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Determination of remaining useful life of building after an earthquake
Case study: Hinged supported steel beams

M. Mahmoudi, A. Zayeri Baghlani Nejad, M.H. Dolati, A. Mehdizadeh Lima

Abstract

Remaining Useful Life (RUL) refers to the length of time a structure can be safely used after an earthquake. Given that
seismic resistance may be reduced due to damage, defining a damage index to assess post-earthquake performance is
essential. This study proposes an efficient method for calculating the RUL of simply supported steel beams. To achieve
this, various damage states of these beams were modeled, and both modal and pushover analyses were conducted to
extract parameters such as natural period and target displacement at the life safety performance level. Using
probabilistic seismic hazard models and attenuation relationships, the RUL of these elements was estimated. The
extracted data were then used to train a supervised artificial neural network to develop a numerical model for
estimating the RUL of similar beams. The results demonstrate the effectiveness of the proposed method in accurately
predicting the RUL of simply supported beams. It should be noted that this study has limitations, such as
simplifications in numerical modeling, exclusion of complex nonlinear material behavior, and challenges in
generalizing the method to other structural components. Therefore, caution is advised when interpreting and applying
the findings.

Keywords
Remaining Useful Life, Hinged Supported Beam, Earthquake, Pushover Analysis, Artificial Neural Network
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Design and Evaluation of a Repairable Diagonal Brace with Multi-Performance-

Level Shear Damper Using Low-Yield-Point (LYP) Steel

J. Mahmoudi, A. SarvghadMoghadam, B. Hosseini Hashemi

Abstract

Recent investigations into major earthquakes have revealed that although many structures are designed in compliance
with code provisions and ensure life safety, they still suffer significant damage under severe seismic events. Such
damage often leads to complete loss of functionality, necessitating demolition and imposing substantial socio-economic
impacts on affected communities. Consequently, developing innovative seismic design strategies that ensure both life
safety and post-earthquake reparability has become essential. To address this need, this study proposes a novel
reparable diagonal bracing system by integrating a shear-yielding metallic damper, fabricated from low-yield-point
(LYP) steel, into conventional braces. The system is engineered to deliver stiffness and ductility aligned with seismic
demand, dissipate energy across a full range of intensity levels (from minor to major), and enhance structural reliability.
It incorporates a multi-performance-level mechanism in which components are progressively activated as seismic
intensity increases, enabling staged enhancement in both energy dissipation capacity and system stiffness. A finite
element model (FEM) was developed to evaluate the system'’s performance. For validation, a laboratory specimen with
analogous specifications from previous studies was simulated, and the high correlation between numerical and
experimental results confirmed the model accuracy. Seismic analyses demonstrated the system’s reparability, multi-
performance-level behavior, and gradual increases in both stiffness and energy dissipation.

Keywords
Diagonal Bracing, Reparability, Shear-Yielding Damper, Multi-Performance-Level, LYP Steel
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Load-Deflection Curve of Semi-Supported Steel Shear Wall, and Presentation of a
Practical Relationship for Estimating the Maximum Elastic Deflection of the Plate

S.E. Sadat kholerdi

Abstract

Thin plates in semi-supported steel shear walls (SSSW) buckle under small lateral loads, and this buckling leads to
deflection (out-of-plane displacement) in the plate. The onset of buckling at small lateral loads causes the wall plate to
exhibit elastic post-buckling behavior over a wide range. For structural and architectural engineers, knowing the amount
of plate deflection under different loads is crucial. Therefore, investigating the variation of lateral load with respect to the
corresponding deflection in the elastic post-buckling region is of significant importance. In previous research, the von
Karman plate equations have been solved using the Galerkin method to obtain the displacement field of the wall plate in
the elastic post-buckling region. Utilizing the ultimate shear capacity, a bilinear idealization of the lateral load-horizontal
displacement curve of the wall has been approximated, and a relationship for the elastic stiffness of these walls has been
presented. In this paper, using the results obtained from solving the von Kdrman equations for different walls (variations
in width, height, plate thickness, and changes in the secondary column), the deflection of the wall plate in the elastic region
is obtained, and the load-deflection curve in this region is plotted. Furthermore, a practical relationship is presented for
estimating the maximum elastic deflection of the wall plate (the maximum deflection corresponding to the first yield point
of the wall plate), using machine learning and applying linear regression techniques.

