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ABSTRACT

Seismic stud columns (SSCs) have been widely used in special moment resisting
frames (SMRFs) by attaching structural beams in the installed bays to economically
increase structural stiffness and damping. Typical SSCs adopt shear panel dampers
(SPDs) at mid-height to ensure sufficient ductility and energy dissipation, while the top
and bottom connecting segments that attach to structural beams mainly remain elastic.
A novel design of SSC, named knife-plate-connected seismic stud columns (KSC), was
previously proposed to further improve the economics and applicability of SSCs in
SMRF systems. The KSCs feature an SPD of similar length to the story height in the
middle of the member and two boundary columns on the sides with knife-plate
connections at the ends attaching to structural beams. As prior experiments have
verified the feasibility of mechanics, ductile seismic performance, and axial load effects
of KSCs, this study focuses on the optimization design of the end connections (OEC) of
the boundary columns, specifically the knife-plate connections. Three specimens were
experimentally tested to examine the OEC of KSCs. The experimental results verified
that the OEC prevented the fracture of knife plates and significantly increased the
fatigue life of the KSCs.

1. INTRODUCTION

Seismic stud columns (SSCs) have been widely adopted in special moment
resisting frames (SMRFs) to economically improve structural stiffness and damping of
the building structures. Typical SSCs adopt shear panel damper (SPD) at the mid-
height of the members to achieve sufficient ductility and energy dissipation, while
connecting the top and bottom surrounding beams using elastic connecting segments.
A novel design of the SSC, named knife-plate-connected seismic-stud-column damper
(KSC), was previously proposed (Hsiao and Li 2023) to improve the economics and
applicability of SSCs in SMRF systems. The KSDs feature an SPD of similar length to
the story height in the middle of the member and boundary columns on the sides with
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knife-plate connection details. Even though the developed KSD has been
experimentally verified to provide a good ductility and stable hysteretic behavior, due to
the required details of the developed knife-plate connections, the fabrication of the
member was still unnecessary difficult and the knife plates still meet possible fracture at
large deformations. To this end, this experimental study was performed to mitigate
even overcome those potential problems focusing on the optimization design of end
connections (OEC) of the member, as illustrated in Fig. 1, to improve the seismic
performance of the KSC. A new configuration of the knife-plate connection was
proposed. Three specimens were experimentally tested to examine the OEC of KSCs.
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Fig. 1 The proposed structure of KSCs with the OEC details

2. EXPERIMENTAL PROGRAM OF THE KSC

Two full-scale KSC specimens with the OEC details were tested in the study to
experimentally to verify the feasibility of design of the OEC, as shown in Table 1. The
major experimental parameters were the slenderness of the shear panels and the
member sizes of the panel stiffness, as the dimensions of the boundary columns and
knife-plate connections were identical among those specimens. The experiments were
conducted using the testing facility of multi-axial testing system (MATS) at the
laboratory of National Center for Research on Earthquake Engineering, as shown in Fig.
2. The KSD specimens with various configurations of shear panel and panel stiffeners
were tested by applying lateral cyclic loading with the constant axial loads. The
experimental results verified that two specimens generally performed very high ductile
performance and stable hysteretic behavior without strength degradation. The shear
panel in general first developed their shear yielding, and the buckling of the panel
possibly occurred afterward. All specimens ultimately failed due to the panel fracture
under the extremely large cumulative deformations. The observed yield mechanisms
and failure modes including panel initial yield (PlY), panel fully yield (FPY), panel
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buckling (PB), panel fracture (PF), knife-plate initial yield (KIY) and knife-plate fracture
initiation (KFI), as shown in Fig. 3. The measured hysteretic responses of specimen
OV1 are shown in Fig. 4.
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Fig. 3 Various yield mechanisms and failure modes of the specimens
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Fig. 4 Hysteretic responses of (a) the standard cycles, (b) near-fault cycles, and (c)
fatigue cycles

3. CONCLUSIONS

A novel design of the KSC has been previously developed by changing the typical
vertical arrangement of the middle inelastic panel and elastic connecting segments to a
horizontal configuration. The special details of knife-plate connections with the 1t-
clearance rule have been proposed to connect the elastic connecting segments, i.e.
boundary columns, to the surrounding beams of the frame of SMRF systems. This
experimental study was performed to mitigate even overcome the potential fracture of
the knife plate within the clearance and focused on developing the optimization design
of end connections (OEC) of the member to improve the seismic performance of the
KSC. The experimental results verified that the specimens with the propose OEC
details generally provided extremely high ductile performance and stable hysteretic
behavior without strength degradation. The specimen experienced standard cycles up
to 5% story drift, near-fault cycles up to 6% and a great number of fatigue cycles prior
to the failure of the member.
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