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A Nodal Infinite Meshfree Approach for Unbounded Problems

Kuan-Chung Lin", Ting-Wei Chen
National Chen Kung University, No.1 University Road, Tainan 70101, Taiwan

“E-mail: kelin@gs.ncku.edu.tw

Abstract

This research introduces a stable and efficient infinite meshfree approach for solving a half-space.
The half-space, defined as unbounded and bounded domains by an artificial boundary, is discretized
by an infinite meshfree method and a nodally-integrated reproducing kernel particle method,
respectively. Using the infinite meshfree method, the size of the numerical model can be reduced to
save computation time. The shape function of infinite meshfree is constructed based on a
combination of a boundary singular kernel method (BSK) [1] and a dummy node approach. The
BSK is used to satisfy a Kronekerle delta property on artificial edges. The dummy node approach
with a Newton-Cotes integration method is used to model the infinite domain, similar to the infinite
element method [2, 3]. For meshfree methods, choosing a domain integration method in the
Galerkin weak form governs the stability and convergence of the solution. In this study, the nodal
integration method usually needs better accuracy and stable results in meshfree methods. These
issues have been addressed using naturally stabilized nodal integration [4] and variational
consistency conditions [5]. The responses without a self-oscillation frequency are investigated.
Finally, some conclusions are made and discussed by comparing the obtained results with the
corresponding analytical solutions.

Keywords : meshfree methods, nodal infinite meshfree approach, unbounded problems, infinite

domain, naturally stabilized, variational consistency conditions
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Angular Basis Functions for Solving Two-Dimensional Boundary Value
Problems

Chung-Lun Kuo **, Pai-Chen Guan 2
Center of Excellence for Ocean Engineering, National Taiwan Ocean University
Department of Systems Engineering & Naval Architecture, National Taiwan Ocean University
*E-mail: ejil215@gmail.com

Abstract
In this study, we propose a series of angular basis functions for solving the 2D boundary value
problems governed by different elliptic differential operators. The proposed algorithm is a boundary
type meshless method which the basis function satisfies the governing equation automatically.
Instead of using radial basis function in method of fundamental solutions, we adopts angular basis
function to obtain the numerical solution. Several examples are provided to demonstrate the validity
and accuracy of the proposed method. Similar to other boundary type meshless method, the

proposed scheme is easy to implement and performs very high accuracy.

Keywords : angular basis functions; boundary type meshless method; method of fundamental

solutions; boundary value problems
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A Stabilized Reproducing Kernel Enhanced Material Point Method for
Geomechanics with Fragmentation

Cameron Rodriguez, Tsung-Hui Huang”, Sung-Han Yu
Department of Power Mechanical Engineering, National Tsing Hua University, Hsinchu

“E-mail: thhuang@mx.nthu.edu.tw

Abstract

Modeling geomechanics applications such as explosive mining, rock cutting, or
gas-emission-induced ground explosion poses significant challenges for conventional mesh-based
simulation. This is primarily because they are often unable to efficiently model fragmentation due to
their susceptibility to mesh distortion. Particle methods, like the material point method (MPM),
have been shown to efficiently model various types of geomechanics problems but often suffer from
low accuracy and pressure instability due to immature domain integration. Because particle
locations are independent from the background grid, they are suboptimal points for numerical
quadrature. We present an enhanced material point framework which incorporates the reproducing
kernel (RK) approximation as well as a variationally consistent integration (VCI) technique and
shows increased accuracy and robustness for modeling various geomechanics applications induced
by blast explosion. Appropriate stabilization for shock wave dynamics or undrained conditions
would be considered and discussed. The effectiveness of the proposed framework is demonstrated
through various benchmark numerical examples.

Keywords : Geomechanics, Material Point Method, Variationally Consistent Integration,

Reproducing Kernel Approximation, Blast Event
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A Stabilized Reproducing Kernel Enhanced Material Point Method for
Geomechanics with Fragmentation

Tsung-Yeh Hsieh, Yang-Ming Tsai, Tsung-Hui Huang”
Department of Power Mechanical Engineering, National Tsing Hua University, Hsinchu

“E-mail: thhuang@mx.nthu.edu.tw

Abstract

Physics-informed neural networks (PINNSs) have gained prominence for their potential in advancing
partial differential equations (PDEs) solvers through machine learning algorithms. Its meshfree
discretization facilitates flexible spatial and temporal decomposition, sidestepping mesh intricacies
and numerical timestep selection. The global deep neural network within PINNs excels in capturing
intricate nonlinear solution behaviors, from discontinuities to singularities and turbulence. However,
when tackling shock physics, these approaches face challenges tied to conventional
collocation-based PDE discretization. We present an enhanced PINN approach for modeling shock
wave problems, incorporating multiscale methods, entropy control, and total variational diminishing

(TVD) regularization. Our methods are benchmarked by various Riemann problems.

Keywords : Physics Informed Neural Networks, Shock Wave, Multiscale Method, Entropy Control,
TVD Regularization
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An Inverse Finite Element Method incorporated with Strain Interpolation
Techniques on Structural Health Monitoring

Chu-Mou Hsiao !, Min-Yi Xie !, Ming-Jyun Dai **
! Department of Systems and Naval Mechatronic Engineering, National Cheng Kung University,
Tainan, Taiwan

*E-mail: mjdai@gs.ncku.edu.tw

Abstract

An inverse finite element method (iFEM) is presented to monitor structural deformations of
thin-walled structures based on strain sensor data without external load and material information. In
the iIFEM framework, a singular stiffness matrix commonly arises with an insufficient number of
strain sensors and inappropriate sensor layouts. Therefore, a numerical study in shape-sensing of
thin-walled structures is implemented by using the IFEM approach incorporated with strain
interpolation techniques to determine the optimal sensor layouts subjected to different types of
loading conditions. It is found that the proposed approach can effectively reconstruct full-field
structural deformations with minimum strain sensors. Overall, the proposed approach exhibits great
potential in the structural health monitoring field.

Keywords : iFEM, Structural health monitoring, Strain sensor, Interpolation technique
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Mechanical Properties of Chemically Complex Ultraelastic Alloy Using Machine
Learning-enabled Potential Energy Model

Po-Yu Yang, Cheng-Lun Wu*, Chun-Wei Pao
Research Center for Applied Sciences, Academia Sinica, Taipei 11529, Taiwan

*E-mail: wu780330@hotmail.com

Abstract

The challenge of modeling intricate alloys has ignited innovative simulations. Despite their
pivotal applications, these alloys' mechanical properties remain elusive due to quantum limitations.
Leveraging the power of machine learning (ML), we've harnessed the spectral neighbor analysis
potential (SNAP) to delve into the ultraelastic Co25Ni25(HfTiZr)50 alloy. Our ML- enabled
potential model, fine-tuned through energy and force data from density functional theory (DFT),
with meticulous calibration using a Bayesian optimizer, this model adeptly predicts energies and
atomic forces akin to DFT calculations. Extensive of large-scale molecular dynamics simulations,
involving over 105 atoms, have been executed to unveil deformation and dislocation dynamics in
nanowires and bulk structures. These simulations reveal an amorphous shear band-like domain that
forms after dislocation pinning, aligning with experimental observations. Our study underscores
SNAP's capability to achieve quantum-level precision in intricate alloys of five elemental

constituents, providing profound insights into their deformation mechanisms.

Keywords : spectral neighbor analysis potential, density functional theory, Bayesian optimizer,

LAMMPS
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Quantum Machine Learning Frameworks for Predicting Potential Energies of
Complex Material Systems

Hsu-Kai Cheng”, Chun-Wei Pao, Po-Yu Yang
Research Center for Applied Sciences, Academia Sinica, Taiwan

*E-mail: kaicheng0108@gmail.com

Abstract

Construction of potential energy surface is often a crucial step for modeling and thus gaining
insights into thermodynamic and kinetic behaviors of a material system with atomistic resolution.
Constructing potential energy surface using first principles techniques like density functional theory
(DFT), is usually computational demanding, leading to limited explored configurations as well as
limitation on the allowed system sizes. The machine learning-enabled potential energy models such
as the artificial neural network model have drastically reduced the computational demands, enabling
evaluation of potential energy of a given material system order of magnitudes faster in time and
larger in size while retaining the relative fidelity with respect to DFT. However, in most of the
ML-based potential energy models, the system potential energy is assumed to be partitioned into
individual atomistic contributions, which is a rather arguable approximation from DFT perspective.
Hence, in this study, we propose the possibility of leveraging quantum machine learning to predict
the potential energy of a material system to lift the energy partition approximation. Two quantum
machine learning frameworks are constructed to predict potential energy of complex alloys, namely,
the quantum convolutional neural network and the quantum deep neural network. By harnessing a
novel binning approach to renormalize the atomic descriptor vectors, it is possible to train a data-
and parameter-efficient quantum machine learning model that yields high prediction accuracy for
systems of arbitrary sizes. The present study therefore projects a promising strategy for predicting
the potential energy of a complex material system through quantum machine learning, which can

become increasingly powerful with more qubits available.

Keywords : Quantum machine learning, Chemically complex alloy, DFT, Atomic fingerprints
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Computational design of organic materials in optoelectronic applications

Kun-Han Lin*

Department of Chemical Engineering, National Tsing Hua University,
Hsinchu City 300 Taiwan

*E-mail: kunhan.lin@mx.nthu.edu.tw

Abstract

Organic materials have been widely used in various optoelectronic applications, such as
organic light-emitting diodes (OLEDs) and solar cells, owing to their low cost, flexibility and
low-temperature and solution processability. In addition, the versatility of synthetic organic
chemistry offers possibilities for tailoring organic materials for specific applications. In this context,
computational modeling allows us to truly exploit the power of organic synthesis by providing us (i)
low-cost and reliable prediction of target properties and (ii) better understanding of the
structure-packing-property relationship (SPPR). In this talk, 1 will present how computations can
help in accelerating the discovery pace of organic materials in three applications: (i) hole transport
materials in perovskite solar cells, (ii) thermally activated delayed fluorescence (TADF) emitters for
single-layer OLEDs, and (iii) non-fullerene acceptors for organic photovoltaics.

Keywords : Computational material design; organic optoelectronic materials; multiscale simulations;

charge carrier mobility
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Beyond the LiC6 Composition: Revisiting the Storage Capacity Limit of
Graphite by Using Hybrid Machine Learning Potential Model

Po-Yu Yang*", Chun-Wei Pao !
'Research Center for Applied Sciences, Academia Sinica

“E-mail: winniebird0519@gmail.com

Abstract

Graphite is one of the most widely used negative electrode materials for lithium ion batteries
(LIBs) Nowadays, the market is still looking for fast-charging, safe and performant LIBs, which
drive the exploration and promotes the fundamental investigations to break through the storage
capacity limit of graphite. Upon electrochemical lithium intercalation during charging, the
established upper limit for reversible lithium storage capacity in graphite is acknowledged as
forming LiC6 compounds and corresponds to a theoretical capacity of 372 mAh/g. Recent studies
have suggested that the capacitance of graphite can potentially exceed this theoretical limit under
ambient conditions. However, there remains a significant gap in our understanding of the intricate
mechanisms governing overlithiation phase formation and the dynamic processes involved in
lithium intercalation.

