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1. Introduction

Recent advances in cold-formed steel (CFS) structures have highlighted their significant role in lightweight
construction and seismic performance. Due to their low self-weight, these structures generate reduced inertial
forces during seismic events, thereby improving overall structural response. This study investigates the
effectiveness of polystyrene aggregate concrete (PAC) cladding in enhancing the seismic resilience of CFS
structures. The primary objective is to evaluate the influence of PAC on energy dissipation capacity, load-
bearing capacity, and buckling resistance under seismic loading conditions. The results indicate that the
integration of innovative materials such as PAC can substantially improve structural performance, particularly
in regions prone to seismic activity.

2. Methodology
2.1. Experimental study

The present study employs numerical simulations using ABAQUS software, which are validated against
experimental data to ensure the accuracy and reliability of the results. Two structural configurations CFS with
PAC cladding and bare CFS were analyzed under seismic excitations based on the Bam, Manjil and Tabas
earthquakes. Key performance indicators, including lateral displacement and energy dissipation, were
evaluated to assess and compare the structural response.

2.2. Model validation and setup

Structural models were developed to represent both bare CFS structures and configurations encased with
PAC. The mechanical properties of PAC, including compressive strength, flexural strength, and elastic modulus,
were incorporated into the models. Numerical analyses focused on both local and global buckling behaviors to
evaluate the composite interaction between PAC and CFS elements.
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2.3. Seismic load analysis

Seismic analyses were conducted using ground motion records from three major Iranian earthquakes: Bam,
Manjil and Tabas. The simulations incorporated detailed seismic loading scenarios, and the structural
responses were examined to quantify the contribution of PAC cladding to overall stability and energy
dissipation.

3. Results and discussion

The findings of this study demonstrate significant performance improvements in CFS structures encased
with PAC:

e Enhanced Load-Bearing Capacity: Integration of PAC markedly increases both axial and lateral load
resistance.

e Improved Energy Absorption: The PAC cladding enhances energy dissipation during seismic events,
thereby reducing the risk of catastrophic failure.

e Controlled Lateral Displacements: Structures exhibit reduced lateral displacements, remaining within the
permissible limits defined by seismic design codes.
Moreover, PAC cladding effectively mitigates both local and global buckling, provided the structural
elements are adequately restrained. This composite configuration offers practical advantages for lightweight
and resilient structural designs.

3.1. Comparative analysis

Seismic performance indicators, including floor displacements, brace responses, and energy absorption,
consistently showed superior results in CFS structures encased with PAC compared to unreinforced CFS
models. Numerical analyses corroborate these observations, highlighting PAC’s effectiveness as a reliable
material for enhancing seismic resilience in lightweight steel structures.

Fig. 2. The modeling of PAC encased CFS
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4. Conclusions

This study demonstrates that polystyrene concrete (PAC) is an effective material for enhancing the seismic
performance of cold-formed steel (CFS) structures. The key benefits of incorporating PAC include:

¢ Increased load-bearing and energy dissipation capacities, contributing to improved structural resilience
under seismic loads.

e Enhanced stability against local and global buckling, ensuring better overall performance of CFS elements.
o Potential for widespread application in residential and low-rise buildings located in seismic-prone regions.

Future research should aim to optimize PAC formulations and expand numerical modeling approaches to
accurately capture complex stability and interaction phenomena. Such efforts will strengthen PAC'’s
applicability in modern, lightweight, and resilient structural designs.
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