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INUNDATION ANALYSIS CONSIDERING THE WATER BEHAVIOUR OF
UNDERGROUND SPACE IN KYOTO CITY

Daisuike SATO, Makoto TAKEDA, Masataka MURASE and Daiki YABUSHITA

Recently, the risk and the countermeasures of the water disaster has been examined for the underground
space in urban areas. In metropolitan areas subways and underground shopping centers are highly con-
structed. If large scale inundation occurs there, flood damage becomes serious in the underground space.
In Kyoto city, which is the target area of this study, there is a risk of inundation due to the Kamogawa river
flood, and Kyoto city has four subway line and underground shopping center mole. Moreover, in our study
group, the urban inundation analysis model was developed with consideration of the analysis on the water
behavior in the underground space and subway lines. In this study, the developed analysis model was ap-
plied to the inundation situations in Kyoto city. From this study, analysis results show the feature of the
inundation in Kyoto city. Moreover, the effect of the water stop board at the entrance of the underground
space are shown. In addition, in the inundation analysis, the analysis results using 10m grid are different
from the analysis results using 50m grid, so the importance of detailed analysis is shown clearly.
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PLUVIAL FLOOD HAZARD OF UNDERGROUND SPACES
BY EXTREME HEAVY RAINFALL
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Kazuki OTA, Taisuke ISHIGAKI, Taira OZAKI, Keiichi TODA

In recent years the number of occurrences of local downpours has increased. In the future, it is predicted
that the occurrence frequency of local heavy rainfall increases. In an urban area, if such rain occurs, the
inundation of underground space is induced. The influence of inundation damage to the underground
space is affected by rainfall patterns. So, model rainfall with assumed maximum intensity and pattern of
rainfall was made and the ground surface and underground space inundation were calculated by In-
foWorks ICM. Saftey of evacuation was tased by using the specific force per unit width, which is calcu-
lated with velocity and water depth. As a result, in the assumed maximum rainfall, inundation areas of 1
m or more depth observed on the ground. In the subway, flood depth more than 5 meters was seen. It was
found that the difference of rainfall pattern affects safe evacuation from underground spaces.

Key Words : underground space, extreme rainfall, safe evacuation, inundation ,flooded simulation
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EXPERIMENT STUDY ON DROWING ACCIDENT RISK IN
FLOODED NARROW UNDERGROUND PASS

Takaaki OKAMOTO, Keiichi TODA, Sosuke OKA, Yasufumi TOUMA

The rainfall events cause flash floods and drowning accident occurs in an underground area. Therefore, it
is very important to study the hydrodynamic force exerted on the human body in flood water. In this study,
the flume experiments were conducted using a the human body model (1/6 scale). The drag force exerted
on the human body was measured in a narrow channel which assumes the underground pass. The experi-
ment data showed that the drag force exerted on the body in the narrow channel is 2 times larger than that
in the wide channel. Also, the buoyancy force acting on the body increases due to the backwater rise. Con-
sequently, the drowning accident risk increases even in a low velocity condition.
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Education Activities on Water Related Disasters
by Diorama Typed Miniature Model
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(1) Graduate School of Management, Kyoto University, Japan
(2) Department of Civil, Environmental and Applied System Engineering, Kansai University, Japan
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Synopsis

We made a diorama typed miniature model of urban area with river which can express
urban inundation by river overflow, heavy rainfall and Tsunami. The miniature model
includes underground space and underground storage pond. Using this model, we had a
class on disaster prevention and reduction as a comprehensive school study for third and
fourth grade students in three elementary schools, Kamitsu and Itami-Mimani
elementary schools in Itami City, Hyogo Prefecture, and Nishitonda elementary school
in Shirahama Town, Wakayama Prefecture, Japan. As a result, students could
understand the flood mechanism and its countermeasures with interest. The miniature
model introduced here can be an effective tool for education activities for students of
elementary schools.

F—T— R kKE, I=FaTERE, PSBSEE, IR
Keywords: water related disasters, miniature model, disaster prevention and reduction
education, elementary school
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Photo 2 Education activity by use of georama model
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Photo 3 Tsunami evacuation sign
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Table 1 Questionnaire before experiment (Kamitsu)

No. [@D-1|@2|@3|@|Q®|®|®|® D12

Yes 27 37 25 | 12 |13 20| O 2 6 2 12

No 10 0 12 | 25 |24 37 | 35 [ 31 34 | 25

No answer| 0 0 0 00| O 0 0 0 1 0

FEBIZIIM®H YD, TiZwv) Tvwnz ) 25K T
®, @D AR R E > TS, KT NEV
% [Yes] , TWiz ) % NoJ THRELTWD. 7
v — bOBERNFIZRIRO LBV THD. B,
O REEIIIFELE EAFEERNRIAT o120, )
FIFEANMAL L DL R DT, 2 TiH/NEFES
HAOFER OB L TRT.

