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ABSTRACT

The seismic response of irregular bridges could be complex if some irregular
conditions were presented in the substructure. To evaluate as a simple form the
influence of some irregular conditions, various irregular indices were proposed,
considering elastic or inelastic parameters. With these indices, only one number,
between 0 and 1, could be used to represent the bridge irregular seismic behavior for
design and analyses proposes. However, applying various indices to the same
structure could produces different results and it is difficult to define its application in the
design procedure.

In this paper, an elastic irregular index is applied to bridges with different irregular
substructures, based on the variation of central and extreme piers length. As a regular
model, a simple bridge with four spans and three piers of hollow rectangular section
was considered, with unicellular box girder. The pier high variations include +25%,
+50%, +75%, -25%, -50% and -75% of the original length, so seven irregular models
were considered for each regular bridge. Monolithic connection between piers and
girder are considered. Regular and irregular models were subjected to a 53
accelerograms database, registered in the most earthquake hazardous zone of Mexico.
Through elastic analyses the maximum displacements of piers were defined for each
accelerogram and bridge model. A new index is defined as the normalized difference
between the maximum displacements of the irregular and regular models. Tendencies
of the propose normalized difference and an irregular index available in literature were
compared to define the best representation of the irregular condition of bridges.

1. INTRODUCTION

Irregular structures have a more complex behavior than the regular ones and their
analysis, design, inspection and maintenance require more attention. For bridges, the
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irregular conditions could be presented in the superstructure or in the substructure.
Bridges have an irregular superstructure if they are not straight or are skewed, or if their
spans have different lengths, or if there are important variations in the girder sections.
On the other side, substructure irregular condition is presented when the piers have
variations in length or resistance. Some authors classified bridges as irregulars if their
responses have significant contribution of higher modal shapes.

Some analyses, for bridges with irregular substructure, have shown notorious
variation in the deformation demands of piers, concentration of shear forces in short
piers, variation of ductility demands and more participation of higher modes (Isakovic
and Fischinger, 2000 and 2008). Experimental studies indicate that the absorbed
energy in an irregular bridge was concentrated in the shorter pier with almost 70% of
the entire energy dissipation (Tehrani and Mitchell, 2010).

AASTHO LRFD (2007), Caltrans and Eurocode 8 consider the bridge irregularity
in a simple form. AASTHO classifies a bridge as regular when the curvature angle is
minor than 30°, or by setting maximum stiffness thresholds between adjacent spans or
piers in the same bent. Curved and skew bridges or structures with various levels, not
balanced mass or with important variation in piers stiffness are classified as irregular by
Caltrans. The Eurocode 8 classifies the bridge irregularity depending only on a ductility
factor. In Mexico, the IMT (Mexican Institute of Transport) classifies a bridge as
irregular if: it has less than six spans, it is straight or has an alignment with minor
curvature, it has a skew angle lower than 15°, it has an irregular distribution of mass
and stiffness, and it has a total length not larger than 40 m for the largest span. Then,
codes or design recommendations present a simple form to classify bridges as regular
or irregular, but in some cases only to suggest the appropriate analysis type.

In recent years, some irregularity indices were proposed to classified bridges.
These indices are used to predict if a bridge will behave as it was proposed (Isakovic
and Fischinger, 2000). These indices are classified in elastic and inelastic indices,
considering that irregularity conditions are displayed by elastic or inelastic modal
shapes or displacement values. Ayala and Escamilla (2013) compare different irregular
indices for bridges with variation in piers length. Through this comparison, it is observed
that irregular indices are not an absolute measure to consider the irregular condition of
a bridge; actually different values are obtained with various proposed indices for the
same structure. Irregular indices could be an adequate tool to characterize bridges
irregularity; however more research is needed to define the practical meaning of some
values and indices.

Both shortcomings, the simple way to assign a weight to the bridge irregularity in
design codes, and the reduced reliability of the preliminary inspection methods to
reflect the influence of some parameters of the bridge seismic performance, show the
importance of further research. Therefore, this paper presents the comparison of two
irregular indices, one defined as the normalized difference of maximum displacements
between regular and irregular bridges. The other index was taken of the literature; this
index defines the bridge irregular condition by comparing the elastic modal shapes of
the complete bridge and only the superstructure. Analyzing results it is define the best
representation of the bridge irregularity.

2. NORMALIZED DIFFERENCES OF MAXIMUM DISPLACEMENTS
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A regular geometry model was proposed to compare its responses with the ones
of irregular bridges and identify the influence of some irregular geometrical conditions.
The regular model is based on the structure described in a previous research (Priestley
et al., 1996). This is a simple four-span bridge (50 m each span) with three piers of 14
m, see Figure 1. The girder is a box unicellular section of reinforced concrete, while
piers have box sections. The form and dimensions of girders and piers are shown in
Figure 2.
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Figure 1. Regular bridge model

@

S0m @ 50m (E}
|
4

7

14 m
Bm

A<
—

23m

0.3m

Figure 2. General dimensions of girder and pier elements

To study the influence of irregular substructures, compared to the described
regular model, the central and one extreme piers length were modified in percentages
of +25%, +50%, +75%, -25%, -50% and -75%. In order to evaluate different pier to
girder connection, continuous, monolithic and simple-supported bridges were studied
for all models. Monolithic models have rigid connections, while continuous models have
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only one girder free to longitudinal moment. In simply-supported bridges, there are
several girders with fixed and mobile bearings in their extremes. Fixed bearings are
restrained against rotation or displacement, and mobile bearings are only longitudinally
free to rotation. Detailed analyses of these bridges can be consulted in Gomez and
Salas (2012), nevertheless in this paper only the results for monolithic structures are
shown.

Regular and irregular bridges were modeled in SAP2000 (v. 14) software, with
embedding piers and abutments modeled by elastic springs, for elastic analyses. For
the non-linear analyses, a simplified model was considered.

