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This study presents a framework for assessing the seismic risk of buildings using a city-scale nu-
merical simulation combined with sensor observations. In the proposed framework, the Stochastic
Green Function is utilized to generate a range of ground motions. A part of Sendai City, Japan, is
selected as the target area, and the Integrated Earthquake Simulation (IES) is employed to evaluate
the seismic response of buildings. The fragility curve is then used to construct for each building
based on the numerical simulation results. Furthermore, sensor data is incorporated using fea-
ture perception techniques such as Proper Orthogonal Decomposition (POD) and sparse learning
to predict peak ground acceleration across the entire city area. Finally, seismic risk assessment
is performed for each building using the corresponding fragility curve. This comprehensive ap-
proach provides valuable insights into urban earthquake resilience and helps to inform strategies

for mitigating seismic risk.
Key Words

: seismic risk assessment, city-scale numerical simulation, sensor observations,

Fragility Function, Proper Orthogonal Decomposition

1. INTRODUCTION

Developing accurate models to estimate, predict, and
control complex phenomena is a challenge in many fields.
Although advanced technology allows for massive data
collection, like seismic and environmental data, the multi-
dimensional nature and varying timescales make real-time
processing difficult. This issue hinders quick state estima-
tion for fast, efficient control.

Dimension reduction offers a promising solution to
this issue, as many natural science systems exhibit dom-
inant low-dimensional patterns that can effectively ex-
plain high-dimensional data. Proper orthogonal decom-
position (POD)[2] has emerged as a systematic approach
to determine a low-dimensional approximation of high-
dimensional data, enabling the exploitation of significant
low-dimensional patterns based on efficient reduced-order
models. This data-driven sensing approach has led to the
development of sparse sensor placement algorithms.

In the context of urban seismic risk assessment, an inte-
grated approach that combines city-scale simulation, sen-
sor observations, and dimension reduction techniques is
essential for understanding the potential impacts of earth-
quakes on city-scale infrastructure. This study presents a
city-scale fragility assessment method that addresses the

challenges associated with processing large amounts of
data, considering uncertainties in building response, and
incorporating dimension reduction techniques.

Utilizing the Stochastic Green’s function for seismic
wave generation and the Integrated Earthquake Simula-
tion (IES)[6] for wide-area city simulations, this method
provides valuable seismic motion data, including peak
ground acceleration and building response. IES, linked
to a Geographic Information System (GIS), incorporates
earthquake motion simulation, structural response simula-
tion, and response behavior simulation, contributing vast
amounts of data crucial for the data-driven techniques em-
ployed in this study.

The proposed method applies POD and sparse learning
to process the extracted features and predict overall peak
ground acceleration based on local building sensor data.
Finally, fragility assessment is conducted using the city-
wide predictions, allowing for a comprehensive evaluation
of earthquake damage in urban areas.

2. Numerical Simulation
(1) Integrated Earthquake Simulation(IES)

IES[6] is a program that is linked to a Geographic Infor-
mation System (GIS) and incorporates earthquake motion

- A-01-01 -



© —MRAFEABARGEIER

A-01-01

simulation, structural response simulation, and response
behavior simulation Fig.1.

Wave propagation simulation: It outputs synthesized
earthquake waves based on the fault mechanism. The prop-
agation of waves passing through the crust is calculated,
and the amplification of waves near the surface is calcu-
lated taking into account the non-linear characteristics of
the 3-dimensional topographical effect and the shallow soil
layer.

Structural response simulation: It calculates the re-
sponse for all structures in the targeted area, including res-
idential buildings, concrete infrastructure structures, geo-
logical structures, transportation networks, etc. It is neces-
sary to choose an appropriate analysis method depending
on the structure of the building.

Response behavior simulation: It is possible to analyze
evacuation from building damage, crisis management, and
restoration plans.

In this study, wave propagation simulation for the am-
plification of waves near the surface and the structural re-
sponse simulation were used. Regarding the structural re-
sponse simulation, IES provides three modules: Single De-
gree of Freedom model (SDOF), Multi Degree of Freedom
model (MDOF), and One Component Model (OCM). In
this study, the analysis was performed using MDOF. Input
files for building floors and structures were created using
GIS and other tools, and the response of the structure can
be output by inputting seismic motions and other factors.

| computer model of city |

houses/buildings lifelines
I"I &

structure response simulation

amplification  [Si==

—y
time

action simulation

action against earthquake I

| earthquake |

propagation
fault mechanism

earthquake simulation

Fig. 1 Flow of IES[6]

(2) Stochastic Green’s Function

The Stochastic Green’s function method expands on the
empirical Green’s function method, which was initially
introduced by Irikura[7] using a superposition technique.
The empirical Green’s function method relies on observed
records as Green’s functions, presuming that the deep and
shallow subsurface structures at the observation point are
already integrated into the observed records. On the other
hand, this method serves as an effective alternative when
appropriate observation records cannot be obtained.

In the application of the Stochastic Green’s function
method by Dan and Sato[4], the fault surface is segmented
into small subfaults, and Boore’s[1] Stochastic source

BBEEETHHER

model is taken into account for each subfault to compute
the Green’s functions. The deep subsurface structure is
treated as a one-dimensional layered structure for ground
response analysis. Random phase characteristics are at-
tributed to this Green’s function, and waveform synthesis is
conducted in accordance with Irikura[7] to derive the seis-
mic waveforms when the entire fault experiences rupture.
This study utilizes a program provided by the National Re-
search Institute for Earth Science and Disaster Resilience.

(3) Target Area

In this study, the simulations are performed using the
fault parameters of the Nagamachi-Rifu published by the
National Research Institute for Earth Science and Disas-
ter Resilience. Fig.2 displays the locations of the element
faults employed in the Stochastic Green’s function method,
with the first asperity highlighted in red and the second
asperity in blue. The second asperity was kept constant,
while the position of the asperity was shifted to consider
different 30 scenarios.

The Stochastic Green’s function method assigns random
phase differences to waveforms for each subfault before
superimposing the outcomes. As a result, the earthquake
waveform shape and the maximum inter-story drift angle
of each building may vary based on the utilized random
number sequence. To address this variation, analyses were
conducted with five different random number sequences
for each scenario, producing a total of 150 calculation re-
sult sets.

2nd asperity

1t asperity

9

Fig. 2 Asperity of Nagamachi-Rifu fault

3. Fragility, Proper Orthogonal
Sparse Learning

Decomposition,

(1) Fragility Function

Fragility functions[8] are derived from a structural as-
sessment of the system (in the case of analytical form). In
simpler terms, fragility can be defined as the susceptibility
of a structure to break or be damaged.
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Fragility curve is a general term and may be referred to
2D “fragility curve” or 3D “fragility surface”. Basically,
there are three ways to get a fragility function, Incremen-
tal Dynamic Analysis(IDA), Multi Strip Analysis, Cloud
Analysis.

Fragility curve is a continuous function showing the
probability of exceedance of a certain limit state(LS) for
a specific level of ground motion intensity measure(IM).

Fragility = P[LS|IM = im) (1)

(2) Cloud Analysis

Cloud analysis[3] uses the linear regression in the loga-
rithmic scale by least squares to establish the relationship
between engineering demand parameter (EDP) and IM as
follows:

EmEDP|IM]=lnpus;=Ina+blnIM

N , )
> (mEDP; —Inpg)* /(N —2)
j=1
given IM, EDP; = EDP obtained from the j-th ground
motion, a and b = regression coefficients; and N = number
of ground motions. The fragility function is expressed as
the damage probability that EDP exceeds the pre-defined
value threshold for each limit state (LS) conditional on IM,
which can be derived based on the above linear relation-
ship between EDP and IM under the lognormal probability
distribution

P{[EDP > LS | IM,n, f}]

Oq =

where ®(-) = standard normal cumulative distribution
function (CDF); n = median of the fragility function, i.e,
In(n) = [In(LS) — In(a)]/b; and 8 = dispersion of the
fragility function, i.e., 5 = o4/b. Note that Eq.3 is a two
parameter () and () fragility function given IM.

Limit state refers to a specific level of damage or failure
that is used to define fragility functions. In this case, the
limit states of “moderate” and “severe” were chosen from
HAZUS[5] to develop the fragility functions.

(3) Proper Orthogonal Decomposition(POD)

Proper Orthogonal Decomposition(POD)[2] is an analy-
sis technique that can extract modes from numerical analy-
sis results, allowing for mode decomposition based on the
theory of principal component analysis. It also enables di-
mension reduction by extracting only the dominant com-
ponents from the calculated modes and reconstructing the
original data with a small number of modes. Let x; (n-
dimensional) be the simulation result for a certain case ¢,
and define the data X by arranging N cases in a row di-
rection.

X=|=z - zn 4
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In this study, since the data dimension is larger than the
number of cases (N << n), X and X7 are multi-
plied to reduce the dimension, and the covariance matrix
C = X7TX is defined, and eigenvalue decomposition is
performed. Let A\; and v; be the obtained eigenvalues and
eigenvectors, respectively, and let V be a matrix in which
the eigenvectors are arranged in column direction. Using
these, consider the singular value decomposition [5] of X
as follows:

X=Uxv" 3)

Here, X is a matrix in which the square root of the eigen-
values are arranged in diagonal elements, and U is a matrix
in which the spatial modes u; are arranged in column di-
rection. Also, by transforming equation (2), the numerical
analysis result z; of a certain case ¢ can be expressed as a
linear combination of coefficients v and spatial modes
as follows:

N N
@ =Y (VAulhu =) ziju ©)
=1

j=1

Here, the error for each building is defined by the following
equation, where Z is the calculation result by the surrogate
model and z is the numerical analysis result by IES.

error(%) = M;J x 100 @)

From Fig.3, it can be seen that the error is generally kept

20.0

17.5 4
15.0 4

12.5 1

%)

10.0 A

Error(

7.5 1

5.0 ——————f—————=

2.5 1

0.0 T T T T T
0 5 10 15 20 25 30

Number of modes

Fig. 3 Error for different number of modes

below 5%. Although there are buildings with errors of
20% or more, this is because the values were originally
small, making them susceptible to the effects of reducing
the number of modes. Overall, highly accurate results were
obtained. Therefore, After dimension reduction, the prin-
cipal components still retain most of the information in the
data.

(4) Sparse Learning[9]
We consider the linear system given by

y=Hx=HUz=C=z 8)
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Fig. 4 Graphical image for sensor matrix H[9]

where y € RP, H € RP*™", U € R" ", z € R", and
C € RP*" are the observation vector, the sparse sensor
location matrix, and the sensor candidate matrix, the latent
state vector, and the measurement matrix (C' = HU), re-
spectively. Here, the element corresponding to the sensor
location is unity and the others are 0 in each row of H. In
addition, p, n, and r are the number of sensors, the num-
ber of spatial dimensions, and the number of latent state
variables, respectively. The system above represents the
problem of choosing p observations out of n sensor candi-
dates for the estimation of the state variables. The various
sensor selections can be expressed by changing H and by
selecting row vectors as sensors from the sensor candidate
matrix U. A graphical image of the foregoing equation is
shown in Fig.4.

