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RIVER CHANNEL DAMAGE CAUSED BY EXCESS FLOODS
IN SMALL TO MIDDLE SIZED RIVERS

By Yuichiro Funta and Haruyoshi KINOSHITA

Synopsis

From a viewpoint that river improvement works shoud be effective even under
excess flood conditions, river channel damage caused by 1988 flood was studied in a
few small to middle sized rivers in the western part of Shimane Prefecture, as an
example, in order to evaluate functions of river improvement works for damage
reduction. Fundamental experiments were carried out to clarify failure mechanisms
of revetment, which is the commonest works for river improvement, due to excess
floods. Failere patterns of revetment in the experiments were very similar to those
produced by overbank flow in small-middle sized rivers. Channel bed variation
were surveyed in curved reaches where large amount of sediment deposit and severe
damage of revetment were observed. Transevers sloes of inner bank deposit could
not be predicted by several equations of previous investigators.
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«— Domaged by 1983 Flood

Japan Sea

Fig. 1. A plan of the drainage basin of the Shimoko River in Shimanc Prefecture
(+: damaged levee, X : damaged revetment by 1988 flood).
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Fig. 2. Bed profile of the Shimoko River Photo. 1. A flood plain damaged by over-
(Arrows show locations of dam- land flows with levee breach.
aged bridge.).

Photo. 2. A emdod levee at the down- Photo. 3. Whole surface revetment broken
strecam reach in the Shimoko completely by overtopping flow.
River.
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Photo. 4. Erosion of [ree board along the Photo. 5. Collapse of revetment produced
top of revetment. by overflowing water.

wfa“ g ;n o s E
Photo. 6. Slightly damaged revetment in the Ackawa River.

: - ;?: )
Photo. 7. Severely damaged revement in the Aokawa River.
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Fig. 3. Damaged reaches in the Igawa River by 1985 and 1988 floods.
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Fig. 4. Damaged reaches in the Yabara River by 1985 and 1988 f(loods.

Photo. 8. Sedimentation at a curved reach in the [gawa River
(X bend, see Iig. 3).

Photo. 9. Collapsed revetment along the outer bank in a curved
channel in the Igawa River (W bend, see IYig. 3).
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Photo. 10. Completely failed river channel at a cut-off reach in the
[gawa River.
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Fig. 6. A schematic plan of the fundamental experiments for revetment failure.
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Table 2. Hydraulic quantities in the experiments

Run H @ 1, A B, S &
No. (em) (A/s) (X109 () (em) (em) (cm)

R U H, 1, U. U/U. n
(em) (em/s) (em) (X10°) (em/s)