BRIO- 204 KEEACEA T NTWvw) ¢2B% %
TWD. ZAUE, #ENFEROT I < —H&m)I
DL BRILTEY, F /BB DR K
FEBICR L TWD Z & BAVKIEE IOV THIG
HEPENTHTEEEZOND. —F, EOT—X
LV L CTEB®D THEER#ED~—7 2 /-2
ENRBHY ETH?) OHEED KRR WESE LD
TW5., ZOHMBE LTk, M/ N2 i I R
FIHICHVUFCE L TR LY, T~ T7 7 HE
D HP IR AR T 72 < WERHIEZIZBI L Th £ 0 B2
Nl tExbns.

(b) BHT7UT—MERLEER

Table2 \ZHFKT 7 — NORFBRERT. 7 r—
NIEH X129 C, 5IRGXOER10EE, i Xog
FR2EEENLRS. 77— FOEMAFITFIRD &
B THDH., RTIX, BEE, BRUAFOREYL, B
WM GNEIZ, TAl B) ey Tpy) TE) TFHBIL
TW5.

FHIT o — b OFCTHEMENE -T2, EM
HEOOHAKILE, Q@DAKILE, @DHTERAKD
HHILSOWT, HERT U r—roHpTh TK<bh
o7 (4) 1, Throiz (B) | LERIZLZIEEN
£ DEIREED TWD. FH0ERIT BRI B AR
DR B 7o T KBF R MERR IZ B3 2 BRI @I %f
LTH, TO/NERTIEEmOVBEMREZ R LTND.

Table 2 Questionnaire after experiment (Kamitsu)

No. || @|®|@®| B |®[D]|®[®[W
A 23|28 |23| 19| 26 | 33 | 25| 30 [33(33
B 1310 14] 15 | 11 6 [12] 7 315
C 1 0|0 1 0 0 0 1 210
D 2 1 0 4 1 0 2 1 0|1
E 0]0]0 0 0 0 0 0 [0fO
No answer| 0 0 2 0 1 0 0 0 110
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Table 3 Questionnaire before experiment

(Itami-Minami)

No. [@D-1|@2|D3|Q|®| @ |B®|® |D1|D2
Yes | 129|167 | 94 |66 (04| 78 | 7 | 21| 47 | 33 | 59
No 62 24 97 [125(97| 113|184 (170| 144 | 156 [ 130

No answer| 0 0 0 00| O 0 0 0 2 2
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Table 4 Questionnaire after experiment (Itami-Minami)

No. DIQ@|®|@|B|®|D®|O|D®
A 142|127 (123 109 | 163 | 151 | 89| 140 |164 | 135
B 40| 52 [ 51 [ 56 | 27 | 36 |79] 39 | 22| 45
C 30 9 | 12 2 1 |11] 6 4 | 4
D 3 6 3 8 0 1 41 3 1 7
E 2] 2 3 2 0 0 [7 1 0] 2
No answer| 3 6 4 6 1 4 3 4 210

RFEZLEBLT, L —BE@NRE-T=Z &
DHEZ D, Fio, BRICETL2EBOIE 2\ T,

HAT o — POERM@ T EOREN M5
BRWEEZTWED, FRT I — 2R L80%
DEORENGWEMZ R LT, HEKICETS
FRARIZII D72 0 OB RENREZ D, ZhbHDZ &Eh
o, FPE/NERIFEAIZRHLTH, VAT A
HWIEB SR BEBIIED THoTmE ) T B0 D,

3.3 DASYBBERVEKEXHEE (BE
H/NERR)
(1) SHSTERLEKBHRBEEOAE

RO EBH/NFERTHLRBEO A T <5 %
EALEZ. SHORNLRETH D, KBEFRHE D
T OB HE % Photo 4IZ” 7. BAREHELHIA AIZE
AICHFRI T v — MZEZ 2 Tbboz. HHIE, 3
A DAMS33L &, BHMSIA I DIV TEI ST 21T
STz,

BHRLIZIZE T, AT D20 OMEH/NERL « FHFFr /)
ZRTIT o R EE L RER, V47 <Az A
TR AR IR L B R T R 2 O T e R R 5
BRizzmL b bot.

