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Investigation of seismic behavior of bracing connection to box column made of
sheet in special braced frame systems

S.A. Razavi, M. Hashemi

Abstract

This study investigates the behavior of the box column at the connection to the brace gusset plate in concentrically
braced frames (CBFs). In these frames, braces act as fuse elements, and their axial deformation results in buckling and
nonlinear behavior and energy dissipation within the system. However, if the box column face deforms or buckles due
to the force exerted by the brace, it disrupts the brace's functionality, preventing the frame from experiencing plastic
phase and absorbing seismic energy. The aim of this research is to analyze and evaluate the performance of the box
column face under cyclic forces, propose suitable details for brace-to-box-column connections, and provide
recommendations for their design. To achieve this, previous studies were reviewed, and a 15-story residential building
with special concentrically braced frames and box columns was modeled. Subsequently, seismic design of brace
connections was performed, and the connections, along with the frame, were analyzed using Abaqus finite element
software. The results indicate that incorporating stiffener plates at the gusset plate-to-column connection point
enhances the frame stiffness and energy absorption capacity. Additionally, vertical stiffener plates demonstrated
superior performance compared to horizontal ones. Finally, practical details for improving the connection's behavior
were proposed and aligned with standard construction practices. This research employed theoretical and practical
approaches based on finite element analysis.

Keywords
Special Concentrically Braced Frames, Box Columns, Gusset Plates, Seismic Behavior
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Comparative Performance Evaluation of Passive Control Systems for Steel

Structures under External Blast Loading

A.Jalaeefar, A. Vaezzadeh
Abstract

Buildings have always been vulnerable to natural disasters such as floods, storms, and earthquakes. However, with
advances in military technology in recent decades, in addition to these traditional threats, buildings are increasingly
exposed to risks associated with bombings and explosions. Steel structures, typically designed according to
conventional codes to withstand standard loads, are generally lightweight and lack the capacity to resist blast loads.
In recent decades, the use of structural control systems to dissipate seismic energy and reduce damage has become
increasingly prevalent. These control systems function by either absorbing the energy or preventing it from entering
the structure, thereby mitigating the extent of structural damage. This study investigates the effectiveness of passive
control systems—including viscous dampers, buckling-restrained braces (BRBs), and friction dampers—in improving
the structural response under external blast loading. The results indicate that while the implementation of dampers
does not significantly alter the peak roof displacement, it leads to a more uniform distribution of displacement across
the stories, preventing excessive inter-story drift concentrations and thereby reducing the maximum drift ratio.
Among the systems evaluated, viscous dampers demonstrated the most effective performance under blast loading by
significantly reducing both the maximum drift and the ductility demand on the structure. Although BRBs and friction
dampers also improved structural performance, they contributed to increased structural stiffness.

Keywords
Blast Loading, Passive Control, Nonlinear Analysis, Strain Rate-Sensitive Behavior, Genetic Algorithm, Maximum Drift
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Seismic Performance Evaluation of Steel Moment and Eccentrically Braced Hybrid
Frames with Post-Tensioned Self-Centering Connections
F. Bahri, Sh. Tavousi Tafrsehi, N. Fanaie

Abstract

Special Moment-Resisting Frames (SMRFs) are widely adopted in seismic-resistant steel structures due to their
notable ductility. However, they often exhibit significant residual drifts following major earthquakes, which can
compromise the structural serviceability and increase repair costs. On the other hand, Post-Tensioned Self-Centering
(PTSC) systems, designed using prestressed steel tendons, generate restoring forces that enable the structure to return
to its original configuration. Despite this advantage, PTSC systems typically show low energy dissipation capacity and
may experience considerable drifts under strong ground motions due to their elastic behavior.

To leverage the strengths of both systems, this study investigates several hybrid configurations combining SMRFs,
PTSC frames, and Eccentrically Braced Frames (EBFs). Twelve one-story, three-bay steel frames were modeled and
analyzed under cyclic loading using Abaqus finite element software. The novelty of the research lies in proposing a
hybrid system that achieves balanced seismic performance, enhanced lateral stiffness, and reduced residual drift.
Results indicate that integrating SMRFs with PTSC systems can reduce residual drift by up to 35%. Moreover, reducing
the post-tensioning force of tendons led to a 2.5-fold increase in the equivalent damping ratio. Combining EBFs with
PTSC frames further increased the damping ratio up to 6% at 2% drift levels.

Keywords
Post-Tensioned Self-Centering Frame (PTSC), Special Moment-Resisting Frame (SMRF), Finite Element Method (FEM),
Cyclic Loading, Damping, Energy Dissipation
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Effect of bracing position on seismic safety of performance-designed steel
convergent bracing frames

A. KhodaBandehLou

Abstract

In this study, the seismic behavior and collapse capacity of performance-based designed X-braced frames were
investigated. The studied frames were 10-story structures with 3, 4, and 5 bays, featuring different bracing
arrangements across the spans. OpenSees was employed for nonlinear modeling and analysis, while MATLAB was
used to control performance parameters. Performance-based design was conducted using pushover analysis, and
incremental dynamic analysis (IDA) was utilized to assess the seismic safety of the designed structures.

