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Fig. 1 Rainfall distribution on 29 June
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Fig. 16 Inundation area of Tenjin district
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Table 1 Dimension of subway entrance

number | net step width (m) | step height (m) | references
12 2.0 0.12 * the entrance level is the
i 13 24 0.20 same as the footway level
station 14 6.1 — + the footway level is
front 5 32 = 0.15m higher than
17 2.5 — the roadway level
station 6 3.2 —
precinct 11 9.2 —

Table 2 Inundation area of underground at JR Hakata station

inundation area (m*)
number name total floor TG 50~ T 0.05~ | 0.20~ references
area (m?) | 0.05m | 0.20m | 0.25m | total
subway concourse
A » Chikushi entrance” 3,500 2,170 | 1,330 | 3,500
B maall B 8,640 8,640 8,640
C mall C 1,590 0 | no inundation
D mall D 8,080 | 1,420 1,420
subway concourse . .
E »Hakata entrance” 5,880 0 | no inundation |
F mall F 5,040 | 1,620 140 1,760
total 32,730 | 3,040 | 10,950 | 1,330 | 15,320

6.4 WTEEMOBED UM

IRETHRATE LM T M~ DR E R & 5
YHEoTE EDTRLESLON Pig. 19, HTF2=M
EPLELEAEORELEEELLTRLELD
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Fig. 19 Temporal change of inundation condition at underground
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Fig. 20 Relation of flood damages
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Fig. 21 Types of stair entrance
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Fig. 22 Relation between step height and horizontal length

Tuy s MY OREK 15, BYBOBREIR L4
mTHHILBERTELE, Fig. 22172y ”
BORBREZV, LAREERL LOBEFETRLEY
DTHD, PR ITLERESLCHELEROREK
GOF—FbHEENLTVDE, HLY, BEARD
BRicEERV; & L L xABRTHs Z &8
B, kB, IFOEREIEPRELIVEHL
EEARBRTHD, ZOXIVBBEROFEHAEIT O =
BB, kh, MEROBBEARTRIT LM
BEOREBERIT 4% (11/25) LFRLTVWRIEY
K& lahot, &8, 11 yHOBRERO FHMEI
0.11m, £DEL (FHE) F21m Tholz,

7.3 KEHDEROME

BEBROFEE L SHOLERBREAR L L TH
FEM~BRATIREOCFMELRNTE LD, 7

A—F LR (R 1/15) 28A L T Fig. 23 iC
TT X RRERERLBEL, KBERLITo-,
T2bbH, Fig. 28D A KOKE (hs) /37 A—
FLELTELEYE, BB ERCRo LI LERER
Lic#, (1) REEEZHETT2HE(Q), 2) AR
OWEFHREV:; 2RE), QYHEH (bR ~a
BORE) OXEBRZEICOVWTZHIE, EMRE
B, FALVMF—UBIVCEEHELAWTEHAIL
Too 812, MEBAROH EHIZEZEZRT 2VES
(Run-1, Run-2) & 8% =34 (Run-3, Run-4) £ @
HEZBELT, L TORZEORBEHRIZONT
LREEMA T,

74 BTEM~ARATHIREOTMS

Fig. 24 D7 u—Fx— bP@>T, BBRAA®
LHTH~RATIREQOIEREBA L, £

—317—



electromagnetic
current meter

| water level gauge |
/

Ve (ground)
yardstick for l s

measuring head
over the weir

Vu ‘\\\b PtA pea

S 51051

wave . A a2cm
/ gauge {underground) /‘\ PtM 10 1
I\ i

™~

1

ka
£

)
—

s

f \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ p\t\.b\ a1y
51 ]4 - 91em

V-notch weir
T “ (90° )

Fig. 23 Experimental setup

Run-1 and Run-3

v

[(1) Measuring Vs, Qy and H with changing water depth (hg) at Pt. A

' |

Empirical formula for the discharge (Q)y) over V-notch weir with 90° .

8
=_C. 2 H512 ........... (A
Oy T 4

Where, Qy ; the discharge over V-notch weir with 90° {cm®/s).
C, ; the discharge coefficient

g; the gravitational acceleration(=980 cm/s?).
H; the measured head over V-notch weir with 80° (cm).
(2) Evaluating C, by means of Eq(A) and the method of least squares.

|

(3)Caloulating the discharge (Qcv) at Pt A by using the measured mean velocity (Vs).

v
Run—-2 and Run—4

v

(4-1)Measuring H , hy and hg with changing hs.
Where, hy, ; the water depth at PLM (em).
hg ; the water depth at Pt.B (cm)
(4-2)Measuring water-surface profiles between Ptb and Pta.

{

(5)Calculating the discharge (Q,) over V-notch weir with 90°
for Run~2 (or Run—4} using Eq.(A).

y

(6)Evaluating the discharge coefficient G, and power constant a
in Eq. (2) by means of the method of least squares, Q, and hs.

Fig. 24 Flow chart of hydraulic experiment

DR, Table 3D LS K (2 OHEMLKC. B 2T, QREBARILHTFZEM~KATIHE -
FUOEEK (R&ER) aWRER, (cm®/s), C, BEREOHKESRK, BIIEKBEOIE
) B (cm), hs 3 EH A S TOKE (ecm), o 3 E

Q =C.Bh¢ @
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Fig. 25 Inflow discharge from stair entrance
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Fig. 26 Effect of footstep on the empirical formula of discharge
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Table 3 Discharge coeflicient C. and constant a

C.’ a Setting a footstep
Run-1 21.0 1.9 No.
Run-3 30.5 1.4 Yes.
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Table 4 Sewerage drainage capacity

inundation water volume from

sewerage drainage capacity in the inundation area (m?%)

the reach between Hie bridge

natural and pump drainage

only pump drainage

and Hie large bridge (m?) 1hr.

2hr. 1hr. 2hr.

700,000 ~ 1,000,000 180,000

360,000 77,000 150,000
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On Urban Typed Flood in Fukuoka City in 1999

Kazuya INOUE, Keiichi TODA, Yutaka ICHIKAWA* and Akihide TADA**

* Graduate School of Engineering, Kyoto University
** Faculty of Engineering, Nagasaki University

Synopsis

Heavy rainfall occurred in Fukuoka Prefecture in the morning of 29 June, 1999. The hourly rainfall
from 8 to 9 a.m. amounted to 77mm in Fukuoka city. This heavy rainfall and the consequent overtopping
flow from the Mikasa river caused inundation in the wide area of the city. The inundating flow invaded into
underground space, namely, the underground space in buildings, the subway station and the underground
shopping mall, which caused heavy damages. This paper summarizes the field surveys of Fukuoka fleod
and treats some hydraulic studies concerning it. The countermeasures against urban typed flood are also
considered.

Keywords: heavy rainfall, overflow of river, runoff analysis, urban flood, inundation flow, underground space
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