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Table 1. Criteria of safe evacuation presented by the

specific force per unit width, My (m*/m)

Limit of safe | Difficult without
evacuation any help
Male 0.125 0.250
Elderly male 0.100 0.200
Female 0.100 0.200
Elderly female 0.080 0.160

IRNH) - M EN AT D,

INET, MITFEMRKREOBEIZOWNT, EY
KT 7 F O 7 3 (A 5 5 s SR 2 3D <Gl e IR
EREORR, TOWH L L TH T 220 0 R KT
LA G DRI RN E oG A IToCE L (A
5, 2005, 2006 ; KPH 5, 2007, 2008 ; #H S,
2009 ; Ishigaki et al, 2005, 2006, 2008a, 2008b, 2009,
2010; Onishi et al., 2009; Asai et ai, 2010) , & D5 &,
Table 1 (279 HEALHE EE ) 2 F O 72 388 9 IR 56 i i 422
AR, ZOEEE, WE uk AKE hEAWT,
Mo=u’h/g+h*2 & &N, Fig.l ([ZRT & 9 ITE K

0.80

0.70
e ; |Daﬂger |
~ 0.60 =

=—Difficult(Male)

== Difficult(Femal & Aged male

====Difficult(Aged female)

(m

—Safety limit (Male)

h

-==-Safety limit (Female & Aged male)
0,40

== Safety limit (Aged female)

Water depth

0.20

0.10

0.00
0.0 20 40 6.0 80 10.0

Velocity u (m/s)

Fig. 1 Criteria of safe evacuation described by water

depth and velocity

— 471 —



© maenn

Mega-underground mall

Elevation (+m) '
W >=8579

okm 2.5km Skm

Fig. 2 Study area and elevation map

O Megamderzrowdmal

.(nm 2. ;km 5;"\
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Fig. 6 Heavy rainfall observed on 29, August, 2008 in
Okazaki, Aichi, Japan
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Fig. 8 Distributions of inundation depth when the
total volume is 50,000 m® in Case 1 (upper figure;
considering only ground level of entrances ) and Case

2 (lower figure; considering drainage system)
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Fig. 9 Difficulty of evacuation for elderly female
obtained on the basis of criteria of safe evacuation by
using the specific force per unit width, My=0.08 m*/m

in Case 1 (upper) and Case 2 (lower)
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Table 2 Inflow discharge into the mega-underground

mall which calculated for the three heavy rainfalls

Inflow discharge (%)
Order of
inflow _— Okazakirain | Toyonaka Fukui rain
(2008.8) rain (2006.8) (2004.7)

3rd A 109,925 18,458 60,629
2nd B 137,662 25236 68,255
6th C 3,446 0 0
4th D 19,121 1,547 537
1st E 5358 1,466 1978
Sth F 216 1 0

Total 275,727 46,799 131,399

Fig. 10 Six blocks of entrances for calculating inflow

discharge into the mega-underground mall
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Rainwater Flooding into Mega-Underground Space and Evacuation
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Synopsis

Torrential rains have been observed frequently in recent years in Japan and these rainfalls caused
inundations in urban areas. Intensity of such rainfalls were sometimes excess over the capacity of drainage
systems and rainwater was running over the road. In these floods, some portion of rainwater intruded into
underground spaces and people there faced the danger of underground flooding. In this paper, underground
flooding in a mega-underground mall were investigated by using 2D shallow flow model with structural
mesh and evacuation from there was also studied with the criteria of safety evacuation obtained by
evacuation tests. The results show that flooding processes and safety of evacuation depend on the inflow
conditions into underground space.

Keywords: urban flood, rainwater flooding, underground inundation, mega-underground space, evacuation
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