2.1 Seismic loads

For elastic analyses, a database of 53 accelerograms was utilized, obtained from
the Strong Earthquakes Mexican Database (BMSF, for its Spanish abbreviation, 2000).
The selected accelerograms were registered at seismic stations located in the Mexican
Pacific Coast, one of the most hazardous seismic zones in in México, in the States of
Colima, Guerrero and Michoacan. The selection was based on the peak ground
accelerations, velocities and displacements and on the earthquake magnitude. For the
analyses, only two horizontal components were considered for every record,
considering that the highest acceleration component acts in the transverse direction of
bridges, for the purpose of evaluating the most unfavorable action. The response
spectrums for the highest horizontal component of the 53 signals, with a 5% or critical
damping, are shown in Figure 3. Most of the records have fundamental periods shorter
than 0.5 s, however an important variety of signals is considered.
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Figure 3. Elastic spectrum of accelerograms for the Guerrero and Colima States (left)
and Michoacan State (right)
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2.2 Elastic analyses

Models for regular and irregular bridges were analyzed under the selected 53
earthquake signals, to develop elastic analyses. In these analyses, a SRSS rule was
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Figure 4. Normalized differences when the central pier length is modified
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Figure 5. Normalized differences when the extreme pier length is modified

used to combine the maximum responses for displacements and forces at the upper
nodes of piers. In order to assess the influence of different irregular conditions,
compared to regular bridge performance, the normalized difference was assessed. This
normalized difference, D,, is defined by

_;’ (1)

where R;z and R, are the maximum responses obtained from irregular and regular
bridge models, respectively. Mean, standard deviations, quartiles and the probabilistic
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distributions of D, were obtained for all bridge models. In this paper the responses are
only represented by the maximum displacement.

The variation of the maximum normalized differences for each selected
accelerogram does not indicate the influence of different irregular conditions. Then, to
define the influence of different irregular substructure conditions in a bridge, the
normalized differences were grouped by quartiles, classifying the results and
registering the values related to the 25%, 50%, 75% and 100% of the data. Figure 4
shows the normalized differences by quartiles of the maximum displacement for the
central node, when the central pier length is varied for continuous bridges. It is
observed, that the increment of the central pier length produces more variations than
the reductions on this dimension. The effect of changes on the length is larger for the
central pier as compared to the ones on the adjacent pier. For example, when the
length of the central pier is 75% shorter than the length of the extreme pier, the
normalized difference on responses is similar for all accelerograms. However, when
this length is 75% larger than the one of the extreme pier, the normalized differences
have variations between 50% and 450%.

The normalized differences for variations on the extreme pier length are
compared to the ones due to variations on the central pier. In Figures 4 and 5, it is
observed that the variation trends are similar. However, when the central pier length is
modified, wider variations are registered than when the extreme pier length was
changed. For example, when the central pier length is incremented 25% (Figure 4), the
normalized difference is similar to the one determined when the length of the extreme
pier is incremented 75% (Figure 5). By analyzing Figures 4 and 5, it is to conclude that
a bridge is more vulnerable to seismic load when there are variations in the length of
the central pier, as compared to bridges having the same variations on the length of a
pier close to the abutments.

Trends of the ratio between normalized difference in displacement, Iy, and the
variation percent of the central pier length, v,, for the percent 100 are defined. These
ratios are shown in Table 1, for the three types of bridges. It is observed that the
equations are similar for all types of bridges in the table.

Table 1 Relations for bridges with changes in the length of central pier

Change the length of central pier
Continuous | I; = 0.022v,” + 3.04 v, + 37
Change the length of extreme pier
Continuous | I, = 0.009 v,” + 0.95 v, + 16

Id = normalized difference (%), vp = variation in the length of the pier (%)

3. IRREGULAR INDICES

In recent years, some irregular indices were proposed to classify bridges in
function of their substructure irregular condition. The proposed indices were grouped as
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elastic and inelastic irregular indices, considering that elastic and inelastic responses
characterize the seismic behavior of the structures.

Elastic indices consider that only elastic parameters are sufficient to represent the
response of irregular bridges. One of the elastic indices is the one proposed by Calvi
and Elnashai in1994 (Ayala and Escamilla, 2013), to define the analyses methodology
to design and to classify the irregular condition of bridges. This index, Iz, combines the
mode shapes of the deck with the mode shapes of the entire bridge, as:
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where ®® and ®” are the modal shapes of the entire bridge and for the deck,
respectively, M is the mass matrix of the structure and n is the number of modes uses
in the modal spectral analyses. Ir index varies from 0, for irregular bridge, to 1.0 for the
regular system.

Calvi and Elnashai index was evaluated by the same regular and irregular bridges
analyzed in above section, when the central and extreme piers length is changed in
percentages of +25%, +50%, +75%, -25%, -50% and -75%.

First, the indices of Eq. 2 were defined using a 2D model of the structures, as it
can be observed in Figure 1 for the regular bridge, with hinges in the girder extremes
and piers built-in in one extreme and continues in the other. This model have only 13
degree of freedom (horizontal and vertical displacements and a rotation in the plane for
nodes without restriction) and complement the 90% of the effective mass, as it is
indicated by codes, to the dynamic analyses. For this type of model, for regular and
irregular bridges, the Calvi and Elnashai index was defined; its values when the central
pier length is changed are shown in Table 2. For this model the transversal shapes are
not considered.

In addition, irregular index /g was determined for a more elaborated model,

Table 2 I index for the 2D bridge models

Model Change of length
of central pier
-75% 0.621
-50% 0.838
-25% 0.968
Regular 1.0000
+25% 0.895
+50% 0.798
+75% 0.735
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length is changed. The values of the normalized differences in this figure are
determined using the mean value (50% percentage) of the 53 accelerograms, as the
representative of the variation of this parameter. In horizontal axes of Figure 8 are the
percentages of variation of the pier length; while in vertical are the values of the
respective indices.

As it can be observed in Figure 8, there are differences between the values of the
two indices. Irregular index (Equation 2) has minor variation when the length of piers
changes, maybe because it is bounded between 0 and 1; normalized difference index
has not bounded values. If a curve is adjusted to the values obtained, the best fit for Iz
index is a straight line, whereas for the normalized difference is a quadratic function
(represented by the equations of Table 1.