The estimated parameters Z can be obtained by
the pseudo-inverse operation when uniform independent
Gaussian noise N (0,21) is imposed on the observations
as follows:

= €))

. Jer(cety 'y p<r
(cTC)'CTy p>v

Furthermore, sensor selection based on POD is a data-
driven approach without the requirement for governing
equations. Such data-driven sensing generally needs to de-
termine the optimal sensor locations from a large amount
of candidates. Hence, we define a fast greedy optimiza-
tion method for high performance computing or feedback
control:

det (CC’T) (p<r

1
det (CTC) (p>r) (10)

maximize fp, fp = {

4. Seismic Risk Assessment

The Seismic Risk Assessment’s objective targets a sec-
tion of Aoba-ku in Sendai City, comprising 30,000 build-
ings Fig.5. Simulated seismic wave data and geographic
information from the area are incorporated into the analy-
sis.
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Fig. 5 Part of Aoba-ku, Sendai

With 150 scenarios generated from 30 scenarios each
containing 5 random phases, these are divided into test and
training sets. One of the 30 scenarios and its 5 correspond-
ing ground motions are extracted. For each building, 145
sets of corresponding peak ground acceleration(PGA) and
inter-story drift angles are simulated by IES. Using cloud
analysis, with PGA as IM and inter-story drift angle as
EDP, fragility functions for all buildings are calculated.

For all 30 x 5 data sets, the average of each group is
taken, yielding 29 + 1 sets of data, which serve as train-
ing and testing sets for POD and sparse learning. Proper
Orthogonal Decomposition (POD) and sparse learning are
employed for feature extraction. POD acquires the princi-
pal bases U of the peak ground acceleration data for the 29
cases, followed by sparse learning application to calculate
and obtain new coefficients 2. Genetic algorithms is used
for determining the optimal sensor placement.

Once sensor placement points are established, the ac-
celeration map for the entire wide-area region can be in-
ferred in the event of another earthquake, using the peak
ground acceleration data collected from the sensors. Re-
construction error through sparse learning decreases with
increasing sensor numbers but reaches an even level when
the number of sensors hits 20, indicating a saturation point
for further sensor additions Fig.6.

Assuming earthquake data is obtained through sensors,
the acceleration data corresponds to the reserved test case.
Balancing accuracy and sensor count, 20 sensors are de-
ployed, and only the acceleration values from buildings
with sensors are used as observation data. This approach
enables prediction of the peak ground acceleration (PGA)
map for the entire city area.

Upon PGA map prediction, a fragility assessment is
conducted. By utilizing previously established fragility
functions for all buildings and the known intensity mea-
sure (IM) — the PGA map — two distinct levels of fragility
maps are generated under the current earthquake scenario:
moderate, severe.

The two figures Fig.7 Fig.8 show the fragility under four
different limit conditions calculated using the pga map ob-

- A-01-01 -



© —MRAFEABARGEIER

A-01-01

25

20 7

15 4

Error(%)

10

T T T
0 10 20 30 40 50 60 70 80
Number of sensor points

Fig. 6 Error for different number of sensor points

Fig. 8 Probability of damage at the severe level

tained from the data measured by sensors during an earth-
quake.

5. Conclusion

This study presents a method for assessing city-scale
earthquake damage by combining simulations, sensor data,
and dimension reduction techniques. It involves four steps:
generating seismic waves, simulating city-scale effects,
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perceiving features with POD and sparse learning, and as-
sessing fragility.

The method provides crucial seismic data for the en-
tire city, but further research should consider building
uncertainty and increasing sensor numbers. Using POD
and sparse learning helps predict peak ground acceleration
from local sensor data, although having too few sensors
can affect accuracy.

Fragility assessment is done by analyzing city-scale
peak ground acceleration predictions. Fragility functions
are created using building response, cloud analysis, and
HAZUS limit states. To improve reliability, future work
should consider a broader range of ground motion. In
summary, this method advances efforts to develop accurate
models for complex phenomena like seismic risk assess-
ment. By addressing data processing challenges, uncer-
tainty, and incorporating dimension reduction techniques,
it can help improve urban resilience against earthquakes.
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Evaluation on Seismic Pounding Damage Reduction Effect of EPS Cushioning Material
Using Integrated Model of Building and Furniture
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In this research, the effect of two types of EPS cushioning materials with different foam ratio and
thicknesses in reducing seismic pounding damage was verified by conducting seismic pounding analysis
using an integrated model of building and furniture. As a result, it was clarified that overturning behavior
of furniture was different when different EPS cushioning materials were installed. It was also shown that
the acceleration response was more suppressed when the EPS cushioning material was deformed to the
plateau region, compared to the case when the deformation remained in the elastic region. On the other
hand, the yielded ratio was suppressed in the low-rise model, but was increased in the high-rise model.

Key Words: Seismic pounding analysis, EPS material, Furniture, ASI-Gauss code
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In this study, we conduct a slope stability analysis in a wide area considering two effects of rainfall and
earthquake. The event of interest is the earthquake that occurred in Cianjur, Indonesia on November 21,
2022. Three-dimensional slope stability analysis was performed using the Hovland method, which is a
type of limit equilibrium method, in consideration of rainfall, topography, and geological information.
The result shows that due to seismic force, the safety factor decreases over the entire slope.

Key Words : earthquake, Hovland, landslide, , rainfall

1. INTRODUCTION

Landslide is a common type of natural disaster, and it
frequently occurs in Indonesia as well as in the Asia-Pacific
Region. During a decade period from 2009 to 2018, 5129
landslides occurred in Indonesia. These landslides claimed the
lives of 5920 people, injured 2164 people, and more than
thousands of houses were displaced.

Rainfall and earthquakes are two most prevalent natural
causes of landslides. In the area which characterized as a
seismically active zones, earthquake played as a solely role in
triggering most of the pre-existing landslide. It significantly
their

exacerbated their likelihood and destruction capability. Post-

increased magnitude and frequency and finally
earthquake landslide types are mainly rock and soil slides with
shallow or moderate thickness. At the same time, the earthquake
made many slopes unstable and produced abundant loose
sediments and deposits, which are likely to be transformed into
landslides or debris flow under subsequent intense rainfall.

Around 90% of all landslides occur during periods of heavy
rainfall, making rainfall one of the most important causes of
landslide occurrences. Rainfall has a negative impact on slope
stability because it not only makes rock masses more saturated,
which reduces their shear strength, but it also results in
increased pore water pressure Y.

There are two types of methods in landslide risk assessment,
the first one is a statistical method, based on causal factors, and
the second is a numerical analysis method that requires dynamic
calculation. As an example of statistical methods, Rasyid 2
discusses the relationship between multiple factors and slope
failure by frequency ratio and logistic regression.

Regarding the numerical analysis method, a simple
alternative method based on dynamic theory. Methods based on
limit equilibrium theory are widely used for the evaluation of
slope stability, but their accuracy and performance for actual
phenomena, especially under three-dimensional conditions,

have not been sufficiently verified. Therefore, in this study the
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3D Hovland 3 method was applied to real terrain where there
was a lot of collapse due to heavy rains and earthquakes.

2. METHOD

(1) Groundwater Condition

In this study, the groundwater conditions were set as
conditions in which the surface layer was completely saturated.
Drawdown of an external water level is usually impairing the
stability of slope. Rapid variations in the water level may result
in pore pressure gaps and an increased hydraulic gradient.
Reduced slope stability may result from such pore-pressure gaps
and a diminished or absent sustaining water load?.

(2) Factor of Safety Calculation

Slope stability is extremely important consideration in the
desigh and contruction of earth dams. In this study the factor of
safety (FoS) was calculated using the Hovland method which is
a three-dimensional slope stability analysis method based on the
limit equilibrium method. A single column element and the
forces acting on it are shown in Figure 1%. T, Njj and Wij are
respectively the shear force, the total normal force and the
weight on the base of the column element, and Qjj is the
summation of intercolumn forces acting on the sides of the
column element. The directions of the applied force of Tij, Nij
and Wi are given below by the following unit vector (tij, nij and

eg).

) AX .
Ay 7~ -
4/ ///
Qij
\

Figure. 1 Force acting on a divided column
ny t1 0
nl-j =|n; ’ tij = tz , eg = 0 (1)
n3 t3 -1

(2.1) Hovland method
The Hovland method ignores the internal forces acting
between the soil columns®. In Hovland method, Qjj is assumed
to be zero, which mean there are no side force. The formula for
the Hovland method is shown below”:
_ ZiZj{cA+(Wijnij—uijAn?j)tand)}
B Wijij

FoS 2

where c is cohesion, A is bottom area of the soil and ¢ is internal

F28METETHHEERR

friction angle.

Next, we describe the modeling of the effects of seismic
ground motion. In this study, the horizontal seismic coefficient
vector (K) is introduced as a horizontal vector on the xy plane,
and the horizontal force is taken into account by multiplying it
by the split column weight. The direction of the design
horizontal seismic coefficient vector is assumed to be the entire
slide.

FoS — ZiE]-{CA+(WU(—eg+k1)ni]-)—uijA ((—eg+k1)nij)2)tan¢} (3)

Wij(eg+k,)t3

(3) \Validation
This study uses ROC (Receiver Operating Characteristic)
curves for quantitative comparative verification. The ROC is
described and investigated by many authors ®9). The ROC curve
is widely used in the medical field, and it is a technique that has
applications in the machine learning field. An outline of the
evaluation procedure is described below.
First, multiple evaluation points are randomly set in the target
area and classified into the following four categories.
e True Positive (TP) - Unstable cell within actual
landslide. Predict landslide successfully
e  False Positive (FP) = Unstable cell not within actual
landslide. Predicts landslide unsuccessfully
e  True Negative (TN) > Stable cell not within actual
landslide. Predicts stable area successfully
e False Negative (FN) - Stable cell within actual
landslide. Predicts stable area unsuccessfully
ROC is constructed by obtaining the sensitivity and
specificity of the model at different classification thresholds.
Sensitivity, or true positive rate, is given as the proportion of
negatives correctly identified.

Sensitivity = TPTTN
Specificity = ——— @)

The global accuracy metric for a given model in an ROC
curve is given by the area under the curve (AUC). ROC-AUC
value ranges from 0 to 1. An AUC value 0.5, represented by a
diagonal line, depicts a random classifier with no discrimination
between classes. Curves plotted above the diagonal line (AUC
> 0.5) would represent better classifiers, with improving
discriminative power as AUC approaches 1.

