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

~——ADDITIONAL CHANGE OF STORM SURGE DUE TO
CONSTRUCTION OF NEW STORM SURGE
PREVENTION GATES—

By Yuichi IWAGAKI and Shigehisa NAKAMURA

Synopsis

This paper reports on the continuation of experimental studies for prevention of in-
undation by storm surges in the rivers and canals of Osaka City. By use of a hydraulic
model, a reliable estimate has been sought for the water pile-up which will result from
the operation of the five planned storm surge prevention gates. The problem has been
studied for the peak height of a storm surge and its propagation, both before and after
gate construction, with emphasis on the deformation of the surge when the gates are in
operation. Two historic storm surges and a design surge were used in the model. Cur-
rent velocity and paths for both the rise and fall of surges were observed by use of floats.
The relation of maximum current velocity to time duration of the surge is discussed. The
experimental results suggest crown height limits for design of the storm surge prevention

gates.
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Fig. 1 Plan of hydraulic model of rivers and canals in Osaka City.

Table 1 Level of the river bed at the stations
(in model scale, cf. Fig. 1).

Station No. | O.P. +X (cm) Station No. | O.P. +X (cm) Station No. | O.P. +X (cm)
1 ~10.8 A2 -10.3 33 ~ 3.0
2 - 3.8 A3 - 9.2 34 - 1.9
3 (- 2.2 | A4 (-9.2 35 - 1.8
4 (- 2.3) A5 (- 9.0) 36 - 4.9
5 (- 1.5) l 23 - 3.7 43 - 3.0
6 - 2.2 ” 24 - 4.0 44 - 3.8
12 - 48 25 ~ 4.9 45 ~ 4.2
13 - 5.6 | 26 - 7.4 ! 46 - 2.5
14 — 5.4 1 S2 (—11.0) K2 —11.0
15 - 83 s3 -10.8 K3 -89
16 — 4.9 ! S4 —~10.0 K4 - 6.4

105 — 1.6 y S5 (— 8.0) K5 (- 5.3)
106 - 3.8 } S6 (- 5.5) K6 (- 3.0)
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Fig. 3 Reproductivity of the two storm surges along Aji River in the hydraulic
model with a parameter of initial water level, for (a) Typhoon 6420 and

(b) Typhoon 6523.




BE - BN KRTRAIO R LBy 3 KERERR (i) 399

FAMEVCHE S ERATHR D TOERERRLTWAD, TRATIIEY — 71222 EDR - T3,
KA BOHETIE ERfTIReReEmbo v — s bbb, THEAITE 27 b v BREEYRL T
5, ARGSBEOFEIDE — 71D TARD &, THIKENMEVWEELBICEREERDD LELLNS,
O LR, ERTBTLEEEES, BHERL ISR THREBRENR I LB EERLTHDE
Exbh3, '

(2) TWENBLUAOARESTZERY

DOFE, FeAEREECTHL T, BROBER AR 6420 Bk X OAR 6523 BlOEED & RN
DADREC BT AEHOC— 7 N ED X 3l Bk, FOfKEY Fig. 4 KRid, ERERL 5
HT&E5 X5 hBHREGIEBON T 58, FHESGEHET 20ATRIEBHC -7 3 thZThilF
BEhTwd, Lo T, ZOMORMROERILR,LEHORALEETES0LELLID,

oP
(m) {a) TYPHOON 6420
+40 } ‘
W OP m
. .’ + 680
v3sl T+36min
(Jane type) [
O EXPERIMENT M o N
+3b I @ OBSERVED +e0f
To83min [ —0 °
) X ] X . . e _
] 2 s6 K6 105 106
+ 60
OP. Tt 2min s
(m) {b) TYPHOON 6523 (6523 type) [ o—0——0
+35}F Mhad o it v v - v
g veof
g—O— Teio6mn [
+30 (€4201ype)
+55F & ;
25 O EXPERIMENT +60f
+25 o [
® OBSERVED TridAmn
(6420 type) ]
+5sk On A~ 0
L i 1 1 1 1 Y
] 2 S6 K& 108 106 I 2 s6 K6 105 106
STATION NO. STATION No.
Fig. 4 Peak profile of the reproduced (du- Fig. 5 Peak profile of the design storm
plicated) storm surges along Aji surge in the hydraulic model along
River. Aji River.

