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Fig.1 Model site in Kyoto, Japan. The
Area is 1 km in East-West and 2 km in
North-South, and there are two under-
ground spaces under Oike street and Shijo
street.

Photo.1 Urban flood model of Kyoto.
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Fig.2 Urban flood model of Kyoto. (Scale=1/100)

Photo 2  Streets and blocks on the model.
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Photo 3 Entrances to Oike underground space.
(top :Car entrance, bottom :Pedestrian entrance )

Photo 4 Entrances to underground space on the
model and ultra-sonic level-meters for water-depth
measurements.
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Fig.3 Points for discharge measurements.
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Photo 5 Comparison of flood spreading on dry and wet beds at 60 and
120 second past from the beginning of overflow in the model.
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Fig. 4 Arrival time of flood at the downstream end
of each street in the model.



Photo 6 Weirs, level meters, and buckets for discharge measurements. (left : downstream end, right :

beneath the model)
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Fig. 5 Points for water depth measurements in the East-side and North-side overflow cases.
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Fig. 6 Open rate of block’s wall obtained by the field survey and the rate in the model.
Table 1 Conditions of hydraulic model tests.
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Case Overflow point
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Photo 7 Visualization of inundation. Photo 8 Visualization of inundation.
(Case END: T=30 min. in prototype) (Case EYD : T=30 min. in prototype)

Photo 9 Visualization of inundation. Photo 10 Visualization of inundation.
(Case EFND: T=30 min. in prototype) (Case EFYD : T=30 min. in prototype)



Photo 11  Visualization of inundation. Photo 12 Visualization of inundation.
(Case NND: T=30 min. in prototype) (Case NYD: T=30 min. in prototype)

Photo 13  Visualization of inundation. Photo 14 Visualization of inundation.
(Case NFND: T=30 min. in prototype) (Case NFYD: T=30 min. in prototype)



Table 2 Rate(%) of discharge through each street to the total volume of overflow (1.8x10°m? in prototype )

No. END EYD EFND EFYD NND NYD NFND NFYD
61,62 13.97 7.65 11.29 7.47 4.70 2.91 7.98 5.49
63,64 41.15 28.01 44.22 38.45 37.18 22.16 44.37 37.09

65 5.33 2.74 7.19 5.68 8.00 4.30 7.72 6.31

66 4.12 2.96 4.61 3.26 6.24 3.57 4.47 3.98

67 4.85 1.66 2.22 1.56 3.59 2.04 3.02 0.63

68 5.28 2.31 4.57 2.63 6.20 3.99 6.04 4.29

69 3.32 1.56 2.93 1.95 4.99 3.80 4.53 0.94

70 2.29 1.37 191 151 3.38 2.20 4.69 0.00

71 2.00 0.39 1.50 0.56 1.53 1.13 2.04 0.00

72 181 0.00 1.15 0.14 1.49 1.12 1.50 0.00

73 3.42 0.55 1.14 0.00 3.17 4.14 2.38 0.00

74 0.00 0.00 0.00 0.00 15.19 0.60 0.64 0.00

Total(%) 87.53 49.20 82.72 63.21 95.65 51.36 89.39 58.74
Table 3  Arrival time of flood at the downstream end of each street in the prototype. (Unit: sec)

No. END EYD EFND EFYD NND NYD NFND NFYD
61,62 1270 1060 1640 1550 1750 1650 1820 2050
63,64 1050 1150 1240 1420 1360 1340 1500 1660

65 1950 2240 2350 3440 1760 1810 2380 2540
66 2050 2320 2740 3490 1960 1870 2580 2630
67 2400 3160 4210 4890 2380 2400 4410 4240
68 2590 3330 4560 5480 2460 2420 4240 4540
69 2760 4920 5790 7290 2610 2880 4650 5810
70 2940 4900 6060 8720 2850 3180 4860 6450
71 3140 5490 2880 10490 2920 3490 6070 8030
72 3400 7510 15800 3500 3880 6580 8050
73 3230 6950 10360 2980 3500 6590 7330
74 3500 14400
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DAE~6HEL, BEBLELOOWMENZ OBIZE



EvD o * 1 Table 4 Rate(%) of discharge into underground space
: through each entrance to the total volume of overflow
EFYD [.,7 Boiks 5. 6.3 :
+ mEhija 5. (1.8x10°m* in prototype ).

