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Shear strength of encased composite columns

M. Taheri, S. Epackachi
Abstract

Shear failure of structural elements such as beams and columns is considered as a brittle failure. Accordingly, the design standards
provide conservative equations for determining shear strength to ensure to delay of this abrupt failure. In this regard, the AISC 360
Standard provides equations to determine the shear strength of encased composite members considering the steel contribution, the
reinforced concrete contribution, and the strength of the steel section in combination with the transverse reinforcement. The AISC 360
conservatively ignores the combination of the shear strength of steel section and reinforced concrete to determine the shear strength
of encased composite members due to insufficient research.

This study investigates the shear behavior of encased composite (EC) columns experimentally and numerically. Short EC columns in
which their behavior is governed by shear are tested considering several design variables, including the concrete compressive
strength, the steel ratio, the shape of the steel core, the ratio of longitudinal reinforcement, the transverse reinforcement spacing, and
the level of the composite action. Failure mode, the crack pattern, the load-displacement response, the nominal shear strength of EC
columns, the yield condition of steel core, and the effects of key variables on the shear strength of EC columns are presented and
discussed. The results of this study show that the exclusion of steel section or reinforced concrete contribution leads to a significant
underestimation of the shear strength of encased composite members. Out of the considered design variables, the transverse
reinforcement ratio, concrete compressive strength, and steel core ratio are the most influential variables affecting the shear behavior
of EC columns.

Keywords
Encased Composite Columns, Shear Behavior, Failure Mechanism, Experimental and Numerical Analysis, LS-DYNA Nominal Shear
Strength
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A Parametric study on the Cyclic Behavior of Beam-to-Column Connections with Metal-

Elastomer Dampers
K. Ghanizadeh, V. Akrami, Sh. Esmaeili, N. Shahbazi

Abstract

One of the methods to increase the ductility and energy dissipation of structures is the use of metal-elastomer dampers
in the moment connections. In this paper, a new metal-elastomer damper is introduced and its seismic behavior under
cyclic load is evaluate numerically. The damper studied in this research includes an elastomer layer to control slight
vibrations and a number of yielding bolts to dissipate energy in strong earthquakes. In the new configuration, placing
two dampers at the top and bottom of the beam is considered as an alternative to the formerly studied connections with
one damper at the bottom of the beam. The effect of different parameters such as the number, diameter and height of
the yielding bolts as well as the thickness of the elastomer layer has been studied and compared to the connection
without damper. Numerical models are created in Abaqus software and validated using results from previous studies.
Based on the results, the stiffness and strength of the connections with dampers having few yielding bolts is very small
compared to the rigid connection (stiffness about 25% and strength about 40%). As the number and diameter of the
bolts increase, stiffness and strength of the connection increase reaching the corresponding values for the original
connection. However, the maximum plastic strain in connection decreases by more than 50% which is a sign of
improved behaviour. It is worthy to note that plastic stains in bolts of connections with two dampers are less than that
of connections with one damper.

Keywords
Beam-Column Connection, Metal-Elastomer Damper, Yielding Member, Finite Element Modeling, Cyclic Behavior
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Evaluating the performance of a new friction-slip damper and comparing it with the
conventional concentrically braces

M. Kabiri, S.R. Mirghaderi, S. Ebrahimi
Abstract

In the lateral resistance systems of conventional concentrically bracing, braces and gusset plates play the role of a
structural fuse; in such a way that the braces experience yielding in the tension and buckling and out-of-plane
deformations in the compression. Additionally, due to the formation of plastic hinges in braces and gusset plates, these
members experience a decrease in axial strength and stiffness as well as structural damage such as permanent
deformations, creases, and distortions. Hence, in structures equipped with a conventional concentrically bracing
system, after experiencing moderate or severe earthquakes, there is a need to replace or repair the damaged members.
In this study, to prevent buckling and yielding in braces and not to occur structural damages in the members, a new
friction-slip damper was introduced. To evaluate and compare the performance of the new friction-slip damper with
that of the conventional concentrically bracing system, three cross-sections were considered for braces. In other words,
once these three cross-sections were considered in conventional concentrically braces and once again they were
utilized in friction-slip dampers. These braces were simulated in finite element software. The friction-slip dampers were
designed in such a way that the slip occurs in the friction-slip connections before the brace achieves its critical buckling
or yielding capacity. The results showed no yielding, out-of-plane displacement, permanent deformation, distortion,
and other structural damage in the dampers. In the proposed system, due to the activation of the frictional connection
before the critical buckling or yielding capacity of the braces, out-of-plane buckling and yielding and as a result the
degradation of axial strength and stiffness do not occur. Also, using the proposed damper brace in the structural systems
instead of the conventional concentrically bracing system, increases the seismic energy dissipation capacity by 139.9%
on average.