In figure 9 it is shown the comparison of the two indices when the 100%
percentage is used for the normalized differences, as a maximum value representation.
In this figure it is observed that tendencies are similar as commented by figure 8, but
the differences among the values of two indices are greater.

6. FINNAL COMENTARIES

In this paper are presented the comparison of two indices to represent the
irregularity condition of the substructure of bridges. Fist index is the normalized
differences of the maximum transversal displacement obtained by elastic analyses. The
second index was proposes by Calvi and Elnashai in 1994, based on the changes of
the mode shapes of a complete bridge and only the deck system.
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Figure 8. Comparison of the two indices when the length of the central (upper) and
extreme (bottom) piers change. Mean values of the normalized differences
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Figure 9. Comparison of the two indices when the length of the central (upper) and
extreme (bottom) piers change. Maximum value of the normalized differences

To make the comparison, elastic models of bridges when the length of central and
extreme piers change were elaborated in SAP program. The percentages of variation of
the length of piers were +25%, +50%, +75%, -25%, -50%, and -75%. A database of 53
accelerograms were considered to define the normalized differences of maximum
displacements, and from results mean and the four quartiles were determined and
tendencies function were adjusted to them.

From the obtained results, conclusions are:

¢ ltis difficult to compare both indices because one is bounded and the other not.
However the two indices are used to represent the irregular condition of the
same structures.

e The irregular index Ir is evaluated by means of a modal elastic analyses. So it is
not very difficult that practise engineers could obtain it. To define a correct
values of this index it is necessary a 3D model with sufficient degree of freedom
to a better characterization of the modal shapes. The use of the 90% of the
effective mass could be a reasonable definition of the necessary number of
modal shapes to define this index.

¢ Normalized difference of the maximum displacement index is defined by means
of an elastic modal-spectral analysis. Then, its evaluation is a little complex than
the Iz index, however the analyses can be conducted and trends were defined to
use only, as representatives of this index, the adjusted functions, for example,
the ones expressed in Table 1. To a better representation is necessary to define
if 53 accelerograms are sufficient to denote the variation of seismic load. Then a
reliable analysis could be conducted.



The 2015 World Congress on
Advances in Structural Engineering and Mechanics (ASEM15)
Incheon, Korea, August 25-29, 2015

e The trend of the /g index is a straight line for the considered variations of the
lengths of piers. Most of the inspection methods that use substructure irregularity
as an influence parameter consider linear variation to define vulnerability
categories for this parameter.

e For the normalized difference of maximum displacement index, the best adjust
function of the obtained values are a quadratic function. This index have different
variations when the central or pier length is changed, indicating different
vulnerability of the systems when the shorter pier is close to the abutments. It
conclusion is verified by studies of other researches, whose specified that the
effect of geometrical irregularities depends on the position of the strongest pier.

More studies are necessary with other proposes indices and models with other
irregular conditions, to evaluated in a reliable and simple form a bridge irregularity. This
final index could be included in design codes.
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	SESSION F2IAdvances in Model Reduction Method (Jin-Gyun Kim)
	Applying the enhanced Craig-Bampton method to equilibrium protein dynamics
	Applying Computational Dynamics Method to Protein Elastic Network Model
	Performance of the enhanced Craig-Bampton method
	Efficient rotordynamic analysis of a 500 MW steam turbine rotor systemusing Krylov subspace MOR*
	Modeling Capability of Continuum Mechanics Based Beam Element
	Convergence behavior of the MITC3+ triangular shell element
	Reducing the membrane locking in the MITC4 shell element



	The 2015 Int’l Conf. on Steel and Composite Structures (ICSCS15)
	CONTRIBUTED PAPERS
	SESSION W2C
Design & Fabrication
	Fire design of composite beams with web openings protected
with reactive intumescent coating
	Diamond Shape Monopole
	“Blind Analysis” of an Equivalent Tall Building Subjected to Long Period Ground Motions
	Design Guidlines for Semi-Rigid Steel-Concrete Composite Frames
	Effect of hygrothermal conditions on [βm/θn]s cracked composite laminates
- desorption case –

	SESSION W3C
Analytical and Computational Methods of Strcutural Analysis
	Structural behavior of yielding shear expanded metal panels
	Impact of Eliminating Web Plate Buckling on the Design, Cost and Seismic Performance
of Steel Plate Shear Walls
	The influence of weld geometry on plastic strain history in cyclic loading – a parametric study
	Static and buckling analysis of plates using spline finite strip method
with modified amending schemes
	Fatigue Damage of a Half-through Concrete-filled Steel Tubular Trussed Arch Bridge in China
	Required patch plate thickness for corrosion-damaged steel piled jetty
to recover its seismic performance
	Finite element analysis of local buckling of steel-concrete continuous composite beams

	SESSION W4C
Steel and Composite Structures in Australia (Vipul Patel & Farhad Aslani)
	Bond strength in full-scale concrete-filled steel tubular columns
	Concentrically loaded slender high strength box columns
	Statistical calibration of safety factors for flexural stiffness of composite columns
	Application of Eurocode 4 to blind bolted endplate composite joints with CFST columns
	Parametric studies on the bahaviour of beam-column flush end plate connections
using blind bolts
	Behaviour of demountable CFST column-column connections
	Finite element analysis of demountable composite beams

	SESSION T2C
Building, Bridges and Space Structures
	The Effects of Post Weld Heat Treatment on the Mechanical Properties of
Tempered Martensite and High Strength Steel Welded Joints
	Experimental study of three dimensional of through beam connection to
concrete filled circular steel tube column
	Mechanical properties of multiple large-diameter corrugate steel pipes in embankment
	A study on pipe connector for multi-beam box girder bridges
	Modelling for the effect of welding process on buckling of built-up
high strength steel box column
	Design and Vibration Control of an Urban Steel Arch Bridge with Spatial Cables
	Analytical study of slant end-plate connection subjected to elevated temperatures