3. NUMERICAL EXAMPLE

(1) Study Area

The study area is in Cianjur Regency, West Java Province,
Indonesia, shown in Figure 2. On 21 November 2022 at 6:21:10
UTC (13:21:10 local time), an earthquake of 5.6 Magnitudes at
a shallow depth of 10 km hit this region, triggering landslide and
causing buildings to collapse. The actual location of the
landslide is shown in red in Figure 2. The epicenter of the
earthquake was on land, Long 107.05 E, Lat 6.84 S, about 9.65
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km south-west of Cianjur. The Digital Elevation Model (DEM)

was provided by Geospatial Information of Indonesia with 3000

0.99

spatial resolution 10 meter in the area 3 x 3 km 0:88
i @ T G A%ﬂ’ iy

4000

0.77

o
o
=)

3000

Factor of Safety

5000 0.99
Legend
Il endside 0.88
Elﬂftx-i&“ -1063 4000 -y 0.77
-Low 605
. . . . . 0.66
Fig. 2 Study area in Cianjur Regency, West Java, Indonesia 3000 g
0.55 §
5
. . 0.44 §
(2) Result and discussion 2000 :“33
R . R 0.33
Parameters for soil properties were obtained through lab test
. . - 0.22
results from soil samples in the study area (table 1). The size of 1000
. . . . . . 0.11
the design horizontal seismic coefficient vector (k) calculated " {
- 0 - “ = . 0.00
from the following formulal®: 3000
k= Amax 5
e (5)

Where amax is the peak ground acceleration (PGA) which Fig. 4 Distribution of collapse in earthquake condition

equal to the maximum ground acceleration that occurred during On Fig55 we can see the AUC value of target area is 0701

earthquake. The PGA in Cugenang District, Cianjur Regency, and consistent with the actual landslide distribution to some

West Java is 0.212 g (2.12 m/s2 or 212 gal). Then we get the

extent. The analysis in Cugenang also assumes that the
maximum horizontal seismic coefficient k = 0.216. It is also

distribution of soil is uniform and seismic ground motions is
also uniform, and it is possible that the assumptions regarding
these calculation conditions affect the analysis results. Since
areas below 1 can be found everywhere, it is thought that the

Hovland method tends to overestimate.
1 —

assumed to be constant over the target area.
Table 1. soil properties at study area
Cohesion (kpa) 0.196133
Friction angle (degree) 32.7

Fig. 3 and 4 show the safety factor distribution during both 4}’_______—?———— '_
normal and earthquake condition. Due to seismic force, the I N Ra—
safety factor decreases over the entire slope, and the area at risk
of collapse is widely distributed over entire slope, showing the 06 {-—--—--i--mmmmm- 4 ———————————— ———————————— F ————————————
same tendency as the actual collapse. %

I e e oo i
- i ! |

—(AUC =0.701)

05.4 — D?ﬁ — OE;E —

Falze Positrve Fate

Fig. 5 ROC curve of slope stability result during an
earthquake in Cianjur Regency
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4. CONCLUSION TARFE FEARENEH Y VR YU LG EE L
In this study, Cianjur Regency was affected by 5.6 M (202145 H)
earthquake on 21 November 2022. Slope stability analysis in [8] He H, Garcia EA: Learning from imbalanced data. IEE
wide area was performed using 3D Hovland method, a limit Trans Knowl Data Eng 21(9):1263-1284, 2009.
equilibrium method, and comparison with the actual landslide. [9] Dolojan, Nilo Lemuel J. et al: Mapping method of rainfall-
In this study, the groundwater condition is set as fully saturated induced landslide hazards by infiltration and slope stability
condition. Soil parameter and seismic force used in the analysis analysis, Landslides 6 (18), 2039-2057, 2021.
are set as a spatial uniform condition. The result shows that due [10] J. D. Bray and T. Travasarou, “Simplified Procedure for
to seismic force, the safety factor decreases over the entire slope, Estimating  Earthquake-Induced  Deviatoric ~ Slope
and the area at risk of collapse is widely distributed over entire Displacements,”  Journal of  Geotechnical and
slope, showing the same tendency as the actual collapse. The Geoenvironmental Engineering 133 (2007): 381-92

groundwater condition is a critical factor for slope stability
analysis. However, changes in groundwater level are affected
by hydrogeological conditions, rainfall, and land cover. Future
research should place an emphasis on groundwater data
collection and groundwater modeling so that input data can
more closely represent the actual groundwater condition
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Data Assimilation Method of Full-Scale Shaking Table Tests of Wooden Houses
#ER =Y, ISy, B, AEEY, BEEEOS
Tokikatsu Namba, Takafumi Nakagawa, Yuji Kado, Atsuo Takino, and Hiroshi Isoda
1) AR AEHER 7 (T611-0011 AUERIFFIATH 1 7 )
2) FHMZSAFIEBR TS (T 305-8505 AR < (XATTHH2-1-1)

3) KIX LR T2 2Rl (T535-8585 KPRIFFABR i E X K E5-16-1)

The data assimilation for seismic performance of wooden structure is important to estimate the
performance accurately and predict the damage in seismic event. We have developed the data assimilation
method for seismic performance of wooden structure. In this study, we adapted the machine learning and
SHAP for numerical analysis that conducted in the data assimilation.

Key Words : Data Assimilation, Quality Engineering, Orthogonal Table, Machine Learning, SHAP
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Numerical Study on the Progressive Collapse Prevention of Pallet Rack Systems

A OKIED, BERERY
Bingqing Xie and Daigoro Isobe
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2) (L) HFUERT AT LERFR Bz (T305-8573 AR> < IXMHKERLT H, E-mail: isobe@kz.tsukuba.ac.jp)

Pallet racking systems are most commonly used in logistics warehouses to store goods on pallets.
This racking system is often likely to collapse when hit by a forklift. Reinforcing the rack system
with plan braces has been considered as a mean to resist the collapse of the racking system.
However, previous studies have not investigated the number of levels of plan braces needed, and
most analyses have focused on single-level racks or two-row racks. As the existing rack system
in the warehouse is assembled across aisles and connected to adjacent racks by components, it is
essential to develop collapse control methods for multiple rows of shelves installed across aisles.
This study uses numerical analysis to verify the resistance to collapse of the rack system with
plan braces when the forklift impacts at 0=and 45<angles. The simulation code employed is the

ASI-Gauss code.

Key Words : Pallet rack system, Plan brace, Progressive collapse, Forklift, ASI-Gauss code
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Analysis of an Entire Building during an Earthquake and Development of a VR Simulator
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As a part of disaster prevention education, a Virtual-Reality (VR) simulator that could directly experience
indoor conditions during an earthquake was developed. The Adaptively Shifted Integration (ASI) - Gauss
code, which can stably perform non-linear phenomenon, was used as a numerical code to simulate and
investigate seismic motions. By this numerical code, it is possible to simulate the motion of the interior of
a 10-story building during an earthquake. Based on the numerical results, a VR simulator capable of
reproducing the results in a 3D environment was developed.

Key Words : ASI-Gauss code, Seismic motion analysis, VR simulator
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Wave-Framed Structure Interaction Analysis Based on
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In this reseach, we developed a partitioned FSI analysis method by coupling both stabilized ISPH method
and ASI-Gauss method aimed for tidal wave and framed structures interaction problems. For transmission
of physical quantities between fluid and structure domains, we adopted a particle-beam element interaction
model based on Improved ERP wall boundary model. Some test calculations were conducted as verification
and validation for the proposed method. Furthermore, we showed results of simulation that simple framed
structures were broken and swept away by a flow mimicking tsunami.

Key Words : ISPH method, FEM, ASI-Gauss method, Fluid—structure interaction, Tsunami
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x-1 RAERITRG

Time increment 5.0x 107 [s]
Number of time steps 10000
Particle spacing 5.0 x 1072 [m]
Number of particles 192000
Effective radius 1.2 x 107! [m]
Relaxation coefficient 5.0x 1073

1.0 x 103 [kg/m?]
1.0 x 1076 [m?/s]

Density
Kinetic viscosity
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Time increment
Number of time steps
Young’s modulus
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Yield stress
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7.93 x 107 [N/m?]
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5.98 x 10° [N/m?]
4.91 x 10% [kg/m?]

Diameter of contact particle 2.0 x 1072 [m]
Coefficient of restitution 0.15
Coefficient of friction 0.3
Smoothing parameter 1.0 x 1072 [s]
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Fully Implicit SPH Analysis of Granular Flow using u(/) Rheology Model
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Shodai Okano, Daniel Morikawa, Haruki Osaki and Mitsuteru Asai
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In this study, we aimed to model fluidized ground as a fundamental study for developing a numerical
analysis technique that can not only predict the scale of occurrence but also estimate the scale of damage.
We model granular soil as a continuum with equivalent flow characteristics (rheology) at a macroscopic
viewpoint, and employed a x(1) rheology model suitable for granular flow. The implementation in the SPH
with explicit time integration causes an instability issue because of the high viscosity in the rheology model,
and a fully implicit ISPH method is utilized to overcome the drawback. This significantly relaxed the
constraints on time increments. The comparison of numerical and experimental results for sand flow
supports the usefulness of the x(1) rheology model and fully implicit ISPH method for granular flow.

Key Words : Non-Newtonian fluid, Granular flow, u(1) rheology, Fully implicit ISPH
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The effects of memory effect function of equation of motion in floating body with elastic
deformation
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Hydrodynamic forces in floating bodoy motion problems are described with the linear potential theory. Re-

cently, nonlinear direct simulations in the timedomain using memory effect function are becoming common.

In this paper, emphasis is placed on the relation memory effect function of motion of equations and the add

mass damping coeffecient in the direct simulation of semi-submersible type floating offshore with elastic
deformation.Moreover the calculation process of memory effect function are discussed from our numerical

results are shown.

Key Words : Floating body, Equation of motion, Elastic deformation, Memory effect function, Time

simulation
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The effect of memory function in Numerical simulation for multiple floating bodies
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In recent years, offshore wind turbines have been attracting attention as part of renewable energy, but
considering the construction and inspection, it is necessary to analyze the fluctuation of multiple floating
bodies considering both the floating bodies and ships at the same time. In this paper, we introduce an
example of motion analysis using the memory function for multiple floating bodies, and examine the
effect of introducing the delay function type motion equation.

Key Words : multiple floating bodies, retardation function method, offshore wind turbines
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For a fast, high-resolution river flow, we solve the full shallow water equations using a novel third-order
MUSCL numerical scheme accelerated on GPU. Sediment and gravel transportation effects are considered
for flood and damage prediction using a benchmark river bed. These simulations were performed

completely on GPU and achieved on real time.

Key Words : Shallow water equations, GPU, River flow, Bed deformation

1. INTRODUCTION

Flooding are disasters that represent a great risk and damage
to cities and their citizens. In recent years, Japan has
experienced an increase in river flooding [1], these events make
it very important to find ways to forecast flooding.

There are several models that have tried to take on this
research. Some one-dimensional models are MIKE11 [2] and
HEC-RAS [3], some two-dimensional models include JFLOW
[4] and LIS-FLOOD [5]. These represent all good research and
efforts to model flooding, it is important to note that in most
cases these models use simplifications in the equations or
neglect terms in order to obtain fast results.

Since river beds naturally change their shape due to erosion,
this effect is important to be studied and included in a model in
order to get more accurate results. Some experiments and
models [6], [7], have tried this by considering the bed
deformation due to sediment particles.