ARLIZ D W CIEBHL & RIFFEAT T, G850 0 Bh 5
BExZFTHH o7 (Photo5 BR) . #EM DR K
HETIX, BERBORNE200 X% B DR & Rk
2, o THRBEEZZ T THLbolm. REBRET
IRT—RKRA FEHEHL, 4T vEACHELT
X D IKKERLHS S TIZ O TG 72 K2 A 2 T-4%
EL Lz

Photo 4 Experiment class by use of georama model



Photo 6 Class by use of jigsaw puzzle

* River flood, inland flood
* Storm surge
* Tsunami

Types of
flood disasters

Countermeasures to
protect themselves

« Acquisition of information
* Evacuation behavior

* River flood, inland flood
* Storm surge, Tsunami
* Other water related disasters

Try puzzles regarding
flood disasters

* Review of flood disasters
» Important actions to protect
themselves

Fig.1 Contents of lecture typed class
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Table 5 Questionnaire before experiment
(A Class, Lecture, Nishitonda)

No. |@-1|@2|D3|@|®| @G |®|D1|02
Yes | 20 | 32 | 11 | 7 |23[20| 2| 2| 13| 10|24
No 5 | 2 | 23 |27 |11|14|32]32| 21| 24|10

No answer| 0 0 0 00| O 0 0 0 0 0

Table 6 Questionnaire before experiment

(B Class, Experiment, Nishitonda)

No. [@D-1|@2|@3|@|®|@®|®|® D12
Yes | 28 | 30 | 17 | 8 |24| 25| 4 | 1| 9 | 8 |28
No 6 | 4 | 17 |26|10] 9 |30[33| 25| 26 | 6

No answer| 0 0 0 00| O 0 0 0 0 0
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Table 7 Questionnaire after experiment
(A Class, Lecture, Nishitonda)

No. D@ PD|B|®|D ©

A 19125 14| 11 | 26 [ 25 |12 18 | 24|19

B 121 6 |16 | 14 4 6 [18] 13 [8 (9

C 0 2 1 6 2 1 2 0 1 ]1

D 1 0 1 2 1 1 0 2 0|2

E 0[O0 ([0 0 0 0 1 0 [0fO

No answer| 1 0 1 0 0 0 0 0 [0 (2

Table 8 Questionnaire after experiment
(B Class, Experiment, Nishitonda)
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A 25 (19 (24 14 [ 24 | 24 [14] 26 [ 2222

B 4 111 |5 14 7 6 |16]| 4 719
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Questionnaire Research on Disaster Prevention Consciousness of Tsunami Targeted at the Children's
Parents of Nishi-Tonda Primary School in Shirahama Town
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Synopsis

This report shows questionnaire results on disaster prevention consciousness of
Tsunami. The targeted area is the school district of Nishi-tonda primary school in
Shirahama Town, Wakayama prefecture. This targeted area includes a possible inundation
area due to a massive earthquake occur in the Nankai Trough, and the maximum
inundation depth is up to 10 m deep.

The questionnaire survey conducted in all grades of Nishi-tonda primary school. Each
family answered the questionnaire, and 221 answers in all returned (the collection rate is
about 82 percent). The questionnaire has 26 questions regarding respondent’s attribute,
evacuation in the event of an earthquake, Nankai and Tonankai earthquakes, regional
evacuation sites, gathering of information on disaster due to tsunami, and
countermeasures on disaster mitigation. From the questionnaire results, it is found that
public awareness of disaster prevention is potentially good, and some respondents
recognize well that correct situational judgment for evacuation behaviors is important to
ensure their safety in the event of an earthquake.

On the other hand, some respondents answered that they don't know well about the
regional evacuation sites and tsunami hazard map. Survey results showed that requests on
transmission of relevant information and dissemination of knowledge have a majority as
the countermeasures against damage due to tsunami. Even though the publicity of relevant
information and knowledge is modest way as the countermeasures, constant publicity
activities are important to raise the public awareness of disaster prevention.

F—T— R EsE, BRER 7o — MRE, R
Keywords: tsunami disaster, public awareness of disaster prevention, questionnaire
survey, primary School
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Fig. 1 Tsunami hazard map around Nishi-Tonda Primary School

Table 1 Collection rate of questionnaire

I35 (CIEVES & PF T 7> EIVES

1A 18/19 94.74%
1B 14/15 93.33%
1C 11/14 78.57%
2A 13/15 86.67%
2B 12/17 70.59%
3A 15/20 75.00%
3B 18/22 81.82%
4A 18/19 94.74%
4B 14/15 93.33%
5A 11/14 78.57%
5B 13/15 86.67%
6A 12/17 70.59%
WT'HA 15/20 75.00%
WI'HB 18/22 81.82%
2K 221/269 82.16%
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Welcome to Kochi . 7
. : The 2nd International Workshop on

Urban Flood Management (UFM2019)

September 11, 2019
KOCHI, JAPAN

Venue: Media no Mori 6F, Kochi University (2-5-1 Akeboro-cho, Kochi 780-8520, JAPAN)
3-minute walk from JR Asakura Station (Japan Railway Dosan Line)
1-minute walk from Asakura (Kochidaigakumae) Stop (Tosaden Tram)

1-minute walk from Asakura Kochidaigakumae Stop (Tosaden Bus)

Local Organizing Committee
Chair

Keiichi Toda (Kyoto Univ.)
Secretary General

Hao Zhang (Kochi Univ.)

