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Seismic Vulnerability Assessment of RC Frame Structures Using 3D
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Abstract As the structural damage caused by earthquakes has been gradually increasing, estimating the seismic
fragility of structures has become essential for earthquake preparation. Seismic fragility curves are widely used as a
probabilistic indicator of structural safety against earthquakes, and many researchers have made efforts to develop
them in a more accurate and effective manner. However, most of the previous research studies used simplified 2D
analytical models when deriving fragility curves, mainly to reduce the numerical simulation time; however, in many
cases 2D models are inadequate to accurately evaluate the seismic behavior of a structure and its seismic vulnerability.
Thus, this study provides a way to derive more accurate, but still effective, seismic fragility curves by using 3D
analytical models. In this method, the reliability analysis software, FERUM, is integrated with the structural analysis
software, ZEUS-NL, enabling the automatic exchange of data between these two software packages, and the first order
reliability method (FORM), which is not a sampling-based method, is utilized to calculate the structural failure
probabilities. These tools make it possible to conduct structural reliability analyses effectively even with 3D models.
By using the proposed method, this study conducted a seismic vulnerability assessment of RC frame structures with
their 3D analytical models.

Keywords : 3D frame structure, Fragility curve, Nonlinear dynamic analysis, Seismic vulnerability, Structural

reliability analysis
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Table 1. Input ground motions[3,13]
/ Dist Max. /

ar Name Earthquake event/Location Magnitude Date Soil type 1stance acceleration @ 1{]

level (km) (m/sz) (g/ms™)

Set01-01 Bucharest/Romania 6.40 3/4/1977 Rock 4 -1.906 0.275

Set01-02 Erzincan/Turkey Unknown 3/13/1992 Stiff soil 13 -3.816 0.382

Low |Set01-03| Aftershock of Montenegro/Yugoslavia 6.20 5/24/1979 Alluvium 8 -1.173 0.634

Set01-04 Kalamata/Greece 5.50 9/13/1986 Stiff soil 9 -2.109 0.657

Set01-05 Kocaeli/Turkey Unknown 8/17/1999 Unknown 101 -3.039 0.750

Set02-01 Aftershock of Friuli/Italy 6.10 9/15/1976 Soft soil 12 -0.811 1.040

Set02-02 Athens/Greece Unknown 9/7/1999 Unknown 24 -1.088 1.090

n::z;te Set02-03 Umbro-Marchigiano/Italy 5.80 9/26/1997 | Stiff soil 27 0.992 1.108

Set02-04 Lazio Abruzzo/Italy 5.70 5/7/1984 Rock 31 -0.628 1.136

Set02-05 Basso Tirreno/Italy 5.60 4/15/1978 Soft soil 18 0.719 1.183

Set03-01 Gulf of Corinth/Greece 4.70 11/4/1993 Stiff soil 10 -0.673 1.432

Set03-02 | Aftershock of Montenegro/Yugoslavia 6.20 5/24/1979 Rock 32 -0.667 1.526

High |Set03-03| Aftershock of Montenegro/Yugoslavia 6.20 5/24/1979 Alluvium 16 -1.709 1.564

Set03-04 | Aftershock of Umbro-Marchigiana/Italy 5.00 11/9/1997 Rock 2 0.412 1.902

Set03-05 Friuli/Italy 6.30 5/6/1976 Rock 27 3.500 1.730

Table 2. Statistical properties of random variables

Random variables Mean (MPa) Coefficient of variation Distribution type
Concrete strength (f;) 33.6 0.186 Normal
Steel strength (fy) 336.5 0.107 Normal
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