WI-1 21.02 44.92 1.213 14551 128.6 147.6 11.32
-2 1652 44.04 3465 956.1 1036 1164 9.23

W21 21.40 46.58 2.541 1501.0 130.0 170.3 11.55
-2 1829 48.42 2.681 1098.0 100.6 136.8 10.92

W31 24.02 48.71 1.171 1850.4 130.0 152.1 14.23
-2 1634 47.10 2.634 9354 103.1 1156 9.07

W41 2017 49.54 0.374 1422.0 128.0 184.3 11.11
-2 1884 49.05 2.236 1219.0 107.2 154.3 11.4

NI-1 26.95 53.56 1.566 1779.8 150.0 175.5 11.87
-2 1674 52.18 3.279 623.0 8.3 972 731

N2-1 26.44 55.86 2.720 1678.5 147.2 209.9 11.40
-2 20.59 5.81 5160 897.5 91.1 142.2 9.8&4

N31 27.42 53.17 1.183 1810.2 150.0 175.9 12.07
-2 1919 55.10 5.261 802.0 90.9 105.1 8.8

N4-1 25.08 54.10 0.943 1481.1 125.8 185.5 11.84
-2 19.89 5460 4.568 838.1 80.3 124.7 10.67

986 30.89 21.51 1.020 3.13 9.91 0.0220
821 46.24 17.62 2.638 4.57 10.61 0.0211

881 31.09 21.89 2.3%8 4.51 6.91 0.0310
8.02 44.22 1929 1.9 383 11.64 0.0186

1216 26.33 24.37 1.130 3.67 7.19 0.0313
8.09 50.53 17.65 1.875 3.83 13.64 0.0161

771 3487 20.79 0432 173 22.30 0.0104
7.92 40.30 19.67 1.898 3.81 10.85 0.019

10.14 30.10 27.41 1597 3.98 7.58 0.0289
6.41 8435 20.39 1.251 2.53 39.71 0.0061

803 3332 27.01 2.741 464 7.25 0.0293
6.39 62.98 22.64 4.107 4.65 15.50 0.0151

10.29 29.38 27.8 1.131 3.37 876 0.0251
761 69.52 21.69 2.152 3.85 19.97 0.0116

8.00 36.58 25.77 0.932 267 13.95 0.0153
6.87 64.18 22.01 3.035 4.40 15.89 0.0143

BEELL, mEEE baE L1

Hi#B® Table 1 DL 5! Run W1 ~W4, N1~N4OERGEIZTFES50 1/s & HEMAZ VL, F
Y7, BN TORESHDEBN TV A DT, MUSHEEAELL, A THERE-FAEEICL

TWTb 2, 3% OEHFETHBOZEHNE U2, -,

HEERIADE L TV Run W1, N3, N1,

N3 RZFNFNEEEREBEB L/ Run W2, W4, N2, NADOHBEERTS 3,

3.2 WEFEREOFELBIBICHATEIEROER
321 ERoKEER

BRAMSET TUELcF v — b LOMERUEHEKEOKAMICBEVITIR 10~208), BIETEFR
Bt KRBT | R TEEA L b, ERPICEERE L cHIEEERVT, EBOK EFRICHEL
too MBIZFLENDBKBIGICHEY » TRIEEFIREBIEL TBY, —HRAEROKMII THIEZEEND
B, TN T HEKE 2 HIEE T FRBOESICHIG U2 —EBICBLE L T\, EBKEROREKSRIE T
IGLIKEBEHEET 27001, EKERIOFLEN 4 MoK OBERERAERD, >V TtERRKEOH
RIWEOFBERFEAMEAOTHEL, REMEE L TEohREEIC>WOKEREE, EEEE
|3 Table 2IT/RL72EYD TH B, FEIBOLEWW ) — XOEKAEE T, 1/1000~1/300D K{EDEIE

DBOVTED, TRVF-HEEIRE D 60~80% T
H->T, MEBELEBEEEIZTNEFN U= 30 cn/sec &
U,*25~35cm/sec &7 0, FHRRIINS 2%
BFRR Use= 2.19 cn/sec 2 &0 i LRI 3 REOHET
b, COVY—XOEKMERTIIZDH 155D
&> TR, FRMEOBEIZ 13 LS
RBusiiwsEbh, BEERE—HLTVWE, —4,
BORWN v Y - XOEKMNERTE, ThThU
= 40~50cm/sec & U, = 3.5~ 4 cm/sec, {EKHIE
BTRENEFN U=60~80cn/sec & Uy= 40~
45cm/sec TH-»T, BETEDP BT OFEAKRIBHLE
WIRBEIZH » T W 2 &0 3,

— U

RUN. W1 —— iT= Gnin Unltial}
----:T=10min (Ffter High Stage Water) -
7 X=0.55m ——:T=33min (After Low Stage Water: R
20 ~ 4
tomt 10 T :
S T A M R R N T T S WO W S
X=3.Sn 100 102
Z =« 7
20 7 7]
em 10 =27 ]
P R N S M T S TR O S N Y !
X=6.0 100 150
Z =0.Um -
0 I
£ p
(cm) 10 =" p
[ | I S T R S M TR TR S S N B |
S0 100 150
Y lem)

Fig. 9. Cross-sectional changes in run
W1 without revetment model.



582 FURBE SRS ERL 329 B-2 1.1 (1989)

DL S KB Ko B 2RSS L OB % Photo. 11 ~ 14 128105 L 72 Al 449 VTR @ lss
N UF Fig. 9~ 14125 L 72 IRKEWHZAR O M Ui IO Tl Mgk~ 5,

e

Photo. 11. Plan views of the final states Photo. 12. Plan views of the final states

Top : high stage and low velo- Top : high stage and low velo-
city Bottom : low stage and city Bottom: low stage and

high velocity in run W2. high velocity in run W4.

