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Abstract

Glass has become an integral component In modern architectural
design due to Iits aesthetic appeal, energy efficiency, and functional
versatility. However, its vulherability to extreme loads—such as blasts,
Impacts, and seismic events—necessitates the development of robust
strengthening methods. This research provides a comprehensive study
of existing technigues aimed at improving the performance of glass
under such conditions, including increased glass thickness, advanced
laminated glass systems with interlayer innovations, and retrofitting
approaches. While these traditional methods offer various levels of
protection, they often come with |imitations. In response to these
challenges, this study introduces an innovative approach focusing on
embedded connections within glass systems. This novel method aims to
enhance the stability and ductility of glass under extreme loads by
redistributing forces more effectively and reducing  stress
concentrations. By embedding connection systems into the glass, the
structural integrity is improved, offering a promising advancement in
the design of blast-resistant glass facades. This research aims to identity
the most optimized, high-performance solutions for enhancing glass
structures, contributing to new guidelines for improving the resistance
and stability of laminated glass under extreme loads

Objectives

The primary objective of this study iIs to explore and develop advanced
strengthening techniques for laminated glass panels, focusing on the
INnNnovative application of embedded connections to enhance the
stability and ductility of glass structures under extreme |loads, such as
blast impacts and seismic events.

This study aims to address current gaps in glass-strengthening methods
by Investigating the constructive role of embedded connections, an
approach not yet widely adopted in contemporary glass engineering. A
comprehensive evaluation of all existing strengthening methods,
Including retrofitting technigues and advancements in laminated glass
technologies, will be conducted. By comparing traditional methods with
the proposed embedded connection system, the study intends to
demonstrate the superior performance of these connections In
enhancing the resilience of glass facades. Additionally, this research
seeks to contribute to the development and refinement of European
standards for the design and reinforcement of glass structures under
extreme loads. Given the increasing prevalence of glass iIn modern
architecture, particularly in high-risk environments, the study offers
unigue insights into creating a more robust and practical framework for
Improving the safety and performance of laminated glass panels. This
work represents a significant advancement in glass engineering,
bridging the gap between current practices and the need for more
INNovative, reliable solutions in blast-resistant design.
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The Importance of this work

Despite significant advances In glass strengthening techniqgues, current
approaches—including laminated glass with polymer interlayers and
retrofitting strategies—often fall short of providing the necessary balance
between structural integrity and aesthetic appeal. This study addresses
these challenges through the innovative use of embedded connections
INn laminated glass panels. Embedded connections offer a promising
solution by enhancing the structural stability, ductility, and energy
dissipation capacity of glass assemblies under extreme loads, such as
explosions or impacts. This novel approach not only improves the overall
performance of glass structures but also responds to the growing
demand for safer, more resilient building materials Iin  high-risk
environments. Furthermore, this work addresses a critical gap In current
European design standards, which lack comprehensive guidance on the
design and retrofitting of glass structures subjected to extreme |loads. By
providing a framework for integrating embedded connections Into
existing strengthening methods, this research offers a new avenue for
advancing glass performance and safety. The results of this study have
the potential to inform future revisions of Eurocodes and other global
standards, making this work highly significant for both academic and
Industrial applications. It introduces a unique perspective by combining
INnnovative connection technologies with traditional strengthening
techniques, offering a more efficient and effective solution for protecting
glass structures in extreme conditions. The outcomes of this research
could pave the way for safer urban environments and more resilien
architectural designs worldwide. -

Methodology and Detailed Description

This study evaluates the performance of laminated glass panels with
embedded connections under extreme loads, focusing on stability,
ductility, and blast resistance. Finite Element (FE) analysis using ABAQUS
will simulate various load scenarios. Different glass thicknesses, interlayer
materials, and connection configurations will be tested for their energy
dissipation and structural integrity. Mesh sensitivity analysis will refine
accuracy, and both pre- and post-crack behaviors will be analyzed. The
effectiveness of embedded connections will be compared with traditional
methods. This research aims to enhance European standards by offering
new guidelines for strengthening glass structures under extreme loads.
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