Herein, we proposed a hybrid machine learning potential model by combining the empirical
potentials and the machine learning (ML) based potential energy model. This model is trained based
on a series of atomistic configurations from density functional theory (DFT) calculations, covering
a wide variety of stages of lithiation, including pure lithium metal, lithium plating, and overlithiated
graphite intercalation compounds such as LiC2. The present study demonstrates that the hybrid
machine learning approach could further extend the scope of machine learning energy models,
allowing us to investigate the lithium intercalation into graphite over a wide range of intercalation
capacity to unveil the underlying mechanisms of lithium plating, diffusion, and discovery of new
dense graphite intercalation compounds for advanced LIBs with high charging rates and high
energy densities.

Keywords: Graphite Intercalation Compound, Hybrid Machine Learning Potential Model
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Atomistic Simulation Study on the Short-range Chemical Ordering and
Dislocation Behaviors in the Refractory NbTaTiV High-Entropy Alloy

I-Che Cheng and Chin-Lung Kuo”
Department of Materials Science and Engineering, National Taiwan University

*E-mail: chinlung@ntu.edu.tw

Abstract
We employed first-principles calculations and MEAM modeling to investigate the short-range
chemical ordering and dislocation behaviors in the NbTaTiV RHEA. Our first-principles
calculations showed that the thermodynamic stability of this HEA can be greatly enhanced by
increasing the number of Ta-V pairs while decreasing the number of V-V and Ta-Ti pairs within the
alloy, indicating the tendency to form short-range chemical ordering in the NbTaTiV RHEA. Our
MEAM simulations further showed that the average core energy of dislocations in the NbTaTiV
RHEA is substantially lower than their constituent elements, indicating a relatively higher
dislocation density with a reduced mobility in RHEA than in other BCC metals. It was also found
that the average dislocation core energy in RHEA with local chemical ordering is comparable to
that within the SQS structure. However, some core structures with extremely low energies were
identified, which can effectively hinder the motion of dislocation to enhance the mechanical

strength of the NbTaTiV RHEA.

Keywords : NbTaTiV RHEA, short-range chemical ordering, first-principles calculations, MEAM

modeling
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Layer distribution study in 2D Ruddlesden-Popper perovskites from large-scale
hybrid Monte Carlo simulations enabled by machine learned energy model

Svetozar Najman 1", Po-Yu Yang ?, Yi-Xian Yang 2, Chien-Cheng Chang 3, Tiffany Hsin-Yi Chen *,
Chun-Wei Pao'?®
!Research Center for Applied Sciences, Academia Sinica, Taipei, Taiwan
2Taiwan Semiconductor Manufacturing Corporation, Hsinchu, Taiwan
3Institute of Applied Mechanics, National Taiwan University, Taipei, Taiwan
“Department of Engineering and System Science, National Tsing Hua University, Hsinchu, Taiwan
®Department of Photonics, National Yang Ming Chiao Tung University, Hsinchu, Taiwan
*E-mail: najman@gate.sinica.edu.tw

Abstract
2D layered perovskite material exhibits increased stability in environmental conditions compared to
its 3D counterpart. In addition, due to layered nature, its optoelectric properties can be easily
tailored through stoichiometric ratio of perovskite and spacer components. However, the
performance of 2D perovskite based photovoltaic and optoelectronic devices is lower compared to
those of their 3D lead halide perovskites, in part due to the non-uniform perovskite layer
distribution between intercalated hydrophobic large organic molecule spacer bilayers which has
been observed in several experimental studies. In this work, we explore the relationship between the
temperature and spacer layer type, namely butylammonium (BA) and phenethylammonium (PEA),
and layer distribution within 2D layered perovskites. We trained quantum-accurate
machine-learning enabled inter-atomic Spectral Neighbor Analysis Potential (SNAP) from carefully
selected ab-initio molecular dynamics (AIMD) trajectories, which is successfully tested under
canonical ensemble, enabling accurate sampling in wide phase space area. The trained energy
model based on SNAP scheme was deployed within in-house developed hybrid Monte Carlo layer
exchange code to study the influence of different processing temperatures on 2D perovskite
material microstructure. Our large-scale atomistic simulations revealed both temperature and spacer
type dependent non-uniform layer distribution. Hence, our study presented a viable scheme which
could be employed to extract the microstructure details of 2D perovskites in particluar and other

complex materials in general.

Keywords : 2D perovskite, machine learning potential, Monte Carlo method

34



Phase field modeling of microstructural evolution during laser processing

Guo-Chi Li'", Shih-Kai Chien?, and Chuin-Shan Chen?
! Department of Civil Engineering, National Taiwan University, Taipei, Taiwan
2 Southern Region Campus, Industrial Technology Research Institute, Tainan, Taiwan

*Presenter, e-mail: d10521013@ntu.edu.tw

Abstract
Laser melting processes and solidification, commonly occurring in laser welding and metal additive
manufacturing, are gaining increased attention. The laser source heats the metal to the melting point
in the laser melting process, forming the melting pool. Then, the melting pool solidifies, resulting in
different microstructure. By varying the processing parameters, different microstructures form.
Understanding the influence of these parameters on the microstructure is essential for improving the
mechanical properties of the welded structure or additive manufacturing components. This study
uses a phase-field method to model the laser melting and solidification processes. We use the
open-source software MOOSE (Multiphysics Object-Oriented Simulation Environment) to
investigate solidification under different boundary conditions. The SPH (Smoothed-Particle
Hydrodynamics) simulation provides the temperature boundary value for the phase-field model.
The results show that temperature evolution strongly affects the growth of the dendritic structures
and, consequently, the resulting microstructures. The influence of process parameters on

microstructures and mechanical properties is also investigated.

Keywords : Laser melting, solidification, grain growth, phase-field method, MOOSE
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Very high dislocation density in advanced alloys

Hung-Wei (Homer) Yen", Binbin He?, Guan-Ju Cheng?, Yi-Hsuan Sun!, Mingxin Huang?
!Department of Materials Science & Engineering, National Taiwan University, Taipei, Taiwan
2Department of Mechanical Engineering, the University of Hong Kong, Hong Kong

*E-mail: homeryen@ntu.edu.tw

Abstract
In metals, high dislocation density is demanded for strain hardening in plastic deformation.
However, high dislocation density easily causes strain localization, which initiates crack formation.
This paradox limits the development of high-stregnth and high-ductility materials. This presentation
includes three topics. (1) A extremely high dislocation density (> 10'® m™) is introduced into a
newly-developed steel named the D&P steel. Such a high dislocation density enables mobile
dislocation avalanche, which contributes on a large local plasticity. Hence, we create a very strong
(yield strength > 2 GPa) but ductile (elongation > 15%) steel with this idea. (2) The novel
structural-chemical characteristics allows high dislocation density in high-entropy alloy (HEA)
under deformation. We apply this principle in understanding fatigue behavior of CoCrFeMnNi HEA.
It is found that dislocation aggregates is benifit for the formation of super dislocation cell. Crack
propagation along the cell boundaries contributes to a low crack propagation rate (da/dN), leading
to excellent resitance to fatigue failure. (3) Recently, we employ a novel approach to reaching a
high capability of dislocation storage (> 5 x 10® m™) in high-entropy steel (HES) in common
tensile tests. This approach is realized by cooperative behavior between geometrically neccessary
dislocaiton (GND) and deformation twin (DT). A strong and very ductile HES is developed via the
GND-DT cooperation. In summary, a high disloation density is desired when its evolution is well

understood and controlled.

Keywords : dislocation ; steel ; high-entropy alloy ;high-entropy steel ; stregnth ; ductility
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Ab Initio Calculations for Halide Solid Electrolytes

Chi-Hsuan Lee'*, Kuei-Hsien Chen?, & Chun-Wei Pao!
! Research Center for Applied Sciences, Academia Sinica, Taipei, Taiwan
2 Institute of Atomic and Molecular Sciences, Academia Sinica, Taipei, Taiwan
*E-mail: frankreichparis@gmail.com

Abstract

Lithium halides LisMXes (M = trivalent metal; X = Cl and Br) constitute a promising category of
solid electrolytes, characterized by exceptional electrochemical stability and other desirable
properties for all-solid-state batteries. This study aims to propose a material design strategy for
lithium halides in high-voltage all-solid-state Li-ion batteries by comprehensively investigating
crystal structures, phases, electronic properties, and ionic conductivities. First-principles
calculations unveil the significant impact of varying compositional ratios between M and X on the
structural properties and stabilities. The evaluation of Li-ion conductivities was conducted using
ab-initio molecular dynamics calculations, which were enhanced by active machine learning
algorithms in advance. Moreover, the replacement of M3 with Zr*" induces Li vacancies, thus
amplifying Li-ion conductivities and triggering a phase transition.

Keywords: ab-initio molecular dynamics, ionic conductivity, structural properties.
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Phosphate release pathway of dynein ATPase

Pei-Cheng Li !, Yu-Bai Xiao !, Shu-Wei Chang 2"
!Dept. of Civil Engineering, National Taiwan University/ Taipei 10663, Taiwan, R.O.C.
2Dept. of Biomedical Engineering, National Taiwan University/ Taipei 10663, Taiwan, R.O.C.

* E-mail: changsw@ntu.edu.tw

Abstract
Dynein is a motor protein with six AAA+ domains, it moves along microtubules in cells and plays
an important role in transporting intracellular cargos. The motility is generated through an
ATPconsumingcycle in the AAA+ domains. The movement of dynein is coupled to the ATP
hydrolysis cycle at AAAL, and the mechanism requires AAA3 to be in a post-hydrolysis state
(ADP-Pi or ADP). To further discuss the behavior of hydrolysis products release, we implement
metadynamics simulation to search for the possible release pathway of Pi (H2PO4) at AAAL and
AAAZ3. The potential of mean force (PMF) obtained from the simulation is then used to calculate
the lowest cost path at the two sites. By summarizing the results, we can compare the Pi release

pathway and energy barrier between the two domains and deliberate the mechanism.

Keywords : dynein; motor protein; molecular dynamics simulation; metadynamics
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Molecular Dynamics Studies on Bridged Structures in Ultrathin 2D MoS2 for
Enhancing Toughness

Chang-Chun Chang ", Chi-Hua Yu .2

! Program on Smart and Sustainable Manufacturing,Academy of Innovative Semiconductor and
Sustainable Manufacturing, National Cheng Kung University
2 Department of Engineering Science, National Cheng Kung University

*E-mail: m56114036@gs.ncku.edu.tw

Abstract
2D materials possess highly functional properties due to their unique mechanical, thermal, and
electrical features, positioning them as essential building blocks for future ultrathin, flexible
electronics. However, they are prone to fracturing due to flaws or defects, highlighting the
significance of enhancing their toughness for practical applications. In this context, we introduce
architected defects to 2D materials and investigate their fracture behavior through molecular
dynamics simulations. This study specifically focuses on architected defects in the form of bridges
within these materials.
We create pristine MoS> samples with rectangular-shaped defects of varying widths and lengths,
aiming to explore their impact on the strength and behavior of 2D MoS,. All molecular dynamics
(MD) simulations are conducted utilizing the Large-scale Atomic/Molecular Massively Parallel
Simulator. The atomic structures and stress distributions are visualized using the OVITO software.
Our findings indicate that the length of defects in the form of parallel bridges significantly
influences fracture toughness. Longer bridges exhibit the ability to notably enhance the toughness
of MoS2. This strategic approach offers a means to augment the toughness of 2D materials without
introducing foreign substances or altering material chemistry. As a result, it presents a universal
method for enhancing their mechanical properties.