YD 508 # “T85] | o EYD EFYD NYD NEYD
YD i ] —— 1E 162 099 385 244
- 2E | 274 186 231 185
o5 S SR E EE IR 3E | 1.36 096 085 1.44
Fig.7 Distribution of volume of inundation. W 4E 1.90 141 1.75 0.80
@ 5W | 211 139 282 2.48
g 6W | 1.26 0.00 2.09 1.46
FLTWD, ZOEYIE, TOBEEHOEEHY T 5 7W 1.02 0.00 2.08 0.00
by, @k, BTELLICRLEL, HREADL g | 8w | 089 005 09 074
FHLTODD, DEECILENELD LS RA g | 9w | Ltoa 00l 114 0.66
NH - DR 2 D TS b B b, Rauck  § | 1OW | 054000 123 0.00
EROBMHLETHHZ LIEE) ETHR, e | o0 oo 11 000
WIT, ORI T s (B2 5 £ TORERH] 13W | 000 0.00 0.00 0.00
ZEM UM RAE T E Table3 D Lk o lckh b, 0B, 14 W 0.00 0.00 0.00 0.00
S A Table2 AL TH D, Tk, HF2ZER 15E16| 1563 9.18 0.00  0.00
~OMABLMERT vy 7 ~DiEKIZEY, L 17E | 1.87 1.23 0.62 0.00
KOBENEL BB NS5, LILAEND, 18S | 040 000 125  0.00
—HOFHMATHE T 2ENMELNTRY, A% s | BW | 000 000 015 0.0
BORGL LRSS Rl BY st g | 20N 008 B8 T

HY, ZOZEF, FHINDBEEREITIRERD O ' ' ' ’
ﬂﬁﬁﬁﬁﬁéﬂﬁg%%gﬁifjiﬁﬁﬁ%% E 22Wi) 054 0.00 133 0.5
= 3 23W | 000 000 044  0.00
LTnD, 2 | 24N | 000 000 111 0.2
‘g 25W | 0.00 0.00 046  0.00
5.3 MMTZEEADRARE 26W | 0.00 000 046  0.00
Fig. 7 1%, e X OWU S T 22/ ~ D R & kA 27E | 0.00 0.00 0.00 0.00
L JER T ORI~ T A AR R, 28E 0.00 0.00 0.00 0.00
%ﬁ/ﬂﬂ(ﬁ% (EE&T 180 73— m3, *ﬁ@f 1.8m3) ﬂ: ‘Jj 29 W 0.00 0.00 0.00 0.00

Subtotal of Oike St. | 33.53 17.08 30.64 13.98

OLFETRLEDDTH D, ERBABRNGS
1%, 40~50%, & BHEE1E 20~25%A% Hi T 22 i 2 i
AT 2%, Tabled %, HHFZEM~FEAONLDLRAT D
AW EE, Fig. 7 LRROEETRLIEZLDOTH
. ZORERIY, WINIEWERFH O 15,16 O H
AANDLOWMANSZ N &, #Hh@Ey ENGEy o
WP TS HIEORVE Y B0 A DD D OFEA
BEOZNZ L, AL OILEIZH L THEMDILEY
LHEBICRMABNETZ N &, LEEHAIZLD AN 0.55 0.00 0.72 0.41
WMATHHEHADOENR DL, BRREBTNDB, 58E 0.00 0.00 0.00 0.00

42N 2.25 0.34 0.00 0.00
44N 1.99 1.28 1.69 1.26
45N 4.35 2.04 2.28 3.18
46E 1.22 0.00 0.83 0.00
47N 1.51 1.10 0.29 1.16
48N 1.55 1.44 0.03 1.33
50N 1.19 0.00 1.00 0.00
52E 0.56 0.26 0.67 0.46
53N 1.27 0.49 1.52 0.00

South side of Shijo St.

ZORERIE, WkRKRERTLEOSSHADL, 415 0.03 0.00 0.00 0.00
F D DOFANTRED, *Eﬁj“é?it7kiﬂfﬁbﬂii U 43S 0.01 0.00 0.00 0.00
MBI EERBRLTRBY, MR ESLRT 25E 49S | 012 000 0.00  0.00
WP K DFEE % B 8 Lf:*ﬁa#z’»%%f‘% HZb® 51S 0.00 0.00 0.00 0.00
RLTWD, 558 | 0.00 0.00 039  0.00

Fig. 8, Fig. 9 1%, Mk FZeRlcs T 5 A N 56S 0.00 0.00 0.09 0.00
DRFTA R, BRI 5 R TRLED °7E | 000000 0.00 0.0

North side of Shijo St.

. 598 0.00 0.00 002 0.06
DThDH, T, B, ARIRLEZHEARDDOE

4 ) Subtotal of Shijo St. | 16.61  6.95 9.53 7.86
TaER L, BEEREOKETIE, ThZhoHAno

Total (%) | 50.13 24.04 40.16 21.84
Fie GRM & (E, WM& W, & @S, Jbm & -
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Fig.8 Rate(%) of dischrage into underground
space through each entrance to the total volume of
overflow (1.8x10°m® in prototype) in the east-side
overflow cases.
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ICREDILE KRB HA L TIHFICERIDIRIEL 22 5
ZEMRGIZTHTED, —FF, TEICRLLER
LEHETT2HEERD E, WTFhosr—2 280
Tht—2 Lo TWAHIFEETEY Tl 23~38m/s
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space through each entrance to the total volume of
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Table 5 Mean depth of inundation in the prototype. (Unit : m)

