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The recent development of a reliability-based design (RA-based) framework for fiber-reinforced polymer (FRP)-confined

concrete columns has significantly advanced the safety calibration and efficiency of confinement models through

probabilistic formulations of global and partial resistance factors. However, the broader implications of such reliability-

informed designs on sustainability and cost-effectiveness remain largely unexplored. This study extends the RA-based

design model proposed by Mohammadi et al. (2025) by quantifying its environmental and economic impacts in

comparison with conventional design provisions such as ACI 440.2 and fib Bulletin 90. The analysis integrates life-cycle

assessment (LCA) and life-cycle cost analysis (LCCA) to evaluate the trade-off between structural safety, material

utilization, and sustainability performance. Results indicate that the RA-calibrated model reduces FRP material demand by

up to 25% while maintaining the target reliability index, leading to a notable decrease in embodied carbon emissions and

construction costs. Moreover, the proposed approach provides an optimal balance between safety and sustainability by

enhancing material efficiency in columns with moderate confinement levels. The findings emphasize that incorporating

reliability-based calibration into design practice not only ensures code-compliance safety margins but also contributes to

the environmental and economic sustainability of FRP-based strengthening systems. The presented framework thus

provides a rational pathway for integrating probabilistic reliability and sustainability objectives within the next generation

of structural design standards.
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