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Abstract— Finite element analysis (FEA) is a very popular method of analysis whose popularity is increasing day by
day in the design of steel structures in order to avoid unsafe or highly conservative designs. For a Structural
Engineer, to perform a finite element analysis, solid know-how in computer-aided design (CAD) and engineering
(CAE) codes is necessary. The paper reviews the detailed finite element analysis of steel frame structure subjected to
consecutive ground excitations conducted using E-Simulator. E-Simulator is a parallel finite element analysis
software package developed to accurately simulate structural behaviour up to collapse by using a fine mesh of solid
elements. Therefore the purpose of this paper is to provide an extensive review of useful guidelines concerning
modelling, simulation and result validation for the accurate performance of finite element analyses.
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I. INTRODUCTION

The finite element method has become a powerful tool for the numerical solution of a wide range of engineering
problems. Applications range from deformation and stress analysis of automotive, aircraft, building, and bridge structures
to field analysis of beat flux, fluid flow, magnetic flux, seepage, and other flow problems with the advances in computer
technology and CAD systems, complex problems can be modelled with relative ease. Several alternative configurations
can be tested on a computer before the first prototype is built while we are talking about Multi-story steel structure; it has
made the design in precise and accurate manner regarding dynamic response.

It is a well-known fact that structures are subjected to three different dimensional earthquake ground motions. But
earthquake design (ELF Method) for buildings usually only considers the horizontal component of ground motion while
the vertical component of ground motion is generally neglected. Many building codes including NBC 105, IS 1893, UBC
97 and many other codes worldwide assume the vertical component of the ground motion to be 2/3 of the horizontal
component which is originally provided by Newmark et al (1973). Figure 1 shows the ground motion acceleration
records of E1-centro 1940 (Shrestha, 2009).
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Fig 1 Ground motion timehistory of El-centro 1940 vertical(0.21g) and
horizontal(0.32g) respectively from top

Fig. 1: Ground Motion Time History of EI-Centro 1940 Vertical (0.21g) and Horizontal (0.32g) Respectively from
Top [Shrestha, (2009)]

This type of dynamic response encounter while designing so during preliminary design of skyscraper nowadays engineer

prefer the steel structure rather than RCC because of low cost in return period, ductility is high, can be reuse and so no.
While designing of multi-storey steel building software which include algorithm of FEM is consider to be the best
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because complex region defining a continuum is discredited into simple geometric shapes called finite elements. The
material properties and the governing relationships are considered over these elements and expressed in terms of
unknown values at element comers. An assembly process, duly considering the loading and constraints, results in a set of
equations. Solution of these equations gives us the approximate behaviour of the continuum.

Il. LITERATURE REVIEW

Mizushima et. al, (2017) conducted an experimental study based on numerical analyses that are conducted for a steel
structure subjected to multiple series of excitations in a full-scale shaking-table test considering fractures. The structure
was modelled with planar and solid finite elements and the fracture is treated by the mandatory deletion of elements at
the time at which the fracture is observed in the experiment. The FE model was elaborated to replicate adequately entire
shape of the specimen. All steel members were modelled with first-order planer elements that have 4-node at a unit
length of 25 mm except for columns on the lines A and C. The planer elements had 4 integration points in the thickness
direction and 1 integration point in the plane. The scallops were made to become single arc, whose radius was 35 mm,
following the conventional approach used at the time of the Hyogoken-Nambu earthquake. The results show that by
considering the fracture of steel members with the deletion of elements, the history of input excitations, and the resulting
damages, the behaviours can be simulated analytically with a much higher accuracy.

Tagawa et. al, (2015) conducted an experimental investigation to study the detailed finite element analysis of a full-scale
four storey steel frame structure subjected to consecutive 60% and 100% excitations from the JR Takatori records during
the 1995 Hyogoken-Nanbu earthquake using E-simulator. An FE model for the four-storey steel frame structure, which
primarily consists of hexahedral solid elements has 4,543,243 elements, 6,330,752 nodes, and 18,992,256 degrees of
freedom. The result showed that the first-storey drift response for the consecutive 100% excitation after 60% excitation
was slightly smaller than that for single 100% excitation. It was also found out that complete collapse which occurred in
the E-Defense shake table test, was not observed by the analysis for the consecutive 60% and 100% excitations or for the
single 100% excitation.