(3) EBERENSHIPEKPIOBRBIIREWADY — o8& DR

Fig. 4 (AL L5 AR OWT, O.P.4+5.4m ik e ~2 &35 L 5 hREICSBEOEY, T=
3.64% 5.34 7.24 10.4 3B LV 14. 4 FIEOWTERBFieote, T, FHKALIE O.P.+2.8
m THNT KR L olc, ERERY Fig. 5 WRt, WIFhoBad, ABJIIKF BRI s
K6, AWAD 1055 L0106 TiX, ZTOTHML D IRHED € — 2 13E L Lo T B, ZHIIBFEAMD
BB OETE & ME L CRKEVCHRER L\ 25,

(4) Bs#KPEEICHESEET

KFDBZEC S &L5%, Al&E2, S6 10 K6 DB 7 —+ AR A< b, KFR/IE
T OEEF I RE R DK IOBME 2RI & b orF, BIRY KO Z 03\ TERYFirote, E
B, XUHERD 5 AKFINBRE IR CRBTLRIRC OV Tk, CZTRAVWEEED Y - 713k

— 5 —



400 FOAP KR FTEREI1BB (FB.43. 3
oPr O.P
(em) (em)
@ WITHOUT GATES ® WITHOUT GATES
+ 60 +60 -
Teagme [ O WITH GATES T-3emi | O WITH GATES
{Jane type) s ) (Jone type) L
+55) +55|
’ T T T r v
+e0}- + 60
T+53mn [ T-53mn [
(2nd Mursto type) | (2ndMuroto type) |
+55F Ome +55 h/o/w
—— g v
+60} +60 |-
Te72mn [ Te72me [
(es23type) [ (6523 type) C
+ 535 S; ﬁE ; + 55— &\ ? E
+60b + 60 '
Te106mia | TH06mn |
wazome  E N (e420typ0) | —e
+55 + 55— o}
T L T L} T Lg
+60}- . ‘ + 60 |-
Teaame [ Te144mn |
(6420type) [ (6420 type) [
+55 Q! o s =F% + 85 O O OO
! 1% e e
— — S b 4 L]
I 12 13 14 15 e ?
1 s2 23 24 25 26
STATION NO
STATION NO.
HOKKO - C. and SHORENJ R.
TEMPOZAN C. ond  SANNKKEN C.
OP, oP
{cm) ® WITHOUT GATES (em)
@ WITHOUT GATES
+60F O WITH GATES +e0f
T+3.6min s Te36min O WITH GATES
(Jane typs) [ 1yone type) [ o
a VO/U’—/\ . o O\_——. ~
; - . y ; ~ v LN
+ 60¢ +60F
T=5.3min i T=53mia 3 .\
{2ndMurato type} + 42nd Muroto type) | ® ®
+ 55 Ty 8
i - ° v . v ¥ v . v
+ 8o} +60F
Te7.2min - Te72min [
(6523 type} s 16523 type) s
o o—o\- _~ e +55f O~—
— vy T — —
+ 60 +60F
T+10.6min - Taosmn L
(6420 type) [ 0 type) i
T T : ! Ty e R
+ 60 +60}
T=14.4min - Ta14 4min [
(6420 type) [ M {6420 type) s
+ssf T ___o—* + 85
T - ! T T

I k2 33 34 3 36
STATION NO.
KIDZUGAMA C. and CHITOSE C.,

v ' ]
| k2 43 44 45 a6

STATION NO
SUMIYOSHI R.ond SHIKITSU C.

Fig. 6 Peak profile of the storm surge in the hydraulic model; (a) Hokko Canal
and Shorenji River, (b) Tempozan Canal and Sanjikken Canal, (c)
Kidzugawa Canal and Chitose Canal and (d) Sumiyoshi River and Shikitsu
Canal.
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DEFORMATION OF STORM SURGE(T+7.2min) THROUGH PROPAGATION
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Fig. 7 Deformation of the design storm surge through propagation, for (a) Aji
River, (b) Shirinashi River and (c) Kidzu River, in cases of before and
after construction of the storm surge prevention gates.
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DEFORMATION OF STORMSURGE (T»7.2) BY THE GATES
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Fig- 8 Deformation of the design storm surge by construction of the storm surge
prevention gates, for (a) Aji River, (b) Shirinashi River and (c¢) Kidzu
River, at the locations of the gate construction.