	SESSION T3C
Composite Construction and Maintenance
	Numerical analysis of channel connectors under fire and a comparison of performance
with different types of shear connectors subjected to fire
	A Study on Structural Performance of Composite Column using the L-shaped molded steel
and Template to Lattice Composite Beam for Slim Floor Connection
	Innovative Composite Concrete Filled Plastic Tubes in Compression
	Structural Assessment of a 66 kV Overhead Power Transmission line tower built
with Polymer Composite Material
	A Numerical Analysis on the Performance of Buckling Restrained Braces at Fire-Study
of the Gap Filler Effect
	Large Deformation Analysis of Fabric Braided Rubber Hose Making Use of Homogenization
and Path Interpolation Methods
	Vibration analysis of foam filled honeycomb sandwich panel- Numerical study
	Residual strength of Y-type perfobond rib shear connectors to cyclic load on highway bridge
	Composite Slabs Performance Analysis Under Linear and Nonlinear Static and Blast Loading*
	Live-load field testing of composite box-girder bridge with corrugated steel webs*
	Influences of Rehabilitation Material Parameter on Existing RC Parapets

	SESSION T4C Constructional Steel and Composite Structures
	An Experimental Study on The Positioning of Shear Connectors In
Steel-Concrete Composite Beams
	Shear Behaviour of Innovative Connectors in Partially Encased Column
	Experimental Study on Concrete Filled Steel Tubular Truss Arch Bridge
	Numerical study of shear lag of high strength steel bolted and welded angles
	Ultimate Shear Strength of Composite Welded Steel – Aluminium Beam
	Seismic Evaluation of a Steel Moment Frame with Cover Plate Connection
Considering Flexibility by Component Method
	Seismic evaluation of Hybrid steel frames with different patterns of semi-rigid connection



	The 2015 Int’l Conf. on Computational Technologies in Concrete Structures (ICTCS15)
	INVITED PAPERS
	SESSION W2D-I
	Multi-scale indentation testing and modeling of quasi-brittle materials*

	SESSION W2D-II
	Calibration of the CDP model parameters in Abaqus


	CONTRIBUTED PAPERS
	SESSION W2DModeling and Computational Technologies in Concrete
	Numerical analysis for the fire-induced progressive collapse of a RC frame structure
	Compensation method for prediction of the adiabatic temperature rise ofconcrete from semi-adiabatic device
	Investigating the load carrying capacity of RC undamaged and damaged beamsstrengthened with CFRP

	SESSION T2DComposite and Cement Compisites
	Restoration of Pre-damaged RC Bridge Columns with Deficient Plastic Hinge RegionsUsing Basalt FRP
	Experimental Study on the Effect of Rainfall on Fresh Concrete
	The effect of an electric double layer on chloride penetration in cement paste
	Prediction of Recycled Concrete Slump with Geometric Semantic Genetic Programming
	Overestimation of ITZ thickness around polygon-shaped aggregate

	SESSION T3DComputational Technologies in Concrete
	Modeling Test of Shear Connectors between Precast Concrete Membersto Infill the Gap Interface
	A Bi-axial Failure Envelop for Concrete under High Strain Rate Conditions
	Coupling effects of chloride penetrating and corrosion damage evolving processin concrete under marine environment
	Crack progress analysis of plain concrete test prisms by HPM
	A strain based nonlinear finite element analysis of reinforced concrete beamwith bond slip model
	Fresh Concrete subjected to rainfall - Level of formwork to concrete surface effect
	Design Aids for Special Shaped Reinforced Concrete Columns

	SESSION T4DTest and Analysis for Seismic, Impact, Blast or Wave Loading(Thomas Kang & Seongwon Hong)
	Dynamic centrifuge test and BNWF analysis on piles in dry sand
	Dynamic mechanical responses of concrete under the influence of extreme loads
	Large scale smooth particle hydrodynamics model for analytical fragility curvesof a building subject to tsunami
	The discontinuous deformation analysis considering the block internal coupling effectand dynamic construction process*
	Seismic behavior of full-scale beam-column knee Joints
	Evaluation of steel fiber-reinforced concrete panel`s impact resistanceusing existing impact performance prediction models
	Fracture failure of reinforced concrete slabs subjected to blast loadingusing the combined finite-discrete element method
	Wave-induced liquefaction and solidification behavior of caisson breakwater on seabed sand

	SESSION F4BCommemorative Symposium for Professor Jin-Keun Kim (Seong-Tae Yi)
	Choride Penetration in Concrete Under Water Pressure Using Yoon’s Test
	Modified application method of thermal stress device
	Performance Based Evaluation of Concrete Structure from Climate Change Effecton Various Curing Factor
	Shear Performance Assessment of Steel Fiber Reinforced-Prestressed Concrete Members
	Evaluation of pozzolanic reaction depending on source of waste glass
	Effects of Prestressing Force on the Natural Frequency of PSC Girder Bridges
	Mechanical Properties and Adiabatic Temperature Rise of Ternary Blended ConcreteBased on Low Heat Cement
	Effect of fiber geometry on the electromagnetic shielding performance of mortar
	Analytical study for performance evaluation of developed studsfor steel plate concrete (SC) walls subjected to cyclic loads
	Strut-and-tie model for the load-deformation analysis ofreinforced concrete flexural members subjected to lateral loading
	Anti-corrosion performance of arc thermal metal sprayed coating for steel structurein regards to spraying metal type
	Numerical Evaluation of FRP Composite Retrofitted Reinforced Concrete WallSubjected to Blast Load
	Experimental study on the behaviour of cement based materials reinforced with Abaca-fibres*



	The 2015 Int’l Conf. on Advances in Multi-Scale and Multi-Physics Mechanics (ICMMM15)
	INVITED PAPER
	SESSION W2E
	DFT-MD-CM combined multiscale mechanics on the opto-mechanical behaviorof polymer network