Members .
Haruo Y. hi (Kochi Univ.)  Hideaki Ichiura (Kochi Univ.) Kohsuke Adachi (Kochi Univ.) Co-organkzed by
aruo Yamagucni (hochi univ. Ideakl Ichiura (Kochni univ. onsuke Adacni (hochi Univ. . ) )
? Subcommittee on Disaster Research, Committee on Underground Space Research,
Kou Ikejima (Kochi Univ.) Makoto Takeda (Chubu Univ.) Masayuki Matsuoka (Kochi Univ.) Japan Society of Civil Engineers
Mina Hori (Kochi Univ.) Shushi Sato (Kochi Univ.) Taira Ozaki (Kansai Univ.)
Taisuke Ishigaki (Kansai Univ.)  Taku Fujiwara (Kochi Univ.) Tomoaki Ichie (Kachi Univ.) Center of Excellence for Development of Innovative Water and Biomass Cycle Systems,
Yasuyuki Baba (Kyoto Univ.) Kochi University

Secretariat
Laboratory of Hydroscience and Engineering, Faculty of Science and Technology, Kochi University

Tel & Fax: +81-88-844-8277 E-mail: zhang@kochi-u.ac.ip y J:;Z'E m (‘g)’ =) ﬂ] j( $
A

= Kochi Uni it
URL: hitps:/lwww.kochi-u.ac jp/ino-whesleventUFM2019/ RFZMARERS oen Bntversity
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PROGRAM

9:00-9: 20

9:20-9: 256

9:25-9: 35

9:35-9: 45

Registration

Opening Address
Katsutoshi Sakurai (President of Kochi University)
Introduction of Committee on Underground Research, Japan Society
of Civil Engineers
Yasuyuki Baba (Kyoto University)
Introduction of Center of Excellence for Development of Innovative
Water and Biomass Cycle Systems, Kochi University
Taku Fujiwara (Kochi University)

Keynote Lecture

9:45-10:30

Urban flood management in China: challenge and coping strategy

Cheng Xiaotao (Expert Team Member of China National Disaster
Reduction Committee)

10:30-10:40 | Break

Technical Session1

10:40-11:10

11:10-11:40

11:40-12:10

12:10-12:40

12:40-13:10

Chair: Kenichiro Kobayashi (Kobe University)
Experimental learning in primary school for disaster prevention with
hydraulic urban model Taisuke Ishigaki (Kansai University)

Sponge city and urban floed management in Jinan City, China
Xu Zhongxue (Beijing Normal University)
Evacuation analysis in flooding at multi-layer underground space
Keiichi Toda (Kyoto University)

Lunch

Demonstration of Urban Flooding with Miniature City Model
Hao Zhang (Kochi University)

110

Technical Session2 Chair: Chieh-Hsuan Weng (National Cheng Kung University)

13:20-13:45

D)

o

13:45-14:10

14:10-14:35

14:35-15:00

15:00-15:25

15:25-15:35

Technical Session3

15:35-16:00

16:00-16:25

16:25-16:50

16:50-17:15

17:15-17:40

17:40-17:45

19:00-21:00

High-resolution modelliing techniques for urban flood and its
applications for sponge-city evaluation

Hou Jingming (Xi'an University of Technology)
Analysis model on urban inundation and its applications

Makoto Takeda (Chubu University)

Practical application of image technology in urban hydrological
monitoring Qu Zhaoshong (Beijing Sinfotek Technology Co., Ltd)
Fleod inundation simulation and its uncertainty regulated by hydraulics
and topography Ryota Tsubaki (Nagoya University)
Experimental study on drowning accident risk at irrigation channel and
side ditch Takaaki Okamoto (Kyoto University)
Break

Chair: Shushi Sato (Kochi University)
Urban water-logging early warning technology and its application
Wang Jing (China Institute of Water Resources & Hydropower Research)
Assessment of flood damage in the river basins of Southeast Asia
Badri Bhakta Shrestha (University of Tokyo)

Comprehensive measurement techniques of water flow, bedload and
suspended sediment using Acoustic Doppler Current Profiler

Shoji Okada (National Institute of Technology, Kochi College)
Management system with 10T sensors for flooding disasters in Tainan
City Chih-Wei Huang (National Cheng Kung University)
Sediment-flood disasters caused by extreme heavy rain fall: a case
study of rivers in Hiroshima prefecture during the heavy rain in July
2018 Tatsuhiko Uchida (Hiroshima University)

Closing Remarks
Keiichi Toda (Chair of UFM2019 and Professor of Kyoto University)
Reception
Room Asuka, Kochi Kaikan (5-6-42 Hon-Machi, Kochi City)
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