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EXPERIMENTS ON ENLARGING PROCESS OF RIVER BANK BREACHES

By Yuwichiro Funita, Takashi TaAMURA and Yoshio MURAMOTO

Synopsis

Flood damage due to a bank breach increases with a river water inflow through it, which
is enlarged by a hydraulic action of the inflow, while the influx rate is controlled by the
geometry of the breach as well as the stage and discharge of the river. For the purpose of
prediction on flooding inside the bank and mitigation of the damage, this process needs to be
investigated to estimate the influx rate and to find out a efficient closure technique.

We carried out fundamental experiments, and describe the enlarging process of modeled
bank breaches as the results in detail, such as changes in geometrical characteristics, influx
rates, water stages at the both sides of the bank models and their seepage states. These results
were discussed on hydraulic properties at the breach, that is, flow resistanse, sediment transport,
stage-discharge relationship between the water stage outside and the influx rate. It is found out
that the process has four enlarging phases. The first one is finished when carving of initial
failures, which are V-shaped grooves at the top of banks, reaches the outside slopes. During the
second, scouring downward and widening of the breaches progress rapidly and increase in influx
rate is very large. Gradual widening only continues at the third one and inflow increases a
little.  Finally, geometry and influx rate become rather constant in the fourth phase.
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Fig. 1 The experimental equipment (A: main tank, B: measuring tank, C: receiving tank,
P: modeled bank. a, b: capacitance type wave gauge c: manometer tap d: manometer
e: mirror, f: rectangular weir, g: full width weir, h: end of modeled ground, i:
stilling device. 1: main pump, 2: reversing pump, 3: valve)
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Fig. 3 Modeled embankments
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EERREELHIE, b — RRBEEHOME X=4.35m OWAMKEICHBET AL ICES, MikbHn
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Table 1 Experimental conditions

Diameter Top  Height of Side  Duration Porosity of  Discharge =~ Water

If\;;n of sand  width embankment slope time embankment supplied temperature
: dw  Bo H, mo r A Qo 4
(mm) (c¢m) (cm) « " (/s 0
Z-1 0, 64 10 8 1:2 5 00 — 14.9 —
Z-2 0. 64 10 8 1:2 5 04 0.49 15.3 —
Z-3 0.64 10 10 1:2 17 08 0. 456 15.6 —
Z-4 0.64 5 10 1:2 13 00 0. 486 15.6 —
Z-5 0. 64 20 10 1:2 10 30 0. 469 15,5 7.9
Z-6 0.64 10 10 1:3 11 00 0. 457 15.7 6.5
7-7 0. 64 10 10 1:4 25 55 0. 464 15.6 7.9
Z-8 0. 64 10 10 1:1.5 10 00 0.502 15.7 6.7
79 0. 64 0 10 1:2 7 55 0. 486 15.6 6.7
Z-10  0.64 10 10 1:2 14 15 0. 494 15.8 6.6
Z-11 0. 64 10 8 1:2 20 00 0, 504 10.2 6.0
Y-1 0,64 10 15 1:2 179 06* 0. 467 14,8 —
Y-2 0. 64 10 15 1:2 350 0. 509 14.9 —
Y-3 0.64 10 15 1:2 8 40 0,516 15.7 —
Y-4 0.64 10 15 1:4 11 41 0.499 15.6 —
X-1 0. 206 10 15 1:2 6 20 0. 490 9.7 29.0
X-2 0. 206 10 10 1:2 10 00 0. 499 9.5 29.0
X-2B  0.206 10 10 1:2 9 00 —_ 9.3 30.8

* failure due to seepage
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Fig. 4 The topography of bank breaches and scour holes

HRTRMADORKEOBAOFRE & FHOBARD undulation BEL S, ARICHREDIZRSTHED ©
BB ENEHOHAL, BRR LI AROEROREEET 5 THHBEGREL TN,

P& Sic, MBOEATHRENOEIEBRIILBOKHEERT T LM¥bh B, —F, &himE 15
em KLY v ) —XOEBRT 2 BOEAED & SEH S ORBRESE S, BHENBELL-72OT,
Run V-1 TRBBCLIFROBEERS T, TOBREUTICRNS,