	CONTRIBUTED PAPERS
	SESSION W2EMultiphysics Simulation: Modeling, Methods, and Applications (Jaewook Lee)
	(Invited) Development of the two-dimensional membrane element includingincompatible modes for web-based implementation*
	Computational analysis on capacity of lithium-ion batteries(LixV2O5) according to formationof solid electrolyte interphase*
	Multi particles sorting system based on Dielectrophoresis design using genetic algorithm*
	Heat transfer enhancement in gas tungsten arc welding using azimuthal magnetic fieldsgenerated by external current*
	A Multi-scale modeling of silicon anode material for Lithium ion battery*

	SESSION W3EROM in Multiscale, Multiphysics, and Structural Design and Analysis(Maenghyo Cho and Taehyoun Kim)
	(Invited) Surrogate Reduced-Order Modeling of Structural Dynamic SystemsUndergoing Parameter Variations*
	Transient analysis of a high-shock silicon accelerometer with suspended piezoresistivesensing bridges using Krylov subspace MOR*
	Transient Response Analysis by Model Order Reduction of a Mokpo-Jeju SubmergedFloating Tunnel under Seismic Excitations
	Selection of sensor location for structural system identification using degreeof freedom-based reduction method
	Dynamic condensation for design optimization and probability-based analysis
	Dynamic Characteristics of Thin-Walled Composite Beams Subjected to Electromagneticand Thermal Fields

	SESSION T2ESmall-Scale, and Multiscale Biomechanics (Kilho Eom)
	(Invited) Integrating Modeling and Silk-Like Protein Design to Mimic Biological Fiber Spinning*
	Investigating finite element models for protein dynamics*
	Role of length scales on deformation behavior of amyloid fibril*
	Frequency Prediction for DNA Nanostructures Based on Mass-Weighted Chemical ElasticNetwork Model*
	Investigating the mechanical characteristics of Aβ amyloid protofibrils based on aromaticresidue mutation*
	Molecular dynamics simulation model for the photo-responsive polymerand its nanocomposites

	SESSION T3EMultiscale Mechanics in Nanocomposites (Maenghyo Cho)
	(Invited) Dislocation formation mechanism in Si-Ge core-shell nanowires - molecular dynamicsstudy
	A Study on the Tailoring of Interfacial Shear Strength between Graphene and Polymerby Addressing Defects in Graphene
	Multiscale analysis on the toughening behavior of thermoplastic modified epoxy
	A study on the multiscale strategy of polymer nanocomposites consistingof agglomerated fillers
	A numerical study to investigate the effect of carbon nanotube (CNT) entanglementon the electrical behavior of nanocomposites

	SESSION T4EShape Memory Alloys: Modeling, Experiments and Applications(Nien-Ti Tsou and Chuin-Shan David Chen)
	The Variant Identification in Molecular Dynamics Simulations for Shape Memory Alloys
	The observation of microstructures in the trigonal shape memory alloys
	Computational analysis of temperature- and stress-induced phase behaviorof Shape Memory Alloys*
	Transformation Behavior and Pseudoelasticity of Aged Ti50Ni25Cu25 Shape Memory Ribbon
	Dynamical phase-field modeling of one-dimensional ferroelastics under temperatureand strain cycling

	SESSION T4IComputational Mechanics of Advanced Materials and Structures forMechanical and Energetic Applications (Shu-Wei Chang and Seunghwa Ryu)
	(Invited) Cement modeled as poly-dispersed assemblage of disk-like building blocks
	Extreme viscoelastic and coupled-field properties of composites containing ferroelasticinclusions
	Can we map the fracture force from nanoindentation into the strengthof graphene under tensile loading?
	Finite element analysis of finite deformation problems for bio-polymer materials*
	Mechanical coupling and energy transfer at the bio-nano interface:A multiscale simulation study*
	Full atomistic simulations of normal and brittle bone collagen: molecular originof brittle bone disease

	SESSION T4JMulti-Physics and Multi-Disciplinary Problems
	Failure modes and probabilistic evaluation of vortex-induced vibration for bridges
	A finite element approach to the mechanical behavior of two-phase materialsduring the phase transformation of steels*
	Parametric numerical study of wind barrier shelter
	SESSION F2EMultiscale and Multiphysics Issue on Smart Materials/Structures(Maenghyo Cho)
	(Invited) Role of Electrostatic Interactions on the Structure of Amyloid Fibril*
	Folding behavior study of polystyrene sheet activated by light
	Molecular dynamics simulation model for the photo-responsive polymerand its nanocomposites
	Multiscale modeling to characterize interfacial behavior and interphaseof crosslinked epoxy nanocomposites
	An asymptotic multiscale formulation of multiphysics beams*

	SESSION F2FAdvances in Multi-Scale Modeling of Civil Engineering Systems(Jun Won Kang and Tong Seok Han)
	(Invited) Homogenization model to simulate constitutive model of concreteexperiencing alkali-silicate reaction*
	Fragility curves for LNG storage tanks isolated with Lead Rubber Bearing (LRB)and Friction Pendulum System (FPS)*
	Crack propagation and crack turning in silicon anode used in lithium-ion batteriesduring the first charging*
	Seismic Risk Evaluation of a Three-dimensional Reinforced Concrete Structure based onFragility Analysis*
	Mixed perfectly-matched-layers for transient simulation of elastic wavesin three-dimensional semi-infinite domains*
	Automated surface wave measurements for evaluation of surface-breaking cracks in concrete*



	The 2015 Int’l Conf. on Smart Structures and Systems (ICSSS15)
	CONTRIBUTED PAPERS
	SESSION W2FSmart Materials and Structural Systems
	Innovative utilization of insulating asphalt belts as a sliding joint
	Comparative analyses of conventional prestressed beams and smart prestressed beams
	Mechanical analysis of carbon fiber shape memory polymer composites
	Dynamic response of a simply supported beam under a moving mass based onmultilevel control

	SESSION W3FRecent developments on Sensing and EnergyHarvesting for SHM/NDT(Il-Bum Kwon)
	Shaking table tests of bending-shear vibration model with magneto-rheological fluid damper
	Development of Crack Detection System with Unmanned Aerial Vehiclesand Digital Image Processing
	Nonlinear ultrasound inspections for structural prognosis
	Damage detection in composite structures using electrical time domain reflectometry (ETDR)and silver nanowires*
	Delay-and-Sum Beamforming Technique on Ultrasonic Propagation Imaging System*
	Dynamic properties of sandwich beam integrating shear thickening fluidunder harmonic excitation

