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Probabilistic Seismic Performance Assessment of Tall Reinforced Concrete Frame-Core
Buildings Under Near- and Far-Field Earthquakes

M. Gharib H. Pahlavan A. Keyhani A. Koosha

Abstract: As the construction of tall buildings increasingly expands in regions close to seismic faults, accurately
assessing the effects of near-field ground motions on their seismic vulnerability has become important. Although
numerous studies have investigated the seismic fragility of tall buildings, comparative assessment of tall
reinforced concrete frame-core buildings under near-field and far-field earthquakes remains limited, particularly
across different damage states. This study aims to probabilistically evaluate and compare the seismic vulnerability
of a 35-story reinforced concrete building with a moment-resisting frame and coupled shear walls subjected to
near-field and far-field earthquake records. A three-dimensional nonlinear model was developed in Perform-3D,
and Incremental Dynamic Analysis (IDA) was conducted using two sets of ground-motion records. The maximum
inter-story drift ratio was adopted as the primary engineering demand parameter, and fragility curves were
developed for four damage states: slight, moderate, extensive, and complete. The results revealed substantial
differences in the seismic response and fragility of the building under the two record sets. The median fragility
values for far-field earthquakes were 0.045g, 0.185g, 0.7g, and 2.1g for the four damage states, respectively,
whereas the corresponding values for near-field earthquakes were 0.03g, 0.12g, 0.55g, and 1.1g. At the complete
damage state, the median fragility under near-field earthquakes decreased by approximately 55%, indicating a
substantially higher probability of failure. The findings highlight the importance of considering near-field effects
in the probabilistic seismic performance assessment of tall reinforced concrete frame-core buildings.

Keywords: High-rise buildings, Near-field earthquakes, Far-field earthquakes, Seismic fragility curves,
Incremental dynamic analysis
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Etabs Perform3D
Mode No.
Period (sec) Period (sec)
1 3.988 3.999
2 3.804 3.835
3 1.905 2.135
4 0.916 0.988
5 0.906 0.956
6 0.592 0.629
7 0.469 0.527
8 0.414 0.442
9 0.319 0.355
10 0.293 0.303
11 0.263 0.248
12 0.238 0.261
13 0.213 0.225
14 0.201 0.216
15 0.188 0.201
16 0.172 0.181
17 0.166 0.178
18 0.156 0.163
19 0.140 0.148
20 0.135 0.145
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Lowest
. . q Rib Rrup Vs30 Useable
Earthquake Name Year Station Name Magnitude Mechanism (km) (km) (misec) Frequency PGA PGV T
(Hz)
"Kobe_ Japan" 1995 "Shin-Osaka" 6.9 strike slip 19.14 19.15 256 0.125 0.23 31.33 0.38
"Kocaeli_ Turkey" 1999 “Duzce" 751 strike slip 13.6 15.37 281.86 0.1 0.36 58.87 0.38
“Landers" 1992 Termo e 7.28 strikeslip | 2362 | 2362 353.63 0.07 0. | 5112 | 068
021 20.71 0.3
"Manjil_ Iran" 1990 "Abbar" 7.37 strike slip 75.58 75.58 302.64 0.25
"Superstition Hill "El Centro Imp. C B |
uperstion FHlls- | 197 entro fmp. £o. 6.54 strike slip 182 182 192.05 0.0875
02 Cent
Hector Mine 1999 Hector 7.13 strike slip 61.2 61.2 370.08 0.08 0.077 7.76 0.46
Cape Mendocino 1992 Rio Dell Overpass 7.01 Reverse 16.54 20.41 355.18 0.0625 0.33 38.05 0.48
alllas ol 50 o bl JuS oo sls 435 .0 Jgu
Lowest
. . q Rib Rrup Vs30 Useable
Earthquake Name Year Station Name Magnitude Mechanism (km) (km) (misec) Frequency PGA PGV T
(H2)
Superstition Hills- | qq7 Parag?t“et.,e Test 6.54 strike slip 0.95 0.95 348.69 015 043 | 13420 | 064
“Duzce_ Turkey" 1999 “Duzce" 7.14 strike slip 0 6.58 281.86 0.1 0.51 84.23 0.79
“Christchurch_ New “Papanui High Reverse
Zealand” 2011 School 6.2 Oblique 9.05 9.06 263.2 0.05 0.21 48.74 0.7
"Loma Prieta" 1989 SaratogslyV 6.93 Reverse 8.48 9.31 347.9 0.125 033 | 4691 | 082
Valley Coll. Oblique
“Kocaeli_ Turkey" 1999 "Yarimca" 751 strike slip 1.38 4.83 297 0.0875 0.32 71.89 0.52
“Erzican_ Turkey" 1992 “Erzican" 6.69 strike slip 0 4.38 352.05 0.125 0.5 107.14 | 0.96
" : " “TAPS Pump . .
Denali_ Alaska 2002 Station #10" 79 strike slip 0.18 2.74 329.4 0.13 0.33 115.72 11
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