— 6 —



HEE - A - AR ILER R O O IKBIZICBE T 5 ERIVBTF 375

T T T T T T
= 5.0
~ -140
X
L (m)

|
- 3.0 o
(Unit em)} T-8'40" (Unit cm) T=10'00
I | ] 1 L |
100 100 50 0
50 Y (cm) 0 Y (em)

Fig. 4 (continued)
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Fig. 5 Profiles of scour holes due to bank breach
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RO » TEEN, HAKORRTOMERICE > TEOMBIESRICHERT 210DICE s LB DN,
T, TOXSEERICR>TY v VBREUES, THICX > THRADROEERICRE S W THER
BEOVME LI LBEL LN,

) FREDOHETIR & PR O TIRE M

Run Z-5, 7~10, Y-3 &1 X-2 Ozk%K L Y=50cm ki) 2 fEBiREREIE Fig. 5 0k 5TH
3o BABRER 5~6cm 0O dOME L TEOMER Run X-2 2ROTIZREELMLICH 50 BHAD
EXi3 1~2m BETH -T, FERELET 3 &, BEANEDEEE M OERVREEBREE TS,
X5, Fig. 4 LEARTANG, AEBTROLINLEAMBOERSLELTOENT EBPLHT
b5, EEOBRTI, BAMBROBRIEISLEBELTVAELD THAEL, REROVHEIER LA
TEHREETH DT, BHICZDERZH LS T EETER,

DI ORERERS D, REAOKRENREE D5 L Table 2 DEBDTHb, T T, ARDS
~ IR U iR OB O I & - THIRERET L, ZOREICSVLTERMIGE~S, €60k
BRI, W =AU/ DER (), B =R KRB/ EEED Y v VTEHOE®), RUF
HH=EEROEXQ) Y v CTHEEOIRE), ©3ETHE, COBESII Table 2 OBRROEETH-T,
Fig. 5 KU Fig. 8 icHmLic B TH %,

B oNC, BFHIZRADOE GREOEY) bORAEL, —F, BEAOELSOREREOREVHE
MDD BND, Lchi-T, BORAKDEAICIE, EBROXS T, #ME AAGHICEOERRSHKS 1

Table 2 Geometrical characteristics of scour holes

Width
. Max. " Length of Profile Cross-sec. Plan
lf\ll:ln r V\]];rdeta}af f depth ie;;m;e ofh scour hole bi’it:_ive:: ratio ratio ratio
' aep @ e w6 @)
(0 em e (m) (em)  (cm)
Z-3 17 08 61.7 -5.5 4.35 134 43.8 0,041 0,126  3.06
Z-4 13 00 65.3 —6.3 4.35 120 43.0 0.053 0.147  2.79
Z-5 10 30 49.6 -5.7 4.45 109 36.0  0.052 0,158 3,03
Z-6 11 00 45, 4 —4.5 4.45 107 33.8 0.042 0,133  3.17
z-7 25 55 56. 4 —5.1 4,55 133 44,2 0.038 0.115 3.01
Z-8 10 00 58.6 —6.6 4.35 110 45,6 0.060 0,145 2,41
Z-9 7 55 71.0 —5.2 4.25 80 43.2  0.065 0.120 1.85
Z-10 300 34.9 -2.3 4.35 79 25,6 0.029 0.090  3.09
8 00 49.5 ~5,6 4,35 96 37.2 0,058 0,151 2,58
14 15 614 —6.1  4.45-4.35 127 42.8 0,048 0.143 2.9
Z-11 20 00 54.0 —5.4 4.35 192 36.4 0.028 0.148 5.27
Y-1 210 — —L6 4,07 116 4.2 0,014 0,033 2.4
Y-2 350 62. 4 ~2.5 4,45 213 49.2  0.012 0.051 4.3
Y-3 200 — -11 4.0 92 36.6 0012 0030 25
517 — -3.0 4,45 112 47.6  0.027 0.061 2.4
8 40 — -3.9 4,45 138 62.4  0.028 0.062 2.2
Y-4 10 16 64, 4 -3.2 4, 25% 115 43,2 0.028 0.074 2.7
11 41 — -1.6 4. 25% 168 55.6  0.010 0.029 3.0
X-1 300 44.8 -3.7 4,55 113 49.6 0,033 0,075 2.3
6 20 54.0 —4, 5% 4,67-4, 65 128 47.6  0.035 0,095 2.7
X-2 6 30 25.6 -3.5 4.55 66 28.4  0.053 0.123 2.3
10 00 37.2 -5.1 4,65 105 416 0,049 0.122 2.5

