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HYDRAULIC MODEL EXPERIMENT ON BEHAVIOUR
OF STORM SURGES IN RIVERS AND CANALS IN
OSAKA CITY

—ADITIONAL CHANGE OF STORM SURGE DUE TO
CONSTRUCTIONS OF NEW STORM SURGE
‘ PREVENTION GATES—

By Yuichi IWAGAKI, Shigehisa NAKAMURA and Hwuoxiong CHEN

Synopsis

Constructions of five storm surge gates, which prevent storm surges running up in
rivers and canals in Osaka City, were planned a year ago in order to protect Osaka City
from the disaster of inundation. However, there was a care of piling-up of water by
storm surges at the down stream side of the gates. This study is to give a reasonable
and quantitative estimation of the piling-up of water.

At first, reproductivity of the past storm surges was tested in a hydraulic model of
the main rivers in Osaka City, which was proved to be successful. After this test,
the effect of the storm surge gates on piling-up of water by storm surges was investigated
by the model.
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— 2 —



B - g - B KRR O 8 B e BR 9 5 KB E By 209

TEEOHRIINEEEL BB, ¥, ZOERMERCIIFROMEIEER T,
BFEKFIOBRSERL, FERERECHEL COABENRZ OEIAFIC X » TEED bR S, K
FlX D THRATIETOKMLOFRE Y BN FHEINB, LicdioT, ZOfE CELE) 2EBMCIEEL, T
WD EROHERGRE 2 A BENCRE TS Z EXREC D, R ocTRL, ZOREDLD
DEBEER L 5L DTH B,

2. WERROBLE

RERA PRI B e KR A TR L, I U TRt 2 BT 15 2 &id, BT Es
HHEALTY, MEOH N EREMALEL TR TR, LIAT, EHIFERL S DL, —ED analog
BHAREETH D LELDR D, Bl digital BEEEY X 0% analog BT HB BRI h, ERARE: <
NTCEIETENTRRIC I » TE T 5, KRR ER IR L RO IEAELBAGRAIREE L 7ea D, &6
FHEREIDZEELD LY » THERELX AL LT3 B THD, Liti>T, SOHER
KRR RRIBFOES AR L 0 b X O H Ml analog BFEECTHZ L2 5, LL, 251
TERAERCRLERRC L3, HEEEYL OENELBEREY RETIETHho T, AN EVLT
HIEH 512 L analog BITEE L U TOEEY L It WARLRERTH B LS 2 Litkhd, Lichisa
T, BESANBC Y > CHEBEHEY TR, FORRYREBCHRATS &, ERILEREEDYIE
B Eigoleh, MEh i - CTEBRICRELYRETHH LHUBTH L5 IBENEID S5, ZDXdix
BlH»D, HUBCOWTE BN R RBEE T5hT T, b LBRAERE SIE, TOREYERCHE
BUTERBR LB L, HUEDEEEEHE D TULLb i,

W E, EAEE Oxyz ##%x, *8iL YL TOL A FHAEEKE, 28YAELHCES, Z0LE

EEHHERE L OEROHEAL
%{+U2—Z+Vg—g=—gg—i——1{2fgz ............................................................... (1)
%If/+ U%.‘_ Vg;_lr__gg_i_KZsz .................................................................. (2)
gl+§_x(hU)+%(hv)=0 ........................................................................... (3)

CEFD, SR UBIVCVIREhLh £ 8IO Y HRAOEEFEERS, ¢ I2EEKEHAl- 72 KE
DEX, Kr IKECEBEFEH, TUL T hAXKETH B, nbDORITH LD TEY &L 51 L oiFLBER
BLEDDLEDEDLISRTBY, Tihbb,
WEC T,
1/2
Ur =g73‘n=$:;= (:L:) = Zpl2, e (4)

Bz oun i,
b =tra(2) /(Ei:)w 2%, oo 5y

KIED BEER BT D\ Tid,
KTT=}I§;Z=<;Z—:‘>/<%>=Z?‘/1N ..................................................................... (6)

TRV DWTIE,
3/2 :
Q- _Q£=(z_p> -<§—:.>=2r3/2'lr, ............................................................... 7

Zm.

i, R - BB L LWShAEMTH - T, Manning OFEAXSHEA SIS & T,
Kr=2gn?*/h/?