We introduce a model that uses the full shallow water
equations to simulate the river flow, with run-up treatment for
accurate flooding simulation, as well as presenting the

formulation for the river bed deformation.

2. NUMERICAL METHODS
In order to simulate the river flow, we utilize the full shallow

water equations (SWE)

aQ OF 0G
e of oG _ (1)
Gt taxtay S TSR

h M N
Q=|M|F= Mz/h+gh2/2].6= MN/h , @
N NM/h N2/h + gh?/2

where A stands for the water height, M and N are the momentum
in the x and y direction respectively (M = hu, N = hv), z is the
river bed, S is the source terms (bottom gradient and Manning
friction force), R is the rainfall source term, g is gravity, and n

is the Manning coefficient. The source terms are defined are

L)

SZ=| ox

-on(5)]

g

0

[ |
gn
|—7'M /M2+N2|

R
0], Q)
0

where R defines the prescribed rainfall rate [L/s].
These equations are solved using the third-order MUSCL
Lax-Friedrichs [9]

reconstruction. The time integration is based on third-order

scheme [8] and Local for element
TVD Runge-Kutta scheme. For the run-up inundation a thin
layer technique is used. This method has proved stable,

monotone and robust while providing accuracy and speed. For
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a detail description of this method with benchmark results and
practical applications see [10].

The rainfall term is computed using a Euler time integration,
since rainfall data is usually reported in a coarse time and space
resolutions, using a first-order integration deemed sufficient.

In order to simulate the river bed deformation due to the

sediment, the governing equations [11] are

0z, L1 Z 0y, +5qby.i -0, “
at  1—-AZu\ ox ay
L

Adp,i = Sgdf {17Ti{2 (1 - %Cll) <1 — %)} Pi- (5)

Where A is the porosity of material of bed layer (A = 0.4), s
is the submerged weight of sediment (chosen as 1.65), qp; is
the sediment transport rate for each size particle i, d; is the
diameter of sediment class for rate for each size particle i. P; is
the fraction in percentage of particle size i in the bed, 7, ;
and 7,.; are non-dimensional shear stress of sediment and
critical shear stress of sediment respectively. These last two

values are computed using the expressions as follows [12],

u?

Ti = ©)

u, = /ghl,, @)
_ (u2+v2) . nZ

le=—x—: (®)

Additionally, it might be necessary to consider the local bed
slope () in order to get a more accurate simulation. For this
purpose, the following expressions include the slope term (the

equations are symmetrical for the y direction)

F28METETHHEERR

and decouple computations between the SWE and bed
deformation were tried. Since the numerical results
showed no significant difference, we chose to compute the

equations separately for computational speed gain.

3. IMPLEMENTATION

1) Domain

In this study, we used two databases to study the river flow
with rainfall and the sediment bed deformation.

The first database represents an area of 10,500 X 6,000
meters with a 1-m resolution. This was obtained from a region
around the Sumiyoshi river using Lidar technology. The full
domain can be seen in Fig. 3. Several of the river routes contain
dikes, that have been installed to control the water flow. A

second database is provided with the river routes in this area.

[~ — 25m
[

=
— 4561 Us 2

Fig. 1 Bed deformation benchmark description

The second domain describes the bed used to compute the
sediment bed deformation [13]. This consist of a bed slope 1:30
of 2 m long and 40 cm wide. There is a block obstacle at 50 cm
which is 10 cm wide and 30 cm long. The inflow at the left of
the domain is 4.561 L/s, the outflow at the right of the domain

is an open boundary.

2) Adaptive block-based computation

Since computing large domains can very computationally
demanding, we took the approach to split the domain into blocks
and to move to GPU only the blocks that required for active

computation. Each block is of size16 X 16.

T = |t + 1, )
1
Upy ,ufx +u?, 10
Fox = sgd; + Tugi Fig. 2 GPU adaptive block-based computation schematic
Tucoi . .
Togri = <ol ¢ing, (1) All blocks remain on CPU memory. Initially only blocks that
Hs contain a river route are uploaded to GPU memory. As the
' 2li=1] = 2[i +1] simulation progresses, if the river flow grows or expand and it
singy = crosses the boundary of the existing block, then a new neighbor
2020 + [z[i — 1] — z[i + 1]]° (12) - ~ ~
(28x)% + [Z i—1]—z[i+ ]] block is upload to GPU memory, this procedure can be seen in
Fig. 2. For a more detailed description of this process see [14].
These equations are solved using an upwind Scheme’ For the Sumiyoshi domain, the total number of blocks is
using the same stability condition for the SWE. Couple 109,125. However, by using the technique previous described,
© —#HEEANAFRHEIZS - A-03-05 -
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only 12,619 blocks are used on GPU memory, and from those
80933 are active blocks. These active blocks represent areas
where the simulation is taking place, while the remaining

‘inactive’ blocks are used for boundary purposes.

3) GPU computation

As previously mentioned, all the computation is performed
on GPU. To achieve these, the domain blocks uploaded to GPU
memory are computed with a matching CUDA block.
Additionally, several optimizations are introduced to compute
the different equations and high performance, near peak is
obtained.

When needed, in order to speed up the computation of large
domains, multi-GPU is used. METIS library [15] is used in
these cases to split the domain and obtain load balance for the

GPU computation.

4. RESULTS

The first result presented is the river flow with rainfall
simulation over the large 1-m resolution Sumiyoshi domain. For
this simulation the value R = 0.001 is used.

Since the number of river routes for this area is in the
hundreds, a manual initial condition for each route is not

feasible. Instead, the domain starts with a dry river bed and the

HSER B THHE

e

]
s

rainfall is used to fill out all the river routes until a steady flow
is achieved. Once the steady flow is achieved, this state is stored
and used as an initial condition for subsequent simulations.

Fig. 3 shows the Sumiyoshi simulation with the steady flow
after running it with rainfall. The zoomed insert in the figure
shows the outline of the active blocks as well as it shown the
water flow behind a dike located in the river route.

All these computations were performed on GPU, using the
University of Tokyo Supercomputer Wisteria-Aquarius, each
node with eight A100 Nvidia cards and NVLINK network
connection and InfiniBand HDR. Our results were achieved
real-time using 2 and 4 GPUs, which makes it possible to use
this model for forecasting if necessary.

The second result represents a benchmark to study the bed
deformation by sediment. This is very important to incorporate
the effect of real bed movement in rivers, particularly with the
effect of dikes present in the routes

The initial benchmark has an inflow of 4.651 L/s that moves
down a bed with slope 1:30 which contains a block at 50 cm
(see Fig. 1). The simulation uses a uniform particle with
diameter 0.746 cm. The simulation runs on single GPU real-
time due to the size of this domain.

This benchmark is compared to the experimental version
described in [13]. Some of the main observations from the
experiment are that the water flow creates a “road” behind the
mid-block, and that the deepest observed deformation was
around 12 cm. Additionally, measurements were performed to
present contours of the bed deformation and flow streamlines

for the experiment.

= 1 |

= e

EN w oy

I o

Ty R

> Z 7 7 :\ ;“:_‘ "y

. N
e

Fig. 3 Sumiyoshi water height of the simulated river flow with steady flow. Insert: sample domain progressive zoom
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In our results, we observed a flow ‘road’ that created behind
the mid-block, which is located in good agreement with the
location of that reported in the experiment. In the case of the

deepest deformation, our simulation obtained around 15.5 cm.

3
Il
s 4
2 8

S
Difference

)
=

4@? i
050 10 x(m) 15

]U‘ x{m) 15
Fig. 4 Bed deformation (Top) and streamlines (Bottom) for
sediment benchmark

These differences can be accounted by several factors, such
as the numerical method and the boundary conditions used
around the bed domain. Results of the flow streamlines and bed
deformation contours are shown in Fig. 4 Top and Bottom
respectively.

Even though not part of the experiment, in order to further
study the effect of sediment on bed deformation, we simulated
the same benchmark but using more than a single particle. In
total, eight different sizes with their own fraction probabilities
were used (see Table 1).

Size (mm) Percentage (%)

300> 0
75-300 5.2
19-75 65.8
4.75-19 132
2-4.75 5.5
0.85-2 3.1
0.25-0.85 4.5
0.075-0.25 1.9

Table 1 Sediment particle sizes and percentages

Fig. 5 Bed deformation on benchmark bed using single
particle (Top) and multiple particles (Bottom)

The result of this simulation at a steady flow is shown in Fig. 5

F28METETHHEERR

bottom, and are compared with the case of a single particle Fig.5
top. As it can be seen, the movement of material of different
sizes creates more deformation on the bed than when a single
particle is used. Additionally, the deformation with several
particles’ sizes occurred over a much longer time compared to

that of a single particle.

5. CONCLUSIONS

We were able to reproduce the river flow on a real domain
using the full SWE. Introducing the rainfall term allowed not
only a way to fill out a domain with hundreds of river routes but
also to incorporate this value as part of a simulation where rain
occurred. The results were obtained fully on GPU in real-time
by using four GPUs. The adaptive block-based computation
introduced allowed for a fast simulation while preserving the
accuracy. The bed deformation simulation was achieved with
single and multiple sediment particles and proved that this
formulation can be used to simulate the evolution of the

deformation on a more realistic and larger domain in the future.
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This study presents a framework that can rapidly predict rainfall-induced landslides for a wide area by creat-
ing a surrogate model for slope stability analysis. By combining infiltration analysis and three-dimensional
slope stability analysis, the landslide risk is evaluated as a factor of safety. Using the numerical analysis
results considering various rainfall scenarios and combining the mode decomposition technique as well as
Gaussian process regression, a surrogate model for predicting the rainfall-induced landslides is constructed.
In this study, applicability to the analysis of actual terrain is discussed.
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Sound Field Analysis considering the Effect of Wind Velocity
using Finite Element Method
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This paper presents a finite element method for sound field analysis considering the effect of wind velocity.
In order to examine the validity of the method, a spherical wave model is performed as a benchmark analysis.
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As an application example, the present method is applied to the constraction noise ploblem.
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Development of Numerical Simulation Method on Inland Water Flooding

by Simple Modeling of Sewage System
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In recent years, flood damage due to climate change has occurred frequently, and simulation of disaster
damage has become necessary. Sewage analysis is essential to calculate the impact, but some local
governments say it is difficult to analyze the sewage system as pipeline flow. We hypothesized that the
runoff into the sewage system could be easily calculated using Torricelli's theorem. This hypothesis was
applied to Morioka City, Iwate Prefecture, focusing on land use, and the characteristics of the flood were

clarified.