* I;nbankment foot is located at X=4.05m. ’
** Sand bed is scoured out to the flume bottom.
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£ 5 S HEHIOPROZR IIREO B IO & THBEREOMBEICER LT 5,

TROE, RROFOEEICE, RELBDBD LOKENENSKSREOT, REOOHIEMIEL L,
ZIITHE - THIMRDIE S IEAD, FEHICTHICA S KRAE B E U T 2, S5, PR OmMu
RS RABATBOREREIENOT, BEROEHDRLRILNERDNE, CORR, EBOEIE
EOBRMAMBHERENE D EEZ OGNS, B, BOHAIE, FKOREEBRENRS, podgn
DILIEEE BN/ DIC, BEARMESD, TIKBESTHOE»IOIC W, MAT, RERAELDIC

X=4.85m I ’w» 0'00" --- 800"
T I 300" — 1415

_ \4
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] 0.98em '
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Fig. 6 An example of cross sectional changes of a bank breach
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ZURICHEITT 205, ZORPPBBIIEELSTHY, i
AKDZAMEIC & B EhROMB S A UhD T 5,

R, EEIEROBENVELESER TR EE Fig. 7
DESTHB. T=3 TOFEHRIIKBEHLTLR -1 FED
MEOREHOTOT, ks 1 ERCERLTHET L
BRUTOEH, BREMERZPRID EBROMVATH
TRBICEHDONT NS, T=8 T3 &, 0cm OEERHIZ
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WAGRS, 1B, BEIXEHML, RO 2@EFmOEER
DIEH UMMENS OF THRRICIE M, 2&NEERIE
7=8 ObDOLHEPEVID,

LDk S, PEOOEAIIRBICHETT S0t
KIEK »TZDBELFMCES C L RBEHTHZDT,
ITFCREKhOMEEIRIEI X > TIEE S piER
DIFERE & FRHERD 55k - 1o kD O HLEE~ I >
DTN, HEREOHBRIC L ZEEERS LT S,

Fig. 8 |3, RunZ-3,5 R 9 itkld 3 X=4.2m O
WIAROE(L R T2 D ¥=50 cm OO B K2 b
AZ % RunZ-10 DBRAEGED TR LI SDTH B, KitE
EERO RunZ-3 g3t LT, Fig. 5 TR{bME LT,
Run Z-5 |3 Run Z-6, 7 ZEOENREDOHTH O, —H,
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Fig. 7 Changes of topography of a bank

breach
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90 %0 Y (cm) 10 © 5 © T (min.} 5

Fig. 8 Changes of cross sectional shapes and in depths of scour holes

RunZ-9 i3 RunZ-4,8 SO REDHTH S, RunZ-5 Tl, FERBIIL 31 THRRLEBREDHE
BRICK B hiERDR ERD EETH > T T=150" FTHREL TV, ZOBRER, £ 0% sg:
ARBOWMNICE > TREINTELL SR PEZAMROUINRICIED, BAHRY » ViKEb > THiE
LEDOHRICEATOS, TR L, RunZ-9Tid, FHLOHICY » V2 e pR =T
ROFEIASTR I N, BZEUSHRTRELTED, FREOET S, RunZ-3 TR, WEDOHR
BSRBZEI- LD, HRNRELCBREVEREINE M, BAGEN TS >T, RunZ-9 T gHHER
2 T=340" T3 L, HUBBRTHERLTOES,

PIEO#ER, Kihdomd® 47 i3, RunZ-3,5 KU 10 TR2—F LR LKRICETL, RunZ-9 ©
REAKBEBICTELTN S, WINOMRSIMICENVETEEERL, 7=60~7 $TIRZEFTH -
T, ETHEBEOFELWC LMD, RunZ-5 THEIKIRED 4Z 2/NEHDIF Fig. 5 KR Lo kS it &
KU B ARAICE > TVB D TH B, 4Z i3, MOBETHEREEELD PR LT
3,