RUN. W2 ——:T= Gmin (Initial) e

- =10”l: lF{;tar‘ngh Stoge Water) - RUN. WA ---- }; at: E&‘::t‘hggh Stoge Water) -
Z, =0.55m — :T=2min (ter Low Stege Water) : 7 [ X=0.55m ——:T=l6min (Fier Low Stege Weter) ]
7 iy 7
v:Top of Ro ] » ;oL .
tem 10 “ilog of Fowiment (o) 10T Y SRS it

D 1 1 | | | 1 ] 1 1 ] 1 1 1 I i - L | 1 I | 1 | i 1 1 1 i 1 I

150 0" % oy ic o

4 E X=1.5m . 2 | X=1.5m ]

10 - C N
[cm] ****** B 10’- ‘—‘——-‘—f?——-

U_ L1 510 RN TR R IEID bl L lgwﬂ (em] b o i 1{1:0 TR B | 1133:
7t X=2.55m ] z [ X=2.55m ]
2F I - o 4 ]

. — N e .
em 10F 1 emiOp ]

U— I . — S'O Lok u‘n L e 1‘50— ol i 1[ln L1 1 11'30,
Z_F X=3.5m . z [ X=3.5n ]
of I ] ar - 4 .

r ] C [ ]
em 10F 1 wmOp -

0— 'X [1 S'Sm' S‘O Ll 1[':0 T 1150.. 2] I T S TR Wy Nl nl]] [ B | léO_
Z F =4, -1 C = -
0k _J— ] o X=4.55m I _
10 . C ]

fem) : TS0 T SN M YT R el TN T S SN S SR T (em) 10” N
D i 1 | | i 1 i i 1 i i 1 i ]

- 100 10 0 0,

7 F X=5.5m . z [ X=5.5m 3

20: I 7 2 e ]

{om) 10: ] fem) 10+ ]

0_ N N B A R 1['13 Lol 1 & b Ty 1[’1] [ B 1150_
Z_F X=6.0m . 7 [ %=6.0m ]
o Y P
1of ] wof .

oot O O S T S S S Y em "k Lo T ]
50 100 150 0 % 0 TS
Y lem) Y (em
Fig. 10. Changes in revelment models and Iig. 11. Changes in revetment models and
cross-section in run W2, cross-section in run W4,
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322 W v —XDfER
1 E/ARTT->7, Run W1, W2RZHWFhBEREOKETROMKE LRRICHE L CRYIOERT
H-1DT, RROELZEBIHY 57201, EKEEE Run W 1LILEBEE 334, RunW2 @8 20457&
EWIREFEL:, RunWiid, Bk TRROFEEBALEMOEARIMEC D, HERIKREED
= Fig. 90 T=10 OMAEED & 5 K EOAKE kb LZEAL SFHIEEEROMICE 2 X S ICHEL,
BN ERTIHEIBHNER « BENE L, LA L, £hTHREMERESKE  RENEDL - 12D T,
AR RIEREOEBIRIZE A L, SIOTARVELELL DA TH S, —F, Run W2 Tlid,
BRI OEIK T SIEIKALOEK T b BRI VIR BHEPEE  (Photo. 11) TARBICADON B LD
BELECSh - oS, BEBEROTMEIPPUET LTS, Fig. 10 OB X USERERIE
ROSHIA I EPITIEE EAS - THEY, TOBHBICHHIT 2 L5 CEMORIFETREIKRESCE-TWV S,
D& S IRRIEDS CHT BV BRI OBALBULTBD, ThoBAERIBEUOKETE
Lo tidRrMELTWS, LAL, Run W1 OERRELET 2 LHEOERRIMZI ShTVT, O
BRERSPRARBEL TV EVA LD,

