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1. Urban Transportation and Logistics

Systems

Transportation systems moving people and
goods play a very important role in country’s econ-
omy. Their role within cities become even more
significant as efficient transportation and logistics
systems are essential for a livable and sustainable
city. In our laboratory, research is conducted relat-
ed with development, modeling and evaluation of
transportation and logistics systems. Advanced
mathematical knowledge such as non-linear opti-
mization and programing skills such as JAVA and
MATLAB are essential in the research of our labo-
ratory.

HHHERTEBTY IANRIAY NIEFHELE
EREHREED

#z Al Gul QURESHI

H#HE Fan ZHU

(1) Urban Logistics

With growing trends of online shopping and
e-commerce industry the demand of parcel deliver-
ies is increasing. Current situation of COVID-19
pandemic has further amplified it with additional
considerations such as contactless delivery require-
ments. Besides that logistics has always been a
major factor in ensuring sustainable supply of our
day-to-day basic needs such as food items and
other shopping goods, and office supplies. Ideal
location of the logistics facilities (such as ware-
houses and depots) and optimal delivery routes for
trucks from these facilities to the final destinations
of the goods are the key decisions to realize a sus-
tainable urban logistics system from economic and
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environmental point of views. We first model these
decisions in terms of mathematical models along
with related constraints such as the quantity of the
stored goods (called inventory) should not be over
the capacity of a warehouse, and all customers
must be served within their specified time win-
dows. We then develop exact optimization and heu-
ristics solutions algorithms to solve these models to
get desired results (i.e. ideal number and locations
of logistics facilities, and/or optimal routes for
trucks). With new conditions and considerations,
the mathematical models are becoming more real-
istic but at the same time more complicated as well.
For example, Fig. 1 shows solution of a vehicle
routing model that not only optimizes the truck
routes from cost perspective but also minimizes the
truck travel within residential areas to reduce the
environmental and safety related issues. Urban
logistics is an evolving field with introduction of
new technological developments such as electric
trucks, autonomous delivery robots and drones.
Similarly, many new innovative ideas and policies
are shaping its future look, for example, ware-
house matching platform systems and cooperative
delivery systems have already been introduced.
These innovations and search for better, and faster
optimization algorithms will keep providing more
research ideas in this field and to our laboratory.
Another area of interest of our lab is logistics in
times of natural disasters (i.e. Humanitarian logis-
tics), which also continues to place new problems
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Fig. 1 Interaction of truck routes with land use.
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and challenges to researchers and practitioners.

(2) Urban Tourism

Just before the COVID-19 pandemic, urban tour-
ism was showing a very promising upward trend
and was providing significant contributions in
economies of many touristically attractive cities
such as Kyoto. Tourism situation is expected to go
back to pre-pandemic levels in coming years.
Along with economic benefits, large number of
tourists bring some disadvantages as well, such as
crowding of the tourism facilities and locations
(point of interests (POI)) and congestions in public
transport systems. In order to better understand the
behavior of tourists in choosing the POI and trans-
portation modes, our laboratory studies the tourist
trip design problem (TTDP). Various aspects such
as the preferences of tourists for different tourism
experiences (such as sightseeing, shopping, and
dining) and the reduction in their willingness to
visit similar POls (aesthetic fatigue) is considered
along with physical fatigue of visiting many POIs
in a single day. This knowledge can be used in
forecasting the movement of tourists and can help
in policy/decision making for sustainable tourism
from the public transport perspective.

References:

1). Qureshi, A. G., T. Yamada, S. Nishida (2021), A
model for warehouse matching platform system,
Journal of Eastern Asia Society for
Transportation Studies, Vol. 14, pp. 987 — 1000.

2). Shen, K, J.-D. Schmdocker, Sun, W.Z. and
Qureshi, A.G., (in press), Calibration of sight-
seeing tour choices considering multiple deci-
sion criteria  with diminishing  reward,
Transportation. 10.1007/s11116-022-10296-7.

2. Development of Particle-Based Approach

for Material Fracture Modeling

Modeling fracture in solids is among the con-
temporary challenges in computational mechanics.
Fracture involves constant continuum-discontinu-
um transformation which needs to be captured rig-
orously and efficiently especially when complex
fracture patterns develop with crack branching,
jointing, and arresting. In this lab, we apply and
develop novel particle-based approach, following
the recent peridynamics (PD) theory, to model
physical processes that involve material damage,
with an ultimate goal to facilitate engineering prac-
tice including but not limited to rock excavation
and stability assessment, geo-thermal energy utili-



ARAE  Vol. 25

.......................................................

zation, geological carbon sequestration, and

hydraulic fracturing for oil exploitation.