b, BAECHESHENICONT

(1) EERICDONWT

ZhECRARGRAN LT 2R JOHEKFOHRY, BElor—7 ORELLT HoHWIL
BEHEOTHOMEL LTRHNLTE L, I TREFOBEYFEMNCEMT5 2 LT X W IRERY
LD, BFELTL, CYRVERCKYBELCEALLLDOEZE, KEFH 3em ODBOWHRS NS
I3 L, COBFOMBREESEELCE X0, BEOKD 2 TROWVWT, BTOMBRLESDE
ERIDEHENRB ARG, Tk, BR6523 HoEEicoWwT, LR, REN, Kggliozs, db
B 3 XY OEES)], REUGEN s X O=SEEIL, RBJIER i 2 {HEFHE % Fig. 9 % XU Fig.
10 wind, LG, REN, KEIICoWTiX 1080E, £ OO CiXISHIRRE CET OB Tk
olc, BEEHEOMERYZDE, BEIOC— s N BELLIHTEFD BHHANEL-> TV 5H0%
v, BEhbXok, B/ EETHD, MBS ML LT LR LRV, ZORHE»bE
B S TN OREBY @D 2 L3 TE S, JUBEN CREEH LENCIIEES 2 5EBIINohsik X
¢y RBPIWERAD S RENANOFIITRE 5 L ORBUGETC BT MR OB HEL T Y, HEO
EBICHEYTEL08H BT EHRL TS, ChBLOHBIKMIDI2HEELMVEEIBOLIE, ¥
fo, KFEFC L A OBMCIZBIIC & » THFELERNALh B,

ZZTC, REBIRLAHDMREY b LT, W EORKIE Usnas, LBBIEH 2 H5HTT & OB
% Fig. 11 wR3, WOIEEZ @ L LT Usmaz.=a-T? LEBL &, ERJIFHOBE n=-3/4 2L 5D
NIVEBbhBER, FRERENLAD L aDfEL n OELVETOBETHL LELLRD, LL, &
WETHEEL D LBEROC n=—1 MBI hAFhEL, TOERY LD L5 By BERN TR T
DIXEEH TiXIe\ s,

¥ 7m, SERIC BT HEERHANL LIS Z &L, SEREIPEREYOEHPE LS L CER
HBEEHEERLTCHNBIEHRLTWD LD EELDND,

(2) B#kMRRFPENRMEDOTRN

bR X 5 THRIA 2, S6 %LU K6 (HEOWH % & &b, ¥ riBis bk ovd orsRIAEHL
i} EBi, ThHOEMIHEKMIBERTEME TH-T, BFIRKBORECIZEA LT,
KBECKEOBELLDPBRNT, BEALHLELOND, £LT, HEBHHFROETOBENKREYH



41 BORHS SRR EES11E8B (.43, B

T'=7.2min
Aji River
‘Without the gates

T=7.2min
ShirinashifRiver ™
WithoutftheYgates]

T=7.2min
Kidzu River
Without the gates

Fig. 9 Storm surge paths near river mouths in the hydraulic model, for (a) Aji
River, (b) Shirinashi River and (c) Kidzu River, which were reduced
by phtographic tracking of each 10sec. exposure.
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Fig. 11 Maximum current velocity Usmasz and duration time of the design storm
surge T, for (a) Aji River, (b) Shirinashi River and (c) Kidzu River.
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Fig. 13 Velocity pattern of maximum current Usmaz as surge rises in the hy-
draulic model, (a) before construction of the gates and (b) after con-
struction of the gates.

6. #& L]

RO X O ST IcRBROBRYD, DE¥DZ LEFRITHE23TE S,
(1) CorAWRERKRTAAIIOBEEIC T, FEKAMECR BB Y — 7 1L TEEEN



408 AR KPEFRERS1SB (.43, 3)

V. CHITEEEROBMUICLBEERS B bDEELLRS,

(2) KRR OB EIKFIERK & $ 75 BEOE LR, Elll X ORIV THRTS, 0.30m
EIEZBHT EXE.

(3) BEEBIIEEE L SREHL, K, BEAMBRRC X DKFITEDERZEETH 5,

(4) BEOEA, WECE LRI HEDRAME Usna. 1 2EEEMINERIT S XX L HEBANRD
5. L EFEAME T

Usmac=a-T*  (a: &5
BB DB, Fio, MENOWEI L5 &, EAPHIITAPIBRRCL 35 EHOELEYH S
BAMEU ECRDIRNERAZL TV B EELBRS,

LTI ER TR, SEEECROREDRILE b hbh T, ¥, BROMELE TR
Tt KRNI ORERE LS L 558, AR, REMGLOR,, MESE, ELE BR
iR, MEREOHFERYTIERTILERD D, T, ZOL 5 EHERC X BRI, LhTTA
PEARELE JOTEDHIEREATHZ LR L - T, EOCHMAEBENTEL ISR BLDEELZLR
%,