53EROFAEE LIz RunW3, W45 5, EREROBOFIEICE T 5 E/KREKRL DMK
BomEFRIE, RunW1D2nEFnoEKEBD &0 LIBIEE—ORKEZELTED, HFERBHRIC
B AROER OB E, - EERLTWS, Run W4 B 3 ESKkALEKERCE, Fig. 11 0
&3, Run W2 DIBA LD bHEDRTBERSEL BB SHEICE > TV S, Zhid, %873 Run
N2, NATLERETH 505, EKLLEKD L S ICHECEORETS, MEPRESKERZETIET
THRERMEFTAICEE, ARLRRZOBHRICHEL 2FBEGHET TR THEI L%
RLTWS, (EKAGEKETIE, Photo. 12 D& S5 ICEHARKBIC LFEM» S 2KRED b 7 vH T O & 5 18H]
HIREED SH SBIIC D, &5 Fig. ILIRE N5 & H L P PRlicflnict — N — v 7Dk
18- tro EKALEAK 353 308icit, ZDETHED + 7 v Hh SIEREOFIEEED, 167 30HWET
BlEfEV T, BB, R0 b0EEH TTRARIC 6 KOFEBFERGANCHNIREEL -T, TOREA
SOBEITIRIELE Lz, TOERDS, EEDIESLL WERNERETH > Th, JEROERE TR LS
5 DIKFDHIGIREEI & » TERBHEOEL 2 LA TFHESA, THILERBLHNNIETEHES
TELEFELTV S,

323 N v —XDfEHR

KEIBONSWN v ) - X T, BEREOBTENTWAWVWRUNNIL & Run N3 TRIEOE{LIcERIE
D, EKALEKTS » THRENEL B> TV EEDHICFg 120 & S ICRASEA TV S, BKAE
FARDEAR, FFBOBRBHEE SICELILDY, NEIRIESECH,ICLS, —F, RunN2 TR
ERAEK TORSEROE X LAY REFE TR Er -0, &7 oy ZIBIiICHEOAIITRBELTE
D, HEHNEWRETH->1DT, ZOME»SE
ADDMIED DFLEAD »1eo D120, KB RUN.NT TR A s vt
BECHABAD DF VRIBIC 1 > T LB o WO T R B
h, {EKELEAKDBIERE 40 BLIRT, x=4m&kD
BT%®§§ﬁ¥ﬁ%®%%%MkL@ﬁé,mg
13 % Photo. 13 D & 5 IZfER L iR S1ic &
ML, *Ef&mﬁum%tto%mé &

L

B N 00 OO T O O O Yt |

7oy 2 HEEE - fikd s XEE LRSI x= o

3mFTHEBLICELL, LAL, ThEKRBEIL-/ wm§1 =

ZAL K, 5 AT REAL LS b0 ¥ LT T =
KU 7zo SBELAEICAI 5 cn DIRAN T, HEEDE Fig. 12. Cross-sectional changes in runs
WIEA, BRIHE - mEIhbL5TH-T, £ N1 without revetment model.
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-

Photo. 13. Plan views of the final states  Pholo. 14. Plan views of the final states

Top : high stage and low velo- Top: high stage and low velo-
city Bottom : low stage and city Bottom : low stage and
high velocily in run N2. high velocity 1n run N4.
RUN.N& e 7= Onln UInitial) RUN.N2 —— 7= Onle (Initlal)
Smin (Rfter High Stage Wajer) - - ~~=-iT= Gmin (Rfter High Stage Hutar) -
10nin (Rfter Low Stage Weter) | 7 b X=0.35m = Tetlnin (¥ter Low Stage ¥af i
= N 20 4
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2r l/,—/ i 20 2 N

r / ] C > ]
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)i ] 1 1 1 1 i 1 i ] 1 | 1 i 1 O

— 50 100 150 —
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2f = — ] 3

L. [7 o - o
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Fig. 13. Changes in revetment models and Fig. 14. Changes in revetment models and
cross-section in run N2, cross-section in run N4,