Chik et. al, (2015) investigated the natural frequency and vibration mode of multi storey office building with the
presence of foundation system and comparison between both systems. Finite element modelling (FEM) package software
of LUSAS is used to perform the vibration analysis of the building. The building is modelled based on the original plan
with the foundation system on the structure model. The result showed that the structure which modelled with rigid base
have high natural frequency compare to the structure with foundation system. These maybe due to soil structure
interaction and also the damping of the system which related to the amount of energy dissipated through the foundation
soil.

Miyamura et. al, (2014) performed dynamic finite element analysis of a four-storeyed steel building frame modelled as
a fine mesh of solid elements, performed using E-Simulator which is a parallel finite element analysis software package
for precisely simulating collapse behaviours of civil and building structures. A mesh of the entire structure of a four-story
frame with approximately 19 million degrees of freedom is constructed using solid elements. The density of the mesh is
determined by referring to the results of elastic—plastic buckling analyses of a column of the frame using meshes of
different densities. Seismic response analyses under 60, 100, and 115% excitations of the JR Takatori record of the 1995
Hyogoken-Nanbu earthquake are performed. It can be found that in the analysis under the 60% Takatori wave, the time
histories of the inter-story drift angle and the story shear force obtained by E-Simulator show good agreement with the
experimental results. Also in the analysis under the 100 and 115% Takatori waves, both the response of the entire frame
and the local deformation as a result of plastic buckling are well simulated by E-Simulator. Because contact occurs
between the column and slab, simulations using the models with and without the stick condition are performed.

Miyamura et. al, (2011) conducted an experimental study to assess finite element analysis of a full scale 4 storey steel
frame and a 31-story super-high-rise steel frame. The 4-story frame is a specimen of the full-scale total collapse shaking-
table test conducted in 2007. These steel frames are modelled by meshes of hexahedral solid elements. All the members
and the floor slabs are modelled by 8-node hexahedral solid elements; i.e., the DOFs of each node correspond to three
translational displacements, and the displacements in the elements are interpolated by linear shape functions. A 31-story
super-high-rise steel building frame has been designed as a specimen for the E-simulator. The frame is a centre-core-type
31-story office building. The result shows that elastoplastic dynamic responses can be estimated with good accuracy
using high-precision FE analysis without resorting to macro models such as those involving plastic hinge and composite
beam effects.

Feng Fu (2010) conducted a study on a 3-D finite element model to analyse the progressive collapse of a multi-storey
steel composite frame building. The behaviour of the 20 storey steel composite frame building under the sudden column
removal was investigated with a 3-D finite element model using the ABAQUS package. Based on this model, parametric
studies were carried out to investigate the structural behaviour with variations in the strength of concrete, structural steel
and reinforcement mesh size. The findings were that the plasticity is presumed to develop in the steel member under the
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one column removal scenario, and a plastic hinge is formed in the beam. Therefore most research was based on the
plasticity theory.

Oshaki et. al, (2009) conducted an experimental analysis of dynamic collapse behaviour of steel frames using large-scale
parallel finite element method based on the domain decomposition method. The analysis software is based on ADVC as a
part of the E-Simulator that takes advantage of the recent development of computer science and high-performance
parallel computing in computational mechanics. Numerical results are shown for dynamic collapse analysis of single-
story and 5-story frame models to show that the global and local behaviours are simultaneously simulated by a high-
precision finite element analysis. Eigenvalue analysis is also carried out for a 31-story frame to demonstrate that dynamic
analysis can be carried out for a structure discretized to solid elements with more than 70 million DOFs.

Liu et. al, (2008) conducted a detailed case study on structural identification and Finite Element (FE) modelling of a 14-
story office building with system identification tools to identify the structural dynamic properties based on recorded
seismic data. This identified model was compared with a model based on IBC 2000 (International Building Code) using
the fundamental period, design response spectral acceleration, and base shear. It was found that the fundamental period
of the building computed using the approximation formula in IBC 2000 was 20.8% shorter than the identified one, while
the fundamental period calculated by FE modelling (Model 1) which considered generally accepted engineering practices
and assumptions suggested by IBC 2000 was 33.5% longer than the identified as longer one.

I11. CONCLUSIONS

Based on the study done, it can be concluded that the detailed finite element analysis of steel frame structure subjected to
consecutive ground excitations, conducted using various techniques including E-Simulator, ABAQUS, LUSAS amongst
others. The present study illustrates the feasibility of a large-scale structural analysis in the field of earthquake
engineering and is novel from the viewpoint of computational mechanics. A number of studies have achieved large-scale
highly nonlinear finite element structural analysis using a mesh with approximately 20 million DOFs, even in other
fields, such as mechanical engineering.
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