	SESSION W4ENew Development in Structural Health Monitoring I(Yi-Qing Ni, Xiao-Wei Ye, Yang Wang & Jun Li)
	An anisotropic ultrasonic transducer and its application
	An Efficient Method for Galloping Profile Monitoring of Power Transmission Linesby Use of an Inertial Unit: Theoretical and Experimental Investigation
	Long-term monitoring and analysis of hanger vibration of a high-speed railway steel trussarch bridge
	Monitoring of structural dynamic behaviors by vision-based system
	Novel bolt-loosening detection technique using image processing for bolt jointsin steel bridges
	Damage detection of cable-stayed bridges based on the variation of stay cable forceseliminating environmental temperature effects

	SESSION W4FICT Bridge Technology for Life-span Extension and Carbon EmissionMitigation (HoonSohn)
	Experimental Study of GFRP Reinforced Concrete Bridge Deck
	Transfer Length in Pretensioned Prestressed Concrete Beam using High Strength PS Strand
	Probabilistic fatigue life updating for bridges based on comprehensivestructural monitoring data
	Experimental study on flexural strength of precast deck with ribbed loop joints
	Detection of tensile force relaxation through eddy current measurementof a pre-stressing strand
	Cyclic Tests on Prefabricated Bridge Piers
	A new model updating technique based on kriging surrogate model for bridge structures

	SESSION T2FStructural Health Monitoring/Nondestructive Evaluation
	A Test Operation and Development of User–Based Health Monitoring Systemfor Cable Supported Bridges
	Application of Response estimation on Bottom-Fixed Offshore Structures
	Concrete cure monitoring using piezoelectric admittance measurements
	Development of wearable haptic interfaces for impact detection on UAV wing structures
	Vibration analysis of damaged reinforced concrete bridge deck slab due to static loading
	Repetitive control mechanism of disturbance rejection using basis function feedbackwith fuzzy regression approach
	Crack Detection of Underwater Concrete Beams Using Ultrasonic Surface Waves
	Fatigue damage monitoring of an airplane wing using active-sensors

	SESSION T3FControl & Robotics (Hyun Myung & Hyung-Jo Jung)
	Experimental Investigation of an active mass damper system using time delay controlalgorithm for response reduction of a building structure
	Developed In-pipe cleaning Robot using Air-motor and CVT mechanism
	Perception based SLAM for underwater structure inspection
	Implementation of wireless network system and MCL (Monte Carlo Localization)for vision-based 6-DOF displacement estimation
	Multirotor-type wall-climbing robot for inspection of wind blades and non-flat surfaces

	SESSION T4FNew Development in Structural Health Monitoring II(Yi-Qing Ni, Xiao-Wei Ye, Yang Wang & Jun Li)
	Prestress Force and Moving load Identification on Prestressed Concrete beam based onVirtual Distortion Method
	Operational modal analysis using forced excitation and input-output autoregressivecoefficients
	Structural Health Monitoring System for Sutong Cable-Stayed Bridge
	A self-adaptive firefly algorithm for structural damage detection
	Temperature-effect compensation for prestress-loss monitoring in PSC girders usingmountable PZT interface
	Extension of Classical Kalman Filter (KF) by Kalman Filter with Unknown Inputs (KF-UI)



	The 2015 Int’l Conf. on Earthquakes and Structures (ICEAS15)
	INVITED PAPERS
	SESSION W2G I
	Seismic Design Implications for Low-to-moderate Seismicity Regions from EarthquakeSimulation Tests on RC Building Structures in Korea

	SESSION W2G II
	Fundamental Concepts of Performance Based Earthquake Engineering


	CONTRIBUTED PAPERS
	SESSION W2GSeismic Hazard Assessment
	Generation of earthquake ground motions at dam sites based on numerical simulation of wavepropagation from source
	Estimation of liquefaction using Hachinohe geotechnical information and upgrade of thatsystem
	An Alternative Probabilistic Seismic Hazard Assessment Method in Areas of Low-to-ModerateSeismicity
	Assessment of Seismic Structural Risk for Model Buildings in the City of Sharjah, UAE

	SESSION W3GPerformance-Based Seismic Design
	Optimal seismic retrofit design for residential structures using CLT panel and FEMA P-807methodology
	Effect of Diverse Seismic Hazard Estimates on Design and Performance of RC Shear WallBuildings in Dubai, UAE
	Practical implementation of generalized pushover analysis for multimodal pushover analysis
	Simplified Seismic Assessment of Confined Masonry Buildings Based on Displacement
	Deformation behavior of cohesive soil ground forced large displacement by the dip-slipreverse fault
	Ductility Factors for RC Common Bridge Piers

	SESSION W4GExperimental Investigations of Seismic Performance of Structures
	Behavior of RC Walls with Different Steel Grades and Aspect Ratio of 2.0
	Relationship between hardness and plastically deformed structural steel elements
	Influence of bond types on brick masonry strength
	Estimation of vibration characteristics of traditional Japanese wooden shrines consideringfrictional supports
	Lateral Load Testing of Two Existing Masonry Buildings
	Comparison of seismic performance of RC precast fabricated shear wall with different infilledopening
	Actuator controller interface program for pseudo-dynamic hybrid simulation

	SESSION T2GBase-Isolated Structures and Earthqueake Engineering
	Seismic damage prediction of wooden house using predominant period of ground
	Seismic assessment and base isolation of free-standing monumental marble columns
	Seismic evaluation and retrofitting of reinforced concrete buildings with base isolationsystems
	Modelling of Structural Concrete Insulated Panels (SCIP) in Seismic Prone Areas
	The Application of Energy Concept for Damage Assessment of Steel Frames under Near FiledPulse-like Ground Motions*
	Seismic retrofit performance of one-story wooden structure using 3-D collapsing analysis
	An overview on the concepts and methodologies of incremental dynamic analysis IDA (with asingle record and multiple records)
	The Mexico Earthquake of September, 19, 1985: Relationship between Rayleigh Waves andSite Effects
	Optimal Design and Seismic Analysis based on Wall Area Ratio
	Researching engineering causes in 2003 Boumerdes-Algiers (Algeria) earthquake disaster