BOHERTEY 59 70AD, 7oy 7 EFNal CaBMIc GRS IRO/ K S 2 2 ENEL LR
5

Run N 4 O35, 5/RN 7K AE R oD e T 1] !uma& DEGFOE G EH HEL L, Thicdiil
T Fig. 14 O & 5 1il0k F& Uiz, th N LUARSbASDoO EAORES I, ikt Ll ik
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FLTL 31BN CEEEROENNEL Y, CORBERSEARZEEL SN S, BKELE
KEFiIC2, BIE 1 DB AELZEMT AL CRTLTELEVRAY x= 3 m{THIcBEL BRT
Photo. 14 @ & 5 1<  DIE OEEMTIHSEMFTH BN, >V TEO L - FROBEHE b h e
BZLTW o7, TOKSAE-SHET 2L, RiANKD RS SOENOMMC & » THHE
BEBTOIROH5 LI NE, BEOWAETR, #FEENISHECEINSDT, RunN2oDk
SICEE s KT BLETHELIY, Z0RbFEUIRESHESNIDTSHTEKRLI, | ElEFEABLD
Run N2 LT, SHODHBTH -2 bodF 0L I KEEPE L L—o BRI, HiIRER
172384, RunN2oh8FHomEDOHMIch 2 EROEREMWNE LD, F—0RANESK
L TREREEICE - BT S5h 3,

34 EMRFEOERE OB

ERERD Y B LI, RAROANEATRERETHRKT 2720 TEEMHIHICETL L TEA
BOLTT KDL L 20 RE N, &5, RunN4 DL S ICHEE LOKFSESTEDES
TS L #RORERSEbEhd &b RS hi, &5 LIcRioERHK 3, SEIOBKK
ETH Photo. 6, TISRLAFINOL S ICHERTEDONTV S, £/, WKBEENKELERLDOT
Oy 7 ELTEDISICELTWED, L TRAEN->-TVWALDTEILLLRONAH, Run
W4, N2, NATRZENODIREBEBEEN TV, THLAEERR, LIFhbEeHhIHETLT
By, BKEORAOHORRICLBIGHERTERIC 59 7 HBAD, ZOTHEHLBOETLTVS
BAI, SERICBINAEERICHEE - RAkD L S HERIKEE TEATL E SaIfetEsisflis h s,

KERDIES, HFOENAAR R, BANCXBIERLKENRUEADENORRTEL, %EIcl
LTBANSKARTDITHSERunN2 DL S ICEBICHIE - fikd 3, ERO#ERETRE, RANIKKS
EFCINA T, BEROBBICXAIENMSEL Y, 5P IN0LH RFEAESELEECEIZTOMERD
OB TERV, LEd-T, BANBSRTATHINIERLFHROBET, %/, RALISTRHT
» > THEADEHNCHENBE VEAICIFEL CEET & EL 5N 5,

CNEBT B0 EAREE LT », EHETEFREZERL T LARED L I AHEH
BOWTHAH5, Bigico0Tid, dvhallo®  LffERnTuv 2 cnic, FEAEBIBEHAL
TVWBI ENEET, HREEEE LR THIIEEIZENEVTEAL S, —F, RELR
BHRAESEMT 5 LR BOTERTRIEVY, 5%, dvhAI~NOEKREL —BOHHSEAL
LTERELTOL dicid, RETEEZLZHOBBHKIC LML AEANL DL LTV LENH S
DT, TORICHVTRIL TOWHEERT2H 5 EEL o0 B,

4. BBHKIC K BFNAIIDOEEBOFIREE & FLERE

41 FHEEEBOHLERICETBAIREHOHE

ZENER OSSR TR O T RMERMEEE T - 731D 4 0 BEibIc B W TENE DI AR %
TV, FEREERR OB ERAT, £h5DOAMEIR Fig. 3icRnahTBy, O&QEs Rzl
BEHMTH 5,
@ =REIIEHRSELD bk 460 ~ 4.80 knDXR (IGW-W Zhe 3 3)

® [ 4.70 ~ 4.95 kmD X (IGW-X Zi &3 3)
® Bl 6.05 ~ 6.25 knD Xl IGW-Y &9 3)
@ G 6.75 ~ 6.88 kmD X (IGW-Z Zah&é 4 3)

BRI I RS RI O IEBIFE RS PTS-1 05 2 W /45, fFEOMEL LRI R 280 57
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2.15

13

{b) IGW-X bend

Fig. 15. (Continued),
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(¢) IGW-Y bend

14
13>

120 -

{d) IGW-Z bend

Fig. 15. Bed topography of curved reaches surveyed in the Igawa River.
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B, WThOBHTOAODOFER TARICHE > T, BESHOREL D b-—-RICETTHANTH
BLVHEATER—HLTORBVWESTH B, 5 LA ER KL TEL 0ZhicB T 3K
T8 IR TOL 5> Th 5, '

