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Investigation of the residual stresses in HAZ of welded joints in the rigid beam to column connection by
finite element method
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Investigation of the residual stresses in HAZ of welded joints in the rigid beam to
column connection by finite element method

A. Rastegari, M. Ghassemieh

Abstract

In the welded joints, residual stresses appear in the areas around the melting pool and the areas that are affected
themselves by the welding heat after the completion of heating and cooling welding cycle. The residual stresses
reduce the integrity of the metal’s mechanical properties and also the serviceability of the made parts. Recognition
and investigation of these stresses is a complicated and pricey process in operation. One can use numerical methods
such as finite element for recognizing and investigating the tensions and unwanted welding deformations in order to
solve the problem. In this research, regarding the importance of these stresses in construction fittings, a thorough
numeric research on the stresses in welding joints has been conducted using Abaqus software. To this purpose,
GOLDAK double ellipsoid model has been considered for heating source primitively to ensure the reliability of this
evaluating method. Using this technique, the outcome of this model has been compared with the existing technical
literature. The heat flux has been encoded in Fortran programming environment with the help of DFLUX subroutine
and applied to the original model. Once the temperature history of all thermal analysis groups obtained, mechanical
loading analysis will start to identify the residual stress in the fragment. The results demonstrated large amounts of
residual stress at the joint site. The amounts of these stresses in some parts of the joint were as much as the yield
stress of metal; i.e. to say the metal was formed as plastic at the end of the welding process.

Keywords
Welded joints, Residual stresses, Plastic deformations, Finite element modeling
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Effects of earthquake characteristics on seismic progressive collapse potential of
steel moment-resisting frames equipped with gate bracing

F. Maghroon, M. Izadinia, N. Solhjoei, E. Izadi Zaman Abadi

Abstract

The progressive collapse in building frames refers to the spread of an initial localized chain collapse in all or some
parts of the structure. This phenomenon occurs following the removal of one or more load-bearing elements and
eventually leads to the total or partial collapse of the structure. In previous studies, the progressive collapse has been
analyzed mainly using the method proposed in building codes under gravitational loading with a defined load
combination. This study aims to investigate the progressive collapse of steel moment-resisting frames equipped with
gate (hat) bracing under seismic loading. For this purpose, the effect of the seismic properties of the acceleration
records such as peak ground acceleration (PGA), Arias intensity, frequency content, and a vertical component are
examined, following the introduction of several acceleration groups. Next, progressive collapse analysis with side and
middle column removal is simulated under various scenarios during an earthquake. The results showed a high effect
of about 66% PGA and predominant period on frame responses and, at the same time, a slight effect of the vertical
component application on frame responses.

Keywords
Progressive Collapse; Gate (hat) Bracing Frame; Nonlinear Dynamic Analysis; Earthquake Characteristics; OpenSees
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Introducing a new shape of steel plate shear wall and comparing its seismic
performance against usual types

S.M.R. Mortazavi, M. Farahani

Abstract

Seismic performance is one of the most important factors in designing of structures. Lateral load bearing systems in
structures are responsible to transfer lateral loads into the ground. Steel plate shear wall as a load bearing system in
structures has some advantages such as easy and fast implementation, being economical, repairable, changeable and
applicable on existing structures. Therefore, more research on these systems can help to design and retrofitting of
existing structures. There are two general types of steel plate shear wall: stiffened and unstiffened. In this study, it is
tried to determine the best geometrical shape of steel plate shear wall in terms of seismic performance. Material
volume which are applied in all models are the same in order to compare their seismic performance in an equal
circumstances and this is the innovative aspect of this study. Seven different stiffened and unstiffened steel plate
shear walls are modeled using FEM in this paper. All models are analyzed with non-linear static analysis and linear
incremental and cyclic loading. It is investigated that stiffened models had better performance in terms of seismic
behavior in comparison with unstiffened models. These models also had more stiffness, more ductility and they
absorb more plastic energy. Proposed models with new and innovative forms had better seismic performance, higher
stiffness, higher strength, higher plastic energy absorption and higher ductility compare to usual stiffened models. In
addition, these models had controlled out of plane displacement and better stress distribution.