() PR rIEOREIRZL

REOE B OBMNENE, ZY ) —XOERICOVT, @BRAXKRBIEDOARL SEA, ORALEIE
DAHARRDEE, RUORKEBORKZIE/ICHYY, 51K, @RunZ-10 % V, X v ) —-XDEERL
HEgUTREE, €hEh Fig. 9 D (a)~(d) DX HTH 5, BREOEE LTI, BESPICBT ZIBO
B LA BT LI RICAB S EZEZBTD S8 h - DT, ZCTREHHME O KB EEH
WTWH3,

Fig. 9 @ (a) kKU (b) T3, BADEWERDOHIBEE N S DIIEND, £ DELIZ 4 DDEBEICK S
TRLENTES, T0bb, 2081 BREIERBBEEROLBORONZONE DFEEDECER, ¥

213 B=40~45cm FTORBSHIRORE, F3TEERETI 3B HEOHRT 2B, RUE 41T
B=60~70cm DZE{LIHEIZICEIBETH S, THEDERER (©) KU (d) THED O, BEOEX
PHEDORIZZBATORLNAZ EBDDSE, LhL, RERBKIGLTOEOLIBERBEL TS,

BB, BIEKOE RunZ-4, 8 R 9 TiALBDSHZND, 4EOHERD Run Z-7 TRAE
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Fig. 9 Increases in breadths of breaches at the top of embankments (a: cases with different
top widths of embankment, b: cases with different side slopes, c: cases of small bank
heights, d: other cases)

DEL, ZOEMIBEBOKED RunY-4 OBEAICLEHDLDN TS, RKIC RunX-1 R 2 THHET
BT, NEBOFENEZL ONBEH, RunZ-11 LHET 3 &REMIHOBEPHOLRRESCL
WEITH B, DFIC, B2RGE 3BT IENRERICENLTHT, WLIESHELE - Xy
BEDTHETEERLTVS, T, HIFHO B-7 MO ARE/LEICHISY 5 MiBRE OX 735 O Uik
12 RIIMETIIH 5 D5, Run Y-2~4 Tid B=50~60

cm, Run Z-11, X-1 K¥ X-2 T3 B=30~40cm itH 08
——Z-10
>T, RunZ-3~10 ORADMEE bH#cT 5 &, Bwe  IBr -

HEEEOHEBICHZ bbb, TOMBIBHE4IR
B OB IR S S MhicEbh T3,

P EORBOOYIIEERE R LT, € D[R 48/
dT i3, Fig. 10 ® Fig. 16(c) kR Ltk dic, —B
RERE— 2R LI, IROMREICHIET 2/
— 7 %4 LT %0 5 0T i P

KT, TR XS BREBOOHKICEE>T
T EHATRER L FADORTICDOTHERS,

3.4 REFEOOEATR

@ BBEREOEL

LB, REOEBET 3 HREEET 20010, LISHAEOR O, THHAEEOHER 0 &

UERHR Q & @ LD Qs OMNE(EHE L, Fig. 11 12 ORERT . EHRETIE Q=

Fig. 10 Widening rates of breaching breadths
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Fig. 11 Changes of discharge measured at

the up- and down-stream ends

Decnarge from |

downsteeam end (G )

Q—Qi=Q: THY, KEBTIIKETFHROE(S
JOENBEONBZETHEH, BEAEDES A>Q:
TH-T, &£k RunZ-4 ® Z-10 TZDENKED
ot 12U, EBRTERO Z0EIMBRE Qo b8
HROBHTRET R 2D ST, —FHEEE-T
WBIDTH B, TNETOER, HKBERICHES LR
ROEERY S ~DOKFOERDONFZIC LB IHAET
KERT 2 EA 0N, ZOREMENENIZZhEE
T3,