Keywords : MoS,, defects, energy dissipation, bridged structure, fracture toughness, molecular
dynamics
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Low-frequency band-gap seismic metamaterial using dual-layer tube-type
resonators

Yuan-Yo Lo, Nathan Wenzel *, Tung-Yu Wu **, Shiang-Jung Wang 2
!Department of Civil Engineering, National Taiwan University, Taipei, Taiwan
2Department of Civil and Construction Engineering, National Taiwan University of Science and
Technology, Taipei, Taiwan

“E-mail: tungyuwu@ntu.edu.tw

Abstract

Seismic metamaterials have been widely developed in recent years as an innovative approach to
earthquake-resistance technology. Artificial structures are constructed to manipulate incoming wave
propagation, resulting in the formation of frequency regions known as frequency band gaps, in
which the waves are blocked from reaching the safeguarded buildings. However, currently, seismic
metamaterials face two major obstacles: (1) the band gap frequency generated is relatively higher
than the primary frequency of earthquakes, and (2) the lack of metamaterials designed specifically
for body waves. To address these drawbacks, we propose a new low-frequency (0.35Hz - 1.5Hz)
seismic metamaterial unit purposefully to attenuate body waves using a dual-layer tube-type
resonator. The number of unit cell rows and the manner of ordering are analyzed to determine the
most favorable arrangement of metamaterial units for optimal wave reduction effect. The simulation
results show that an arrangement consisting of four consecutive metamaterial units is the most
economical. Moreover, the ground response analysis using actual ground motion records
demonstrates that the proposed metamaterial units can reduce the spectral acceleration by half for
frequency falling within the band gap, further substantiating the significant potential of the
envisaged resonator.

Keywords: Seismic metamaterial, local resonance, finite element analysis, band gap
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Controlling and Generating Three-Dimensional Bioinspired Microstructures
Using Transformer-Based Generative Adversarial Network

Yu-Hsuan Chiang?, Bor-Yann Tseng?, Chi-Hua Yu?, Chuin-Shan Chen??
! Department of Civil Engineering, National Taiwan University, Taipei, Taiwan
2 Department of Engineering Science, National Cheng Kung University, Tainan City 701, Taiwan
3 Department of Materials Science and Engineering, National Taiwan University, Taipei, Taiwan.

* Presenter, e-mail: r10521605@ntu.edu.tw

Abstract

Biomaterials are distinguished by their excellent material properties, largely attributable to their

intricate  microstructures. These properties make them particularly attractive for creating
highperformance materials with diverse functionalities. This research focuses on the generation of
bioinspired microstructures with predetermined characteristics. Our approach amalgamates
AutoEncoder, Transformer, and Generative Adversarial Network (GAN) concepts, resulting in
AETransformer-GAN. This innovative framework learns from sequential images and generates
threedimensional bioinspired microstructures. Further advancements encompass a conditional
model variant trained with conditional labels for refined generation control. This approach provides
a highly efficient generative methodology for generating bioinspired microstructures, paving the

way for designing previously unexplored hybrid microstructures with targeted properties.

Keywords - Bio-inspired Microstructure, Generative Adversarial Networks, Transformer
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Non-reciprocity and non-Hermiticity in the linear responses of metamaterials

Yun-Che Wang?, Yasothorn Sapsathiarn?
! Department of Civil Engineering, National Cheng Kung University, Tainan, Taiwan, 70101
2 Department of Civil and Environment Engineering, Mahidol University, Thailand

E-mail: yunche@ncku.edu.tw, yasothorn.sap@mabhidol.ac.th

Abstract
The homogenized properties of metamaterials can be affected by their geometrical shape, topology
and constituent’s material properties. As an example, the effective Young’s modulus of the
metamaterial can be made different in tension and compression, hence reciprocity fails in this
regard. Non-reciprocal coupled-field properties have also been realized. In contrast to
non-reciprocal yield stress due to the Bauschinger effects, which is caused by dislocation structures
in crystalline materials, the effects of microstructure or internal energy sources are responsible for
the non-reciprocity in the linear responses of metamaterials. In addition to the non-reciprocal
phenomena, the metamaterials can also be made non-Hermitian due to the presence of internal
energy sources. As an example, negative-stiffness induced extreme effective Young’s modulus of
metamaterials has been demonstrated, as well as their extreme coupled-field properties. In this talk,
the non-reciprocity and non-Hermiticity in metamaterials will be discussed, and their exceptional
points (EP) in homogenized properties will be emphasized. Such metamaterials may be found
exceptionally useful in mitigation of vibration in seismicity, as well as noise reduction.
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A Deep Learning Empowered Smart Representative Volume Element Method
for Long Fiber Woven Composites

Mao-Ken Hsu ', Chi-Hua Yu *?

! Department of Engineering Science, National Cheng Kung University, Tainan City, Taiwan
2 Program on Smart and Sustainable Manufacturing, Academy of Innovative Semiconductor and
Sustainable Manufacturing, National Cheng Kung University, Tainan City, Taiwan
*E-mail: asal105tim@gmail.com

Abstract
In response to the global trend of carbon reduction over the last few years, various industries have
gradually begun research, design, and production of carbon fiber composite materials. The
mechanical properties of woven fiber composites can be obtained by using simulation analysis
software, which can reduce unnecessary waste during design and manufacturing. However,
difficulties arise in the simulation analysis due to the complexity of the weaving method. With
many research teams starting to implement artificial intelligence (Al) technologies in recent years,
which has been widely used to overcome long-standing obstacles in many different fields. We
implement a convolutional neural network (CNN), a deep learning method, to establish a model that
utilizes a representative volume element for the prediction of the mechanical properties of a woven
fiber composite material. The predictive model significantly streamlines the computational
complexity involved in analyzing woven composite materials, resulting in a substantial reduction in
processing time compared to conventional methods. Unlike traditional finite element simulations,
which necessitate intricate boundary conditions and interactions on a case-by-case basis, our
research simplifies these complex procedures and accommodates a wide range of scenarios. This
research offers substantial advantages for industrial manufacturing, particularly in the design and

mass production of woven fiber composite materials.

Keywords : finite element method, deep learning, representative volume element, carbon fiber

woven composite material, mechanical properties.
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Non-monotonicity in time-dependent Poisson’s ratio of metamaterials

Yu-Ching Lai, Yun-Che Wang”
Department of Civil Engineering, National Cheng Kung University, Tainan, Taiwan, 70101

*E-mail: yunche@ncku.edu.tw

Abstract

The topology and geometry of metamaterials strongly affect their effective Poisson’s ratio. For
isotropic, homogeneous and purely elastic metamaterials, their Poisson’s ratio in the range of -1 and
0.5 is attainable. For viscoelastic materials, their Poisson’s ratio is a monotonic function in time
domain. In this work, the time-dependent effective Poisson’s ratio of metamaterials is investigated
for its non-monotonicity under the creep or stress relaxation process. The metamaterials may lose
and regain their auxetic properties , i.e. negative Poisson’s ratio, as time increases. Changes in
microstructure inside the metamaterials during the time-dependent deformation are responsible for

the non-monotonic behavior in their effective Poisson’s ratio.

Keywords: metamaterials, negative Poisson’s ratio, auxetic properties, viscoelasticity
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Manipulation of acoustic wave propagation through the design of metamaterials

Chien-Chun Shen, Tse-Chun Liao, Yun-Che Wang”
Department of Civil Engineering, National Cheng Kung University, Tainan, Taiwan, 70101

*E-mail: yunche@ncku.edu.tw

Abstract

Reduction or amplification of acoustic waves in their amplitude is of practical importance in
engineering applications. Through the design of the topology and geometry of metamaterials, we
show the reflection and transmission of acoustic wave can be manipulated. In addition to the control
of bandgaps, the incorporation of the Helmholtz resonators in the metamaterials provides additional
degrees of freedom to design the metamaterials to largely increase energy absorption, hence reduce
noise. Our work here demonstrates the feasibility of using metamaterials to manipulate the
propagation of acoustic waves for real-world applications.

Keywords: metamaterials, acoustic wave, Helmholtz resonator, design
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Study of electromagnetic wave propagation in metamaterials

Chenghsuan Wei, Tse-Chun Liao, Yun-Che Wang”
Department of Civil Engineering, National Cheng Kung University, Tainan, Taiwan, 70101

*E-mail: yunche@ncku.edu.tw

Abstract
In this work, the propagation of electromagnetic wave in metamaterials are investigated. The
topology and geometry of the microstructure of the electromagnetic metamaterials can be designed
to obtain particular effects. For electromagnetic waves in the microwave frequency range, we show,
through metamaterial design, the heating capability can be largely enhanced. There is a wide range
of applications for such heating capability in food or other industries. Parametric design of the
electromagnetic metamaterial will be discussed.

Keywords: metamaterials, electromagnetic wave, microwave heating
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Prediction of Li-dendrite growth with physics-informed neural network and
transformer model

Yi-Chia Han ", Chun-Wei Pao?, Chih-Hung Chen?
'Research Center for Applied Sciences, Academia Sinica, Taiwan
2 Institute of Applied Mechanics, National Taiwan University, Taiwan

*E-mail: yichiahan@gmail.com

Abstract

Lithium-dendrite growth at anodes has long been a well-known constraint limiting the development
of lithium-ion batteries. Gaining better insights into dendrite growth mechanism is therefore a
challenging yet pivotal task. Although phase-field models (PFM) serve as an effective numerical
approach for modeling Li dendrite growth behaviors compatible with experiments in time and
length scale, seeking for a computationally efficient scheme as a surrogate model is still imperative
owing to the computationally demanding fine meshes required for PFM. Recently, deep learning
(DL) has shown promising potential in learning dynamical systems. Herein, we present two DL
models to capture the spatial and temporal evolution of Li dendrite growth, ion concentrations, and
electrostatic potential of Li metal anode upon charging. The first model integrates the
physics-informed neural networks (PINNs) with PFM. We train our PINNs model to learn PFM
with imposed governing equations and boundary conditions so as to retain consistency with physics
laws over training. In the second model, we develop a transformer, originated from Natural
Language Processing (NLP), for the prediction of dynamic evolution of lithium dendrite growth.
We use embedded dynamical systems as input sequences and predict Li deposition based on past
time steps with stochastic initial conditions. The outcomes of both models yield notable consistency
with those from numerical models. While additional endeavors are required to dive deeper into the
application of deep learning in PFM, our findings propose an alternative platform for studying
phase-field of Li-dendritic morphology.

Keywords : Physics-informed neural networks, Transformer, Lithium deposition
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Toward microstructural generalization: a hybrid GNN-DMN model for
multiscale materials modeling

Tung-Huan Su!", Jimmy Gaspard Jean !, Szu-Jui Huang !, Chuin-Shan Chen 12
! Department of Civil Engineering, National Taiwan University
2 Department of Materials Science and Engineering, National Taiwan University

*E-mail: caedbwind95@caece.net

Abstract

Designing complex materials requires comprehensive understanding of their mechanical
behaviors, which gives rise to extensive research in multiscale materials modeling. Machine
learning- based multiscale materials modeling seeks to speed up multiscale modeling and
time-to-solution predictions of material behaviors. The deep material network (DMN) is one such
model that stands out due to, on one hand, it only needs to be trained on linear elastic data and yet
can be used to predict nonlinear material behaviors. On another hand, it has micromechanics
building blocks with explainable parameters and hence makes DMN applicable to classes of
microstructures. However, the DMN model can only be confidently used for the specific
microstructure it was fitted on. Research works on this limitation however rely on rule-based
interpolation strategies. In this work, we adopted a data-driven point of view to tackle this
microstructural generalization issue. We cleared this roadblock by introducing graph neural network
(GNN) to learn microscopic details of materials through their graph representation. This learned
information is used to generate an appropriate DMN for each microstructure, and predict
homogenized nonlinear material behaviors. This entire process is integrated under a single umbrella
which we term as a hybrid GNN- DMN model. Examples demonstrate the validity and reliability of
the approach, even when it comes to the prediction of material responses for microstructures unseen

during training.

