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ABSTRACT

Steel plate shear walls (SPSW) are used as one of the lateral-force-resisting
systems in building structures. These systems possess excellent lateral strength,
displacement ductility, and energy dissipation potential. Being relatively lighter in
weight, SPSWs also do not significantly increase the force demand on the foundations
of structures. Despite the numerous advantages that the SPSWs offer over other
traditional systems, some critical issues associated with these systems include high
axial demand in the columns and the formation of in-span plastic hinges in the

horizontal and vertical boundary elements.

Furthermore, the effect of the presence of a floor slab on the seismic behaviour
of the system is yet to be explored. Also, the collapse level seismic performance of the
system has only been explored by a limited number of researchers. The present study
aims to resolve these issues through analytical, numerical and experimental
investigations to enhance the seismic performance of these systems for a broader

application in the civil structures.

To simulate the elastic, post-yield and post-peak behavior of an SPSW system,
numerical models are developed in the seismic simulation software, OpenSEES. The
modelling parameters are calibrated and validated against past experimental studies.
These models are utilized to conduct an extensive numerical study on the seismic
behavior of SPSWs. To design an SPSW, the current code (ANSI/AISC 341-16)
recommends neglecting the contribution of the boundary frame in resisting the lateral

loads. This recommendation leads to high overstrength of the system and thus proves
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to be uneconomical. A numerical study is thus conducted to investigate the contribution
of the boundary frames in resisting the lateral loads. The study includes non-linear
pushover analyses of single- and multi-story SPSW systems with varying aspect ratios.
Semi-empirical equations are derived to estimate the contribution of the boundary
frame to the lateral load resistance of SPSW systems. Non-linear dynamic analyses
showed a satisfactory seismic performance of SPSWs redesigned by considering the

boundary frame contribution.

A staggered-SPSW (S-SPSW) system is proposed to reduce the axial force
demands in the columns. A design procedure is suggested, and the seismic performance
of the system is evaluated through nonlinear static and dynamic numerical analyses.
The system demonstrates a better design-level seismic performance than the
conventional SPSW, in terms of the inter-story drift response and drift distribution. In
addition to this, a seismic collapse performance evaluation is also performed as per
FEMA-P695, for both conventional- and staggered- SPSW. This evaluation aims to
verify the aptness of the seismic performance factors suggested by ANSI/AISC 341-16
for conventional SPSWs and to compare the performance of S-SPSW with that of the
conventional SPSWs. The results showed that the relatively-narrow conventional
SPSWs exhibited an early collapse due to the concentration of drift in the top stories
and thus demonstrated an unsatisfactory performance. Staggering of the infill plates in
an SPSW can be utilized as one of the solutions to this problem. The probability of
sway-mechanisms which involve the formation of plastic hinges in the VBEs of the top
stories, increases as the aspect ratio of the conventional SPSW decreases. The results
indicate that staggered systems have a relatively consistent performance than their

conventional counterparts in terms of ACMR values, with the variation in the aspect
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ratio or the number of stories of an SPSW system. This may result in more efficient use

of material when a common R-value is used for all configurations of the system.

A quasi-static test is conducted on a large-scale single-story single-bay SPSW
specimen to investigate the influence of floor slab on the behaviour of horizontal
boundary elements (HBEs). In addition to this, the study also aims to investigate the
efficacy of the provided connection detailing in improving the ductility of the system.
The slab is cast over the top HBE, whereas the bottom HBE acts independently of the
slab. The test specimen is subjected to gradually-increasing reversed-cyclic lateral
displacements and vertical gravity loads. The main emphases of the study are the
yielding behavior of the infill plate and the boundary elements, the crack propagation
in the slab, and the failure modes of the SPSW components. Due to the presence of the
slab, the top HBE exhibited a reduction in the axial forces but an increased vertical
tension forces in the web region. The proposed connection detailing facilitated the
axial-flexural plastic hinges in the HBEs to be formed away from the connections,
which enhanced the ductility of the system in comparison to the past experimental

studies. The specimen demonstrated a stable hysteretic response up to 6% story drift.
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