L LIS, WIhoBad @13, KEFRICK
BEERS BN EEBOERILEED D, Qs DK
DEMIKEZ T TCREBRELTOADT, MEPLES
WR Q OEERTETHSS, &/, RunZ-10 D
Ao, BKEROKEERIEITHD, ZOH
2 RunZ-3 OBELLBRELVLC EbhS, Th
&b, Fig. 12 © (a)~(c) 12, KEhEEEEE -
LT @=(Q:+@y)/2 L LT, ZhTh@BEXKED
BREIEZEA, ORARIEDCARLLEE, kU2

DHMDBEIHT T, € ORBMNEEER LD TH S,
BRGEEOE, BEOECBAOENEBLFELTVAZ Eoshhah, ZNED &3 HICHHIC 4

{
5 T (min) 20 25

Fig. 12 Increases in influx rates through breaches (a: cases with different top widths of
embankment, b: cases with different side slopes, c: other cases)
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ERTRIAKLOBEZIT > THIENWDT, BElE

Fig. 13 changes of water stages at the both
DEME & bICAKME, RunZ-3~10 Tik 3~4cm, sides of banks
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% X-2 TREDLNEL, RunX-2 TIRAKEO FEBFICEIRI -2 A8 Dol Z2hi3 31 T~
FeBKKIR®D undulation OERICGHELTE Y, REMESRTERINTOIBARBBTORET S
FREEDS B D o KR DBARRD L D RETZ LEVEAICE, HAKBOYMPDREODIIEIIX 5ic
B LT, WRHBEOBREE WRAO LRI U RICEE L TELET 230 FEINS,

3.5 HKEREEBEORERRL

AP OKBIERD € =V KEDRERHREH S HENOBRBRRIC>OTHRNE, ¥7, ERior s
VIKEEERADEN RunZ-5 & RunZ-9 Ko TREIE Fig. 4 DL TH 3, EEO L/ KHE
BRRAOEEREEREZTDOTRIELY, CORDSZOMEIIEETE S, Run2-5 TR, #EETD
KESFHR TR E NI R M HEIAL KB ERBEL DORAEBEODT, YIREMOTLCEE
DAPHEEBET I 00D 6T, BBICK > THRESEHD U THEENIMBET T 2, cOic, Fig.
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Fig. 14 Piezometric head at the bottom under

embankments

12 D X5 INABDO KA RIERGET 5 C Lici 5,
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IR SMHBEEIC TR RN, WAFTRSESICHML
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&L ADITH U, RunZ-5 TIJREHILV Eic gkt
KEREMBELEDT, £0i2 RunZ-9 ©1/3~1/2iC
35 EBbh5,

DEIC, BEOOIKICHES €y kKEOELO—H]
ZWHAKELOE L& & bic Fig. 15 icRd, 7'=0 T
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T, TOELOEATATHED, BNTREWEDOR
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&ND, TOBDORADKEZEIZK 1 em, KEFEIT
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Fig. 15 An example of changes in piezometric head at the bottom
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Y- AL, ZORBHCHS LTS, —F, 2&&
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T, BiED stream power D ¥'— 7 HSPIEO D& BISIE
KicEELTWESDEEZOND, 41k, TOERM
IR AE RO KEEE L & DICKREAT A RENS S,

F 7z, Fig 16 © dBw/dT cREY— 7 ORICHH
VWE—IMRELTW B, ZOXIBE—713, Fig
10 © RunZ-10 ® Z-3 3 ETHHELTHB DS, FHHE
EXEINLTHREODT, BEERCEEREShEN
HIRICE B bDTH B, THbE, 3.1 TRNHEKE
BEoffic ki, GIREMIZ, BEE»OHETTET
FlichES QIBERTE O % & BB TER S NIERO T
R UT, BARD O MRS IEAZ ERESMIICE
HTNE, 2N2EET THEIYTEARROMAE
broTEEILNS, LIth-T, bRogine—-7
3, TR SMORIRAEIEAHRBT O E L
EEALEEDbN, REOOEIERICE > TIRE]
WL HDOTH B LHWHI N5,

