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This paper investigates and optimizes steel slit dampers with novel semi-elliptical shapes to
enhance seismic performance of beam-to-column connections, preventing damage to
primary structural members, inspired by failures in past earthquakes. These dampers
achieve more uniform stress distribution and increased energy dissipation, particularly in
the middle sections, compared to conventional designs.

Due to the brittle failure of many rigid beam-to-column connections in the Northridge and
Kobe earthquakes, this research investigated and optimized steel slit dampers to improve
the seismic performance of connections and prevent damage to primary structural members.
The main innovation of this study lies in the use of semi-elliptical slit shapes instead of
conventional slits, leading to a more uniform stress distribution across the damper surface
and a significant increase in the contribution of the middle sections to energy dissipation.
Finite element analyses indicated that these novel dampers enhance energy absorption by up
to 44.9% compared to dampers with conventional slits. Subsequent studies focused on two
key parameters: slat width and slit height distribution. The results suggest that reducing slat
width concentrates stress towards the damper and improves energy absorption by
transferring stress distribution to the middle part of the slat. Conversely, increasing slat
width, up to the point where primary structural members do not yield, enhances the overall
connection resistance. Slit height distribution also plays a crucial role in damper
performance, with the optimal configuration found to be a maximum slit height at the center
of the damper, which withstands the highest bending moment (332.15 kJ of energy) and
results in optimal stress distribution and maximum energy dissipation. Overall, this research
demonstrates that employing semi-elliptical slits and optimizing geometric parameters such
as slat width and slit height distribution is an effective strategy for significantly increasing
the resistance and energy absorption of beam-to-column connections against seismic forces
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Introduction

This research fundamentally aims to improve and enhance the seismic performance of rigid
beam-to-column connections in steel structures. Given the history of connection failures in
past earthquakes (e.g., Northridge, Kobe), this study pursues an innovative approach:
utilizing semi-elliptical slot geometry in steel dampers. This geometric shape, by creating a
more uniform stress distribution, allows for greater absorption of seismic energy and
protects the main structural members.

Method

Analyses were conducted using Abaqus software via a nonlinear static approach with Solid
elements (C3D20).

Connection modeling involved Tie constraints (for the T-plate to beam and column) and
surface-to-surface contact.

To reduce computational load, a half model was used, and pinned boundary conditions were
applied to the column.

Meshing was detailed in sensitive areas (1 cm) and coarser elsewhere.

Standard steel material properties were used, and a cyclic loading pattern consistent with
experiments was applied.

Model validation was confirmed by comparing results with the experimental data of Oh et
al. (2009).

Results

Slot Shape: The semi-elliptical slot damper absorbs 44.9% more energy than conventional
slot shapes. Web Width (B): Narrower widths concentrate damage on the damper and
protect the main members; controlled increases enhance strength. Slot Height Distribution
(D): While height changes have minimal impact, optimal distribution (maximum height at
the center) can increase strength and energy absorption by up to 7%. Specimen 6 (with a 2-
degree slope) exhibited the best performance. Comparison Basis: Specimen 2, capable of
sustaining 80-100% of the beam’s plastic moment (per AISC 2005), was chosen as the
benchmark to prevent beam damage

Conclusions

The use of semi-elliptical slotted dampers significantly improves the seismic performance of
beam-to-column connections. These dampers absorb more energy and withstand higher
forces compared to traditional dampers, while protecting the primary structural elements.
Optimizing the slot geometry, particularly its height distribution, is key to maximizing these
benefits.
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