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1. Introduction

One of the common seismic load carrying systems for
buildings is steel moment resisting frame. It usually shows
high ductility subject to earthquake loads. After 1994’s
Northridge earthquake, the engineers learned that the
traditional beam-to-column connections may severely be
damaged. This damage may mostly happen in the complete-
joint-penetration type of welded connections.

In order to correct the seismic behavior and performance
of these connections, the improvement in the quality of the
welding process is firstly suggested by the researchers, and
after many sophisticated studies, Reduced-Beam-Section
(RBS) connections was proposed. In this way, the connections
are modified by reducing the beam section. Thereby, a reliable
area for energy dissipation is provided with the structure. The
studies also showed that by using RBS connections, the plastic
hinge is transferred from the panel zone to the beam section.
Thereby, the hinge is formed in a place far enough from the
column face.

In addition to the strategy of reducing the beam flange in

RBS connections, another alternative for preventing
catastrophic structural collapse induced by connection failures
is using Reduced-Web-Section (RWS) connections. In a RWS
connection, the seismic behavior and performance of the
connection is modified by reducing beam’s web section,
instead of its flange.
This study explored the impacts of the elliptical web
reductions (RWS-E) and radial flange reductions (RBS-R) and
also the impacts of using stiffeners on the performance and
behavior of beam, connection, and steel moment RBS and
RWS frames.

2. Finite-Element model

Using nonlinear Finite-Elements (FE) model and 3D elements
in ABAQUS software, we carry out the nonlinear-static
analyses of the frames subjected to cyclic loadings and check
\Von-Mises criterion. To this end, a benchmark experimental
test is adopted from the recent literature, and by comparing its
results with the results of the numerical model of this study,
the FE model is verified. Figure 1 shows the FE model, its

loading, and boundary conditions. In this model, Shell element
of S4R (3D-8Node) is used. Moreover, the boundary
condition, in the three ends, is as follows: (1)

U, =Ug =U,, =0: (2 U =U,=U,=U, =U, =0; and,
3) U ,=U,=U, =U,=0.

Figure 1. FE model, loading, and boundary conditions

The loadings of FE model are performed according to the
AISC 341 as shown in Figure 2, in which, the drift angle was
plotted versus the number of loading cycles.
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Figure 2. Cyclic loading protocol

Figure 3. The deformation and stress distribution results
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Figure 4. The cyclic moment-rotation curve results

As Figure 3 shows, the deformation and stress distribution
in both experimental and numerical models are the same.
Moreover, Figure 4 shows that the cyclic moment-rotation
curves of both models correspond.

3. The stiffener’s effects on the RWS-E connections

To study the impacts of using stiffener on the cyclic
performance of RWS-E connections, four models are
considered according to Table 1.

Table 1. RWS-E connection models

Reduction values (mm)  Stiffener’s
Model thickness
a b (mm)
RWS-E 240 480 240 -
RWS-E-St5 240 480 240
RWS-E-St8 240 480 240
RWS-E-St10 240 480 240 10

Figure 5 shows the place of the installation of the
stiffeners. These elliptical stiffeners have a width of 2.5 cmin
each side of the beam’s web. Moreover, the stress distribution
at the final step of the loading is shown in Figure 6 for the four
models.

Figure 5. The stiffener’s detail

5, Wi

a) RWS-E connection b) RWS-E-St5 connection

Hiii0es2

¢) RWS-E-St8 connection d) RWS-E-St10 connection
Figure 6.Stress distribution at final loading step(connections)

4. Cyclic performance of frames with reduced connections
The cyclic performance of the frames with reduced

connections is studied using four models as described in Table
2. For these models, Figure 7 shows the Von-Mises stress
distribution at the final step of the loading.

Table 2. Frame models with reduced connections

Reduction values (mm) Stiffener’s
Model thickness
a b h C (mm)
F-FBS - - - - -
F-RBS-R 240 480 - 240 -
F-RWS-E 240 480 240 - -
F-RWS-E-St5 240 480 240 - 5

S, Mises

+1.092e+08
+E425e+07
450338407
+3441e+07
+8.4878+06

a) F-FBS frame

b) F-RBS-R frame

c) F-RWS-E frame

+4.5318+06

d) F-RWS-E-St5 frame
Figure 7. Stress distribution at final loading step (frames)

5. Conclusion

Based on the analytical results, following conclusions are
drawn:

1. In the beam with no reductions, maximum stresses and
strains occur in the web. By reducing the web section of the
beam, maximum stresses and strains are transferred to the
location of the reduced section;

2. The ratio of maximum strength to the strength at the final
step of loading, and also, the value of dissipated energy, show
that, in comparison with the connections with radial-shaped
reductions, the connections with elliptical-shaped reductions
have less strength degradation and more ductility;

3. The RWS-E connection dissipates 15% more energy
compared to the RBS-R connection. This shows the higher
ductility of RWS-E connection;

4. The frame with RBS-R connection shows less shear
capacity compared to other investigated frames.
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Performance Evaluation of Welded Moment Frame with Reduced Beam Section and Stiffener
Mohammad-Amin Jalali Amin Rafiee

Abstract In this research, the effect of the elliptical web reduction and radial flange reduction and also the stiffener,
on the behavior of beam, connection and steel moment frame is studied. By using Finite-Elements Method and 3D
elements in ABAQUS, the nonlinear-static analyses of the frame under cyclic loading are carried out and the Von-
Mises criterion is checked. The results show that in the beam with no reductions, maximum stresses and strains occur in
the web. By reducing the web section of the beam, maximum stresses and strains are transferred to the location of the
reduced section. The ratio of maximum strength to the strength at the final step of loading, and also, the value of
dissipated energy, show that, in comparison with the connections with radial-shaped reductions, the connections with
elliptical-shaped reductions have less strength degradation and more ductility.

Key Words Reduced beam section; Stiffener; Cyclic loading; Nonlinear finite-elements method.
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