(a) IGW-W Zih (Fig. 15(a), 16 (a)): Bijti® Photo. 10 i27R L 7= & & 0 Lk 4.57 ~ 4.67 kmX [
(No. 12 ~No. 13 Wifl) DZLE L, 1985 5 ER & B L - AR CRE S LHEINCIE L TEAD OME
DBEATED, ZOTRICHEARICETIDHERIFE LV, ZOMROGARBVIGERRED SREL T
FRMSEERE TV 3B, 468~ 479 knXE (No. 9~No. 4) OHEIZ EHR (X) BHoARICEREL T
WA i, Hkbsd CIRNHBSER SN, ERBVICR TR ELBHHEREL TV, 88, 0%
P Y OZHH TESENAEEEN T 2L lib TV DR CONBERFISRBESIN TS
EiT kB,

(b) IGW-X Zgh (Fig.15(b), 16(b): 4.8 ~4.82kn (No. 5~No. 7) REOHERIIKERE-T
BEBOFEE LHIcFKEIFELLSESNTVS, CO#R, BREIREREL TRIREIEVSEHT S
FTRAShTVS, 20LFENRED 48~ 489kn (No. 5~No. 12) XEDAEE TI3HkME L,
EEARKEIEBATOE 12, RO LRFIRARE £ TS h, EROEADETELITH
KLTOl, —H, ZTOTHOMENRICITHSAECHRBLTVS, BB, XETHOESATYLS
Woyid 85 EREROABRMUA~DIBXETH > T, TOWHIRIBEAEHEKLL TV,

(c) IGW-Y Zlh (Fig.15(c), 16(c)): 6.05 ~6.11km (No. 1 ~No. 4) KjOoAR TRESETLAD
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FKRIC & » TRAMO LRSI WEAD IRREA L TR > Tnich, HFEEERREBLACHEBL
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g, 85 XTI IERVIEBNIITREZY, BEANELRAIMLBEIYTH S, TOKEK
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D&, TR0 5 ERTRRL T ORES % Fig. TILRT, COND S bE LML LR 1
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WTFNOH 3 A =Y OB OLEVREARERL TV A, REHIAIC & > THRKZR dg i< dge= 5~
20D 4 FEDEPE LT VWS, TOHEK (H5) RUsN (B4) otbizuthns WEhozhz
NESRUCHOMEOMN ETIERL 30T, MROLORLBYEWNEOHETYTH S, —F, Z,
XEHTRMOMBIN2EERRT 2L THIAEZBATHER LA LHCH _HEO DN RE &
IE-TW5,

Plokdic, HBERELWOZNTITIE, HkBICEHNRICEREKREEA 2 X5 5T
BOELBZEMH-T, —h, ARRBRVOMKIGHEI NS, BAEMSOARROOREER, X Eih
EWEHOTHREBERVTIRED 7o v 7 TEAMBIINTOES, ZhIZTNREOHRIC X - Tl
BREB LB, KB Fig. 17T ORI, ¥ 3 L 51, AETRLARAES 26 m, ERIE 20 m,
BEOECL 5 530 C OXEOEERT A & & 5 & NFEOHERASFIREDOK 30% (HET MR OEL TV S,
IO, FEHEEEK L TRIESTE PEEOMKEH VTV S0, 85 EXFEOERL SEITAR I
RMEWHMCBIED Tu .y s8I TWT, ThiZ, IGW-Z2Zfhio LS, SEOHKEH L THHE
DORBERELIEAONS, —F, BN TREFOEADIZERICHERLTVWAEFR LS - T,
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Fig. 17. Grain size distribution of sampled sediment at surveyed sites
(1; Sand on the concave bank of Z bend, 2; sediment on the point
bar in Z bend, 3; on the point bar in X bend, 4; at the apex of
the point bar in W bend, 5; at downstream part of the point bar
in W bend).
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7k DA IZREREC IR AV A, BHXEORIE, SUET 3 &, EHLH SNl mORBE : oo
KrckEnzEBbh 3, TR, BROADICHERNRIZ> VT, AEREERKKECERES 5 SE
WO BRAFS L 5E Table 308 5N, (1) RELBINEFig 18D L5 3, FEVEEEL,