BHEC, FMRIARTRERORCCL A0 THH I EXEL, FROEMYREHTH L LI, £
BRICBINL T e W BB R L DRE#HOBE XY EH T,

WE EHCHTIEROER |
BENC BT 2 EE A ER R T OEEFERL, KA THLHhEhD, bbb,

‘Z‘ —evE+I + PROEE .
d; _Sc . d ....................... )
dt “n uaz
2l
d __9 -2 .9
gt ot ¥V Ve Yoy

I CRKEEER JOERBERY e 3X0 m LU, KEKEAOKEETY L KEETY R LTS,
EoEREE, RETUEEL,

ou 1

2t = —gv(E+h) +“i (rs—71)

o8 _ ¢
Py S_hVudz

ETh, ThIE, ki, KEH 12m OLIACK 3m OFENE - X, BBIHCHBYOEEY
HETH LB, BEEEMBOER L BRNTUMNGBLLEY, OIS X > TR KERENELS
Ei3EZ bhighs AL, d/dt % 0/ot TET A LI X BEIMOBEECHbbhHLELD
h%o

KEDESR) ok/ot 1ZKFED KR oL/0t I BRTF o L /PIVZ L EETIE, ko (2) Rxb

o2 3
a—;:=gg V’udz-!—— (’Ts T>)

......................................... ,-..( 3)
0% 4 14 .
o =gS_h V2(§+h)dz—js_hv('r:—'rb)dz

oD (8) Xx b (re—m) HEETHE



BiE - i KEHRREIORENE LT 2 KBREEER G8) 409

[g—;—g(§+h)v*] . [vu——llz—_g_f_] T | RO PSRRI @ B

/5, CORFML T &L, Tiebb

ot
B LEASETHD,  IR—BRE,

= 1 of R | _
{u— SA(aw) [z+ h ]dS HHVILE Stoh(V” 2)dt

[ o —g(:+h)v2]z=o

at

2=2:(7(%, y)— v/ g(&+ h)t) +2:(7(%, ) +1/ gC+ B)E+E)
#HL, dS T RSSO LB ST A EK A%, 9) EoWTFLS b0ET5, TIRA (%)
ORIB~<7 b1, & XER '

LoO—BRT, THLELLT, 1<0 BFWT u=0, t=L(=—%F) &L, EREHELLTERIVE
BT #=0, EF&IOKET Vu=rf1(x, 5,k t) IO du=fo(x,,858) £T5L, FXORRE
WEHIC ST AEAELRD, BRI, BEROERAFIELEAHCERCENTICIESTE S,
R LTS 2 TR X 2 KBERCIIEROBEREGFY 52 5 LNTE S,

Lo—fRT 2=0 DL %L (6) RXD

e b L B et e et st er et e s e s s s s s e e e e aner s neeneaetaens
““Sux 2ds. (7

BERETEOR L EL GETAHMZ s &),
{=£@)=t(kx—ot)
EHbbTE, (7) RAF2¥FDIS5Tiksd, Thbb,

I S I P W S T OSSOSO
u= SAk 20 %S S4 WT o8 & (8)

£ B O DFRFRGTHOb I,

:=%;°(x, )+ I Enlh, 9) cos (nat-+n)

BB EARD, (8) RpLEBAIE #mae 1T T AT i d, ERERO KSR IIE, 2
BHTLY Usmaz, 13 T RHBAITHHIT TV, 205, Bt CBRAL-EYERL, b,
ZZTHRLIEREEHOBR Y W h b EERFEROAMFTIEV L OBRBOAEDTHA S LELBRS,

g £ x W

1) BAE : @I oo oWT, 1A%EH, H525%8 6%, FR42.6, pp.61—64.

2) BiEHE—, PRER, BRIEHE KRBT OB LT 5 KEER SRSk PiRSc f
5 BRI EF—, FARBIKPIER, #5105 B, #42.3, pp.207—222.

3) EiEiE—, FREA : KRGAFENOEEN LB 5 R%E, H1400 0 T Sms ks,
FH42.10, pp.104—113.

4) BiEME—, $EREk, FNIBE 7 —FEKFIClEATABED ERISTIE GE18H), ZTRHK
PHER, #1095 B, K42.3, pp.273—281.