Key Words : Inland water flooding, Numerical simulation, Modeling sewage system
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This study uses the two-dimensional shallow water equation to govern debris flow behavior after
slope failure. In particular, the debris flow is assumed as a homogenous viscous fluid and dis-
cretized into depth-integrated particles using the smoothed particle hydrodynamics. This method
allows for the tracking of particles in a Lagrangian manner without much consideration of the
background mesh. This computational advantage is ideal for wide areas debris flow studies char-
acterized by large computational domains relative to the small percentage of failure areas. Debris
flow experiments and actual debris flow disasters are simulated to demonstrate the capability and

applicability of the model.
Key Words

1. INTRODUCTION

Debris flow is a common natural geohazard that causes
significant damage in mountainous regions. Commonly
triggered by earthquakes or rainfall, debris flows often
travel over long distances in a fluid-like manner causing
destruction along their path. Due to the serious threat it
poses to human life, economy, and property, there is a need
to better understand the behavior and consequences of this
hazard. While the prevention of debris flows remains to be
challenging, numerical simulation and modelling are use-
ful tools in minimizing the damages and casualties inflicted
on the affected communities.

Therefore, this study employs a smoothed particle hy-
drodynamics (SPH) approach in discretizing the depth-
integrated two-dimensional shallow water equations (2D
SWE) to better understand the post-failure behavior, prop-
agation, and extent of multiple debris flows over a wide
areas. Particularly, the debris flow is assumed to be a
single-phase homogeneous viscous fluid governed by the
2D SWE. The fluid body is discretized using the mesh-
free Lagrangian SPH method, whose calculation cost is de-
fined by the number of particles regardless of the extent of
the computational domain. Calibration and parameter fit-
ting of the model is conducted to reproduce the debris flow
experiments of Iverson et al.[1] and confirm the model’s
applicability. The calibrated model is then applied on a
wide-area scenario to simulate the actual debris flow dis-
asters that occured in Marumori, Miyagi, Japan.

: shallow water equations, debris flow, SPH

2. NUMERICAL SCHEME
(1) Governing Equations

Neglecting the viscosity terms, the depth-integrated 2D
SWE can be written in the Lagrangian form as:

Dh

Du T
h— =-VP—-ghVz— —
Dt \Y ghVz )

(2)
where D /Dt is the total material deriative, h is the flow
depth, u is the velocity vector, P = % gh2 is the pressure,
g is the acceleration due to gravity, z is the bed elevation,
p is the density and 7 is the bed shear stress vector.

(2) SPH Discretization

The above equations are solved using the mesh-free La-
grangian SPH approach. Under the SPH algorithm, the
fluid body is discretized into particles each carrying mate-
rial properties such as density, pressure, velocity, etc. The
approximation of a function is defined using a smoothing
kernel function in the integral representation of the func-
tion as:

< f(x) >= /Qf(:c')W(:c — ', hy)dz’ 3)

where W(x — @', hy) is the smoothing kernel function,
hs is the smoothing length such that W = 0 when |x —
a’| > khs. Here k is a constant related to h that defines
the radius of the support domain of the kernel function at
point . For brevity, W (x — ', h;) is shortened into W;;
representing the value of the kernel function between two
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particles, ¢ and j. This paper employs a cubic B-spline
kernel function given by:

—?+14, 0<g<1
(2—q)®, 1<g<2 4)
q>2

Wij = Qq

O o= Wi

where aig = 15/7mh? is the normalization constant in 2D
space, and ¢ = w is defined as the relative distance
between particles. ﬁiscretizing the integral representation
as the summation of NV neigboring particles within the sup-
port domain of particle ¢, a function and its gradient can be

expressed as:

N

< fli) >=) fla)WiAw; 5)
j=1
N

< Vf(iL‘l) >= Z f(ZBj)VWijAIEj 6)
j=1

where Ax; is the particle’s volume in 3D space and the
particle’s area in 2D space.

Applying the SPH approximation, the continuity and
momentum equations can be written as :

N
= VW @
j=1

Dul _

N
P
;VJ ( 5 +HU> VWij — gi — p;’;
()
where Vj is the constant volume of a particle, W;; is the
kernel function, and IL;; is the stabilizing artificial vis-
cosity term. The vector g; is defined as gV z, where Vz
is calculated from the terrain using finite differences only
once and interpolated into the particle positions for sim-
plicity. Note that the 2D SPH area with constant volume
A; = h;/V; is analogous with the traditional 3D SPH vol-
ume with constant mass V; = p; /m; .

The artificial viscosity term is used to stabilize and re-
duce the oscilation in the numerical solution. This paper
adopts the artificial viscosity used in the works of Mon-
aghan [2] and Xia [3] as:

I, = 0Bsigtii Ty ©
hij|7ij]
Uij - Tij

|74

Vsig = Ci + Cj — 2 (10)
where 7 is the distance vector, h;; = (h; + h;)/2 is the
mean flow depth and ¢ = /gh is the wave celerity.

(3) Rheological Model
To simulate debris flow behavior, the flow resistance or
bed shear stress term 73, must to be specified. Particularly,

BBEEETHHER

this study employs both the Manning’s turbulent model and
Coulomb’s frictional model defined, respectively, as:

pgnuy/u2

=" (11)

Ty, = pgh cos atan ¢ (12)

where n is the Manning’s friction coefficient, « is the slope
gradient, and ¢ is the internal friction angle of the material.
By modifying only two parameters, n and ¢, the flow char-
acteristics could be modified and calibrated.

3. RESULTS AND DISCUSSION
(1) Debris Flow Flume Experiment

The model is used to simulate the debris flow experi-
ments of Iverson et al. [1]. The experiment involves the
release of a debris flow-like mixture of soil and water with
a total volume of 11.78 m? and wet bulk density of 2,010
kg/m?> over a rectangular concrete channel 95 m long, 2 m
wide, and 1.2 m deep (Fig. 1). Upon release of the ma-
terial, the propagation of the flow front is measured and
plotted with time.

Gate-area detail

/ sidewall

runout pad

Fig. 1 Flume experimental setup, taken from Iverson
et al.

To simulate the experiment, the debris flow was dis-
cretized into 2,353 particles with initial spacing of Az =
0.1 m. The radius of the support domain is further defined
as khy = 2.4Az. To maintain a reasonable amount of
neighboring particles during the flow expansion or contrac-
tion, the smoothing length is modified and updated with
respect to the initial depth and smoothing length of each
particle. Wall boundary conditions are implemented using
fixed virtual fluid particles whose positions and velocities
are not evolved through time.

Parameter fitting and calibration of the flow resistance
parameters, n and ¢, are conducted to reproduce the re-
sults of the experiment. Fig. 2 shows the effect of varying
the flow resistance parameters in modifying the flow be-
havior. In both instances, reducing the values leads to less
flow resistance and therefore higher flow velocities. The
parameters that best replicated the experimental results are
Manning’s friction coefficient n = 0.03 for the flume floor
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Fig. 2 Graphs showing the propagaton of the experimental and simulated flow front in time. The left figure shows
the effect of varying the friction coefficient, while the right shows the effect of varying the internal friction

angle.

and an internal friction angle ¢ = 4°. This friction coef-
ficient value corresponds to rough concrete or gravel bot-
tom (n = 0.03) [4] consistent with the conditions of the
experimental setup, while this friction angle suggests the
residual strength of a post-failure mixture of fluidized soil
and water. Sufficient selection of the parameters shows
that the model can result in a reasonable agreement with
the experiment demonstrating the applicability of both the
numerical and rheologic model.

(2) Marumori Debris Flow Disasters

The model is then applied to simulate the debris flow
disasters that occurred during the 2019 Typhoon Hagibis
in Marumori, Miyagi, Japan. The terrain is characterized
using a high-resolution digital elevation model (1 meter) of
the study area taken after the 2019 event. The distribution
of the source of slope failure is inferred from the analysis
of post-event terrain morphology and the delineation of the
actual observable debris flows. The geometric features of
the slope failure is extracted from the post-failure condi-
tion of the terrain. The elevations (ridges) and depressions
(valleys) are highlighted using a neighborhood focal statis-
tics algorithm, where the mean elevation of the neighbor-
ing cells is subtracted from the elevation of the focal cell.
A negative difference value specifies that the focal cell is
lower than its neighbors and can then be considered a de-
pression, and vice versa.

A threshold difference value is then determined using
the delineated actual failure geometry. Moreover, assum-
ing that the terrain is the equilibrated condition after slope
failure, a threshold slope angle could be employed to high-
light areas whose gradients have been lowered after fail-
ure. The intersection of the above conditions is then man-
ually post-processed to remove unwanted artifacts outside
the delineated failure geometry. Finally, the depths (vol-
umes) are assumed to be the difference values obtained in

7 160401
[14
/ 12

Velocity (m/s)

Fig. 3 Actual and simulated debris flow within Usu-
daira community.

the earlier neighborhood focal statistics algorithm.

Taking the experimental results earlier to be a quantita-
tive benchmark of debris flow behavior, the Marumori de-
bris flows are simulated using the same material properties
and calibrated parameters in section 3.1, The Manning’s
friction coefficient, however, was modified to n=0.07 to
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Fig. 4 Actual and simulated debris flow within Koyasu
community.

correspond to mountain streams lined with cobbles and
boulders [4] resembling actual field conditions.

Two areas in Marumori that sustained significant dam-
age during the typhoon are analyzed in detail. The first area
is the Usudaira community adjacent to the Gofukuya River
that suffered multiple flooding and slope disasters. The
computational domain covers a total area of 312,477 m?,
with debris positioned at the source areas and discretized
into 17,608 particles with initial spacing of Ax = 0.5 m.
The next area is within the Koyasu community covering a
compuational domain area of 740,911 m2. The debris flow
along the source areas is dicretized into 32,292 particles
with initial spacing of Az = 0.5 m.

Fig. 3 and Fig. 4 show some of the results within the
computational domain of Usudaira and Koyasu communi-
ties, respectively, each depicting a simulation of a single
debris flow event after 60s. It illustrates the pathlines of
individual debris flow particles visualized (masked) at 20
particle intervals for better clarity. The pathlines depict the
evolution of particle positions and velocities through space
and time.

The results show peak velocities of 16.2 m/s and 17.4
m/s for Usudaira and Koyasu, respectively, conforming
with local and global debris flow velocity estimates. More-
over, particle tracking also provides information regarding
total distance travelled reaching distances of up to 600 m
for both areas. An aerial view of the distribution of path-

BBEEETHHER

lines suggest that the model generally captures the physical
behavior and response of the debris flows as confirmed by
the close agreement of the simulated debris flow distribu-
tions with the delineated damaged areas (Fig. 5).

Fig. 5 Simulated results overlain by actual damage.

The above simulations demonstrate the applicability of
the model in characterizing multiple debris flow occur-
rences over wide areas with intuitive and reasonable re-
sults. The model could provide necessary information such
as debris flow velocities, propagation direction, and runout
distributions that are expected to aid in the consideration,
placement, and design of both soft and hard disaster pre-
vention measures.