(b RECETEOEEKER

Fig. 6 ® X=4.55m OWEIBRLLS L, 7
AAIKBLA & D IIEIKALIC & » T5ED 7o Hs O O ki
Hic&k > T, RunZ-10, V-3 KU X-2 OWiEEHKE
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Fig. 16 Changes in water surface slope, /7w,
influx rates per unit width at the
center of a bank, ¢, (a), total and unit
stream powers, @7y and ¢/y, re-
spectively, (b), and widening rate of
surface width at the center of a
bank (c)

BEFE LI, #5813 Table 3 iK—1ELc &0 TH T, BRI 3BY OHH:, b bR
DOHE Iw 2RV 55, SEKEEEZERLCT 2 A F G 7z 2R3 FERUSERE LES
Wk V B oROBFE, IKRBENEN Uy, Usze RU Usy 2RLTVS, BIEA O AHEEICRIE
BHBbic, RBEBONSY Iy DLEIT 7 BHEND, U BEETELVRAND S,
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Table 3 Hydraulic quantities of breaching section

Run Section 77 Q0 H 7 By A P R 14 F 7 Usw Uxe Uy
No. X (m) * 7 (1/s) (cm) ¥ (em) (cm?) (cm) (cm) (cm) (cm/s) *7 £ (cm/s) (cm/s) (cm/s)
Z-10 495 300 6.3 159 0.066 41 143 43 3,3 3.5 44 075 0.014 14,6 6.7 2.7
(B) 800 9.3 164002259 229 61 37 39 41 066 0009 89 56 25
14 00 10,1 16.7 0.007 69 266 71 3.8 3.9 38 0.62 0.0005 52 14 2.3
4,45 300 63 17.3 0.066 28 100 32 3,1 3.5 63 1,07 0.014 141 6.5 4.0
(A) 800 9.316.80.022 41 200 46 4.4 4.9 47 0.67 0009 9.6 60 238
14 00 10.1 16.8 0.007 47 244 52 4,7 52 41 058 0.0005 58 15 25
Y-3 475 200 9.8 185 0.097 49 234 53 45 48 42 0,61 —  20.5 — 2.5
(B) 517 14.5 19.6 0.025 65 315 67 4.7 4.9 46 0.67 — 10,7 - 2,7
840 13.9 19.8 0.022 68 358 71 5.0 52 39 0.54 0.011 10.4 7.4 2.3
4,45 200 9.8 21.4 0.097 35 101 38 2.7 2,9 97 1.83 — 15,9 — 6.3
(A) 517 145 20.4 0.025 46 231 48 4.8 50 63 0.8 — 10,9 — 3,7
840 13.9 20.5 0.022 64 298 67 4.4 4.6 47 0.69 0.011 9.8 6. 2.8
X-2 4,65 630 4.6 17,0 0,032 27 122 38 3.2 46 38 057 0.010 10.1 5 2.0
(B) 1000 6.2 17.2 0.017 36 196 47 4.2 55 31 0.43 — 8.3 — 1.6
4,45 630 4.6 17.7 0,032 30 9 36 2.7 3.2 48 0,8 0010 9.1 56 2.6
(A) 1000 6.2 17.5 0.017 38 146 42 3.5 3.8 42 0.69 — 7.6 — 2.2
RFE T, 3EBRE SHPUKKERE 4 JIBSMUD A
100 \ A&, BAREHOBERIOKBMIESNE &%
\ —-—Z-l;) £LTV3, CONERMOER, BAMBLEERN
v \ TR mess Ranzao e v cimmmicnsy s o,
cmA) \\ BICHAMAICH S Run X-2 TS B ERICH - T,
N N PEHRIR DR AVKE B OE/IC ORI TN 5,
50 ~ D ¥z, Table 3 »5 V & Uyy OBRINE(LER
; e — i3 Fig. 17 0X5ThH-T, WInsBMmcED
- LT3, c03 b, HEOHEDE, BABTIS (R
_A REITAEVERIZS - T, Run Y-3 T2 L1,
—B LisL, RunY-3 OUMIORA, AOH, EHER,
0 1 1 LDEED Iy OEEEELD L, KRAUARBDORIFICK
0 5 T 0 (min) | > TENENBR, WINHES N TV EH88h, ¢
D& EDOKAISBAEHRDERER > EELSDTH
20k \ BT EERBLTOS, —K, Usw DFROTID Iy
U \ —Z-10 DRBAICHELTRRLTE D, KRR TRESREN
*w V/Usw 955800 U CEE O BKEE O FUKESUEIC AT O
15 T &KITH B, UL, Usw DEIHEENICLS
U DEERRESENTEY, FEKEEZRELT
(cmss) FRERELES EFRE, EBOLS(C Is HALE
10
Sk Fig. 17 Changes in mean flow velocities, 7,
and shear velocities calculated with
0 water surface slope, Uyw, at two