Keywords : Deep material network, Graph neural network, Graph-based mechanistic deep learning,

Multiscale modeling
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A Deep Learning Enhanced Multiscale Modeling for Materials involving
Micropores, Heterogeneities, and Micro-Cracks

Tsung-Hui Huang ¥, Yan-Zhen Chen?, Chu-Hao Wang?, Tsung-Yeh Hsieh?, Yu-Chun Chou?, Cheng-
Che Tung?, Po-Yu Chen?
! Department of Power Mechanical Engineering, National Tsing Hua University, Hsinchu
2 Department of Materials Science and Engineering, National Tsing Hua University, Hsinchu

*E-mail: thhuang@mx.nthu.edu.tw

Abstract

This presentation addresses challenges in multiscale modeling of some engineering materials, where
direct numerical simulation (DNS) faces obstacles due to microscopic defects, heterogeneities, and
the curse of dimensionality, leading to computationally intensive processes. To address these issues,
we present a multiscale neural network enhanced finite element method (NN-FEM). This involves
employing a pre-trained neural network on microstructure representative volume elements (RVES)
to construct a homogenized surrogate model tailored for macro-scale scenarios. Moreover, an
energy bridging equation is formulated to establish a connection between the macroscale continuum
with microstructures. The performance of the proposed NN-FEM is validated by solving a series of

material examples involving micropores, heterogeneities, and micro-cracks, demonstrating superior

computational efficiency and efficacy compared to the DNS results.

Keywords : Multiscale Modeling, Deep Learning, RVE, Microstructure, NN-FEM
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Simulating High Re Flow Fields using Data Assisted PINN

Adhika Satyadharma®®, Ming-Jyh Chern!, Heng-Chuan Kan 2
! National Taiwan University Science and Technology, Taipei, Taiwan
2 National Center for High Performance Computing, NARLabs, Tainan, Taiwan

*E-mail: adhika.s33@gmail.com

Abstract
While physics informed neural network does allow the result of a neural network to obey physical
laws, by just relying on the governing equation loss and boundary loss, its usage is usually limited
for low Re flows. For higher Re, in order to resolve the flow field properly it requires a significant
amount of collocation points, increasing its computational load. This study would focus on using
several velocity measurements data in order to assist the PINN convergence, significantly lowering
the collocation points requirement, thus allowing the simulation on high Re flows in a reasonable
time frame. This approach is tested in 2 dimensional cavity flow at Re = 200, 1000 and 5000 with O
to 49 paired u, v velocity data. The results shows that by using more data, the collocation points
requirement to obtain the same accuracy is reduced. For Re = 200, this approach allows the
simulation to be conducted 7.4 times faster and for Re = 1000, the simulation could be more than 40

times faster.

Keywords : Physics Informed Neural Network, Data Assimilation, Cavity Flow
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Deep Learning Model to Predict Dendrite Structures Growth

Bor-Yann Tseng”, Chen-Wei Conan Guo, Yu-Chen Chien, Jyn-Ping Wang and Chi-Hua Yu
Affiliation Department of Engineering Science, National Cheng Kung University, No. 1, University
Rd., Tainan, 701, Taiwan

*E-mail: n98104036@gs.ncku.edu.tw

Abstract

The demand for highly specific and complex materials has made the development of controllable
manufacturing processes crucial. Among the numerous manufacturing methods, casting is important
because it is economical and highly flexible regarding the geometry of manufactured parts. Since
solidification is an important stage in the casting process that influences the properties of the final
product, the development of a controllable solidification process using modeling methods is
necessary to create superior structural properties. However, traditional modeling methods are
computationally expensive and require sophisticated mathematical schemes. Therefore, we propose
a deep learning model to predict the morphology of the dendritic crystal growth solidification
process, along with a reinforcement learning model to control the solidification process. By training
the deep learning model with data generated using the numerical phase field method, the structure
evolution of the solidification process could be successfully predicted. In addition to the structure,
the input of the deep learning model also includes numerical conditions to affect the generated
results. This condition is a parameter related to the degree of supercooling in the phase field
simulation. Furthermore, we designed the crystal growth structures to be altered by adjusting the
condition in the deep learning model by implementing reinforcement learning to control the
dendritic arteries. Reinforcement learning can make the generated structure have different
characteristics by giving different target conditions. This research opens new avenues for applying
artificial intelligence to the optimization of casting processes, with the potential to utilize it in the
processing of advanced materials and to improve the target properties of material design.

Keywords : casting, dendritic structure, generative model material, reinforcement learning,
solidificatoin
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Metamaterial Discovery for Attenuating Human-sensitive Acoustic Waves Using
Deep Learning

Chun-Tat Chan?, Ting-Wei Liu?3, Rih-Teng Wu'*
! Department of Civil Engineering, National Taiwan University, Taipei 10617, Taiwan
2 Nikola Corporation, Phoenix, AZ 85040, USA
3 School of Mechanical Engineering, Purdue University, West Lafayette, IN 47907, USA

*E-mail: rihtengwu@ntu.edu.tw

Abstract

Phononic metamaterials are engineered materials designed to exhibit specific acoustic properties,
often involving the manipulation of mechanical vibration propagation in solids. It is noteworthy that
the presence of a frequency band gap indicates the ability to hinder elastic waves within particular
frequency ranges. Depending on the intended application, it might require to block a different range
of frequencies. However, the design of metamaterials often requires a time-consuming and
inefficient trial-and-error process. Recent advances in deep neural networks (DNN) have shown the
capability

of solving various problems within a short amount of time, including inverse design. In this study,
we propose a deep-learning-based workflow for discovering phononic plate metamaterials with a
frequency band gap targeting human-sensitive acoustic noise. The forward calculations were
conducted using the Finite Element (FE) method, employing the Mindlin plate formulation.
Subsequently, a neural network was trained to perform inverse design. Results show that, with only
360 samples, the proposed DNN accurately achieves the target band gap with only 2% error, by
optimizing five parameters that control the geometry of the unit cell. Moreover, it is observed that
despite the predicted unit cell appears different from the ground-truth, the design from DNN still
meets the desired target band gap, leading to the discovery of new unit cell. The comparisons
between several baseline methods also demonstrate the robustness of the proposed approach.

Keywords : acoustic metamaterial; phononic crystal; noise control; deep learning; neural network;

band gap; metamaterial discovery

65



Bt Ao K ARIT B 2R 7 L e et

F el B G2
R B P RE A SRS ¥
I B R JE R SRR X

“E-mail: njwu@mail.ntou.edu.tw

K 2
KB LR - AR AR 0 B 0 S A A 4 B e 2
BURIS o 57403 8 7 0 4o f KOAE (WKNND G 5 % < 0 2 F % 20 3] fE pet 2 K #sis (KNND

O B shiR 0 AP c 7 /€ 2018 &£ 17 1p 3 2023 % 6 7 30 p £ 48,168 4 iF pF ik

ko HY N5 1891057 p# 4 cHFESE T > FL G A Btk ¥iEE B3
BB R4 RS G 2T APE e FY > AP SR RE 272435873 %

B e ke ik & 304 o 1 18 ficd R B IEIE_40%3% B T] 96% o im- s d § B4t k2
ek R R M A T ORISR RE R WAL TR S EF L AET

BT o

MAET AT AR A 4 Ll e i KBS (WKNND 3 8 3% Sy 2

66



NPEEY I R2HERY T RHERGBELREERER TR

Fld R
DR AR S S

“E-mail: ycliul9@gs.ncku.edu.tw

# =

PR Y B GRS RRR L BB R 0 TR P 4
R4 (Aoy) & FRELFRET R oG P AT R e g S £ (flux) >

5 5+A £ (fluence) 2, ™ 2. Aoy » 2R fipl3# & i 3u(test reactor) ense ik BB &5 % ¥ > %
EHRA R ME R RMEFRT IS A M ET O EFF BB AFELDEFED 80
AL LR FREHEEHET 21 AF e R AR ME ] 102 nfom® o §F 5
I e cNB RS BOREF RIP © F REFT 0 RA o Y PIREF Ry
BT LGP AR B ETY D2 AOVRIRSF BA R A0

VIRELE T AU

\““\ﬂ

SRR CERF GRS AR 0 PIRTERES Aoy A
ot (CM6~LC LD LG LH o LI) =R & - #Efredz Fmad & %

HE (Ptefpt) v iE » M RRE MR E-FHEIBC2ZFIIHT] o AFT T IR Pte/Pt HiE S A1

FHZPEEICE S S - RO PBEFY 2Ok E4[L2]-

MaEs CBEFY Y S F R e LR

$4 2 e

1. Y.-C. Liu, D. Morgan, T. Yamamoto and G. R. Odette, Acta Materialia, 256, 119144 (2023)
2. Y.-C. Liu, H. Wu, T. Mayeshiba, et. al. , npj Computational Materials, 8, 85 (2022)

67



B Grad-CAM AR 1 1 iF » f247 Fod ot il FRIBCL 2 402 & e E ATA

Mrek!, Mg Egrawda
"Bz S EIAIEE L S S
W o EFFIRE L S o

E-mail: changsw@ntu. edu. tw (i3t {4 %)

# £
*EG AED B * 1 Grad-CAM 2 2 > B ATV ALV R {IFE B EE T P RDBIA
Gged (GNN) B3 39 FRdpalil o 30 B3 30 m fEAI M et AR R g » X 18
# Guided Grad-CAM 12 2 3% i 274% o ¢ Neighborhood Score Redistribution = j i& {7 % # 7 4%
oA g BRI RRILIE A R RS R - B
Grad-CAM {5 A > A i3 = § 0= 2 b > - # B &0 G ATehpiie > ki
25 dsd TRl e AP B hkd T4 Fmo B gl A f
GNN #:3] > T * APl D= ZREFHRBRR AT P APRS DL A7 ki ¢ L4710
TLenhf 3 % 3t o IR H B2 L AP o e PF > 2 eniT > 2 Neighborhood Score Redistribution »
L i&- #H % Grad-CAM A Hcte? o & =0 & Feio iR § 8 R L H R B M ILNEEE o 48
B EE SR ¥ E ONN iy ALY U 0 52 FEERY kAT E o R

# GNN 3] s e if it it 4 > 5 { F e 2L SPEFT o

M 4£3# - Grad-CAM ~ Guided Grad-CAM ~ Neighborhood Score Redistribution ~ B]4¢ 5 4 % -

PR HARS TR AT LR

68


mailto:changsw@ntu.edu.tw

MS-06 Advances in Artificial Intelligence and Computer Vision for
Structural Health Monitoring, Autonomous Inspections and
Prognostic Assessments

Organizer: X p % 2432 3rd

No. Title Authors
S06-01 | & * 4 FH Y fesis TR B R & ¥ gL nteRlfesr | 5T, Hh= a8
Gk
S06-02 | i B E LR B2 IR & n’éﬁ-;}% A S R Hah 2, HREE, i L
S06-03 | % A%tV AL NAE ZpHE TR, 3 i
S06-04 frm}am%f—‘i’iiiéwﬁéﬂ&;ax AFT I < A
S06-05 | Story drift and damage level estimation of buildings EE, Bl kR4
using relative acceleration responses with multi-target
deep learning models under seismic excitation
S06-06 | f A T HEIEIFHTIGUFAE Y BRI FIRS | R R, M E, K2k, M
2P - T Y
S06-07 | B # E RC i RERE S AR R PR 23, LPE 1Az,
e B, SR R4
S06-08 | Rebar Spacing Inspection with Structure-informed Hung-Yi Chen, Shih-Jie
Features Segmentation and Its Practical Application Chuang, Tsung-Wei, Huang,
Yi-Hsiang Chen, Jacob J. Lin,
Chuin-Shan Chen
S06-09 | #& 5 EHERRGEE Rk Sl X EH SRR | ME, X E
FZRAF IR
S06-10 | #HFRIEHME* v X4 2 gz M |57 %, RFL, RFE, &
R L A i + ii
S06-11 |44 EFE T 4 AR T 6% "’fﬁi'ﬁfw\ﬁ B, R E A
S06-12 | T i FIE 2 3 i 2 AF R AR LA A Mip 3w, 3 B