(1) Modeling rock fracture by blasting

In tunneling and mining works, rock is often
intentionally fractured during excavation by blast-
ing. Proper design of a blasting scheme is critical
for achieving optimum energy efficiency while
controlling construction impact. The PD theory has
been extended to model the blasting induced rock
fractures. To consider the high strain rate effect,
pressure dependency, and viscoplasticity of rock
under explosive load, the JH-2 constitutive model
is embedded into the PD theory together with a
tension failure model. The rock and the explosive
gas are modeled as solid and a special fluid,
respectively, with different formulations of the PD
theory coupled together. Fig. 2 shows the simulated
propagation of stress waves due to blasting. Fig. 3
shows the simulated fracture growth in the rock
specimen. The model captures fragmentation of
material near blasting, the radial cracks, as well as
minor circumferential cracks. The simulation is
validated with relevant experiments published in
literature.

Fig. 2 Simulated stress wave propagation due to blasting.

Fig. 3 Simulated crack growth in rock due to blasting
at the center.

(2) Fragmentation of granular geomaterials
Geomaterials such as sand and rockfill are typi-
cal granular materials. Fragmentation of particles is
recognized as a triggering mechanism of the defor-
mation and strain localization (e.g., shear bands) of

.....................................................

the granular media which may affect the safety and
serviceability of geo-structures. It remains chal-
lenging to rigorously model the fragmentation of
granular materials on microscale. The process is
known to be multiscale. That is, on engineering or
macroscopic scale, the material can be viewed as a
continuum media while on a reduced scale, it
behaves as discrete particles. On a particle scale, it
can again be described as a continuum body with
pores and heterogeneities. A hybrid modeling
approach is proposed to simulate the grain frag-
mentation process. The approach utilizes the theo-
ry of PD coupled with non-smooth contact dynam-
ics (NSCD) theory, the former employed to model
fracture of individual particles and the latter used
for simulating the particulate system. Fig. 4 shows
the fragmentation progress of a granular sample
compressed under increasing axial load. The com-
putational approach can be used to track the evolu-
tion of particle size and shape throughout the simu-
lation, which facilitates further study on the micro-
mechanical behaviors of granular media subject to
grain breakage.

Fig. 4 Modeling fragmentation of granular materials.

The lab is devoted to developing innovative mul-
tiphysics and multiscale computational approaches
to improve our understanding of the mechanism
and behavior of material damage. We develop fully
self-owned software toolkit with utilization of
high-performance computing techniques and aim
to prompt research outcome for applications in both
civil engineering and interdisciplinary fields.
Research collaboration will be sought with all
interested parties.

References:

1). Zhu, F., Zhao, J. (2021). Peridynamic modelling
of blasting induced rock fractures. Journal of
the Mechanics and Physics of Solids, 153:
104469.

2). Zhu, F., Zhao, J. (2019). Modeling continuous
grain crushing in granular media: a hybrid peri-
dynamics and physics engine approach.
Computer Methods in Applied Mechanics and
Engineering, 348:334-355.
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Over the past few
years, it has become
commonplace to think
and talk about "Big
Data” not just in local
and national, but also in
global terms mainly due
to a huge leap in mobile
device ownership and
computer  processing
power which have
accelerated the; variety,
volume, velocity, veracity and value of data collection using
more efficient mechanisms such as fixed sensors (individual
IP addresses/web addressable), web connected mobile
sensors and crowd sourcing from personal communications
devices. Part of the work we are actively engaged in at the
Intelligent Transport Systems Laboratory (Yamada Labo) is
an in-depth exploration and investigation of these emergent
data sources to unveil and understand, how the built envi-
ronment and our transportation systems work, and how
people interact with them in real time.

Stellah Namulindwa X@EEHRIENE - ETHR 2 F)

In a local dimension for instance, through an ongoing
experiment at Katsura Campus we are utilizing; ten (10)
Wi-Fi Packet sensors (Wi-Fi sensor data), \Weather record
data and Kyoto University Event calendar information to
estimate the crowd count and forecast crowding at the stu-
dent cafeteria during operational hours using Multilinear-
Regression Analysis and advanced machine learning meth-
ods. These forecasts i.e., shortrange (10 — 30 minutes) and
long range (1 hour — Day Ahead), when mapped onto a visu-
al representation of the crowding condition in terms of the
service level criteria i.e., Occupant spatial intensity, Queue
(in &Out) and service area business can ultimately be useful
in informing trip scheduling, thus minimizing delays during
crowd density peak periods and encouraging safer social
interactions, which provides an important and practical
dimension to Our Great University’'s commitment to the
use of knowledge and skills for the public good.

| am all the more, much humbled and very honored to
be part of this great team and Institution. A thought that
prompts me to take this early and pleasurable opportunity
to wish you all a happy new semester and rewarding 2023.
Thankyou.
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