4. CONCLUSIONS

Using an SPH-based approach in solving the depth-
integrated shallow water equations, the propagation ve-
locity, behavior, and extent of an idealized single-phase
debris flow have been modeled. Calibration of two ma-
terial parameters related to the flow resistance terms al-
lowed the model to conform with past or experimental
data. Despite the numerical and theoretical simplifications,
proposed method successfully reproduced the flow veloc-
ities of the full-scale experiment of Iverson et al.[1] and
the runout extent of the debris flow disasters that occurred
in Japan. Therefore, given proper calibration, the model
can be used in the evaluation, assessment, or mitigation of
would-be future debris flow hazards in the area. Moreover,
the simplified 2D SWE framework provides a practical al-
ternative for wide-area debris flow hazard studies.
ACKNOWLEDGMENT We would like to thank the
Geospatial Information Authority of Japan for providing
the high-resolution digital elevation model of Marumori
Town.
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In this study we present an optimization scheme to configure offshore wave gauges using machine learning
and sparse sensing techniques. Specifically, the robust principal component analysis is employed for extract-
ing low-dimensional spatial mode from a pre-computed tsunami scenario dataset. According to the low-rank
spatial mode that is dominant for the whole tsunami propagation, the optimal sparse gauges’ configuration
is determined. As a demonstration, the optimal observation gauges oft the coast of Shikoku is detected for
1564 possible Nankai Trough earthquakes. The forecast capability of the detected gauges’ configuration is
examined within the framework of the previous tsunami scenario detection.
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In this study, we investigate the applicability of the transfer learning methods to combine the heterogeneous
datasets for previous tsunami risk evaluation method. We first set up two different databases, which are cre-
ated by two different tsunami propagation/inundation simulation tools with the corresponding techniques for
generating fault rupture. With these two databases both consisting of over 1000 tsunami scenarios triggered
by Nankai Trough, we proceed to the unsupervised learning by proper orthogonal decomposition (POD)

where the so-called “frustratingly easy domain adaption” is implemented. Comparing the prediction results
based on the learning with (1) simple database summation and with (2) a domain adaption, we then argue the
applicability and the possibility of the combining the heterogeneous datasets for the early tsunami forecast.

Key Words : Proper orthogonal decomposition, Tsunami scenario database, Domain Adaption
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Application of Quantum Computing to Wind Turbine Placement Optimization Problem
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To effectively generate power in wind power generation, it is necessary to pay attention to the layout of
the wind turbines together with the terrain and weather conditions. In this paper, we report on the modeling
for the application of quantum computing, the application of quantum-inspired algorithms, and the
application of quantum computers to the optimization problem of wind turbine layout.

Key Words : Optimization, Wind-power generation, Quantum computing, QUBO, Ising
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Development and Basic Verification of Urban Flood Analysis Software

mfRAED, B, NS
Kei Takamuku, Takashi Manabe and Hideo Mizouchi
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kei.takamuku@mizuho-rt.co.jp)
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hideo.mizouchi@mizuho-rt.co.jp)

In recent years, flood damage has become more severe and frequent across the country due to the effects
of climate change, and there is a continuing concern about the extent of damage. In such a situation,
numerical simulation techniques are increasingly important for the physical evaluation of flood
assumptions and predictions. This paper describes the urban flood damage analysis software developed
by the authors and reports the results of the basic verification conducted for this software.

Key Words : Urban Flood, Surface Flooding, Sewer Overflows, River Flooding
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Multi-Agent Simulation of Excretion Care in Day Care Facilities
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With the declining birthrate and aging population, the shortage of care workers is becoming a serious
problem in Japan. In this study, with a view of improving the efficiency of care work by caregivers, we
verify the effectiveness of the developed method by modeling and simulating care work in day care
facilities, and by comparing the results with actual observation results in actual care facilities. Here we
focus on "excretion care," which is considered to be a particularly high burden on caregivers.

Key Words : Multi-agent simulation. excretion care. day-service facilities
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Construction of the Okinawa Traffic Digital Twin and Its Application to Sightseeing Issues
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Takashi Tanji, Hideaki Uchida, Hideki Fujii, and Shinobu Yoshimura
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We have been constructing the Okinawa Traffic Digital Twin to solve multiple social problems related to

traffics in Okinawa.

For this purpose, we emply the microscopic multi-agent-based traffic simulator
ADVENTURE_Mates, together with real data in Okinawa’s traffic situation.

As one of examples, we

show simulations employing different route search algorithms including Eco-driving.
Key Words : Traffic digital twin, ADVENTURE Mates, Route search, Eco-driving
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Simulation of infrastructure coordination between transportation and electricity via electric vehicles
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and Shinobu Yoshimura
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With the spread of variable renewable energy sources such as wind and solar power, a low-cost leveling
method has been proposed by utilizing EVs as storage batteries. To achieve this, it is necessary to
coordinate transportation and electric power, and for this purpose, a coupled simulation that unifies
transportation and electric power is important. In this study, a coupled simulator that links an existing
traffic simulator and an electric power simulator is constructed, and the extent to which EVs actually affect

both is examined.

Key Words : EV,Transportation,Electric power,Coordination simulation
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Optimal Placement of On-demand Bus Stops for Persons with Mobility Constraints
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1) I TERY RPEBRBE T AR o A7 LA T AR (T 337-8570 i R IR S 7o 5 17 FLIE X 1E307)

In rural areas, transportation is essential for daily life. However, the fixed-route bus system has become
inefficient due to declining demand caused by depopulation in rural areas. Therefore, on-demand buses,
which operate by aggregating the small-scale demand in rural areas, are getting attention. In this study,
we create, compare, and evaluate several models of bus stop locations from the perspective of persons
with mobility constraints who have difficulty getting to on-demand bus stops.

Key Words : on-demand bus, persons with mobility constraints, facility location problem

1. [ZC®IZ

H5 CIE B E RS2 &% E)OKTE-EJ?D/\X&}:@@L%':
EBNVEE RS> TS, L LRRG, #Bikic
Eﬁ9uibmﬁmyﬁﬂ®ﬂziﬁﬂﬁ% @oft
FoTWS., ZIHLEERON, HFO/NEIFLEE 245
ML %??‘9“52‘/77/]\/\xi)>ﬁﬁéﬂfb\

F o T~y RARZTETHROENTHLIO X S IZ
FHCoxHU HUgREEZ LITHE LT ﬁﬁjiJWMPT—LT
BY, RUFIEORIGHTH 2 AR RIERTIX B B
=T 4 IRA Y NDOT v RRIZGEPREAS LT
WAL

A TEREER
FHHBIFEICTTED RS TOEITETY AR

A
I [ iaf 1 @,

B. FhoUL—F - TV FFI /R
T REARELE < — AL PRI B B IR T N ST AT

C. BHERI—FTIRA -8
BT M EST FHOLLF BN E RER R TETT2AR

o 07 o ing

D BAHEEF7Y— FFE
BT — b2 SR BE E TR ST R T Y- R T T IEITT 245 T

& @

-1, Ao F~ v RAZDETHRIT L 54550

SRR B 1E, FIHEOEFTNS BRHE TOHRA7 b
N WIZ ) T Z A L TOTR &AL Z @R~

VALV ARFVHEEZBELZARRKE KT Y — KT
BOA T~ RARZAONL— Mk FEEZRE LB
ARFIECIEL, SO H BfEE R7 Y — R 7RO
TROLNTEHMREE S LITHZEN TET STV D BB
KX —T 4 VT HRA L FMNZOWTORFREIT S .
HHERE I =T 4 V7R A MUTEBRRE R 7Y —
K7 EERY, RAEETTOBMMPRLETHD. HHE
T DT~ 2 REIEA MO /N AR E O B 2213500m T dH
50, K20 X HIZHVEIT 0T < v REIFEAZE OB G
BRGDOT o r— ML D & BERE D22%1F500m D H)
DREETH D ERIZELTND.

2T, KL OBBHNERL T RARE
FIATE 2 X9 BREHONAEOREET VEER L,
IO D - TN AT S .

0% 20% 40% 60% 80% 100%
E~100m ®~300m ~500m ~1km ®™~1.5km ®15km~ ®mEEZE

[X-2. PRZENT S~ o RIS & 28 W B i
DIRETHT 5

2. YTal—vavHE

AWFFE TIXEBATRA O fe/ NN T & 2 ARZEAT D 250m A
v 2D ANASFZRNTIODETFILEERT 5.
(1) p-ATATYETIL

PD-AT AT VT NENE, FTEED D E CTo Mk
(FEENEEHE) & TR RO OMRMB /M2 5 L 9 IZpf@ D
ek A E T 5ET V. LTFOXQ)~@)D &L 5 IicER L
5.

- A-06-03 -



© —MHHEABAGEIZS

A-06-03

min Z(wiZ di]-xl-j) o)

subject to inj =1,VieN

L

@

Xij < Vi, Vi,Vj EN ?3)

ZYj =P (4)

wi WERICB T 2 FEE p AAEOH

dij: WERIN S ANAEFETOREE  N: N 2{E R OES

x;j M AT I T D /S RSB i~ DB C AR B2

Y NS (T35 1T D S AE O A K T fEEE

2 ptvE—ETIL
p-EUF—ET VLI, BENERED B KIE D R/ MR

5 & o cpE DR &R E S 5 ET . K(2),(3),(4)

AXG),O) Mz, LFToX s icEbEhs.

min Z (5)

subject to Zdijxi}- <Z ®)
(2),(3),and(4)
VAR &N Nl
B BEAEEBEET L
KRBT T VL, Misks b EHu LN EE 7o iR
D OFENINE D LS ICpEOEHEELET 5 ET
o K@),Q@)MeXKMEMZ, UToXiicExfbah

5.
min ZZ ajjXij )

subject to (2),(3),and(4)
a;j: S AE DG BB LN T N — T & B TFE IO S
(d; <uZebidw, s b7 <X 0)
3. YEal—varE#
AERIOVIalb—ra TR LE3S>OET VL

A & LIRS L EICRE LI2ET VEAERT .

SMITE IR,

x-1 22— avEH
xR i WAERAEMZAZ K
INRERH 250mA yadET Yy KR
INREH 34
EES 250mA v anET Yy K
FES 250mA Yy aD&YT Yy FO6SEUEDAD ST

4. LZal—YgofER
VRalb—var TERLIZp- AT AT ET )V, p- ¥

— TV e KT 7 L L Ol L L TS S A A

U e P A% 3 R R, THLO HlkE £ 207 T

F28METETHHEERR

P ATATVET N p-EVE—TTIL

9%
5 Q <
i oGy
29 ¥
e 5 9
? o -9

BAHETIN

©
0 0 0 O

v

< L - S

-3, {ERLT-EF L

2. vial—alfE R

PATATY |pya— |BRAEE HERE
IN A4S A 7] 34 34 34 34
W EEEE(m] 203289.4 | 295337.2 |264475.7 |527709.4
BABHIER M) 840.0 538.5| 1605.3 957.7
300mLLAI D /N Z1EDEIE[%] 80.9 61.2 89.1 30.4

ERLIZET VD DS, RKEBEET VO I /N—FR
RRERD, NAMEEWEICRE LG & N —
IX2.9FIT o7z, LdL, p AT 4 T VBT VL L
LTHN—FILUETHLDICKR L, WBEEEREA 13
T, ABEIEEENLIFIC > TLES TN S.