69




RTPBREYIoUFFTARF R Y AE AR EE

%%%ﬁli%#%%ﬂz
lotmmirds WP @A & 4 A1 o8 %
2L s 4 REP BAg 1 A1pg

“E-mail: skhuang@nchu.edu.tw

B =
FHEE LR | (structural health monitoring > SHM ) 4r % WREEEE (structural integrity
management> SIM)Ap B 5 * 5 7 #FF RIS HMN LB EHTHEEF 2 T DL Rl ¥
Srerpl A 2 > 3 L DB Ry § AR PUILEARY 2 T A h A uliEae Y P4

AT ARG HRPIEEARY A4 BEEH B X ER AP %( diagnosis ){eFE & (prognosis)
WA FHB R R SRR e Ft o BRIk BB E SRV TRERE LS
TE BT * B EF Y (machine learning > ML) 17 2 B f P 1578 (270 % A% R AX T (7 >
AFTIELRNT - BANPEEV O HE LA RS B IR SRR L ¥ (neural
network » NN) = » N RA LT RIFET N Z LR AR AL 20 21 0 K
DEMERB I A D Lo B 4 4 % B ( human-in-the-loop -

HITL) £ ¥ kSUpR G ST Fphrendt Bho “7d Den= 2 i st A i B R st AL E > 7

SRR SR S Y LSRR E T

Mats t BB IR RYTHE O BEEY > A BREEY S EERR

70



BHTEIER B2 FRoai it hkinER S i3

A Y, HRE R #Risa 2
TR R ap A F s
2 ¢ B A AT

“E-mail: gllin@nkust.edu.tw

K =

#3 F £ e 2 % (Tuned Mass Dampers, TMD) & 3 i< jig * >t 1 ﬁi.%f?i%&ﬁéﬁ#lj o 2R
@ > TMD 2. jf & »icie 22 b 4 e & (frequency content) 7 & + cdp Bf > & #F 4 Gl id iy
R L Bk RS B JTMDmﬁﬁxﬁﬁMﬁ AL F 2o 0 B TMD e 3k
PR A AT ¥ - 2 G0 F A TMD el 87 3 B 5 4 8 g 2 4ol 2% s (detuning effect) »
T A A 5 R A SRR IR F > TMD st R ok il 2 oA e BT 2
o RAPF q BB TMD 2 BiRrca B RE B RINIERE S 0 BB B kb iR 2§
B E R TMD 223 2 3 41 (interaction) /% > ,% MEERE AE b4 (Er 2.7 5 TMD 2 R
o B H A2 GERRE (AT HOE) o AN BERIGH A E R 2Z D I A &R TMD
ARHL A B B R A d B L SR TMD &4 BT FIR sk

Vo o WEHIRD PSR M7 0 AP TERL S ET 0T h TMD 2 FaRci & B R

Mr

fi o

Mats P AT LIl B Al ~ AR R R R

71



FREMAVIAEANAUF RPEAER

,5‘7&‘1 I,if*, 3 T
Rz A 53 A1 /8 %

“E-mail: yuchisu@gs.ncku.edu.tw

® &

ﬂ\/}gﬁ;i"u ‘_'ﬂ%_éa‘!a! %éég@;, ?1]’% E‘BB'E >R %B:lj 5}’3‘/{9"{7\)}2'—"}'}’?@_]!@?)}»}‘);»% m*gfb

‘ﬂ\

AFBEREDE BAAMART o G MAS AR WG AT O AR
Wik RV AE NAx gAMRE R * R gt DM 3 - BEH P S
A A PERMEOFRRIFERTATRORE - 2 ROV AE BAAHETH
7.78-1472 Hz > @ & R rd e N A1 # RAMAF I 5 7.40-14.80 Hz o 2 77 35 35 2 5 7 Ak 1%
o F RV A2 N Al 242 H A4 Rayleigh wave % e % o 75 5 % 2 AE 4T

Bl d - R o RFE AL RO o

72



fie

4

LHBFEH LA B FRIEALKEF

EE I
CRE S S AN S R L N

“E-mail: tyhsu@mail.ntust.edu.tw

# =
VUL E SRR IR R L R - LR EIET I RS Bl Sl SHT R H0
- BB RAR T 5o R TS s S e B F RO - i,%"%]]j L N
R R E G ERREIRTE R B RAP RE B BT AN WA L A K F
RILFEP L - FILAFIRFSERRIFERLFZ LAFFEFIERL K G BHE
BAKGSRNG LML B(MR Damper) » 8 Ev 154 E R F i G <+ L@ B

(PGV)in% 4 ‘g e B3 RIH°A) » 2 = 129 PGV 4] MR Damper *73 & Befrdlt > §

S|
>

BRIP4 ST S AT TV RBREERES B2 PGV TR 8 5%
¥ 27 MR Damper *7% 2 & & > :t&”’fiﬁiﬂ Al s SRI 2 8 F BRizd| AR
T ARBEAKTERARESIERA KR > @B A BB E B E T B et
TR P RATEF TR INRKLNFR AFTHRATR DD 2L UFIR TRFHRD S EKRN
T Ao d BEEE T o i A S 2 fe 7 2] SRl =8 F BT FAEET 0 L

‘-‘:u)%:gl%ﬁ f’f't}__o

M4EF P EFAN CRE A BRFRERA KT AE4] R RPE - BIFIERL B

73



Story drift and damage level estimation of buildings using relative acceleration
responses with multi-target deep learning models under seismic excitation
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Rebar Spacing Inspection with Structure-informed Features Segmentation and
Its Practical Application

Hung-Yi Chen*, Shih-Jie Chuang, Tsung-Wei, Huang, Yi-Hsiang Chen, Jacob J. Lin,
Chuin-Shan Chen
Department of Civil Engineering, National Taiwan University, Taipei, Taiwan

*E-mail: R12521606@ntu.edu.tw

Abstract
The process of rebar inspection holds great significance in construction, as it ensures the seismic
resistance of reinforced concrete structures. However, sampling is often conducted due to concerns
of the quantity, style and timeliness of rebar inspection. In light of this, our objective is to realize
fast and fully-automated rebar measurement. A rebar-structure-based labeling policy is provided for
training an instance segmentation Mask R-CNN model to extract two structure-informed features
that sufficiently describe the rebar installation: intersections and spacings. Subsequently, a link
prediction algorithm is applied to all the extracted masks, which connects all the reference points
through a neighbor search in the image for Euclidean distance measurement to convert visual
features into quantifiable and beneficial values in reality. Additionally, we presented a point
adjustment technique that employs homography transformation with transform matrix from Apriltag
to rectify points. This correction reduces the increasing error with greater distance from Apriltag.
For practical application, we introduced a cross-platform application AliS achieving rapid and
convenient rebar measurement with only portable smartphones and Apriltags. In our evaluations,
AIliS achieved an average detection rate of 75.97% and an average relative error of 4.59% for
laboratory structured rebar slabs. Furthermore, AliS also performed well in real construction sites

and is promising for being applied for fast on-site rebar inspection.

Keywords : deep learning, rebar spacing inspection, instance segmentation, Apriltag, homography

transformation, link prediction
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Strain-engineering-assisted Mid IR photodetector

Chung-Chun Lu?, Yu-Wei Kao?, Hung-Jen Su?, Chien-Kai Wang®”, and Chien-Hao Liu*™
! Mechanical Engineering Department, National Taiwan University
2 Wistron Corporation

*E-mail: ckwang@ntu.edu.tw **E-mail: cliu82@ntu.edu.tw

Abstract
Strain engineering has been widely used in semiconductors and optical electronics. Various
applications include the latest TSMC’ 3 nm technology, 2D material-based transistors, and beam
steering metasurfaces. The main concept is based on applying external strains to modify the crystal
orientations for desired band diagrams and improve the output performances. In this research, we
propose a strain-assisted thin film mid-infrared photodetector for optical communications in severe
weather. The proposed photodetector is based on the group 1V materials, GeSn, which can achieve
direct bandgap via adding sufficient Sn or increasing strains. First, we will design a
quarter-wavelength GeSn alloy and the operation frequency is designed at the frequency of 2.5um,
which is in the frequency range of the atmospheric window. Then, we apply external bi-axial strains
to the proposed device to shift the operation frequency to the long-wavelength range by attaching
the structure to a solid cylinder where the available maximum strains depend on the curvatures of
the surfaces. The goal of the research is to develop a group IV photodetector with a direct bandgap

in the mid and far infrared range. More details will be disclosed and discussed in the presentations.

Keywords : Strain engineering, GeSn, thin film, Mid IR detector.
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Mechanical property of cellular materials under cyclic loading

Li-Wei Liu'*, Hong-Gen Chen?, Zhen-En Jian*
! Department of Civil Engineering, National Taiwan University, Taipei 10617, Taiwan
2 Department of Engineering Science, National Cheng Kung University, Tainan 70101, Taiwan

*E-mail: liweiliu@ntu.edu.tw

Abstract
Cellular materials are designed to mimic the microstructure of wood, cork, bone, and honeybees’
honeycomb, exhibiting characteristics of high stiffness and lightweight. Previous research has
predominantly focused on the elastic properties of cellular materials, with limited exploration into
their viscoelastic behavior. This study aims to propose a viscoelastic model of a 2D cellular material,
called honeycomb materials, suitable for describing the mechanical response of cellular
microstructure; and validates its accuracy through experimental results and computational
simulations. This model permits the exploration of the response of honeycomb materials under
cyclic loading scenarios influenced by microstructure changes including different relative density
(slenderness ratios) and the angle of inclined cell wall. Our results indicate that sinusoidal or cosine
stress and strain inputs cause honeycomb materials to display hysteresis loops whose area reflects
the energy dissipation during cyclic loading. Furthermore, among varying relative densities, the
highest hysteresis loop area occurs at 5.9% of relative density for sinusoidal stress input and at
17.3% of relative density for strain input. However, under different inclined angles, the largest
hysteresis loop area for both sinusoidal stress and strain inputs is observed at 60° of the inclined

angle.

Keywords : Cellular materials; viscoelasticity; honeycomb materials; cyclic loading; energy

dissipation.
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Inelastic micromechanics of nacre

Li-Wei Liu'", Yuan-Jyun Shih?*, Jing-Yan Wang*
! Department of Civil Engineering, National Taiwan University, Taipei 10617, Taiwan
2 Department of Engineering Science, National Cheng Kung University, Tainan 70101, Taiwan

*E-mail: liweiliu@ntu.edu.tw

Abstract
Mother-of-pearl (nacre) is a platelet-reinforced composite material highly enriched with calcium
carbonate (aragonite). At the microscale, nacre is observed to be composed of protein along with
numerous embedded mineral plates, resembling the arrangement of bricks (minerals) and cement
(protein) in a brick wall. This unique "hard-soft mixed-layer" microstructure is believed to confer
exceptional properties upon biological materials, concurrently providing high strength, toughness,
and energy dissipation capacity. To gain a deeper understanding of nacre's behavior under varying
loads, this study introduces a viscoelastic tension-shear chain model. Utilizing this model, the study
examines nacre's responses to fixed loads, monotonic loading, and cyclic loading. Additionally, the
study explores how alterations in the proportion of minerals to protein within nacre at the

microscopic level impact its mechanical behavior.