Keywords
Steel plate shear wall, Stiffened steel plate shear wall, Unstiffened steel plate shear wall, Stiffener
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The seismic retrofitting of moment connection beam to double-I column by
T-stiffeners

M.R. Ayoubi, M.S. Ghobadi

Abstract

In the present paper, the retrofitting of welded moment connections with welded flange plate (WFP) in Double-I built-
up columns with overall cover plate is discussed by presenting the design method and retrofitting details. The
problems of above-mentioned connection include the unfavorable quality of groove weld with full penetration at the
connection of the flange plate and the column cover plate, or in worse conditions, using one-sided fillet weld with
insufficient strength, the out-of-plane buckle of the column cover plate at the level of the beam-to-column connection,
and as a result, its inappropriate seismic performance and its partially restrained behavior. Thus, it was tried to
evaluate the advantages of strengthening this defective connection with the help of T- stiffeners using analytical and
experimental studies. For this purpose, the experimental test and the finite elements model were made based on the
proposed design method, and its cyclical behavior, rupture potential of weld connection, and failure mode under
cyclical load were compared with the defective sample. The results indicated that the proposed design, while being
classified in the group of fully restrained connections, has the necessary strength and ductility to accept the conditions
of the special moment-resisting frame according to the AISC. By performing a sensitivity analysis on the T- stiffener by
changing its dimensions and examining the damage indices, the accuracy of the proposed design method was proved.
The examinations indicated that the aforementioned retrofitting method is a proper method for the introduced
defective connection.

Keywords
Double-I column, T-stiffeners, Seismic performance improvement, Fracture of weld, Hysteresis curve
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Optimal distribution of damping coefficient of viscous dampers in steel structures
based on performance index

M. Bahmani, A. Sadegh Moghadasi, S.A. Razavi

Abstract

Viscous dampers are one of the passive control systems that reduce the seismic demand of the structural elements
of a building and minimize the building damage. However, the proper arrangement of viscous dampers greatly affects
their increased performance, and it is not economical to use viscous dampers in all floors. In this study, the viscous
dampers are designed according to four distribution methods based on FEMA 356: uniform damping coefficient
distribution, distribution proportional to shear force of floors, distribution based on shear strain energy of floors and
distribution based on shear strain energy of effective floors. In order to find the optimal distribution method, the
seismic responses of the structure including the maximum drift ratio, maximum relative acceleration of floors, and
strain energy are extracted and the results obtained from the rehabilitation in the four methods are compared with
the proposed performance indices. Considering the effect of each method of damping coefficient distribution on the
structural performance indices, it can be argued that the damping coefficient distribution based on the effective floors
has a more appropriate performance compared to other methods of damping coefficient distribution. The results
of time history analysis show that the viscous dampers used in the benchmark buildings cause a 50% improvement
in the performance index of mid- and high-rise structures and also a 40% improvement in the force index of mid- and
high-rise structures under the far-field acceleration.

Keywords
Viscous dampers, Damping coefficient distribution, Steel structures, Performance index, Force index
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The effect of different methods of determining the stiffness of stories on seismic
performance of steel structures controlled by viscous dampers

M. Fahimi Farzam, T. Dehghan Kalajahi, A. Soltani
Abstract

Passive control systems have always been used in civil structures due to the lack of external energy source, low cost,
easy installation and simple design. The fluid viscous damper is one of the most advanced passive control devices that
dissipate the energy input to the structure by converting mechanical energy into heat. In conventional viscous
damping design methods, the required damping required to be provided by viscous dampers in the structure depends
on the stiffness of the structure. In this paper, in order to distribute the viscous damping at the height of the building,
the distribution method is used in proportion to the inter-story drift proportional distribution determined on the
basis of the first mode deformations and five different methods for determining the stiffness of the stories are used to
calculate the total damping. Finally, of the five methods, the one in which the responses of the controlled building to
the viscous damper are more in line with the design goal would be the preferred method. Also, in order to evaluate the
design cost to choose the appropriate method, a comparison has been made based on the total damping required (as a
cost criterion) to achieve the desired design goal. The studied structures are 3, 9 and 20 story benchmark buildings of
SAC project. In order to analyze the time history of buildings, four benchmark near field records with the effect of
Fling Step and four benchmark field far records have been used. The results show the different effects of different
methods of calculating the stiffness of floors in accordance with the design goal and therefore it is necessary to choose
the appropriate stiffness method from different methods to determine the desired design goal.

Keywords
Fluid viscous dampers, IDPD distribution method, Design cost, SAC buildings, Time history analysis
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2 Viscous damper

3 Viscoelastic damper

4 Buckling-restrained brace damper

5Friction damper

6 Self-centering damper

7 Hefei

8 Qutriggers with buckling-restrained brace

9 Qutriggers with viscous damper

10 Parkfield, California

11Pacoima, San Fernando

12Landers

13 Northridge

14Kobe

15 Chi-Chi

16 IDPD: interstorey drift proportional distribution
determined on the basis of the first mode deformations
17Hachinohe

18 Cimellaro

19 Retamales
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