	SESSION T3GRecent Developments in Seismic Torsion Design of Building Structures(Nelson Lam & Han-Seon Lee)
	A New Methodology in Seismic Torsion Design of Building Structures
	Fragility Analysis of an in-Service Hysteretic Reinforced Concrete System Subjected toSeismic Actions
	Effects of Building Asymmetry in Areas of low-to-Moderate Seismicity
	Wavelet Energy based damage index for Steel Concentrically Braced Steel Structure
	Structural condition of Peruvian heritage architecture to resist earthquake actions
	Reliability analysis of Integral Abutment Bridge under Seismic Load
	Seismic and progressive collapse potentials of low-rise soft-story RC frames andstrengthening strategy
	Height Limit of Traditional Chinese Cavity Wall Controlled by In-plane Shear Strength underthe Impact of Earthquake

	SESSION T4GRecent Developments in Seismic Design and Analysistoward Urban Resilience (Myoungsu Shin & Keh-Chyuan Tsai)
	Single and multi-material topology optimization to retrofit beam-column connection usingCFRP composite
	Lateral Force-Resisting Capacities of Reduced Web-Section Beams: FEM Simulations
	Evaluating the reliability of using the deflection amplification factor to estimate designdisplacements with accidental torsion effects*
	Seismic performance of steel intermediate moment frames according to building heights
	Seismic Performances of Centrifugally-Formed Hollow-Core Precast Columns with Multi-Interlocking Spirals
	Behavior of steel fiber-reinforced cementitious composites under direct tension and flexure

	SESSION F2GLinear & Nonlinear Seismic Analysis
	Generalized force vectors for analysis of torsionally coupled systems
	Analytical Investigations on Seismic Responses of a 25-story RC Flat-Plate Core-Wall BuildingStructure
	Seismic Performance Evaluation of Coupled Steel Plate Shear Wall in 3-Story Structures
	Numerical simulation of earthquake response of multi-storey steel frame with SIM infill panels
	Seismic assessment of existing under-designed reinforced concrete buildings retrofitted withfriction devices
	Seismic response of 3D steel buildings with welded and post-tensioned connections
	Design of integral abutment bridges for combined thermal and seismic loads



	The 2015 Int’l Conf. on Ocean Systems Engineering (ICOSE15)
	INVITED PAPER
	SESSION W2H
	Novel Ocean System for High Density Mass Production of Seaweed Biomass in Korea


	CONTRIBUTED PAPERS
	SESSION W2HBlast Hardened Bulkhead (Hyun Chung)
	Shock Response Analysis of Blast Hardened Bulkhead in Naval Ship under Internal Blast
	An optimal arrangement method of blast hardened bulkhead for surface warshipsusing a simplified vulnerability evaluation
	Dynamic material properties of marine steels under impact loadings
	Development of Design and Validation Technology for Blast Hardened Bulkheads
	A new concept of blast hardened bulkheads: feasibility study of aluminum foam attached BHBs

	SESSION W3HSubsea Systems Engineering I (Menglan Duan and Yu Zhang)
	Numerical Simulation of the buckle propagation problem in deepwater pipelines
	The structure design of type-C independent tank on LNG ship
	Risk analysis of subsea x-mas tree leakage
	Risk analysis of subsea jumper in installation period based on fuzzy FMEA
	Numerical Parameter Study on Lateral Buckling Response of Submarine Pipe-in-Pine pipelines
	The analyses of rocket anchor’s penetrating speed in installation and its influencing factors

	SESSION W4HSubsea Systems Engineering II (Menglan Duan & Yu Zhang)
	The experimental study of the strength of bonded pipeline under tension loadings
	The Crack Growth Simulations Using XFEM of Composite Riser Bonded Joint in Deep Water
	Dynamic Response of Free-Span Submarine Pipelines: Integral Transform Solution
	Field test research on failure of photoelectric composite submarine cableunder impaction by dropped anchors
	Physics-based simulation of offshore installation operationsconsidering ocean environmental loads and operating conditions
	A study of the diameter influence on the fluid force of two tandem cylinders

	SESSION T2HOcean Structural System
	Analytical study of the failure mode and pullout capacity of suction anchors in sand
	Study on the settlement reduction of artificial reef
	Forecast of dynamic and impurity’s dispersion processesin the easternmost part of the Black Sea
	Influence of Wave Approach Angle on Square TLP’s Behavior in Random Sea
	Simulation of Water entry for decelerating spheres by an improved ISPH method
	Form the Experimentation to the stochastic modellingfor reliability evaluation of an existing bridge



	The 2015 Int’l Conf. on Advances in Computational Design (ICACD15)
	CONTRIBUTED PAPERS
	SESSION T3HComputer-Aided Design in Engineering
	Area-preserving Deformation of 3D Objects
	Improvement of crashworthiness of bus structure under frontal impact
	Prediction of Typhoon Design Wind Speeds by Using Cholesky Decomposition Method
	Self-intersection Avoidance for 3-D Triangular Mesh Model
	Modeling and optimization of tool wear and surface roughness in turning ofaustenitic stainless steel using response surface methodology




	The 2015 World Congress on Advances in
Aeronautics, Nano, Bio, Robotics, and Energy (ANBRE15)
	INVITED PAPERS
	SESSION W2I
	Progress and Challenge of Limiting Strategy for Higher-order CFD Methods

	SESSION W2J
	Proper Placement of Acetabular Cup Implant*


	CONTRIBUTED PAPERS
	SESSION W2BEngergy, Environment Issues and Energy Storage
	Flexible integrated micro sensor to internal real-time microscopic diagnosisof vanadium redox flow battery
	Numerical modeling of slag flow and sensitivity analysis in an entrained-bed coal gasifier*
	Biomass co-firing with fuel staging for NOx emission reductionin a commercial coal-fired boiler*
	Real-time monitoring of internal temperature, flow rate and pressurein the high-temperature PEMFC stack using flexible integrated micro sensor