Keywords : Nacre, viscoelasticity, hard-soft mixed-layer microstructure, micromechanics.
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Finite element analysis on Bauschinger effect of trabecular bone

Li-Wei Liu'*, Hong-Yi Wu 2, Po-Ho Chen?
! Department of Civil Engineering, National Taiwan University, Taipei 10617, Taiwan
2 Department of Engineering Science, National Cheng Kung University, Tainan 70101, Taiwan

*E-mail: liweiliu@ntu.edu.tw

Abstract
Certain bones, such as the vertebra or the femoral head, contain cellular microstructures known as
"trabecular bone” which behaves anisotropic response and the asymmetric yielding in tension and
compression. To investigate the mechanics of trabecular bone by using finite element simulations,
we employed Voronoi honeycomb as the representation of its microstructure and adopted the
generalized Hill yield function for describing its anisotropic response. To study the evolution of the
yield surface within trabecular bone, we conducted mesh convergence analysis, boundary effect
analysis, and size effect analysis firstly and then designed probing paths and pre-loading paths to
detect yield points on the initial yield surface and subsequent yield surfaces under various
pre-loading conditions. Furthermore, the resulted yield points were fitted by a convex-closed-cubic
yield function which enables us to observe the evolution of yield surface. The finite element
analysis revealed a consistent trend in the variation of yield surface area under axial-tension and
axial-compression pre-loading paths. Additionally, there is a slight reduction observed in the yield
surface area under positive and negative shear pre-loading conditions. When axial pre-loading paths
were applied, they led to an increase in the aspect ratio of the yield surface. Based on observations
of the yield surface evolution, we are able to identify the Bauschinger effect and the hardening

behavior exhibited by the trabecular bone.

Keywords : Trabecular bone, Voronoi honeycomb, Bauschinger effect, Evolution of yield surface
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Analysis of Near-Fault Seismic Responses Using Viscoelastoplastic Structure
Models

Cheng-Yuan Chen ", Tsai-Ling Tsai 2, Li-Wei Liu 2 Kuang-Yen Liu *
!Department of Civil Engineering, National Taiwan University
2Department of Civil Engineering, National Cheng Kung University
3Department of Civil Engineering, National Taiwan University
“Department of Civil Engineering, National Cheng Kung University
“E-mail: a0979112321@gmail.com

Abstract
This study is based on the theories of viscoelastoplasticity, and the friction mechanism of rubber

bearings, deriving a simplified model. The model encompasses various friction mechanisms,
different solution methods, and elastic or elastoplastic bridge piers, aiming to simulate bridges
equipped with functional bearing systems. Furthermore, all models are represented using
state-space equations. Through mathematical derivations, the results of time-history analyses are
compared with SAP2000 or experimental data to validate the accuracy of the model. Subsequently,
a parameter analysis for near-fault earthquakes is conducted to discuss the model's applicability and
the effects of different friction mechanisms. After analysis, a model that most comprehensively
considers the friction mechanism of rubber bearings is recommended. Additionally, the results of
analyses involving models with varying friction forces indicate that, in many cases, the
deformations of the bearings are significant, and the plastic deformation is smaller than that when
using Coulomb friction. Furthermore, a comparison is made between the results of analyses for
near-fault and far-field earthquakes to emphasize the distinctive seismic response characteristics of

the model under different friction forces.

Keywords:Viscoelastoplasticity, functional bearing system, near-fault earthquakes, various friction
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Numerical simulation of yield stress fluids flow around an immersed object

Cheng-Chuan Lin *
Department of Mechanical Engineering, National Taipei University of Technology, Taiwan

*E-mail: ccl@mail.ntut.edu.tw

Abstract

In recent years, considerable research efforts in numerical simulation of yield stress fluids flow
around an immersed object have been devoted because of their fundamental significance and wide
applications relevant to engineering and natural sciences. In this study, the author implemented a
sharp-interface-capturing volume of fluids (VOF) method into a well-developed pressure-correction
solver to track the interface between two fluids. Moreover, a direct-forcing immersed boundary (1B)
method was developed to consider the interaction between fluids and an immersed object. A special
treatment was made to the interpolation function for the volume fraction of IB. The author
simulated the typical Bingham fluid flows around a sphere under various flow conditions governed
by a dimensionless Oldroyd number (Od) to validate the numerical schemes. The simulation results
showed great agreement with the existing data in the literature, including the drag coefficient and
the yield surface positions. The proposed simulation framework will be used to explore more
complex yield stress fluid flow problems numerically, such as the granular materials flow around

immersed objects, in which several issues still remain unresolved.

Keywords : Yield stress fluid, flow around an immersed subject, direct-forcing immersed boundary
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Well-posedness and Ill-posedness of Constitutive Relations and Continuum
Simulation for Transient Compressible Granular Flows in the Inertial Regime

You-Yu Chang ", Keh-Ming Shyue 2, Fu-Ling Yang *
! Department of Mechanical Engineering, National Taiwan University, Taipei, Taiwan
2 Institute of Applied Mathematical Sciences, National Taiwan University, Taipei, Taiwan

“E-mail: f09522109@ntu.edu.tw

Abstract

Granular flows manifest in a diverse array of scenarios with significant relevance to
mechanical industries, natural surroundings, and our daily routines. In the inertial and dense
regimes, such flows have been successfully described by the u(I), &(l)-rheology models, which
proposes that the effective friction coefficient (n) and the solid volume fraction (¢) are solely
functions of the dimensionless inertial number (I). While this rheological framework has been
validated against both experiments and simulations in various geometries under steady-state
conditions, recent research have proved that this theory is mathematically ill-posed in

time-dependent problems. (Heyman et al., 2017)

Based on the compressible I-dependent rheology (CIDR) proposed by Barker et al. (2017) and
the inertial compressible I-dependent rheology (iCIDR) introduced recently in Schaeffer et al.
(2019), we implement several local u(I), ¢(1)-rheology models (da Cruz et al., 2005, Jop et al., 2005,
Schaeffer et al. (2019)) to formulate our problem. We firstly prove the well-posedness of the iCIDR
equation with a local p(I) rheology model and a monotonic local ¢(I) rheology model. Unlike the
incompressible continuity and Cauchy momentum equations, in which pressure must be determined
globally, all unknowns in our governing equations can be explicitly and locally specified. Hence,
we employ the conventional convection-diffusion method to simulate a quasi-1D simple shear
granular flow in the transient process on a collocated uniform mesh for validation.

Keywords: Granular media, Inertial compressible I-dependent rheology, pu(I), ¢(I)-rheology models,
Well-posedness, Convection-diffusion equation.
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Growth of force chain network upon non-Bagnold Transition of Inclined Surface
Granular Flows via Discrete Element Simulation

Chih-Ying Cheng”, Cheng-Ting Tsai, F.L. Yang
Department of mechanical engineering, National Taiwan of University

“E-mail: F06522403@ntu.edu.tw

Abstract

Steady inclined granular flows are an important flow configuration to study the dynamic of dry
granular flow. This work adopts two-dimensional discrete element simulation to study how
inter-grain friction may play a role in momentum transport, other than the collision-based transport,
to induce the non-Bagnold flow phenomenon reported in the literature. Special efforts were made to
apply the knowledge of network science to identify the contact force chain network from particle
dynamics information using the graph theory with the Louvain greedy algorithm. We studied how
the number of grains born in the force chain network grows when the flow degrades from Bagnold
to non-Bagnold flows. Concurrently, the stress loading ratio carried by these frictional contacts rises
abruptly upon the non-Bagnold flow transition identified when the Froude number falls below 2.
Both suggest that the non-local phenomenon of Bagnold velocity profile degradation occurs when
sufficient grains are confined in the force chain network to assist the stress transport, replacing the
collisional transport. Hence, a refined rheology model is needed to account for this friction-assisted
momentum transport at a mesoscopic yet flow-dependent length scale like the currently investigated

force network size.

Keywords: discrete element simulation, non-Bagnold flow transition, force network community
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Simulating an irrigation flow in root canal: Predicting the likelihood of the
cavitation bubble formation

Ting-Ju Wei ¥*, Yu-Yang Chen?, Cheng-Chuan Lin?3, Wei-Wen Liu?, An-Bang Wang #, Chuin-Shan Chen *®
! Department of Civil Engineering, National Taiwan University, Taipei, Taiwan
2 Graduate Institute of Oral Biology, School of Dentistry, National Taiwan University, Taipei, Taiwan
3 Department of Mechanical Engineering, National Taipei University of Technology, Taipei, Taiwan
*Institute of Applied Mechanics, National Taiwan University, Taipei, Taiwan
® Department of Materials Science and Engineering, National Taiwan University, Taipei, Taiwan

*E-mail: d12521013@ntu.edu.tw

Abstract
This study proposed a novel computational approach designed to predict the formation of
cavitation bubbles during endodontic treatment. Cavitation effect is a pivotal cleaning mechanism
within endodontics, making their prediction crucial for enhancing treatment efficacy. Our
methodology employs computational fluid dynamics to simulate the endodontic file oscillating in
the canal and proposes a dimensionless parameter known as the pressure gradient number (I'). This
dimensionless parameter successfully anticipates the extent of cavitation under various operational

environments, such as differing drive amplitudes or the use of different endodontic instruments.

Keywords : endodontic therapy, cavitation phenomenon, computational fluid dynamics, pressure

field, fluid-solid interaction
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Performance augmentation of a Savonius wind turbine using a cylinder deflector
in front of the returning blade

Desta Goytom Tewolde!”, Ming-Jyh Chern 2
postdoctoral Fellow, National Taiwan University of Science and Technology.
2 Professor, Dean of Engineering, National Taiwan University of Science and Technology

*E-mail: destacfd2018@gmail.com

Abstract

The prevalence of Savonius wind turbines and other small-scale vertical-axis wind power
generation technologies is growing in urban areas. Despite having several benefits, the Savonius
wind turbine has a lower power coefficient. Improvement of its performance is therefore one of the
primary issues that has to be addressed. To address these issues, researchers proposed deflectors,
concentrators, and directing vanes to enhance the aerodynamic performance and overall efficiency
of the Savonius wind turbine. Deflectors such as flat plates and cylinders are used to redirect wind
flow away from the returning blades of the turbine and reduce negative torque. As a result, the
overall performance will improve. Recently, few studies on stationary and rotating cylinder
deflectors have been used as an alternate design for enhancing Savonius wind turbine performance.
The effects of cylinder deflector distance, diameter, and angular velocity on torque and power
coefficients were investigated in these studies. However, no details were provided on the
dimensions and arrangement of cylinder deflectors to the center of the returning blade. The aim of
this study is to study the effect of cylinder deflector arrangements (inline and offset to center of the
returning blade), cylinder diameters, and gap on the performance of the Savonius rotor at a Tip
Speed Ratio of 0.8. In this study, the direct-forcing immersed-boundary approach and the Large
Eddy Simulation (LES) model were utilized to simulate three-dimensional Savonius rotor models.
Therefore, using a cylinder deflector significantly increased the power coefficient. The Savonius
rotor performed better with the cylinder deflector aligned with the center of the returning blade than
with an offset arrangement. A cylinder deflector with a radius of 0.325 meters and a horizontal gap
of 0.14 achieved the highest power coefficient.

