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1. Introduction

The concept of using Concrete-Filled Steel Tube (CFT) columns has been proposed to optimize the use of
steel and concrete materials. The advantages of these elements have led to their widespread application in the
construction industry. These types of columns are usually used in moment resisting frame systems with rigid
connections, and play a significant role in lateral load resistance of the system. Despite providing sufficient
strength for beams and columns, weakness in the connection area can disrupt the load path and could lead to
overall collapse of the system. When the connection is well-designed, seismic fuses will concentrate at both
ends of the beam (the main frame member). After a strong earthquake, the entire story beam needs repair or
replacement, which incurs high costs. To address all these challenges, this study proposes using a mechanical
joint equipped with a centering spring (Fig. 1).
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Fig. 1. Frame equipped with the proposed joint and a close view of it
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2. Methodology

Nonlinear modeling was performed using ABAQUS software (2022). Since the goal is to evaluate the seismic
performance of the proposed mechanical joint, a simple frame (one story and one span) was modeled in two
states: a regular rigid connection (Modelo) and a connection equipped with the proposed mechanical joint
(Models). Fig. 2 shows the beam-to-column connections in each model. It is evident that in both models, the
beam and column elements and the gravitational and lateral loadings are identical. It is noteworthy that the
columns are of CFT type and the beams have I-shaped cross-section.

—é/

]\

(@ (b)

Fig. 2. Beam-to-column connection in the models: a) Regular rigid connection, b) Connection equipped with the proposed
mechanical joint

3. Results and discussion

The introduced models were subjected to pushover and hysteretic analyses. In the hysteretic analysis, the
SAC loading protocol was used. The resulting hysteresis curves for the models were obtained as shown in Fig.
3. This figure also depicts the stress distribution in the members at the loading step corresponding to material
yield.
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Fig. 3. Hysteresis curves of the studied models and the stress distribution in the elements at the moment of reaching yield

stress in the materials: a) Modelo, b) Modely

For the pushover analysis, incremental displacement was applied to the control point (roof center of mass)
in each model. Finally, for each model, the capacity curve, representing the base shear variation relative to the
control point displacement, was obtained (Fig. 4).
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Fig. 4. Capacity curves obtained from the pushover analysis: a) Modelo, b) Model1

4. Conclusions

According to the results, the hysteresis curves are broad and stable when using the proposed mechanical
joint in the moment frame. A significant portion of the input energy to the frame is absorbed by the length
change of the spring at the joint, and consequently dissipated as kinetic energy. During loading, this member
does not experience damage or yielding. Although using the joints reduces the initial elastic stiffness of the
frame, the stress level in the main members (including beam, column, and connection) significantly decreases.
The spring acts as a conservative member in this structure, ensuring the return to the initial state (loading
threshold) similar to zero-force members in trusses. Therefore, with proper design, itis expected that the entire
system will be serviceable again after the loading process is completed.
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