Kateb '

Scientific-Research Journal of
Technology and Engineering
Vol.1 | No.1 | Autumn & Winter2025-2026

bl AP
U gling

Kateb University

Email: kjite@kateb.edu.af | Homepage: kjte.kateb.edu.af

Nonlinear Static and Dynamic Analysis of Irregular Steel
Frames: A Case Study on Performance Levels

Mohammad Dawood Mohammadi'®"*" Rajab Ali Ahmadi?

1. 1. Visiting Lecturer, Department of Civil Engineering, Faculty of Engineering, Kateb University, Kabul,
Afghanistan. (Corresponding Author) Email: dm581758@gmail.com

2. Visiting Lecturer, Department of Civil Engineering, Faculty of Engineering, Kateb University, Kabul,
Afghanistan.

Article Info

ABSTRACT

Article type:
Research Article

Article history:
Received: 13/02/2026
Received in revised
form: 13/02/2026
Accepted: 11/03/2026
Available online:
19/03/2026

Keywords:

Nonlinear Analysis,
Seismic Performance,
Irregular Structures,
Pushover, Inter-story
Drift, Behavior Factor,
Plastic Hinges

This study evaluates the seismic performance of irregular steel
structures in plan using linear and nonlinear analyses. The main
objective was to compare the performance of Special Moment Frame
(SMF) and Special Dual System (SDS) under various earthquake
records and assess compliance with seismic performance levels (10, LS,
and CP). Models of 3, 5, 7, and 10 stories were analyzed using ETABS
and SAP2000 software. Results indicated that Nonlinear Static Analysis
(Pushover) was insufficiently accurate in predicting inter-story drifts in
some cases, and only the 3 and 5-story dual system models achieved the
10 level. In contrast, Nonlinear Dynamic Analysis (Time History)
showed that all models were at the LS level but did not reach 10O.
Additionally, calculated seismic coefficients (such as behavior factor
and ductility) differed significantly from the values recommended by
Standard 2800, indicating a need for revising design codes.
Examination of plastic hinges revealed that in the moment frame
system, beams exceeded the 10 limit, while in the dual system, the main
vulnerability was concentrated in braces and some columns. These
findings confirm the necessity of modifying design provisions for
beams in moment frames and braces in dual systems to improve seismic
performance. The results highlight the need for revising design codes
and seismic rehabilitation guidelines to design structures with better
performance and higher safety against earthquakes.
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