Keywords

Slip-Friction Damper, Conventional Concentrically Bracing System, Out -of-Plane Buckling
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Reduced Length Buckling-Restrained with Carbon Fiber Reinforced Polymer
Encasing

S.A. Razavi

Abstract

Buckling restrained braces (BRBs) have gained significant popularity in advanced engineering due to their high ductility
and nearly identical behavior under tension and compression. A key advantage of BRBs lies in the flexibility to adjust
the length of the brace core, allowing for independent selection of stiffness and strength. In this research, carbon fiber
reinforced polymer (CFRP) is employed as an alternative to steel encasing in reduced length buckling restrained braces.
The proposed design incorporates the reduced length BRB as a metallic damper at the end of the brace within the frame.
The elastic portion is designed to remain elastic under tension with a safety factor and to prevent overall buckling under
compression. By reducing the length of the BRB, its stiffness increases, and the post-yield stiffness becomes significantly
higher compared to conventional BRBs. To evaluate the performance of this brace, two types of tests were conducted.
In the first test, a reduced length BRB specimen with a concrete encasing and CFRP was subjected to a uniaxial load. In
the second test, a complete brace specimen with a short buckling restrained portion and the rest of brace was subjected
to cyclicloading. The results demonstrate that using CFRP instead of steel encasing facilitates the prefabrication of these
braces and leads to desirable seismic behavior and proper energy dissipation.

Keywords
Reduced Length Restrained Braces, Carbon Fiber Reinforced Polymer Layers, Cyclic Testing
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Multiobjective Optimization of Steel Frames using Non-dominated Sorting
Teaching-Learning-Based Optimization Algorithm

M. Babaei, H. Mirzakhani, M.R. Moghadami
Abstract

During the recent decade, meta-heuristic algorithms have been developed by researchers for structural optimization.
Multiobjective optimization aims at finding a trade-off between objective functions. In this paper, Teaching-Learning-
Base Optimization (TLBO) algorithm is developed for multiobjective optimization of steel frames, called Non-dominated
Sorting Teaching-Learning-Based Optimization (NSTLBO) algorithm. To evaluate the efficiency of the algorithm, five
benchmark steel frames including three moment resisting frame and two braced frames are optimized using NSTLBO.
The weight of the structure and the maximum displacement are considered as the objective functions to be minimized.
Sizes of the elements are employed as design variables. The structures analyzed using a developed code in MATLAB,
and designed according to the AISC-LRFD specifications. Results including trade-off between the objective functions
showed the efficiency of the algorithm.

Keywords
Multiobhective Optimization, Teaching-Learning-Based Optimization (TLBO), No-Dominated Sorting, Steel Frame
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Evaluation of a Damage Detection Method Using Time-Domain Responses and
Modal Parameters for Cables in Cable-Stayed Bridges

M. Mohseni Moghaddam, E. Dehghani, M. Bitaraf

Abstract

Given the crucial role of cable-stayed bridges and the challenging environmental conditions they often face, monitoring
their health is essential. Stay cables, which are the primary load-bearing elements in cable-stayed bridges, are prone to
damage due to environmental conditions. This paper investigated the performance of a method for evaluating the cables
of a cable-stayed bridge using deck responses, compared to modal parameters. The technique utilized phase space
analysis of deck displacement responses in the time domain under a specific moving load. This method was evaluated
through a numerical simulation of the Manavgat cable-stayed bridge. Damage scenarios with intensities of 20%, 30%,
and 40% were applied to the cross-sections of the cables. Damage identification was carried out by analyzing the
changes in phase space topology (CPST) of the responses between the healthy and damaged models, along with two
indicators, the modal assurance criterion (MAC) and modal flexibility. The results showed that the CPST index, unlike
modal flexibility, identified the damaged cables at all damage levels except for the back-stay cables. The changes in the
modal assurance criterion (MAC) at the 40% damage level were also very insignificant. This method can serve as a
preliminary approach for fast and continuous monitoring of cables in cable-stayed bridges, minimizing traffic
disruption while relying solely on the displacement responses of the deck.

Keywords
Cable-Stayed Bridge, Cable Health Monitoring, Time-Domain Responses, Phase Space, Modal Parameters
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