5. BbHYIc

ARER LT VO Tl 72T T VTt b3 —
FERREVWRRKFEBET NV THDLEEXD. LoLian
B KRB E T VISR BB REC B R B EERE N K & <
o T LEST. THIEHINSMIC IR OKEZ & F e
WZEDBRERThHE EEZOND. TDRYD, ST
BB A Eiop- AT A T VBTN ERREETT IV
DRV— MREFAWD Z & TX 0 BEHRIE IS L=
AMERBEETVOERNRTEDLLHICRDEEZD.

S5

[1] BELz@Ed: 7~ v Rz Eo T3] &, 2013.

[2] ARZEMT: S FN34EREE IRZEMT AR EIZ B3 2 B A&
At 5,2020

[8] “FRiE7 5 MaaSEEE L= A v T~ RANADIL
— MRl FHE LFRE S U Vol .26, 2021

[4] ARZEMT: SFIFE AN AR IS 5T v —
b AR 5%,2020

[6] #EA MR 20204 5 [E ST AR 2, 2020

- A-06-03 -



R TR AT

© —MHFEABAGEIZS

A-06-04

Se Vol.28 (2023456 1)

LARJ)L4DMaaSEIRICFITT=EE

BBEE BT HHEES

PRI RRE L D —EA1T

On Trial of Multidisciplinary Optimization to Actualized Level 4 MaaS Platform

/NI PR g8 OR PR, BOJINES'
Kaisei OBATA, Ryusuke SUZUKI and Hiroshi HASEGAWA

VB LENRS RERR LR AT AP LZEHIL (T337-0003 HERSW-Ei REREE 307)

Mobility as a Service (MaaS) is a service that aims to provide seamless mobility to users and bring economic, social,

transportation, and environmental benefits to cities. In this study, we will optimize tourist routes from pre-determined

tourist attractions, and pre-determined departure and arrival points, taking into account customer needs, which include

qualitative data, and quantitative data, such as travel distances, and the benefits on the part of the stakeholders. This

will enable System of Systems design for level4 MaaS realization.

Key Word: Maas, level4, Mobility, Optimization, Multidisciplinary optimization
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During a disaster, routes to destinations may be blocked due to road damage, making repairs necessary.
Emergency activities in a disaster-stricken area involve three phases: saving lives, transporting emergency
supplies, and restoring traffic for general vehicles. In this study, a traffic flow simulator was used to
simulate traffic flows during each phase, and vehicle arrival times were evaluated. Based on the
simulations, deep reinforcement learning was used to determine where road repairs are necessary for each
phase, and a repair plan was designed accordingly.

Key Words : Traffic Flow Simulation, Deep Reinforcement Learning, Disaster Recovery
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Implementing CAV Behavior on the Micro-Traffic Simulator
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Autonomous Vehicles (AV) and connectivity technologies have been on the rise these days. On April 1%,
2023, LEVEL4 AV has been legalized to drive on public road in Japan. AV has a lot of features to
contribute to social problems such as social welfare for vulnerable road users, lack of labor force, and
alleviation of traffic jams etc. In this study, the mixed-Autonomy condition: an environment that both AV
and Human-Driven Vehicles run around the network, is in focus. To evaluate the influence of CAV on
the traffic network, altruism in the route choice process is implemented on the microscopic traffic

simulator.

Key Words : Connected-Autonomous Vehicle, Micro-Traffic Simulator, Mixed-Autonomy
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Fig.5: (a) and (b) represent two selfish equilibria with the same social cost. The equi-
librium with all autonomous flow on the 405 freeway (b) is more robust to additional
unforeseen flow demand. Solid (resp. dashed) lines characterize the road with only
human drivers (resp. autonomous vehicles). The 405 has maximum flow that bene-
fits more from autonomy than the canyons — by routing all autonomous traffic onto
the 405, a social planner can make the routing more robust to unforeseen demand. If
some autonomous users are altruistic, a social planner can send them on the 405 while
Coldwater is uncongested (c), leading to a lower overall travel time.

X-2 RBEEBEDE R E CAVDRELZDLNTIE]

AR TR R T RT A—F L LCrZBHAL
D0, BIELSND T A MHLEL, EEOEKA (origin-
destination, OD) A FTET 2 BREEICIB VT HAERET 2 Fik
ERETS.

(3) K-shortest path problem
ADVENTURE_Mates TIX&4F 7' 1 7 7 A M U T
RbiFE LORERKEZRATS. Lo LA ENIFMhE
DORBOTD, FFHETE HHHANOTIEIIEEZEINT 572
DIZHERBE LA OREEMZ BST 5 0ERH L.
FV, HAHIARTKE BIZE VSR % 21T % K-shortest
path problem % fig< 7/ I3V X A% EETINEND .
ZOTNAAY XNELTYenDT LAY XA[9] AL
. ZHURRREARDO Y v 7 m N HIER Lo ofk
REYIETHOT, FHEEIT OKN?) BETHD.

3. FlMhaviRRERIRDREE & RALE

(1) ¥32al— 3Bt

BBEE BT HHEES

AN 2 BN D ITEN N TE TWBENE D ha i
FAET A 728, K3DE Y I —HROEMR E 2O FRIOE R

200m

400m B 800m B 200m
-3 2al—YarEREDEAXEK
WD 5 ry NV—VREZRE L. RiBH
EDIZE A EFEHRNOAIH~ENI bDE LT,

(2) ¥t

FHBET -z MIRERDEEHEZX Ty Ialb—
TarEFEMLE. CAVE—Ux 2 MIZRBORKE
TP LT RE a3 E LRI 872 < ¢
HLIFEE AT 2 2 L 28 L, ELSHBIEL TS
ZEWbhol. —HFTCAVE—D =2 FRNRVES,
Ty B FE N < 7R 5 2RV R W RJERREE T H D B
PN ERET— = MIFEE LR T

4. BhHYIC

CAV & FENEIS M ORGEREEICHB VT, CAVAHER
BIRORYR « RT p—< 2 2 F M LEERIEDICED L
Dl B EEEBTE AN ONTELET L7201
A 2 R BB IR TEN 2 RIE 9D Z LT & -
SHOMEE LT, BHEZRR Yy U — 7 R D0D
BT HBREETDY I 2 L—3 g VO EM, HEEE
THIMMBEDO O H ENERSL IICTERENLE NI 5y
BRERENEBZ BbhD. ==V b T L ORI
WA BBUNRE D, HD-EOREDOFR Y hU—7

T LI REMRICHEREZ ST 2 TN R VIOV T
bR E LTDEZ.
SEXH

[1] Lioris J. et al.:: Platoons of connected vehicles can double
throughput in urban roads, Transportation Research Part
C, Vol. 77, pp. 292-305, 2017.

[2] Wu C. et al.: Emergent behaviors in mixed-autonomy
traffic; Conference on Robot Learning, pp. 398-407, 2017.

[3] Di X. etal.: A survey on autonomous vehicle control in the
era of mixed-autonomy: from physics-based to Al-guided
driving policy learning; Transportation Research Part C,
Vol. 125, p. 103008, 2021.

[4] Yeetal.: Modeling connected and autonomous vehicles in
heterogeneous traffic flow; Physica A:
Mechanics and its Applications, Vol. 490, pp. 269-277,
2018.

[5] Wu W. et al: Modelling the traffic in a mixed network with

Statistical

- A-07-02 -



A-07-02

(6]

[7]

© —MHFEABAGEIZS

autonomous-driving expressways and non-autonomous
local streets, Transportation Research Part E. VVol. 134, p.
101855, 2020.

Buyik, E. et al.: Altruistic Autonomy: Beating Congestion
on Shared Roads. Algorithmic Foundations of Robotics
X111, pp. 887-904, 2018.

Yoshimura S.: MATES : Multi-Agent based Traffic and
Environment Simulator - Theory, Implementation and
Practical Application, Computer Modeling in Engineering

BBEE BT HHEES

(8]

(9]

- A-07-02 -

& Sciences, Vol. 11, No. 1, pp. 17-26, 2006.

Fujii H., et al.: Agent-based Simulation Framework for
Mixed Traffic of Cars, Pedestrians and Trams,
Transportation Research Part C, Vol. 85, pp. 234-248,
2017.

Yen, J.-Y.: Finding the k shortest loopless paths in a
network. Management Science Vol. 17, No. 11, pp. 712-
716, 1971.



© —MRAFEABARGEIER

A-07-03

FHEITFEERREE Vol. 28 (2023 4 5 A)

=EE

PANN

amaslic BT
BEINAL T R3S

BBEEETHHER

HEIYS

S, ~
m =

L—>3>

Dynamic Hybrid Traffic Simulation at Highway Merging Section

SV B 2 EREY
Yo IMAL, Hideki FUJII and Shinobu YOSHIMURA

D& (T) SRR REBE T 2RISR (T 113-8656 B HUHISC X AN 7-3-1, E-mail: y_imai @save.sys.t.u-tokyo.ac.jp)
D1 (BRED) REURE ARG T2 A SeR HE% (7] L, E-mail: fujii@sys.t.u-tokyo.ac.jp)
3 T UK R TR ZE R #2 (AL, E-mail: yoshi@sys.t.u-toyo.ac.jp)

Traffic simulations are useful tools for quantitatively assessing various traffic measures, including plan-
ning expressway maintenance. The authors previously proposed a dynamic hybrid traffic simulation model
to achieve local high-resolution and calculation speed. This study extends this model to be applicable to
expressway merging sections. Algorithms to reproduce the car merging behavior have been newly imple-
mented to both the macroscopic and microscopic models composing the hybrid model. The result of the
simulation targeting an actual merging section showed that the model could accurately reproduce the ob-

served traffic jams’ length, start time, and end time.

Key Words : Traffic Simulation, Multi-agent Model, Cell Transmission Model, Hybrid Model
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Optimal Placement of One-way Carsharing Based on Autonomous Car and Visualization Simulation
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Car sharing services have become a sharing service that is attracting attention all over the world. However,
one-way car sharing requires relocation due to uneven distribution of vehicles, and it is necessary to guide
the optimum station layout at the introduction stage. In addition, it is expected that Autonomous cars will
be introduced for car sharing in the future. Therefore, the purpose of this paper is to reduce costs and
improve the utilization rate in consideration of relocation by Autonomous operation and station placement
based on users. In addition, visualization simulations are performed.

Key Word: MaaS, Autonomous Car, Car Sharing, Optimization, Visualization

1. RECHIC

WA, = =7 U ZIEMRRICER Shoobh 5.
20204E3HICIXFAARTO AT — 3 3 VEITK2TT AT, &
B#%i32005 A M &5, ABhEICE LTI,
H B R L~ L3DARFEDIBAE L, [ BhEER 0O 3%  AS A
fELEH>ELTN5S.

FCTHIFEINT, HLEBELTHWDEIONRT T = ARl
—vx2T VT THD. VoAM= =TV T
I, Bl OFHIGHT ERHIEHNE RSO THD. Lo
L, FIRLEWAR AT — g Uimdic e s 2 &
DTERY, IWHITERVHESAELCTLES. ZORE
EET 572021, AT —Y a3 VOHEERE, B EhERE
EBE LT, EROERENIMLEL RS,

JIEGIE, AfkEE W BidE Ok, A4 3y
I IIGA T L >THIHEBHICL A HELEZ{T-
720, 27— 3 0%, BV O R CREF T 2
Wik D AT — g v LTHRELTE.