END EYD EFND EFYD NND NYD NFND NFYD
N1 0.81 0.81 0.58 0.66
N2 0.85 0.83 0.62 0.61
El 1.03 0.70 1.21 0.67
E2 1.15 0.97 0.88 0.86
E3 0.74 0.53 0.59 0.57 N3 0.92 0.79 0.74 0.67
N4 0.89 0.70 0.79 0.68
E4 0.66 0.52 0.42 0.34
E5 0.66 0.51 0.47 0.43
E6 0.72 0.59 0.70 0.66 N5 0.67 0.60 0.59 0.58
N6 0.74 0.57 0.67 0.72
E7 0.43 0.27 0.00 0.00
E8 0.84 0.53 0.74 0.58 N7 0.80 0.44 0.72 0.56
N8 0.81 0.55 0.62 0.66
H(m) E3 or W3 (Mawnranschi-lika)
Undergrouns space of Oike St. T [l [ e e
R oA R .11
16.0
14.0 A —e—EYD b
E. 756 \ B [FYD n.ran
= MNYD el - . - - - . -
E 100 8 \ :NFYD o e LFEF LFTH win wrh wEE  we
c 80
<] 60 \ \ EG ar W& (Kawarsmmchi-Sanjal
% 40 \\ i.nmm
£ 20 \\M b-b
Z 00 : - =g bo
4] 100 200 300 [
Distance from Kamo River (m) 5.1
.80 7
Undarmund space Df Shijo St_ inm (8] ] [4l] i 11 e (1] [ 1811
= EE or MB (Kawaramachs-Shi o)
= 40 I:III |
';E 30 B.5H
o 20 Yy o [ B 1]
& / W 5060
E 10 13 1 [ 4] ] s e L) L k] L] wmn
£
a
5%, p — -~ Fig. 11 Water depth along Kawaramachi street.
Distance from Kamo River (m)
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oo T MR OICR>TWSD 2 ERMND, £72, Figl2
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£ 200 B SR
S 150 y/JAR\\N Mo 1R (BRI TIE 9 4)) R T HKIEIC i
o
g 100 THHDOD, YIHOEIZHONWTIE, LEOR EL
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Fig. 10 Discharge into underground spaces (top
and middle) and discharge of flowing out through
streets (bottom), those are plotted to the distance
from the river.
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Fig. 15 Water depth of Case EFYD in prototype.
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Fig. 17 Water depth of Case NYD in prototype.
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Fig. 19 Water depth of Case NFYD in prototype.



Table 6 Velocity on the surface of fl

ood flow (Unit: m/s, in prototype)

END | EYD |EFND|EFYD|NND |NYD |NFND |NFYD I v 2
V1 3.23 331 285 | 2.79
V2 2.75 | 2.95| 2.97 | 2.93 .
V3 3.69 | 3.74 | 3.62 | 357 -
V4 3.33/333| 32 | 307 !
V5 |287| * | 193|176 |264|270]| 272 | 2.62 = ﬁ@ﬂ
V6 1.66 | 1.51 L1 IS |___I—,"_1L-J'
V7 2.03 | 1.67 | 2.95 | 2.81 | 2.74 | 2.67 | r Vs
v8 |3.28| 2.89 .
V9 | 335 2.77 ~
V10 | 413 | 3.57 | 3.27 | 3.31 2l I
V11 | 3.87 [3.54**| 3.74 | 3.41 | 3.39 | 3.12 | 329 | 3.26 il ;w
V12 191 | 1.47 | 1.94 | 1.78 | 1.92 | 1.56 i . _Ej
V13 263 | 2.15 | 2.61 | 2.3 | 2.56 | 2.49
V14 | 3.42 | 3.06 ] : A
V15 | 278 | 2.89 | 422 | 432 | 2.83 | 223 | 415 | 411 (1
V16 142 | 1.32 | 2.47 | 1.88 | 1.71 | 1.59
V17 267 | 2.71 | 2.78 =aain

7 "

V18 250 | 2.24 e 7

*2.18m/s (by PIV method), ** 3.40m/s (by PIV method)
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Hydraulic Model Tests of Urban Flood considering Underground Space
by using Large City Model of Kyoto

Taisuke ISHIGAKI, Hajime NAKAGAWA, Yasuyuki BABA
and Division of Technical Affairs of DPRI

Synopsis

Urban flood induces new types of disasters, one of which is an inundation into an underground
space. Hydraulic model tests on the inundation into underground space have been conducted. The
objectives of the model tests are to get precise data for the improvement of numerical models, and to
investigate the behaviour of local flow. The Kyoto city model is a ground-surface model of 1/100 scale
to simulate surface flow and discharge into underground spaces. Results of a predictable case are
shown in this paper. The results show that about 50 percent amount of total volume of flood flow into
underground spaces and that high speed flow over 2 m/s runs through a wide street. These results
indicate that the flood hazard in urban area including underground space should be much taken care of.

Keywords: urban flood disaster, inundation, underground space, hydraulic model test