	SESSION W2IStructures
	Development of Laser-powered Wireless Sensing System for Aircraft Structures
	Numerical Analysis for Supersonic Exhaust Diffuser with Center-bodyfor High Altitude Testing of Rocket Nozzle
	Effect of Reynolds number on compressible convex-corner flows
	Oxygen and Nitrogen Surface Catalytic Recombination on Copper Oxidein Tertiary Gas Mixtures

	SESSION W2JBiomaterials and Gene Delivery
	Novel optical, optoacoustic, and ultrasound approaches for assessmentof nanoparticle-mediated drug delivery in tumors and cancer therapy
	Evaluation of borosilicate bioactive glass scaffolds loaded with Fe3O4 magnetic nanoparticlesfor bone repair*
	The Development of Brain Controlled Prosthetic Hand
	A Structural Model for loading Analysis of a Hexapod Platform

	SESSION W3BConventional Energy and Renewable Energy
	The Ultimate Flow Controlled Wind Turbine Blade Airfoil
	Synthesis and characterization of carbon nanotubes to be used in the developmentof new ionizing radiation sensors*
	Experimental study of the evaporation of spreading liquid nitrogen
	Chill-down Characteristic Modeling of a Cryogenic Propellant Supply Line
	Microbial enhanced oil recovery from stripper oil wells: Laboratory to field scaleimplementations!*

	SESSION W3IRobot Design
	Learning of inverse kinematics using neural networks and its applicationto kinematic control of position-based servo motor
	Investigation of Two-Axis Synchronous Accuracy of Plate Pivot Control under Various Posesof Industrial Dual-Arm Robot for Ball-Rolling Motion on Working Plate
	Humanitarian Demining and the Role of Robotics
	Risky Intervention and Robotics Challenges

	SESSION W3JNano Materials, Nano Composites, and Environmental Nanotechnology
	GaInAlN material system: nanostructures growth features and immiscibility analysis
	Preparation and characterization of FTO (fluorine-doped tin oxide) particles using fluorine gas
	Optimization of Reactive Black 5 Degradation using hydrothermally synthesized Ni-TiO2Nanocomposites under natural sunlight irradiation
	Solar degradation of Acid Black 1 using hydrothermally synthesized chromium dopedTiO2 nanomaterials*
	Effects of the surface fluorination with various fluorine gases on the electrochemicalproperties of LiFePO4 cathode material for LIB

	SESSION W4BDesign Alternative Energy (nuclear power, solar energy, hydrogen production)
	Thermo-Fluid Experiments in KAERI for Nuclear Hydrogen Production
	An Experimental Performance Ana lysis of a Cold Region Stationary Photovoltaic System
	Design and Energy Modelling of a Solar Driven Combined Power-Refrigeration Systemwith Super-Trans-Sub Critical Cycles using CO2
	Dark fermentative hydrogen production by Clostridium butyricumTM 9A: Performance in pilot scale!*
	Assessment of Electricity Demand at Domestic Level in Baluchistan, Pakistan
	Design and Constuction of a Combined Cycle Power Plant Operating Under a Turbocharger

	SESSION W4DME Principles in Bioengineering (Sukyung Park)
	Running model with CoP excursion associated with leg stiffness*
	Biomechanical Analysis on the Effectiveness of Knee Orthosis During Pivoting Movement*
	Resonant-like oscillatory behavior observed in human walking*
	Oscillatory migration of microglial cells*
	A Portable Mirror Image System for Forearm Rehabilitation of Hemiplegic Stroke Patients*

	SESSION W4ISpace Technology and its Applications (Jangsoo Chae)
	Attitude Control System Performance Estimation for Next Generation Small Satellite 1Son-Goo
	Preliminary Design of Near-Infrared Imaging Spectrometer onboard NEXTSat-1
	Electronics Design of the NISS onboard NEXTSat-1
	A study on wireless intra-satellite bus system using UWB technology
	Suppression of secondary electrons off the surface of space-borne particle instrumentin energy range of 100 ~ 500 keV
	The Medium Energy Particle Detector in the range of 20 ~ 400 keV for the studyof space storm on NEXTSAT-1
	NEXTSat-1 Solar Array Design for Mission of Scientific and Space Core Technology Payloads

	SESSION W4JAdvances in Computational and Experimental Aerodynamics (Chongam Kim)
	Three dimensional meshless point generation technique for complex geometry
	Configuration design and aerodynamic performance of high altitudeand long endurance vehicle
	Multidisciplinary Design Optimization of Scientific Balloon Integrating Thermaland Dynamic Models
	Continuous adjoint approaches for the preconditioned Euler equations
	Efficient and accurate computations of phase-changing flowsin Thermal Vapor Compressor system
	Effect of leading edge bluntness on transitional heat transfer over double compression ramp
	Aerodynamic Design Optimization of UAV Rotor Blades using a Genetic Algorithm

	SESSION T2IFluid Dynamics
	Study of effect of a smooth hump on hypersonic boundary layer stability by using PSE
	Numerical Study of Rotor Blade Loads in High Speed Flight
	Numerical solution of hypersonic flow along the stagnation streamline of blunt body
	Efficient Unstructured Mesh Flow Solver Using Hamiltonian Paths and Strand Grids
	Exact Solutions to the Oblique Shock Wave Equation

	SESSION T3IFlight Mechanics in Air and in Space
	Hybridization of a gas turbine with a battery for an APU function
	Autonomous Navigation Algorithms Based on Improved CKF Filters
	Experimental Prototype of UAV Solvendus
	Preliminary Design and Mock-up’s Manufacturing of a Recoverable and Reusable Radiosonde
	Helium Injection Modeling for Propellant Densification
	Influence of Defects on Creep Behaviors of A Single Crystal Nickel-Base Superalloy
	Electrochemical evaluation of corrosion resistance of YSZ thin filmsfor the aeronautical industry
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