Keywords : Savonius wind turbine, cylinder deflector, power coefficient, direct-forcing immersed-
boundary, Large Eddy Simulation.
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Parametric study of a flat plate for the Magnus effect VAWT performance
enhancement

Fandi D. Suprianto!*, Ming-Jyh Chern?, Chin-Cheng Wang?®
L.2Department of Mechanical Engineering, NTUST, Taiwan
3Department of Vehicle Engineering, NTUT, Taiwan
*E-mail: d11003826@mail.ntust.edu.tw

Abstract

The Magnus effect VAWT harness the principle of the Magnus effect in conjunction with a
vertical axis orientation. This mechanism relies on the Magnus force produced by rotating cylinders
to propel the rotor and to generate power. The proposed method involved installing a flat plate near
each rotating cylinder to generate a higher Magnus force. As the configuration of the plate affects
both the flow pattern and the Magnus force exerted on the blade, the current study intends to
identify an optimal blade configuration consisting of a rotating cylinder and a flat plate.

Direct-forcing immersed boundary (DFIB) numerical model was used to simulate the flow past
a rotating cylinder with a flat plate at different configurations, and the Box-Behnken Design for the
response surface methodology (RSM) was applied to find an optimized flat plate arrangement that
would produce the highest Magnus force.Three design parameters were examined, specifically the
plate’s length (L/D), the gap between the plate and the cylinder (g/D), and the plate’s orientation
angle (B). The Reynolds number was 5,000, and the cylinder’s spin ratio was 2. The findings
suggested that the flat plate can enhance the Magnus force on a blade by approximately 25% at
(L/D=1, g/D=0.1, B = 40°), and that the torque coefficient produced by the rotor is higher when
compared to a blade without a flat plate.

Keywords : Magnus effect; Response surface methodology (RSM); Direct-forcing immersed
boundary (DFIB) method.
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Two-phase numerical study of particle-laden density currents using the
Eulerian-Lagrangian approach

Yi-Ju Chou®, Yao-Hung Tsali
Institute of Applied Mechanics, National Taiwan University

“E-mail: yjchou@iam.ntu.edu.tw

Abstract
Density currents are fundamental phenomenon in fluid dynamics. In the context of environmental
flows in estuaries and lakes, the density difference can arise from the presence of suspended fine
sediments, known as turbidity currents. While some numerical models have represented turbidity
currents by introducing a Stokes settling velocity to the concentration field, a more accurate
portrayal requires the consideration of particle-turbulence interactions, best captured through
extensive particle tracking. In this study, we investigate particle dynamics in detail within turbidity
currents using a Eulerian-Lagrangian model tailored for solid-liquid flows. Our focus is on
understanding the long-term resuspension induced by vortices, a behavior driven by the
non-diffusive nature of particles. This leads to distinctive deposition patterns depending on different
particle sizes. Additionally, we explore the propagation speed and distance of the front under
varying physical conditions, such as particle settling velocity and Grashof number. We also
highlight the difference between the present two-phase treatment and the traditional passive scalar

assumption.

Keywords : Turbidity current, Eulerian-Lagrangian model, deposition
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A Novel Window Detection Model for UAV-based Disaster Response System

Hong-Bo Huang, Rih-Teng Wu"
Department of Civil Engineering, National Taiwan University, Taipei, Taiwan

“E-mail: rihtengwu@ntu.edu.tw

Abstract
In recent years, Unmanned Aerial Vehicles (UAVS) have led to increasingly diverse applications in
various fields. Object detection within complex disaster scenarios has emerged as a significant
researchtopic for the realization of efficient disaster prevention and rescue operations by UAVS in
unknown environments. Particularly, windows often serve as an alternative point of access to indoor
spaces, andthe enhancement of window detection are therefore critical for rescue efficiency. However,
the number of disaster-related building imagery that can be utilized for model training is highly
limited. To address these issues, we propose a novel model named Fopen-YOLO (i.e., Find
opening-YOLO). We train themodel on non-disaster building imagery sourced from Google Street
View images to ensure generalization capability for unpredictable scenarios, thereby facilitating the
identification of windowsin disaster-affected buildings. Compared to the baseline YOLO-v5 model,
our model architecture integrates Coordinate Attention Mechanisms (CA) and Bidirectional Feature
Pyramid Networks (BiFPN) to place greater emphasis on the spatial contextual information
surrounding windows. Additionally, lightweight module Ghost Convolution (GhostConv) and the
adaptive activation function Mate-Activate or Not (Mate-ACON) are employed to minimize model
parameters and enhance generalization, respectively. Results have demonstrated that the proposed
Fopen-YOLO outperforms the baseline deep learning models across various datasets, including a
4.3% increasing in accuracy for Google Street View images, a 26.6% improvement for
UAV-captured images, and a 21.2% boost in performance for window detection in disaster

scenarios.

Keywords: UAVS, Object detection, Deep learning, YOLO-v5, Disaster prevention and rescue
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Ground Motion Selection for Nonlinear Response-History Analysis of Buildings

I-Hsiang Chang ", Wei-Tze Chang?, Yin-Nan Huang?, Chuin-Shan Chen?,
Wen-Yu Chien?, Hsun-Jen Liu?
!Department of Civil Engineering, National Taiwan University
2National Center for Research on Earthquake Engineering

“E-mail: b08603035@ntu.edu.tw

Abstract
Selection and scaling of input ground motions is crucial for the response-history analysis of a
building. For this issue, the National Center for Research on Earthquake Engineering (NCREE)
under the National Applied Research Laboratories (NARLabs) established the “Taiwan Recorded
Ground Motion Database for Structural Response-History Analysis” and then developed it into the
“platform of Input Motion Selection for Taiwan” (INMOST) which can identify a small set of
ground-motion records whose elastic response spectra closely match the code-defined design
response spectrum for any specific location in Taiwan. This study performed a series of nonlinear
response-history analyses for sample code-compliance RC special moment frames using a
significant number of ground motions. This comparison aims to understand the impact of selecting
ground motion solely based on elastic response spectra, as well as to explore the advantages and
potential of a ground-motion selection procedure that takes into account the nonlinear responses of

a building.

Keywords: dynamic analysis, ground-motion selection and scaling, Input Motion Selection for

Taiwan (INMOST)
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Identification of Infrasonic Signals of Tatun Volcano Group with Unsupervised
Machine Learning

Wei-Tze Chang?, Yin-Cherng Lin?, Ya-Chuan Lai!, Min-Hung Shih!, Chun-Yun Chou?, Lin,
Cheng-Horng Lin?, Jen-Yu Han*, and Chuin-Shan Chen*
!National Center for Research on Earthquake Engineering
2 Department of Mechanical Engineering, National Taiwan University of Science and Technology
3 Institute of Earth Sciences, Academia Sinica
4 Department of Civil Engineering, National Taiwan University
*E-mail: wtchang@narlabs.org.tw

Abstract

Infrasonic signals of large fumarole fields imply important information related to volcanic activities,
which directly reflects the changes in the state of the magma or hydrothermal system underground.
Variations in the number, type, location, and magnitude of fumarole activities may indicate volcanic
anomalies. However, infrasonic signals can be caused by other events, such as earthquakes, gusts,
extreme weather, and even human activities, which are not easy to process and identify. This
research studied infrasonic records from the Tatun Volcano Group (TVG) in Taiwan. The signals
were transformed into the frequency domain via the Fast Fourier Transform (FFT) to understand its
characters. The Power Spectral Density (PSD) was retrieved as the critical feature for unsupervised
machine learning, and the Density-Based Spatial Clustering of Applications with Noise (DBSCAN)
clustering algorithm was applied to identify the special events of the volcano. The research results
will then be developed into an automatic platform of TVG for achieving real-time monitoring and
simplifying considerable data for geoscience experts.

Keywords: infrasonic signal, identification, volcanic, frequency, unsupervised machine learning
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Advanced LiDAR-based SLAM and Autonomous UAV Exploration for Post-
Disaster Assessment in Severely Impacted Buildings

Chun-Sheng Lee!", Krittachai Lapevisuthisaroj*, Cheng-Yen Chan?, Chia-Yu Fan?,

Wei-Tze Chang?, Chuin-Shan Chen'?3

!Department of Civil Engineering, National Taiwan University, TAIWAN
2National Center for Research on Earthquake Engineering, National Applied Research Laboratories, TAIWAN
3 Department of Materials Science and Engineering, National Taiwan University, TAIWAN

“E-mail: tonio1314@caece.net

Abstract

Engaging in a rescue operation is a pivotal endeavor within post-disaster assessments, requiring the
efficient localization of individuals in need within collapsed structures. Therefore, comprehending
the interiors of buildings after disasters becomes imperative. To achieve this, a well-suited solution
emerges in the form of an autonomous UAV (Unmanned Aerial Vehicle) system with LiDAR-based
(Light Detection And Ranging) SLAM (Simultaneous Localization And Mapping) technology. Our
UAV system has high maneuverability, autonomous navigation, and object recognition capabilities,
deftly overcoming environmental challenges like low-light and non-GPS signal scenarios. Our UAV
system features three subsystems. The algorithm system processes data from onboard sensors such
as LIDAR, IMU, and camera utilizing the online Cartographer SLAM algorithm for real-time
localization and the YOLOvV7 model for object detection. This perceptual data empowers the UAV
to make corresponding decisions regarding path planning. The client system, facilitated by ROS
(Robot Operating System), integrates UAV functionalities, ensuring sensor harmony.
Simultaneously, the cloud platform generates a high-definition (HD) map by amalgamating LIiDAR
and IMU data. Moreover, it integrates outcomes from the image-based segmentation model onto the
HD map, ensuring a more faithful representation of the actual environment. Through this integrated
framework, our system empowers rescue missions by providing real-time insights into collapsed
structures, enhancing the safety and effectiveness of rescue teams.

Keywords : UAV, Cartographer SLAM, YOLOvV7, ROS, object detection
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MS-12 Recent Advances in Numerical Modeling in Geomechanics and
Geotechnical Engineering
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No. Title Authors
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S12-02 | Seismic Performance of Building on Liquefiable Sites | Yu-Wei Hwang, Shu-Ci Yang
improved with Structural Wall
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Seismic Performance of Building on Liquefiable Sites improved with Structural
Wall

Yu-Wei Hwang”, Shu-Ci Yang

Assistant professor, Dept. of Civil Engineering, National Yang Ming Chiao Tung University
*E-mail: yuwei.hwang@nycu.edu.tw

Abstract

The stiff structural wall or Diaphragm wall have been commonly used as liquefaction
countermeasures for existing building(s) on potentially liquefiable ground. However, the
state-of-practice for such mitigation designs is typically for free-field conditions, without
considering seismic soil-structure interaction (SSI) and soil-structural wall interaction (SSWI). In
particular, the mechanism of SSWI for liquefaction mitigation is still not well understood.
Three-dimensional (3D), fully-coupled, nonlinear finite element analyses are used to evaluate how
structural wall design and ground motion characteristics affect the seismic performance of inelastic,
shallow-founded structures on liquefiable sites. An enclosed structural wall system was placed
around the perimeter of a hypothetical, isolated, shallow-founded structure with a small distance.
The numerical simulations showed that structural wall notably affects the seismic performance of
isolated building in terms of settlement, tilt, and acceleration through (1) restriction to shear
strains/deformations and (2) restraint of inward and outward excess pore water pressure migration.
On the other hand, increasing shaking intensity reduced the efficiency of structural wall on
foundation settlement reduction, while evolutionary ground intensity measures were better
correlated with the liquefaction-induced foundation settlement, regardless of mitigation or not. The
insight from this study aims to develop future design recommendations on the role of structural wall
on mitigation of liquefaction.