210 HAN KRR EFEREIFE (142, 3)

THHMD, (6) K45 Manning OHEREICOVTIL,
P (z_">2/a/<5_p>”2 2R/ JIpT2, i e (8)
m

Nm Zm.
o I BIU ZILAER X OHEEES, 73 Manning OMERE, Q BHETHH. FREFIKL
O m 3 EY I X OEENC 1T B8, HE 7 XRYC KT B ELEEC ST 5EE DR B BT,
Wi, KEHER 1/500, SEMR 17100 &+, =500, z=100 THBHb, (4)~(8) RX
h, 2¥DX S LfENELRE, Tibb,

U r=T00L/2=T() crerrerererrerenernaetummuomtereniiiettiiiriiti ittt tiaatettataats (9)

Er=500/1001/2 =5 +eerererasurrrnennmmmmties it ao

Krr=100/500=1/5 1++reeeeerrrreerersraensstrniueranrnninniiiesiintniiite sttt an

Qr=1003/2 X 500=5X 105 ++seeerraresrmeememitmireirimntite s a2

907 =100278/5001/2= (), OB AL ++vveeeenvrrerarsinsnenerinteeniniitiit as
BRI 31T 5 Reynolds x5 &,

B0 br Us /g lls g,

T BB H D = Eaboln B, & T hp=4m, Up=1m/sec, »=0.0lcm?/sec &THiZL,
Rep=4x102-102.102=4x 108
Eleh, LicdinoT
Rem=10% Rep=4x10°
2185, BHLLELFE~BB TS L 22T, Reynolds i 1.5x103 BETHB1H, FEWLEULIER
ERWTHWITER LB, chib, (13) REFEAL CEROH EXRHIUL I\ Ehibdh b,
Manning OHEFE 72 & EEMAEE (ETKOLZRFEELTIV) OB Fig. 2 DX 51> T
Wb, SOBRIZE LT, FIEOHERR KT IEREE Y BRETHIENTES,
RO DERERIKBEMTIZFELEHL B, BEORERFEY Sem L THITL,
R176=0), 05176 =0.607
THb, —7F, Fig. 2 I WY ROBEFRDLND,

2=0.01 n/R'¢=0.0165 R/h=30~60 k=1.67~0.83mm
0.012 0. 0198 10~30 5.0 ~1.67
0.015 0. 0247 5~15 10 ~3.3
0.017 0. 0280 3~10 16.7 ~5.0
0. 020 0.033 2~ 8 25 ~6.25
0l
0.08 i

~~—— Robbinson and Albertson” 1.1< b/R <4.5

n 008 N
R'/s . .
004 [~ O Missisipi R.at Mc Gregor
. i ®Northwestern United States
ooz |

0.0} 1 [ N 1 TR T N N W ! ——
| 10 100 1000

Fig. 2 Relation between #/R!/¢ and R/k (after ‘Open Channel Hydraulics’
by V.T. Chow).

—_ 4 —



BiE - AN - B REHARIIO &M BB 3 KE BRI =E 211

ST R DOREVGTOML b/R=c0 (bITKKIE) & LiBa, DEVHOMET L1<b/R<45 OBL
DK B B 1 SEBRE ]S LT 5,

(1) AL HEHD Manning OHERE #n EEWOREGRN 7 TIRTELLTHLERED, L
233> T np DIEZR K BICFHET B0 L o THEIC S 2 BXXHE kb 2% T< B, Tibd fp=
0.015 L3, k OfExd< % 3mm BELEx mF bRV L, 75=0.020 & Zx Tk &P
<% 6mm & UiclFuisbisus,

FYOMBERBITRARETH S = & EL T, 7=0.02 222 iz & Bbh, LA,
FECTRCHIE OBACHE S = A AF —BESAI LI KREVLOLBBIND,

UEDR##ELX T, o CIMEERORAEL L TIAERYEL 280 LTHE, RIETHEF CHiEmyE
MBS BEL L TAETSZLC L, SOBE k Ot 1~3mm BELELLRD,

3. REEMLRRSE

(1) #& i

FERIC AR, KRATRTAIOEER % &L kTMR 1/500, HEMHER 1/100 D% DT Photo. 1
F LV Fig. 1 RT3 TH5, MM OMEILFHERKEY & > CTRFUBHEE Lic, $ERS L
CHIERLE AV 2 VDRI EFE L, Chick - THEY S 7, MEKSEOMIESRMAEL Smm LRT, #
FDFEAEDEFTOWT 3mm LIFTHY, ZOHTOWTIIEREECTEYEL VWL ELLR
B