Keywords
Semi-Supported Steel Shear Wall, Elastic Post-Buckling, Plate Deflection, Von-Karman Equation, Machine Learning
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Evaluation of the Application of Elliptical Roller Damper in Special Steel Moment
Frame

H. Vakili Sadeghi, N. Fanaie, M. Latifi
Abstract

This research evaluates the seismic performance of steel moment frames equipped with the elliptical roller damper.
The prominent feature of this damper is its dual capability of simultaneously carrying permanent gravity loads and
dissipating seismic energy, making it an efficient seismic isolator. This device enhances structural performance by
intelligently integrating a roller mechanism to reduce friction with the yielding behavior of elliptical dampers for
effective energy dissipation. To assess its effectiveness, the damper was implemented at the column bases of 2D models
of 2, 4, and 6-story frames in the SAP2000 software subjected to three earthquake records (Loma Prieta, Northridge
and Rudbar), and their seismic parameters were analyzed. The results indicated a significant improvement in the
structures' performance; the addition of the damper increased the natural period of the structure, which in turn resulted
in a considerable reduction in key parameters such as base shear, peak roof acceleration, and first-story drift. Notably,
the reduction in base shear and drift approached a constant, lower value in taller frames. The base shear coefficient in
the two, four, and six-story frames was reduced to less than 0.4, 0.2, and 0.11, respectively, and the first story drift ratio
in the two, four, and six-story frames was reduced to less than 1, 0.3, and 0.2 percent, respectively. These findings
confirm the high efficiency of the elliptical roller damper as an effective solution for seismic isolation and enhancing
structural safety.

Keywords
Elliptical Roller Damper, Special Steel Moment Frame, Seismic Base Isolator, Yielding Damper, Time-History Analysis
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Improvement of Steel Beam-to-Box Column Connections Performance Using Slit
Damper

B. Dizangian, R. Dadgar
Abstract

Given the necessity of reducing earthquake-induced damages in steel structures, the use of passive dampers,
particularly slit dampers, has been recognized as an effective approach for seismic energy dissipation. The present study
aims to enhance the performance of welded beam-to-box column connections by investigating the effect of employing
[-shaped slit dampers. For this purpose, 11 connection models, including both bare and damper-equipped specimens,
were analyzed under cyclic loading using the finite element method in ABAQUS software. The results indicated that
concentrating inelastic deformations in the damper region significantly reduced stress and plastic strain in the main
structural components and prevented the formation of plastic hinges in the beam. Examination of the damper’s
geometric characteristics revealed that slit shape and damper length play a crucial role in connection behavior; in
particular, the diamond-shaped slit model exhibited the highest flexural capacity and initial stiffness. Moreover,
increasing the damper length improved flexural performance but transferred higher stresses to the column, thereby
raising its vulnerability. Overall, I-shaped slit dampers can be introduced as an effective, economical, and replaceable
option for improving the performance of steel structure connections.

Keywords
Welded Beam-to-Box Column Connections, Steel Structures, Slit Damper, Finite Element Method, ABAQUS
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Progressive Collapse Simulation of Steel Frames: A Focus on Vertical Drift Criterion

and Performance Levels

A. KhodaBandehLou

Abstract

Progressive collapse is a structural failure phenomenon where local damage spreads progressively, leading to partial
or total collapse. It has gained attention due to recent incidents under abnormal loads such as impact, explosion, and
earthquake. According to the U.S. Department of Defense (DoD) and the Unified Facilities Criteria (UFC), the loss of a
column’s load-bearing capacity is a key scenario for evaluating structural behavior under such conditions. In this study,
a 9-story steel moment-resisting frame was modeled in three dimensions. Columns were removed at different heights
and locations to assess the structure’s response. Nonlinear time-history analyses were performed following the DoD
guidelines and the Alternative Path Method (APM) to determine the maximum vertical drift and relate it to the
performance levels of plastic hinges. The results indicated that removing a corner column produces the most critical
condition, leading to greater deformation and reduced structural capacity. Moreover, removing a column at the top floor
resulted in higher vulnerability compared to lower floors. This suggests that as building height increases, the risk of
progressive collapse due to sudden column loss becomes more significant. In some cases, especially when removing
corner columns at intermediate or upper levels, the structure exceeded life-safety performance criteria.

Keywords
Progressive Collapse, Steel Moment Frame, Vertical Drift, Alternative Path Method (APM)
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