Keywords : liquefaction, soil-structure interaction, finite element analysis, structural walls
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MS-13 Applications of Boundary Element Method/Boundary Integral
Equation Method

Organizer: M it 7 $P3 A K

No. Title Authors

S13-01 | Adomian Decomposition Method for Tzon-Tzer Lu
First Order Linear PDE Systems with Unprescribed
Data

S13-02 | Indentation over a poroelastic layered system Zhiging Zhang, Ernian Pan,

Jiangcun Zhou, Chih-Ping Lin,
Shuangbiao Liu, Qian Wang

S13-03 |+ HiafFe g % HELE

S13-04 | Symbolic derivations for complete factorized series Yang-Jye Lee, Tsung-Jen Teng
expansions of the dyadic Green’s functions for
equations of equilibrium in homogeneous solid
full-space governed by isotropic linear continuum
theory of elastic mixture

S13-05 | New Locations of Source Nodes for Method of Hung-Tsai Huang, Li-Ping
Fundamental Solutions Solving Laplace's Equation; Zhang, Zi-Cai Li, Ming-Gong
Pseudo Radial-Lines Lee

S13-06 | Meshfree boundary integral equation method for Jia-Wei Lee, Hung-Wen Yang
solving the steady state heat conduction in exchanger and Jeng-Tzong Chen
tubes containing slits

S13-07 | w B VAR 2 BF RS IREY vAE iz, 2R F

S13-08 | An Efficient Solver for Fractional Diffusion Equations | Chung-Lin Tseng, Wei-Cheng
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Adomian Decomposition Method for First Order Linear PDE Systems with
Unprescribed Data

Tzon-TzerLu & 7 %
Department of Applied Mathematics, National Sun Yat-sen University, Kaohsiung 80424, Taiwan

E-mail: ttlu@math.nsysu.edu.tw

Abstract
In this paper, we like to explore the full power of Adomian decomposition method (ADM),
especially its symbolic capability. We will demonstrate this method, together with splitting
technique, to compute the explicit closed-form solutions of first order linear systems of partial
differential equations with unprescribed initial conditions, and even with parameters. These features
are those normal numerical methods fail to do. Our examples include many prototype hyperbolic
and elliptic systems possessing analytical solutions, e.g. the linearised equations of gas dynamics.

We conclude that ADM is far more powerful than existing numerical methods.

Keywords : Adomian decomposition method, splitting technique, closed-form solution, power

series, unprescribed data, PDE system.
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Indentation over a poroelastic layered system

Zhiging Zhang?, Ernian Pan?*, Jiangcun Zhou?®, Chih-Ping Lin®,

Shuangbiao Liu* Qian Wang*

! College of Architecture and Energy Engineering, Wenzhou University of Technology, Wenzhou,
2 Dept. of Civil Engineering, NYCU, Hsinchu, Taiwan
3 State Key Laboratory of Geodesy and Earth’s Dynamics, Wuhan, 430077, China
4 Department of Mechanical Engineering, Northwestern University, Evanston, IL 60208, USA
“Email: ernianpan@nycu.edu.tw

Abstract
We derive a general solution of indentation over a multilayered half-space consisting of transversely
isotropic and poroelastic materials. The rigid disk-shaped indenter is subjected to a vertical force of
Heaviside time-variation. The solution is expressed in terms of the recently introduced powerful
Fourier-Bessel series (FBS) system of vector functions combined with the unconditionally stable
dual-variable and position method for dealing with layering. Since the problem is a mixed
boundary-value one, the Green’s functions due to a vertical ring-load are first derived which are
then utilized in the integral least-square formulation to derive the solution. In terms of the FBS
vector system, the expansion coefficients, which are further called Love numbers, are discrete, and
therefore can be pre-calculated and used repeatedly for different field points on the surface. As such,
the solution based on the new FBS system is more efficient and accurate than the previous
integral-transform methods. This new and discrete vector system is particularly attractive for
dealing with mixed boundary-value problems where time-variation is involved. Numerical
examples are carried out to validate the accuracy of the proposed solution, and to demonstrate the
effect of material layering, geometry, and hydraulic boundary conditions on the contact

performance of the material system.

Keywords: FBS system of vector functions; dual-variable and position method; layered

poroelasticity; transverse isotropy; Love number; consolidation
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Symbolic derivations for complete factorized series expansions of the dyadic
Green’s functions for equations of equilibrium in homogeneous solid full-space
governed by isotropic linear continuum theory of elastic mixture

Yang-Jye LEE ¥*, Tsung-Jen Teng 2
!National Ilan University
ZNational Center for Research on Earthquake Engineering

*E-mail: yjlee@niu.edu.tw

Abstract

In this talk, we are going to present a complete factorized series expansions of the dyadic
Green’s functions for the equations of static equilibrium in solid full-space governed by isotropic
linear continuum theory of elastic mixtures (abbreviated as “EM theory” in the sequel).

By “factorized series expansion”, we mean that each term of this series expansion is expressed
as the product of a vector function of the position vector of the field point and a vector function of
the position vector of the source point.

All vector functions in this series expansion can be proven to be included in two infinite
sequences of fundamental solutions of source free static equilibrium in solid full-space governed by
EM theory.

The first sequence consists of fundamental solutions which are regular in the sense that these
functions are regular when the dependent position vector is in region with finite distance from the
origin, which should be included inside this region. Moreover, these regular fundamental solutions
may be proven to be complete in representing solutions of internal BVPs in finite solid region
governed by EM theory.

The second sequence consists of fundamental solutions which are singular in the sense that
these functions are singular when the dependent position vector is in region with finite distance
from the origin. Moreover, these singular fundamental solutions may be proven to be complete in
representing solutions of external BVPs in a semi-finite solid region governed by EM theory. By
“external BVPs”, we mean that the target region is a semi-infinite region external to a finite region
including the origin.

By “symbolic derivation”, we mean that we are going to present all closed-form expressions
for all results derived in this study.

Keywords : dyadic Green’s function, fundamental solution, continuum theory of elastic mixture
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New Locations of Source Nodes for Method of Fundamental Solutions Solving
Laplace's Equation; Pseudo Radial-Lines

Hung-Tsai Huang ", Li-Ping Zhang?, Zi-Cai Li?*, Ming-Gong Lee *

!Department of Data Science and Analytics, I-Shou University
2School of Mathematical Sciences, Qufu Normal University
3Department of Applied Mathematics, National Sun Yat-sen University
*Department of Tourism and Leisure, Chung Hua University

*E-mail: huanght@isu.edu.tw

Abstract
Consider Laplace's equation in a bounded simply-connected domain S, and solve it by the method
of fundamental solutions (MFS). The source nodes must be located outside the domain boundary
r=(es)T (= 95), How to select better source nodi(® is essential to the MFS in both theory and
computation. In this paper, we study new locations of source nodes along pseudo radial-lines
outside T . Denote the source nodes by (Ri,¢,*) in polar coordinates, where
R >pr = maXp|FRf > Pmax

two pseudo radial-lines. Two different angles ¢ and ¢4, are fixed, and the source nodes as

~TEEP put angle 4 is fixed. We propose new algorithms using

(R.#) and (R.¢;) are chosen, where R [R, Ry ]Ri S [Ro, Rmax]. Adaptive error estimates
are derived by using the numerical coefficients obtained. We study two kinds of locations of source

nodes, Case I. unifogp, ERIE[ER}(], Rux| € [Ro.Rmax]l  and  Case Plax Uniform
X, = — 1y an=—

X :pmax/RibeLa,,b}ﬂa, "R ,  where  a=pu/ R Emax::  and

b= / Ro Ro . Locations of source nodes are defined by four parameters (i.e., o Ry,

and better parameters are found. Two radial-lines of Case Il are antenna-like and radar-line-like.
Based on the sensitivity index, Case Il offers better numerical performance. The algorithms of two
radial-lines converge fast; both Cases | and Il are satisfactory for scientific/engineering problems. In
summary, the algorithms for new two pseudo radial-lines in Cases | and Il have been established to
enrich the MFS family, and the new algorithms and techniques seeking better source nodes in this
paper are further developments of the MFS.

Keywords : Method of fundamental solutions, pseudo radial-lines, adaptive errors, error analysis,
stability analysis, Laplace's equations, selection of source nodes, sensitivity index.
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Meshfree boundary integral equation method for solving the steady state heat
conduction in exchanger tubes containing slits

Jia-Wei Lee!”, Hung-Wen Yang! and Jeng-Tzong Chen 234

!Department of Civil Engineering, Tamkang University, New Taipei city, Taiwan
2Department of Harbor and River Engineering, National Taiwan Ocean University, Keelung, Taiwan
3Department of Mechanical and Mechatronic Engineering, National Taiwan Ocean University, Keelung, Taiwan
“Department of Civil Engineering, National Cheng Kung University, Tainan, Taiwan
SDepartment of Civil Engineering, National Taiwan University, Taipei, Taiwan

“E-mail: jwlee@mail.tku.edu.tw

Abstract

This paper proposes the meshfree boundary integral equation method (BIEM) to determine the
conduction shape factor heat of exchanger tubes containing slits. The main difference between the
present method and the conventional boundary element method is that the adaptive exact solution
and Gaussian quadrature are simultaneously employed to technically calculate the singular integral.
When dealing with the problem containing a slit or so-called degenerate boundary, a rank-deficient
problem of influence matrix due to a degenerate boundary may occur. To overcome it, we introduce
the dual BIEM with the hypersingular boundary integral equation to obtain independent equations
for a collocation point on the slit. A feasible adoptive exact solution is also required for the problem
with a degenerate boundary. Since the jump behavior can not be described by the adoptive exact
solution using the Cartesian coordinates for the corresponding collocation point on the slit, we
adopt the harmonic basis function in the elliptical coordinates to construct the new adaptive exact
solution. After comparing available exact solutions of conduction shape factor, the present data are
consistent with those in the literature. However, the numerical instability due to the degenerate scale
of an outer boundary is also observed. Regularized techniques are proposed to suppress the
appearance of numerical instability. Moreover, the boundary layer effect is also treated in the
present method.

Keywords : conduction shape factor, meshfree boundary integral equation method, adaptive exact
solution, degenerate boundary, degenerate scale.
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An Efficient Solver for Fractional Diffusion Equations

Chung-Lin Tseng?, Wei-Cheng Wang 2*
!Department of Mathematics, National Central University
2 Department of Mathematics, National Tsing Hua University

*E-mail: wangwc@math.nthu.edu.tw

Abstract

The fractional order differential operators have attracted considerable attention recently as an
essential tool for developing more sophisticated mathematical models that can accurately describe
complex anomalous systems. Since the fractional order differential operators are nonlocal, the
corresponding linear system involves a dense, structured Toeplitz matrix. Many research activities
are devoted to developing robust and efficient solvers for such linear systems.

In this talk, we propose a numerical method for the fractional diffusion equations based on a new
preconditioner that can be used to develop direct and iterative solvers for fractional diffusion
equations with total O(N log N) operations per time step. Numerical results suggests the new

method is a competitive alternative to existing methods.

Keywords : fractional ~ differential ~ precondition ~ equations ~ direct - iterative
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https://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=DLoS87/search?q=kwe=%22direct%22.&searchmode=basic
https://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=DLoS87/search?q=kwe=%22iterative%22.&searchmode=basic
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