(2) BERREER

BRI Fig. 1 CTEOOMEBECHD, Photo. 2 RTIIEEBLIFS Vo v —In L o TRE
ERD, FDTT VY » —OWEIL, BX 70cm, 1§ 116.7cm OEAX FTIC L E0=AK7T, B3
5m THb, TDFF7vLx» —iX3BHOLRE— & 2L - TEHEXh, FOREMIL 1.5~15 FD%H
TRETHL, 77 vY+» —DEBCHIcoT, FTOAMAENILTERDYA7 2 v 1EBIO3IEHD
Ry FLELFERALTT 72« —NOKEH, EATH LY T->T 5,

(3) KIAEER

KELDBEATBRIEF KM G 2 A 7o, KB BRI (BEEK. K8 %@L, 7+ b« =
—&F— (BE# K.K. B RX-THERKE SRS, 207+ b+ a— X — X 6 BEREFTHHTE S,

(HE B F &

LR OKEET BB OWNAFTEOMEICHE L, WENOKMLHEEHL T, PHPKEILRET S, oF
Y A7 s VERY TR HRATHLRAMRC T 5 vy » —DIFBIRHRT 5, “hEFFLT, Kiisf
BLOLRADEH2HRT 5, TR, KT ORELTc» TRROEMEYTET T2,

FEEROUEMETET L, KERNOKELRBILLIEZAT, 75y —2BRHPL, BExREXRS, =
REFTLTRY 7 2EXHBEHL, MBCEEBRENTbh A X 5 TBET 5,

()R B % #

FROEFL LT, RUDCEBROBREOR 21T 5. REMHEID 5 LRIBIIFHCOV TLRER
WHHEEE 5 % TORETHRG420 (FRFN39E D205 HE) X UER6523 (FRFM0ED235ER) i
I HREOBRMEREBOR T B, BRI I\ THENHELOSERB S hToiug, R 2EEo S
oW, BRCLHE LTSN BRI TTHS,

BgE, ), REN, K@, EESFIBIORER0Of - TR EKFIOEREB FTHESh Ty
Do ZITIE, WL, RENELOARENORNHZONT, OKFADREFEME S O FTO
BT, A0V BERB L OKFIEXRBE LB OWT, FREFREEOM ERS XOFDKMC L 2E R
BEHELHCTLDICERLL,

BREXZ DT ERTOFED C — 7 135K 6523 <2 Tik O.P. +3.2m, &I 642012

— 5 —



212 BOART KT S HE105 B (R 42. 3

Photo. 1 Panoramic view of hydraulic model of rivers and canals in
Osaka City.

Photo. 2 Generator of storm surge.
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Fig. 4 (@) Reproductivity of storm surge caused by the typhoonNo.6420 in the
hydraulic model along Aji River.

St.1: Tempozan St.2 : Junction to Rokkenya River
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St.5 : Junction to Neyagawa St.6 : Kema Gate
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Fig. 4 (b) Reproductivity of storm surge caused by the typhoon No.6523 in the
hydraulic model along Aji River.
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Fig. 5 Change in profiles of water surface with time at the storm surge caused
by the typhoon 6420 and the reproduced wave profiles in the hydraulic
model along Aji River.
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Fig. 6 Peak profiles of storm surges in the hydraulic model along Aji River.

St.1 : Tempozan St. 2 : Sakurajima
St. 3 : Kawagishi-cho 3 St. 4 : Kawagishi-cho 2
St.5 : Benten Wharf St.6: Aji River Gate
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Fig. 7 Peak profiles of storm surges in the hydraulic model along Shirinasi River.

St.1 : Tempozan St.2 : Pier No.3 of Osaka Harbour
St.3 : River Mouth St. 4 : Junction to Chitose-bori Canal
St.5 : Onkajima Bridge St.6 : Shirinashi River Gate
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 Fig. 8 Peak profiles of storm surges in the hydraulic model along Kidzu River.

St.1: Tempozan St. 2 : River Mouth
St. 3 : Junction to Shikitsu Canal St.4 : Junction to Kidzugawa Canal
St.5 : Ochiai Bridge St.6 : Kidzu River Gate
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