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Mechanical Modeling and Finite Element Analysis of a U-ADAS Steel Damper

M. Alimardani, A. Asghari

Abstract

This paper introduces a new steel energy dissipation device with U-shaped geometry and variable in-plane width (U-
ADAS), aimed at improving the uniformity of yielding along the member. Using a simplified mechanical model, closed-
form expressions are derived for the yield force, yield displacement and initial stiffness as functions of geometry and
material properties. The cyclic behavior of the steel is numerically calibrated within a combined hardening framework
based on available experimental data and then implemented in the finite element simulations. U-ADAS and conventional
U-shaped dampers are modeled and analyzed in ABAQUS under the FEMA 461 loading protocol. The results show that
the differences between analytical and numerical values of yield displacement, yield force and initial stiffness are
approximately 4%, 9% and 4%, respectively, confirming the accuracy of the proposed mechanical model. Comparison
of hysteresis curves, plastic strain distribution and dissipated energy indicates that the U-ADAS damper, despite having
about 30% less mass, dissipates roughly 11% more cumulative energy than the U-shaped damper and fails at larger
displacement amplitudes. These findings demonstrate the superior seismic performance and the potential application
of the U-ADAS damper as a lightweight option in passive structural control systems.

Keywords
Steel U-ADAS Damper, U-Shaped Damper, Uniform Yielding Distribution, Finite Element Modeling
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Evaluation of Response Modification Factor of BRB's Systems

S. Sarvdalir, S.A. Razavi

Abstract

In current seismic design codes, the primary objective is to prevent structural collapse during strong earthquakes while
allowing controlled damage in certain structural and non-structural components. This controlled damage mechanism
provides considerable energy dissipation, which is a key factor in ensuring life safety. Most design codes formulate their
requirements based on equivalent linear analyses. However, the lateral force distributions suggested by these codes such as
the equivalent static method often lead to non-uniform inter-story drift demands, which may cause drift concentration in
specific stories. Consequently, permanent deformations can develop in structural members due to inelastic responses.
Buckling-Restrained Braces (BRBs) effectively address this issue by dissipating the majority of seismic input energy, thereby
concentrating inelastic behavior within themselves and preventing the main structural members from entering the nonlinear
range. Although seismic codes assign constant response modification factors (R) to different structural systems, numerous
studies have shown that adopting a single fixed value can underestimate story drifts. This underestimation increases axial
strain demand in BRBs and may result in residual deformations or soft-story mechanisms. In this study, the response
modification factor is evaluated for diagonal and Chevron BRBF configurations in 4, 8, and 12-story buildings with both
moment and pinned beam-to-column connections. The R-factors of these systems are proposed as functions of building height.
Finally, the structural reliability of models designed with the calculated R-factors is compared against those designed using
the constant values prescribed in Iranian Standard No. 2800. The results indicate that, due to the significant variation of R in
BRBF systems (ranging from 4 to 13 depending on configuration), using constant values of 7 or 8 as recommended by Iranian
and U.S. codes is notappropriate, particularly for structures with eight stories or more. Such simplification may underestimate
seismic demands and consequently increase the probability of structural failure during earthquakes.
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Finite Element Modelling of Seismic Damage in a Steel Stair Ramp Using the
Compression Post Separation Method

Sh. Kamali, E. Dehghani, S.M. Chavoshi
Abstract

Stairs, as critical non-structural components, play a vital role in the safe evacuation of occupants during seismic events. However,
conventional design practices often neglect the seismic interaction between the stair assembly and the primary structure. This
oversight can lead to the stair acting as an unintended brace, causing stress concentration and vulnerability, which ultimately may
obstruct the emergency egress route. This study aims to investigate the seismic damage of a steel switchback ramp staircase within a
reinforced concrete (RC) moment-resisting frame. It also evaluates the efficacy of two methods for preserving its functionality: a
conventional "connected" method and a "separated” method utilizing a compression post. To this end, the Finite Element Method
(FEM) was employed using ABAQUS software. A single-story RC moment-resisting frame was modeled in three different
configurations. The seismic behavior of the models was evaluated using nonlinear static (Pushover) analysis under a 10 cm lateral
displacement in two principal directions: parallel (X-axis) and perpendicular (Z-axis) to the stair's span. Furthermore, time-history
analysis was conducted, applying displacement records derived from an analysis of the overall structural model to the modeled stair
frame. The analysis results indicated that the system's seismic behavior is dependent on the stair-structure interaction, particularly
in the direction parallel to the stair stringers. In the "connected" model, a maximum increase of 9% in strength and 8% in stiffness
was observed. This participation in lateral load-bearing resulted in stress concentration and the formation of plastic hinges in critical
regions of the stair, such as at the stringer breaks (landings) and connections. However, the damage was not severe enough to
compromise the serviceability of the stair assembly. Conversely, the "separated” method utilizing a compression post sustained
significantly less damage. This approach effectively decoupled the stair assembly from the frame's lateral movement, preventing the
transfer of destructive forces and maintaining the primary stair components and isolation elements within the elastic range.