sections in breaches
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-T, BKEROBEENREREERS, 20X, KEBROAED A TRFKEROBRESFMIINET
HB. L, ZDFERIICGRNS +EEE & BE LTI KBREOBYIICAR/RTH S DT, 4%EEN
BEOTHREESICT X VF ~WREBRZMAT, EHAEEHOLICLTYER,

© HRBEDLDEE)

Fig. 6 [Tk L7 Run Z-10 OEMITZROE D & = ORRINZELE S, U S DAL 5 ORMBEEZEAL
BRI CHR L SRS O 2REE Fig. 18 0L 5 Th 5, WEELE S IIRARKBAEIC IR
BHOE—2%2F L, T=0~8 OEROERMICOMATELTVE I ENbMS, THbB, BATRH,
VIO X=3.8m £ TEATOEH, TN LOHREN T=0~31H > T, T'=3~8 Tl &
WRBHAE->THEY, T=8~14 it > THRAT SHIBERIDIEREICL > T3,

—%, BRHEPE Qp 12 7=8 T TRENOBERICEETEH, T7=0~3 TiZ X=4.0~43m TH
KEWS7BBL LT E, BT 7=3~8 TR X=4.4m »HSORARRTHBBIcHEML T3, Zhic
ftU, T=8~14 TRE#UDPOENOLRETHE LTS, BAFIDOCOLS 1 Qs OEEZ, FicY v
Y EERADHRICHEL TV A LS TH B, T78bb, Fig 6 © Fig 7T iRINTHE LI, T=
300" TREZULAY v VBERBI,ES 5 v RICEBDENE X=3.5m KRATNS, Lich-T, i
ATKD +HBERESL C DIED A X=4.0m FTRENAEFLETRTIRE—72FD, £0%D
IKIEDILBUCAL > THR LIRS IR > TEBEHET 3 LEZ SN, Thikxtl, 7=800" ® 7=1415"
TR » VOTCERD, TBBRECHEIMI->T X=2.00m OBILHEICL 3 ETEKOEE
dBbh, EALROBENELL S TH S,

REGEERTH (X =4, 35m H13T) D Qp 12, Usw ¥ V QRIS BAICHIE LT, #30, 15R T 5 cm?/sec
ELEBICHAL LTS, ZOMEE Table 3 ® RunZ-10, X=4.45m O By TE|- THEAIES ) DK
B ogp 2k b &, 20hTh ¢5=1.07,0.37 KU 0.1l cm?/sec L7580, X SICHME » B LOFERERICK
STENTFNOBEERE Ukp 2 U T2 L Ukp=5.5,4.2 R 3. 2cm/sec 185, THRODEIE Table
3 O3B OEEEEOPRMNSEERL, WERH V/Uss 2HETSETOTN V/Usp=113, 11.2
RO 181 ThH-T, BEOHKBENTSHONE SDIGEWMEES S, Tk, Usp REHEEZD
BEBEEOHEEE LTHRORELIDOTH S LHMTE, T OMEDRBBBESEEICREOIRET
FhhTn3Z Ebbhb,

100 —
|- T T ~<_Deposition
o= =
-1I00f—— ——T=0~ 3 min Nl ]
S ~——=T=3~ 8min Erosion N/
-—— ——T=8~14min \—\/ |
(cm?) \ v /
-300 \—/
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Fig. 18 A volumetric changes in a bank breach, .S, and their transport rate by inflow, Qp
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Fig. 21 Stage-discharge relationships between the outside stage away from the bank and the
influx rate per unit width at the maximum total influx rate, hgmaz-gomay (a), and
at that per unit width, Agmez-gmes (b)
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