The methodology consists of three phases. In the first phase, the frames were designed based on strength and force
criteria according to the LRFD_AISC regulations, as well as performance-based design targeting the Immediate
Occupancy, Life Safety, and Collapse Prevention performance levels, following the ASCE 41-13 guidelines. In the
second phase, incremental dynamic analysis was performed to predict the collapse capacity of the designed frames
and calculate their collapse margin ratio. Finally, the third phase involved a comparison of the designed frames in
terms of seismic performance and collapse capacity.

The results indicate that frames with a higher number of braced bays do not necessarily exhibit greater collapse
capacity, better seismic safety, or higher structural weight. However, all designed frames demonstrated an acceptable
collapse capacity according to the criteria outlined in the FEMA P-695 guidelines.

Keywords
Convergent Steel Bracing Frame, Design Based on Strength, Design Based on Performance, Incremental Dynamic
Analysis, Seismic Safety
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2 6.7 1994 Northridge

3 7.1 1999 Duzce, Turkey
4 7.1 1999 Hector Mine

5 6.5 1979 Imperial Valley
6 6.5 1979 Imperial Valley

7 6.9 1995 Kobe, Japan

8 6.9 1995 Kobe, Japan

9 7.5 1999 Kocaeli, Turkey
10 7.5 1999 Kocaeli, Turkey
11 7.3 1992 Landers

12 7.3 1992 Landers

13 6.9 1989 Loma Prieta
14 6.9 1989 Loma Prieta
15 7.4 1990 Manjil, Iran
16 6.5 1987 Superstition Hills
17 6.5 1987 Superstition
18 7 1992 Cape Mendocino
19 7.6 1999 Chi-Chi, Taiwan
20 7.6 1999 Chi-Chi, Taiwan
21 6.6 1971 San Fernando
22 6.5 1976 Friuli, Italy
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The effect of rocking motion on seismic performance of self-centering steel
moment-resisting frames with post-tensioned beam-to-column connections

N. Azadi, A. Riahinouri, A. Ayazi
Abstract

Abstract: In this paper, seismic performance of self-centering rocking steel moment-resisting frames with post-tensioned
rigid beam-to-column connections, compared to conventional fixed-base structures, is investigated through assessment of
several key parameters such as total, flexural and residual drifts in different seismic levels, i.e. Maximum Credible
Earthquake (MCE) and Design Basis Earthquake (DBE). For this purpose an OpenSees numerical models is used taking into
account the effects of material and geometric nonlinearities including P-Delta and boundary condition due to rocking
motion. In the developed model, beam-column and truss elements with the capability for simulating inelastic post-yielding
behaviour and adjustable strain-hardening paramerter are utilized to model various parts of the structures including steel
members, frictional fuses and self-centering Post-Tensioned (PT) cables. The post-tensioning in PT cables are simulated
by using the initial strain material in OpenSees. Besides, the rocking motion and uplift in column bases are simulated by
zerolength elements and Elastic-NoTension (ENT) material in the software. Regarding the analytical complexities in
structural response of self-centring structures, including material, geometric and boundry condition nonlinearities, and
the uncertainty associated with earthquake phenomenon, statistical studies are performed on several time-history results
related to 22 pair of horizontal earthquake records, i.e. the Far-Field record set proposed by FEMAP695. Based on obtained
quantative results for evaluation of performance parameters, the maximum median results, in the modern rocking
structure, the flexural drifts is reduced about 65% , while, the reduction of flexural drifts is about 50% and 70% at
Maximum Credible Earthquake (MCE) and Design Basis Earthquake (DBE) intensity levels, respectively.

Keywords

Rocking, Self-Centering, Post-Tensioned, Seismic Performance, Steel Moment-Resisting Frame .
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“Analytical modeling of thick/stiffened base plates
with internal anchor rods under eccentric
compressive and tensile loads”, Canadian Journal of
Civil Engineering, 52(5), pp.880-895.
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Analytical Assessment of I-shaped Beam to Cylindrical Column Connections
Response in Offshore Platfroms

S.A. Hoseini, M. Zeinoddini, T. Amintaheri

Abstract

Off-shore platforms constructed for oil and gas production are prone to high potential fire risks.These probable fire
incidents may cause local or global structural damages, which in turn can result in serious consequences such as
causalities, destruction of the facilities, and damage to the environment. It is therefore necessary to design these
structures so as to ensure the least amount of loss after a possible fire event. In this paper a closed form analytical
solution for the prediction of moment-rotation and the rotational stiffness-rotation curves of I-shaped beam to
cylindrical column connections, commonly used in off-shore platforms, in room and elevated temperatures is
presented. The required yield and plastic moments in this model are provided as an extension to Roark's relationships.
The results of this model are compared with those of a non-linear coupled mechanical-thermal finite element model
previously provided by the authors, which was in turn validated using small-scale and large-scale experimental tests.
Reasonable agreement has been found between the analytical model results and the experimental/numerical
modeling results.

Keywords

[-Shaped Beam to Cylindrical Column, Off-Shore Platforms, High Temperatures, Analytical Model, Roark's
Relationships
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