Keywords
Steel Staircase, Reinforced Concrete Moment-Resisting Frame, Seismic Damage, Seismic Isolation, Compression Post
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Performance based optimization and seismic assessment of tall structures with zipper
and chevron bracing system

K.Farzad, H. Mohammadi

Abstract

Optimal structural design and reducing material consumption are ongoing challenges in engineering practice. An
effective approach to achieve these goals is the use of metaheuristic optimization algorithms. However, most studies
employing such algorithms in structural engineering have focused mainly on conceptual design, with limited emphasis
on practical implementation. The main objective of this study is to apply practical optimization methods to minimize
structural weight and to compare the optimal weight of tall steel frames equipped with zipper and chevron braced
lateral systems under seismic loading, while satisfying all code requirements. To this end, 10- and 15-story steel frames
were optimized using several metaheuristic algorithms whose performance has been validated in previous research.
The zipper braced system has been proposed to improve the post-buckling behavior of chevron braced frames and to
compensate for their weaknesses after brace buckling. To better capture the seismic behavior of these systems,
nonlinear analyses and performance-based design procedures were employed in the optimization process. The results
show that the modified Dolphin algorithm outperforms the other optimization algorithms considered in this study. In
addition, the zipper system achieves approximately 6% lower optimal weight compared to the chevron system.
Incremental Dynamic Analysis (IDA) results further confirm that the zipper system provides higher reliability and
superior seismic performance than the chevron system.

Keywords

Metaheuristic Algorithm, Zipper Braced Frame, Performance Based Design, Incremental Dynamic Analysis
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Evaluation of the Collapse Probability of Knee-Braced Reinforced Concrete Frames
under Near-Fault Pulse-Type Earthquakes Using the FEMA P-695 Method

A. Rafatfar, N. Siahpolo
Abstract

This study presents a comprehensive seismic performance evaluation of reinforced concrete frames equipped with knee braces
(RC-KBF) following the FEMA P-695 guidelines. The primary aim is to assess the collapse probability of these frames under severe
near-fault earthquakes, particularly focusing on pulse-type ground motions, and to investigate their nonlinear dynamic behavior.
Two-dimensional models of RC frames with varying span lengths and numbers of stories were developed based on the Iranian
National Building Code (Chapters 9 and 10) and the fourth edition of Standard 2800, using ETABS software. Incremental nonlinear
dynamic analyses were then conducted in PERFORM 3D to extract key parameters such as median spectral acceleration at collapse
and collapse margin ratio (CMR). Comparative results indicate that pulse-type ground motions cause approximately an 18%
increase in median spectral acceleration and a 17% increase in the CMR compared to records without pulses, indicating the severe
impact of near-fault pulse effects. Most models met the minimum acceptance criteria specified in FEMA P-695, with only one model
failing due to insufficient ductility. The findings underscore the effectiveness of knee braces as a viable seismic retrofit alternative
to traditional systems in reinforced concrete frames, especially in regions vulnerable to near-fault earthquakes. Moreover, the
study highlights the unique challenges posed by pulse-type records and provides both qualitative and quantitative insight into
seismic behavior enhancements achieved by knee-braced systems.

Keywords
RC-KBF (Reinforced Concrete Knee-Braced Frame), FEMAP-695 Collapse Evaluation, Near-Fault Earthquake, Median Spectral
Acceleration at Collapse, Fragility Curves
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Optimal Stiffener Design for Steel Shear Plates with Central Square Openings
S.A. Hosseini, S.A.A. Hosseinzadeh

