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Development of road network vulnerability analysis focusing on required
functions immediately after a disaster

Satoshi, Sugiura
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This study aims to provide a method for evaluating the vulnerability of road
networks and proposing improvement measures. Using the minimum cut theory, we developed two
indicators to assess connection strength: isolation vulnerability and local capacity vulnerability,
and constructed models to calculate these indicators. These indicators were applied to actual road
networks to identify locations prone to isolation and areas expected to be congested during mass
evacuations. Additionally, we formulated a network design problem to mitigate isolation
vulnerability and identified new road sections to be added to reduce isolation vulnerability at key
locations in northern Hokkaido. These research outcomes were published in two high-level academic

journals and are considered to have received a certain level of recognition.



1
60 9 pp.5-
8 2017.
Berdica (2002) D’ Este and Taylor (2003)
Jenelius et
al.(2006), Bell (2000), Murry-Tuite and Mahmassani (2004) Chen

et al. (2007), Taylor (2008)

Bell et al. (2020) Chen et al. (2011), Xu et al. (2018)

U\
(5000)

SNAvY bE
EED2AM
ERRET DL
FICYVIR
EOEHHI’E
HNILHD
k=

(2018) (2018)



Network Design Problem NDP

NDP
2
NDP
(2018)
Vol.57 43-06
2018 a -
Vol.58 148
1 SRS AL
S L A ‘ﬁgééﬁ
1 Al
88 #2451 EE RSN
2 2

7000 1=20F /0 v b 124000

2000 3000 =30&/N Ay hF7000

G 1 ] 130 v b 34000
\ N G SHURED1=34E5%
1000 %0777 3000 / TRy s oRsRNE

Min(4000,7000)=4000
Gomory-HuRidZ D & 5 (2
QO @ W @ i iomint

i % A E TRB AR,

_ _ _Gomory-HuA
Gomory-Hu 3
IJEY - 7K
TJEY - 7—AEOEEDDEBRELLLEICTED2ODHN 77
(AEN,BEN) ZDEWHTF7DHhy MIFTD T 5 7 D(s,) RN
2 hy bE—BTB, hickY, hy P EEBRTIEEAHBETE S,
3 Gomory-Hu

DRM Digital Road Mapping

NDP



€y

) 5 10 km w
> = A Aﬁ E:qeio:nectwny
3 s a8 Aé 3 5 2::170
N AQA A AAA TN A 10-20
A A A 20-
A 2 & B 0T M (E) Nakanuma
one-to-one aa I8 Cau e B
- A A o 4
o A A b0 ZB%A R Ao
AL TAG ON BENBTB
e A a4 Ay B ABSC
%AA 7AS A o AA AAQ '\\
2 5K D % A i 2\ (C) Higashi-yonesato
) o A A
A SN o7 AR o\~ a
DRM Aon A NS RN BN LAy
£ o A DA 25 QU &
A X AL AR 2 A
[] B e AR T
A
(F) Bankei BT B OB IR S
A AA AA ST AA&M AN DN
4 : - A oE A A %
(G) Minamisawa 4,/ & s BATL S
5 A A28
(H) Jozankei A L(‘A vy
A (D) Moiwa-minami
A A
A A
(B) Jozankei 7 a4 5 %
elementary school (A) Fujinosawa
4
Fuj inosawa 1
Jozankei 4 7

Sugiura and Kurauchi (2023)

Satoshi Sugiura, Fumitaka Kurauchi., I solation vulnerability

analysis in road network: Edge connectivity

and critical link sets, Transportation Research Part D: Transport and Environment, Vol. 119, 103768, 2023,

doi: https://doi.org/10.1016/j.trd.2023.103768.

@

Gomory-Hu

(a) Ran

(¢) Rank 3 “Suzuka industrial area2”

5
Rank 1 “ Tahara”

(e) Rank 5 “Asama hotspring facilities "

VAt SN

Industrial
area

k 1 “Tahara” (b) Rank 2 “Suzuka industrial areal "

Industrial
area

Hara Station
(d) Rank 4 “Hara™
A /

Asma
Hotspring
Facilities

e

() Rank 6 “Okazaki”

5



2.93
" Suzuka industrial area 1,2

Rank 5 “ Asama hotspring facilities”

Sugiura and Chen (2021)

Satoshi Sugiura, Anthony Chen: Vulnerability analysis of cut-capacity structure and OD demand using
Gomory-Hu tree method, Transportation research part-B Methodological, Vol. 153, pp.111-127 2021, doi:
https://doi.org/10.1016/j.trb.2021.08.013.

3) NDP
NDP
2 “Enbetsu “L

Required conneetivity 7 = 5

6 * : Supporting base Nayoro
@ Receiving base
==. : Solution candidate links
6
=5
2

" Nakagawa” " Otoineppu”

=5 3 2

" Nakagawa” ,” Otoineppu”
" Esashi”

5



4 4 1 2

Sugiura Satoshi Kurauchi Fumitaka 119

Isolation vulnerability analysis in road network: Edge connectivity and critical link sets 2023

Transportation Research Part D: Transport and Environment 103768 103768
DOI

10.1016/j -trd.2023.103768

NARUOKA Ryosuke SUGIURA Satoshi 78

Gomory-Hu 2023

Journal of Japan Society of Civil Engineers, Ser. D3 (Infrastructure Planning and Management) 1_483 1_490
DOI

10.2208/jscejipm.78.5_i_483

ASADA Tomohiro SUGIURA Satoshi 78

2023

Journal of Japan Society of Civil Engineers, Ser. D3 (Infrastructure Planning and Management) 1_141 1_151
DOI

10.2208/jscejipm.78.5_i_141

Satoshi Sugiura, Anthony Chen 153

Vulnerability analysis of cut-capacity structure and OD demand using Gomory-Hu tree method 2021

Transportation Research Part B: Methodological 111-127

DOl
10.1016/j .trb.2021.08.013




5 0 1

Akioka, M., and Sugiura, S.

Connectivity enhancement network design problem for emergency receiving bases: on the concept of isolation vulnerability

The 26th International Conference of Hong Kong Society for Transportation Studies

2022

65

2022

Gomory-Hu

65

2022

2022




Gomory-Hu

2022

Hong Kong polytechnic
university