AMFFECIE, HENERIC L D ERECH A ICER S
AT —a YEEZEZE L a2 FollE, FIAROR
EEBRET . £, HBERE~OBM L EET 5720,
EVHIZBIT ANy 7 U —DFEHE L AEEIRE|IC LA L
DOIEFFBIME L THET L OFRBELITY. &I, i
BOLORHARNS 2T —2 a VEE A ERIE L TRD
5.

2. PRTLER

AWFFRO T AT 2HEFKZIK 1 1RT. ARFFETIE,
ARBIBEITICCT oy 2 ATy — =T Y T —E X
DEAZBETD. AT —3 3 4%, I BB ORIZE L& Ak
\ZIRZERT D &> 2 Wil a — EHiPH & L7 T, BEFET S0
BEFEOLOLE LTHRELE.

RT—Sav DR
RESH
+

PATATUETIL =

i
[ z7—caoBm, 8K | 0 0

[BEEovsaL—ar || Q
EREECsAERE

ﬂ 14

ot 9 4

RAF—LavDEME
+
EBERER /9
EREEOL 27 LEA 0/

K1 AT LK

3. BREEDLZHIAN
K2 CIAAEIZAT = a VALLEBEZRAHAL, A
T—a UBTHEHMZERAILZW. £/, XAT7—T 3 VA
IFZ2H, 27— a UDITMEORETHD. 20
AT —3arDb LATFIA AR Bm BN FES 2 AT
— a VChBHEmE AT~ 3 VASNEREBEEZITY. =
DEE, PHLLDAT—v a Vb HEZBEISE5 )
% B RISV, V2 CRIMTT 5 . s BI%Y; 1>\ T
gL
Vij

= E——G+1 + A+thij (1)

Z 2T, EIXEEEIC X o THED R D BERES Ok
GITH TR SN HERESGOHETHDH. £, AILE,
GRS DN DM, wy, I ZBEIRFH D EHI
ATF—avi, BEET.

e P

EE R i
X2 FELE OGN

- A-07-04 -



© —MHHEABAGEIZS

A-07-04

4. p-ATATPUETIVZKBRT—LaVERE
P-ATF AT UETIAEEBATSHZ LICLY, HENERIC
LI ATF—varnbEEMETOBE o X MrEbE

F28METETHHEERR

D OB - FELCE RO R EX 4, £ 212, ¥
a1 RS

T p- AT 4 T VETA L, BEONMANRFTEOHRE, #1 YIS
B B s £ TORBEMEDS /N2 D K512, pfAo AT — a3 UK 13 {#
MRk & BT ICBE T D ET N THD.p-AT 4 T ET IV HE B 3126
ix, UTo LS ZEAbsns. ik 6:00~-24:00
min ( wi Y dy ) @ FIF A S 1000 A/H
) ) WA EES 2RO 2/3
subject toz xj=1VieN 3)
g 250
Xij Sy, Vi, jJEN (4) WAFATUHY WAF4TURL
F200
)
Zy i =P ®) 2150
wiITREICRBIT 2 FER, d; 3T EINOMRETO ‘35100
PERE, x; I TFFEENC féhjm@%é%ﬁf&ﬁ X8 o
mimm BT DM O B A RS REEH, plIfiai, £50““‘ ‘
Mk DL EFKT
@@@&$$§&@@@@§¢§@@@@m
5. p-AFATZUVETINZEBRT—L 3 V&R
A JEe | Mo Q Za U X4 BEhEEHELER
]2
e | .7 [0 £2 FREESLE
5 e | T tage (7 AFATUBL AFATBY wEH
. ° 19509; 160; 2 253 163[E 106[H]
o -} < 12| ORR SafS o 5 s = e ]
. g o e -0 B4, 500, p-AT 4T BT ML Y BIRS AT
D y o o) @jGT% X AT =2 a YOFPRFTATHREDOAT = a2 X0, 1 6Y
F S 729 OBBIIERENH 120m FIfE S . £72, FRELEIELL
WELTY p AT ATV EFARZEATLILICLY
O NESORRTRELERF—vay @ FEEMLERF—vay - Zothols L . . - .
HI 21T 2 DR ERERORY N TCLE-7. Zh

X3 RAEAT— 3

K3 Tk, NESDOWRETRELILAT—vay, ¥
FICRE LT AT —v 3y, %@ﬂﬁ@ﬁ@ XE LTS,
JNESOMFETIE, AT —al &7 ZNIERLT
W5, %ﬁ?‘_ IAT—va v ERELZEBE LT, JIE
S OB TRE L2 13ED 2T —3 a Vi R Fl i &
i@%ﬁwwfm4747/%7»(5@&%%%%<
TOTHD. p-AT AT VETIVEITORE, AT —vav
B F/HEMOEER CIZ LR TIER b2 0w, #iH
THEEMIL, 2ROV T 224 5EIL, £V T Ol
R OHRLEE Ue, 7, FEMO R IRMESRIT
Google map 22 HIE L, KHFZLDOAT— 3 UFIH
FBL9hH INLOT—F &K, AT —va VEEORK
WLEAT D .

6. RT—LaVERBEDRHRUER

AT — 3 VR, FE e AT — 3 UM & Ok
I, W3 TRELEAT = arnb, p AT ATV
ETNCEBIREINTZAT — 3 o ERATHECTRE LT
ATF—varbT, HRMFICRBITL 1 549 0B
Bt L FRLEER O IR AT ). FRHEICBT S 1 £

LEEE AT, ZEHEREGHHIZAT — a9 &
ORISR AT — > a VEST FE, FhLE RIS

WA T o7, ERER I ITRT.
#3  HEERK
g% AT 4TV
106 A 163 [A

WEELDOAT— 3 TlE, 5725 HEEREOH]
WA R LTz,

7. BENERREADEM

Q) Ny TY—%=E
FRAESBENEREGEZERT & &2, Sy T U —
BENRICRBINTWAMERH D, HEEIZLD
NyT U —RRICRYPEXD L, RERMBE T,
BENEHBICFHHTERVWERESDNEX 2556035
5. koT, REEENRLSZVELHIERS TSV
AT B EBICHBIANT. Ny T V=B HZ
e, FUXLRETONy T Y —REgE X 5 1R
7

- A-07-04 -



s - FRIE

_80 —3z¥y
LT M
= 60
T s0
L 40
730

20

10

0

1"-456739101112131234‘.6789101117]3
A7 —ia-No

. 5 Ny hﬁfgttﬁx

Ny T V—ERBEEZEFELRVWEATIE, Ny7U—&
BAENKRE CHTLEWERIER S HRLT 2o TLE
DT EDBLTMD.

2 FLADIEA

EL) &, #7v—DOEETHOLNDLLOT, ¥
73— kDR RN LRAEEHET HIETH D, HiEE
DA—2 =T V7T, ERFRFIHEDOZD T L
EATZR20H, BEEEEOGAITEEFEZNE S L
Wiz, TRL ~NEARFEEL 7%, £ 2 TAREITIX
HEREIRHE CU AT AOEMAT LD, L ~DIcH %
BRI DOy T 7 —OBMET T, Ry T 7—t
I, HEREEEE SR FET AMETHD. p- AT
S T VETMZE s THRIRSNIZARIBAT —3 3 125
BYDONRYyT7r—%BNMLE. TRENDRNY T 7—%
BINL7ZSEE CTREZ EOFHEANPORBARAT —a v
FlINY 77 —FE TOBBNEREE 21T 5. FR A6
WY

8000 —=7i
7000 —52

S® S \\“ SO LSS SES ‘9,\@ S S
A N Rl ENENEN n\ﬂ;‘vq,

X6 EFEH & OB Bk

7 & ¥ 6:00~10:00, 19:00~0:00Df TiZ/Y v 7 7 —BL,
11:00~18:00D# Tl1E/N v 7 7 —BEM i 712 & 43 o 7.
TNEN ORI TRIER N Y 7 7 —Z 0 A6
DOFEHREL IR 2 RAUTRT .

4 REREEES
Ny 77—
77578.87

Ny 77— L
81994.22

Fa PR [m)

Ny 77 —%BIMLEZEICL - T, BBENREL 22
ST=ONRET.

© —MHHEABAGEIZS

F28METETHHEERR

8. ALYz alL—Pay
TEETORBERLYI 2l —Ya OB 2 LE
D BB AT,

AL TIL, RO AT L2 %2T 7Y r— a1k
L/iﬁiﬁ%ﬁo_&%ﬁﬁ , 7a A A T Ol E
1To7=. 2L, h—> =T Vo T8 AT HEE
@yi;v—yayeLf*@yz%A%ﬁ¢¢é%Q
RSB DA T ORI 21T ) 2 M TEDH B X T2

9. GoogleAPIxMapBoxiZ & 5 Al #i{t

{7 % % GoogleMap, wI{L>Y — Vi iZMapBox % i
AL, HEOBEESEAT—Y 3 V~DFEREDKET%
AL &S E7-. GoogleAPlE, HuX ofrEG#RE T —#
ELTCHAALDIZFEENRL, BEITHRAT— =
CHIDEIE A EERE TS TE A OF A L.
MapBoxiZMapBox L3 #2325 U 7 v & 4 LA THEHF I
nNoe7A47ar—rarvy7ORET Ty b T — A
Thd. R 2 ITx REENEBT 5 27 Al
#7272, ZhnEFIALE.

BERE-IaiL—aryAThA

YIialb—varafferATL

¥Ialb—
vavF—%

_________

1

1

1

1

1 TALTEY
' £
1

1

1

1

L

1

1

1

1

BE-——X7—%

7 ALY AT LR

70, 23D 6 EOHELE S AT A%, MapBox &
EH L= A8E Y AT DT AAA TR CTH D, A
WAL AT LDOT 7V r— a v CEEET — X & AL,
HEEBREEBES I 2L—Yara2fT0W2ET, Zar by
AF AN I ab— g VOEEELESETREREE T
HlbsE o5 E Lz,

10. SROEE

T e AR — 2TV DY I alb— g 0T
AT —a UiklbEEH 5 Z LT, BEERHCBIT S
aR b, HEBERKEHMCTE D2 ENARER. &5

12, HENERERAEET L L TUAT AEHZBE
B2 bDIZTDHIENTED. v Ial—varsk
Tﬁk#é’kf,Eﬁ@@%,ﬁ%%ﬁgﬁﬁﬁ%%
WTETk.

SE X
[1] ABMHEATaR Y — - VU F ¢ BH,
http://www.ecomo.or.jp/environment/carshare/carshare_t
op.html, FA&BIEH : 2021426 A 5 H.
[2] JNEE-ER)INES, " XA FIv o 77400 7%
BRIV AR~ =T ) 7 OFELE R
WAL, 2021, 55 26 [l A AFHE Tl s

- A-07-04 -