Abstract

In this study, a systematic finite element analysis procedure is developed to facilitate optimal stiffener design for steel
shear panels with central square openings. The research investigates six different arrangements of horizontal and
vertical stiffeners connected to one side of shear panels with varying opening sizes. Based on buckling analysis results,
optimal stiffener dimensions (thickness and height) are determined for each stiffener configuration and opening
ratio, presented through design charts. The objective is to design stiffeners such that they partition the panel into
smaller subpanels by forming nodal lines, thereby transforming the local buckling mode into a global one. The buckling
analysis results of the models show that the presence of an opening (with opening dimension to plate dimension of 0.2)
relatively reduces the buckling capacity by approximately 33%, while using stiffeners increases it by a factor of 3 to 25.
Results also demonstrate that both the presence of openings and stiffener arrangement significantly influence buckling
behavior and optimal stiffener dimensions. Furthermore, nonlinear static and cyclic quasi-static analysis results reveal
that for specific stiffener configurations, the global behavior and energy dissipation capacity of optimally stiffened
perforated plates remain consistent across different stiffener geometries.

Keywords
Steel Shear Panel, Local Buckling, Optimal Stiffener, Finite Element, Buckling, Cyclic Analysis
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1000 x 1000 x 1.25 800 400 1HOV 2.5~6.25 2~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 x 1.25 800 266 2HOV  1.25~6.25 1~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 x 1.25 800 200 3HOV 2.5~6.25 2~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 x 1.25 800 400 1HIV  125~6.25 1~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 x 1.25 800 266 2H2V  1.25~625 1~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 x 1.25 800 200 3H3V  1.25~625 1~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 x 1.7 588 294 1HOV 3.4~85 2~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 X 1.7 588 196 2HOV 1.7~85 1~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 X 1.7 588 147 3HOV 3.4~8.5 2~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 x 1.7 588 294 1H1V 1.7~85 1~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 X 1.7 588 196 2H2V 1.7~85 1~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 X 1.7 588 147 3H3V 1.7~85 1~5 0~500 0,0.1,0.2,0.3,0.4, 0.5
1000 x 1000 x 2.0 500 250 1HOV 4~10 2~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 x 2.0 500 166 2HOV 2~10 1~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 X 2.0 500 125 3HOV 4~10 2~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 X 2.0 500 250 1H1V 2~10 1~5 0~500 0,0.1,0.2,0.3,0.4, 0.5
1000 x 1000 x 2.0 500 166 2H2V 2~10 1~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 x 2.0 500 125 3H3V 2~10 1~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 X 2.5 400 200 1HOV 5~12.5 2~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 X 2.5 400 133 2HOV 2.5~125 1~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 x 2.5 400 100 3HOV 5~12.5 2~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 x 2.5 400 200 1H1V 2.5~125 1~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 X 2.5 400 133 2H2V 2.5~125 1~5 0~500 0,0.1,0.2,0.3,0.4,0.5
1000 x 1000 x 2.5 400 100 3H3V 2.5~125 1~5 0~500 0,0.1,0.2,0.3,0.4,0.5
3000 x 3000 x 4.0 750 375 1HOV 8~20 2~5 0~1500 0,0.1,0.2,0.3,0.4,0.5
3000 x 3000 X 4.0 750 250 2HOV 4~20 1~5 0~1500 0,0.1,0.2,0.3,0.4,0.5
3000 x 3000 X 4.0 750 187 3HOV 8~20 2~5 0~1500 0,0.1,0.2,0.3,0.4,0.5
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3000 x 3000 x 4.0 750 375 1H1V 4~20 1~5 0~1500 0,0.1,0.2,0.3,0.4, 0.5
3000 x 3000 x 4.0 750 250 2H2V 4~20 1~5 0~1500 0,0.1,0.2,0.3,0.4, 0.5
3000 x 3000 x 4.0 750 187 3H3V 4~20 1~5 0~1500 0,0.1,0.2,0.3,0.4, 0.5
3000 x 3000 x 5.0 600 300 1HOV 10~25 2~5 0~1500 0,0.1,0.2,0.3,0.4, 0.5
3000 x 3000 x 5.0 600 200 2HOV 5~25 1~5 0~1500 0,0.1,0.2,0.3,0.4, 0.5
3000 x 3000 x 5.0 600 150 3HOV 10~25 2~5 0~1500 0,0.1,0.2,0.3,0.4, 0.5
3000 x 3000 x 5.0 600 300 1H1V 5~25 1~5 0~1500 0,0.1,0.2,0.3,0.4, 0.5
3000 x 3000 x 5.0 600 200 2H2V 5~25 1~5 0~1500 0,0.1,0.2,0.3,0.4, 0.5
3000 x 3000 x 5.0 600 150 3H3V 5~25 1~5 0~1500 0,0.1,0.2,0.3,0.4, 0.5
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