Table 3. Geometrical conditions of cross-sections with the
deepest points in the surveyed bends

Bend B A Hy, R R/B H,. H.,/Hy, H../Hy
No. (m) (nf) (m) (m) (m) (measured) (eq.(1)

263 324 128 281 111 2.8 2.25 2.60
2.4 2712 1.03 3.0 133 3.00 2.91 2.56
30.8 536 1.74 39.9 130 39 2.25 2.57
225 3.5 162 385 171 28 1.76 2.49

N = DS

1

REWD 70y 7ML L X Efos (1) RoBE 3
Db EAHI, ObDEPPTHITT Ty bEINTYV Huwin|
B, COHRPD, XEMUMTREEDToson T T
BNIER L b DL TX, BEERE 8T 3, :

%1, BHmMOTEREIKIC >V TRERVL o5 [ W

°x

DERMPFELRESNTV S, BHHOLEAKE T
SrEAVAE, ThbRLTNLRROFTES WA, SR S T T )
Spm A e @  Fig 18 Measured maximum depihs in
r the surveyed bends examined
ST, hIZBEKEE, r REFTHBEETHS-T, R with a previous relation.
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DIEM A, BERAERBICL > TIRD LS ITRDBOLNAT VBT,
Engelund (1974):

A =T1an B 5 THAN 30° «oreeesremreerressteteiii e 3)
#uE (1976):
(B HCD N 5 AD 05 (() ittt
a=—(542 )" Ft2rF© @

Zimmermann & Kennedy (1978):

4.=9 m+1
o=

2 m(m+2) °
Falcon & Kennedy (1983):

B7.0Y 1+VF
1-p  1+2/f

A=

Odgaard (1986):

VTy m+1
4 __5.. R LR T e R LI E PP P R
2 k m+t2 ™

L,
U
m=rv8/f, [=8/(U/U)% FD:W
T, BREEEEA, v IBEERY C, UK OWIREY, o BNEEHOH, 1) 3ERRE, «
B = Y, FORETREENHER TR, o IRROTARMIERY, . ZERTEREY,

P BRIROERETH 5,

FRD 3 B Engelund RUAMIKBRMHIRET 50T, Ihdi>0WTR, oOXEOEBOEE
Wi & FLEROE ORI RE R A FERR/ND 25 m & L, Fc OKEICK L THEGREKARE 1/ 150 &5
BI#HVT, A, OEAZRETHIETable 4 DL S 3, 1B, FHED26m &2 3KEICOWTIE,
HEMEAER L RENEC>VLWCETELTW 3, AERRETHE, BIEEGKECREEELEE
hr=0.1TH50T, WFNOHEREHAWTH, EngelundRic & 3{HA, =4.04 2R\ T, FEHEICKE
RADEVMREEONB L LD, FRIZE G 1 LLEICH - TERIGERD0.2~0.4 DfEICIZ—H LI,

CDEIIKELIERELAEREL TR, HEBEDIREOHBOA L, BEMTH 51 0icihRE:
INSWE L TEILNAEROTHEEENHESA TRV I EBEL SN, 5% 5 LA FlIRSd/NA
JHOREREREHESH &0 5 3 L5 KR EMA TOHRIFHE S LW EMERE N 5,

Table4. Coefficients of equilibrium transverse slopes evaluated by egs. (3)—(7) with listed

quantities
h A R U/U. U. U ® T A,
(m) (of) (m) (m/s) (m/s) (ni/s) eq.(3) eq.4) eq.5) eq.6) eq.D
35 76.13 2.74 17.27 0423 7.31 55.3 0.738 30.71 28.28 58.50 53.72
3.0 645 242 1696 0398 6.74 4345 0.653 28.73 2455 50.719 46.74
2.5 53.13 2.08 1659 0368 6.10 3242 0.558 | 4041 2565 2045 42.40 38.86
20 420 1.72 1611 0335 540 226.7 0.463 2269 1645 34.11 31.32
1.5 31.12 1.33 15.47 0.295 4.56 141.9 0.359 19.19 1218 25.34 23.22

r=25m, 5=20m
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