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Iran is located in a seismically active region of the world, making the design and analysis of
buildings against earthquakes essential. The experience of recent earthquakes and the
inadequacy of codes in preventing certain structural and non-structural damages, along with
the continuous advancement of knowledge in earthquake and structural engineering,
necessitate the revision and updating of established codes. Given the revisions and updates
to Section 9 of the Iranian National Building Code, this study investigates and evaluates the
seismic performance of reinforced concrete structures designed based on the 2013 and 2020
editions of this code. In this study, using Incremental Dynamic Analysis (IDA) and
reliability theory, confidence indices at two performance levels—Life Safety (LS) and
Collapse Prevention (CP)—are calculated for 12 reinforced concrete structures with 4, 7,
and 12 stories, featuring intermediate and special moment-resisting frame systems. The
results indicate that, based on reliability theory, the performance of structures designed
according to the 2020 edition of Section 9 of the Iranian National Building Code has

improved at both Life Safety and Collapse Prevention performance levels compared to the
2013 edition.
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Introduction

Iran's location in a seismically active region necessitates the rigorous seismic design of
structures. Observations from recent earthquakes have highlighted limitations in existing
codes regarding the prevention of certain structural and non-structural damages, while
advancements in earthquake engineering compel continuous code revisions. This study
evaluates the seismic performance of reinforced concrete moment-resisting frames designed
according to the 2013 and 2020 editions of Part 9 of the Iranian National Building Code.
Despite numerous studies on seismic performance, a comprehensive probabilistic
comparison of structures designed with these specific code editions, considering both
aleatory and epistemic uncertainties, remains limited. Therefore, this research employs
incremental dynamic analysis (IDA) and reliability theory to calculate confidence indices for
12 RC frames with 4, 7, and 12 stories, featuring intermediate and special ductility, at Life
Safety (LS) and Collapse Prevention (CP) performance levels.

Method

Twelve reinforced concrete moment-resisting frames (4, 7, and 12 stories) with intermediate
and special ductility were designed based on the 2013 and 2020 editions of Part 9 of the
Iranian National Building Code. The structures are assumed to be located in Behbahan,
Khuzestan (high seismicity) on soil type III. Two-dimensional nonlinear models were
developed in Seismostruct using fiber elements with Mander and Menegotto-Pinto material
models for concrete and steel, respectively. Incremental dynamic analysis was performed
using 20 far-field ground motion records (Mw 4-7.5, PGA 0.05g—1g) compatible with the
Iranian code spectrum (soil type III). Confidence indices at LS and CP performance levels
were calculated within a probabilistic framework (Cornell et al., 2001) that integrates
seismic hazard curves, IDA results, and reliability theory, accounting for both aleatory and
epistemic uncertainties in demand and capacity.

Results

Reliability analysis revealed that all structures except the 4- and 7-story intermediate
ductility frames designed with the 2013 code edition satisfy the target reliability index of
B=3.0 at the LS level. Frames designed with the 2020 edition consistently exhibited higher
confidence indices across both performance levels, indicating enhanced seismic
performance. Specifically, for the LS level, reliability indices for 2020-edition frames
ranged from 3.078 to 3.949 compared to 2.608 to 3.393 for 2013-edition frames. At the CP
level, indices ranged from 3.376 to 4.056 for 2020-edition frames versus 3.112 to 3.896 for
2013-edition frames. Taller structures (12-story) generally showed higher reliability indices
regardless of code edition. The improved performance of 2020-edition frames is attributed to
reduced aleatory uncertainty in seismic demand and, in some cases, increased median
spectral acceleration capacity resulting from more stringent design provisions

Conclusions
This study assessed the seismic reliability of 12 reinforced concrete moment frames
designed with the 2013 and 2020 editions of Part 9 of the Iranian National Building Code
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using IDA and reliability theory. Results demonstrate that structures designed according to
the updated 2020 code edition exhibit superior seismic performance at both Life Safety and
Collapse Prevention levels compared to their 2013 counterparts, as evidenced by higher
calculated confidence indices. All frames except the 2013-edition 4- and 7-story
intermediate ductility frames at the LS level meet the f=3.0 target reliability index specified
in ISO-2394. The findings confirm that the 2020 code revisions have effectively enhanced
structural safety margins against seismic events, with more pronounced improvements
observed in taller buildings.
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Coalinga 702 270 Burnett construction 0.2551 8.3 5.77 352.2
Coalinga 703 360 Burnett construction 0.3361 83 5.77 352.2
Coalinga 714 90  Coalinga-14th&EIm (Old CHP) 0.5191 7.02 5.77 286.41
Coalinga 704 45 Pleasant Valley P.P. - yard 0.5752 13.16 5.77 257.38
Coaling 711 0 Coalinga-14th&Elm (Old CHP) 0.4812 7.31 5.21 286.41
Coalinga 713 90  Coalinga-14th&Elm (Old CHP) 0.6774 7.31 5.21 286.41
Coyote lake 86 140 Gilroy Array #2 0.2555 8.47 5.74 270.84
Coyote lake 89 50 Gilroy Array #3 0.2518 6.75 5.74 349.85
Coyote lake 92 140 Gilroy Array #3 0.2564 6.75 5.74 349.85
Coyote lake 96 270 Gilroy Array #4 0.2329 4.79 5.74 221.78
Coyote lake 98 360 Gilroy Array #4 0.2517 4.79 5.74 221.78
Imperial valley 169 230 El Centro Array #6 0.2744 7.4 5.01 203.22
Mammoth lakes 476 344 Mammoth Lakes H. S. 0.4416 1.45 5.69 346.82
Mammoth lakes 503 90 Fish & Game (FIS) 0.3333 6.45 5.94 373.18
Managua nicararue 672 90 Managua ESSO 0.2628 4.33 5.2 288.77
West moorland 1176 225 Parachute Test Site 0.2321 16.54 59 348.69
West moorland 1179 315 Parachute Test Site 0.1489 16.54 5.9 348.69
West moorland 1177 225 Salton Sea Wildlife Refuge 0.1946 7.57 59 191.14
West moorland 1180 90 Westmorland Fire Sta 0.3771 6.18 5.9 193.67
West moorland 1181 180 Westmorland Fire Sta 0.4985 6.18 5.9 193.67
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