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ABSTRACT

Life cycle cost analysis and performance-based design are two complementary
approaches in structural engineering that are closely related. Performance-based
design sets specific goals and requirements for the performance of structures,
including resistance to various forces and improvement of durability and
sustainability. On the other hand, life cycle cost analysis evaluates the total costs
associated with a structure over its entire lifespan, from construction to
decommissioning. By combining these two approaches, it is possible to design
structures that meet functional requirements while also being economically
optimized. Diagonal structural systems are particularly appealing due to their
aesthetic and structural qualities. Since life cycle cost analysis has. been less
explored in the context of diagonal structures, this study focuses on the seismic
design of steel structures with diagonal systems, incorporating life cycle cost
considerations. The analysis investigates weight, drift, acceleration; and diagonal
section types under different damage scenarios. Numerical modeling and analysis
were conducted using OPENSEES software, with nonlinear dynamic analysis
performed using 22 pairs of far-field earthquake records to derive fragility curves
and calculate life cycle costs. The results demonstrate that by changing the
diagonal members from W-section to HSS and slightly increasing the weight of
the structure, the collapse capacity increases by an average of 2.37 times.
Additionally, the life cycle cost analysis reveals that the initial costs calculated
for the structure under prescriptive code-based methods are lower than the actual
costs required to achieve the desired performance level. This research presents a
comprehensive and innovative approach to the seismic design of diagonal
structures, integrating life cycle cost analysis, optimal section selection, and
precise evaluation of structural and economic performance.
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[¥e]os5 i 35 2,555 S YY 1 Y0
EQ.ID M Year Earthquake name Recording station PGA (g) PGV (cm/s)
Comp. 1 Comp.2 Comp. 1 Comp. 2
1 6.7 1994 Northridge Beverly Hills — Mulhol 0.443 0.488 59.295 66.717
2 6.7 1994 Northridge Canyon Country-WLC 0.404 0.472 44.384 41.128
3 7.1 1999 Duzce,Turkey Bolu 0.739 0.806 55.934 65.883
4 7.1 1999 Hector Mine Hector 0.265 0.328 26.015 44.777
5 6.5 1979 Imperial Valley Delta 0.236 0.35 26.325 32.999
6 6.5 1979 Imperial Valley El Centro Array #11 0.367 0.379 36.018 44.61
7 6.9 1995 Kobe, Japan Nishi-Akashi 0.483 0.464 46.825 38.263
8 6.9 1995 Kobe, Japan Shin-Osaka 0.225 0.233 31.327 21.813
9 7.5 1999 Kocaeli, Turkey Duzce 0.312 0.364 58.867 55.662
10 7.5 1999 Kocaeli, Turkey Arcelik 0.21 0.134 13.954 40.067
11 7.3 1992 Landers Yermo Fire Station 0.245 0.152 51.125 29.09
12 7.3 1992 Landers Coolwater 0.284 0.417 27.615 43.419
13 6.9 1989 Loma Prieta Capitola 0.511 0.439 38.026 29.614
14 6.9 1989 Loma Prieta Gilroy Array #3 0.559 0.368 36.306 45.427
15 74 1990 Manjil, Iran Abbar 0.515 0.497 42.458 50.591
16 6.5 1987 Superstition Hills El Centro Imp. Co. 0.357 0.259 48.071 41.794
17 6.5 1987 Superstition Hills Poe Road (temp) 0.475 0.286 41.169 29.016
18 7 1992 Cape Mendocino Rio Dell Overpass 0.385 0.549 43.805 41.875
19 7.6 1999 Chi-Chi, Taiwan CHY101 0.34 0.398 65 109.211
20 7.6 1999 Chi-Chi, Taiwan TCU045 0.473 0.507 50.084 46.377
21 6.6 1971 San Fernando LA - Hollywood Stor 0.225 0.195 21.718 16.938
22 6.5 1976 Friuli, Italy Tolmezzo 0.357 0.315 22.85 30.521
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