Connection

mined from theequations above, the author finds that
the\portion of the beam shear-that\goes to the beam
webiis about 83%, leaving 17% to the beam flanges
or 8.5% for eachbéam-flange. This is an average shear
on the weld/beanrflange rectangular section, and the
maximumshear stress at the center would be 50%
greater. According to the Hencky-von Mises principal
stresses relationship, if we combine this shear stress
with the design tensile/compressive stress, we would
get an even larger stress (principal stress). This addi-
tional stress is significant and should be considered/
included in the design of the connection. It should be
noted that the pre-Northridge moment connections
had very short weld access holes, thus resulting in very
rigid connecting elements between the column and
the beam flanges. Therefore, a larger amount
of beam shear would be transferred through
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COLUMN

the beam flanges.

Weld Shrinkage
Residual Stresses

In structural steel construction, a welded
connection has some advantages over a
bolted connection. It also has many disad-
vantages, a couple of which are: a) welded
joints are highly prone to cracking under
fatigue loading, and b) large residual stresses
and distortion are developed in welded con-
nections. The magnitude of the residual

stresses varies greatly depending upon the
joint restraint, geometry, material thermal
properties, welding process, and more. If
the parts to be joined are free to expand and

f

contract, then the residual stresses would be
minimal. However, if one or both parts of
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Figure 1. Steel moment connection.
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Figure 2. Reprint of Fig. 7.1 (AISC 358-16) bolted flange plate

moment connection.

the joining members is/are subjected to exter-
nal restraints, as in the case of direct welding
between beam and column, then a high level
of residual stresses would occur as a result.

It should be noted that, in a general welding
process, residual stresses are increased when
an increased number of passes are made. This
means that the thickness of the beam flange
should be minimized.

Beam to @olumn

Only Reduced Beam Seetions (RBS)\ and
Welded Unreinforced Flange-Welded Web
(WUF-W) Moment Connegtions are direct
beam-to-column connections. In the actual field
construction, the beam flange welded joints will
be subjected to weld shrinkage residual stress
(longitudinal and transverse directions). The
residual stress in the weld transverse direction
is substantial due to external restraint during
welding. Neither side of the welded joint is free
to move, i.e., the beam is restrained by the other
end connection and other framing. Although
both the RBS and WUF-W are prequalified by
laboratory testing, the validity of the testing 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.

The Bolted Flange Plate (BFP) moment
connection (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.

WEFP Moment Connection

As shown in Figure 3, the author pres-
ents Welded Flange Plate (WFP) moment
connection design as an alternative to the

connection is similar
to the BFP moment
connection; the flange
plates are fillet-welded
to the beam flanges
instead of bolted. The
flange plates and the web shear plate can
be made thicker than the beam flange and
the beam web, respectivelys to shift the
plastic hinge“away from"the columny The
flange plate shallde welded to the column
flange with double ] or bevel{T-joint CJP
groove weld to minimize weldishrinkage
residual stress and distortion. The
geometty of the top flange platesis
configured such that, whemvelded
to,the beam flange, the high'tearing
stress is minimizéd.~An additional
weld betwéen-the Hlange plate and
thé(beam flange may be added in
the high tearing stress area to mini-
mize the tearing stress further. The
depth of the web shear plate should
be made as deep as practically pos-
sible to maximize its stiffness and
thus capture most of the beam shear
force. Since the WFP connection
is very similar to the BFP connec-
tion, the prequalification limit on
the maximum beam depth, weight,
and flange thickness should be the
same, i.e., 36 inches (W36), 150 lbs/
ftand 1 inch respectively. However,
it is the author’s opinion that the
limit should be 30 inches (W30),
108 Ibs/ft and % inch respectively
to minimize the residual stress in the
welded joint (the thicker the beam
flange, the higher the residual stress).
It should be noted that the cost of
fabrication and erection seems com-
parable to that of the BFP moment
connection.

Shims, il required

it

Conclusions

¢ The vertical beam shear distrib-
uted to the column through the
beam web and top and bottom
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flanges, based on their relative stiffness,
should be considered in the design of
connections.

A high level of weld shrinkage residual
stress exists when the beam and column
are directly welded together; this type of
connection should be avoided until the
magnitude of the residual stress is better
defined, and the testing apparatus and
process are made to represent the actual
field construction.

With additional shear and residual stress at
the welded joints (with or without flange
plates), reduction of the joint moment
capacity should be considered.

The WFP moment connection is a prime
candidate for prequalification. If tested
and prequalified, it will provide an
additional design option for structural
efigineers.*

The online version of this article
contains references. Please visit

www.STRUCTUREmag.org.
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Figure 3. Welded flange plate moment connection.
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