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Fig. 1. Degree of cross undulation (D.u.) and
Degree of concentration of bed load (D.c.)



BRPY O TR T 5 ERNAE (2) 53

2. TEERELIEOSH

KT, RFTRRER L EBEOKE, MM EREhTW5, ZoMMix, F@Alid . F
BT CITRBR L, REFROER, BESCI-T, DHE, B DBR%ERL
EOEIR TV 508,

WRBROEZE OB HEIC BT 5RROML 2%, 2H0N# - BPHBREALYIODLL,
¥, MADBESOHRELRD, AWATE, RHEEROEALZAFEREROEER,1LE
KECOERE > (FRTIEKESERCHE) OBREREEMEL LTRALLD (K1), Ik,
KT, WKkOS# - #h L BELEREY I OKMBTORERCOWT, [KELHHRES
KB L, RNl Riesh] 2HOMETIZLERPDLEBEL TV, 2hik
REOBEL—BTHLDOTH 5,

ERROLSCBREAYEREREML L CERTHHER, HFoY itk TEEKOR
BHRORREAYENCRBETHILDEHAVORTWS, LiL, ZOBEXTHONEHE
BEALIXERBRTHS, Fi, Peguy CHP. i3, L cRAVWLhLIEREOLIBELL
T, HBRBACEITE 2 5 ¥ 2 DA
DEENDBLRERREELAVS Du:33(x10)

TEEREL TV,

MLz OBOIEVESEHRE
(R#) BB CRLELLIOYEKERE
D.u. (Degree of cross undulation &
L7 (BiX-1), Du. 3, BRABLW
BERKELS LY (K-2), oz iy, L
AHERMCEFHEEL WD LE2ER
3%,

Dau. 1%, BB EREZMEST 50
CEoT, TivbbEMEBOXEIRTX
> TEHT 52, BYRHAEIL, B
WEECER E LTRERT 5B REORROERE Th 5, AFRCHTIFARETE, &
£10m, MEKEKCIFAL0cm U EOEBRYERLAOT, BMuB*Zh+h10m, 1.0cm
ZEELTDu #RHI,

CHETIHERD lURCET2LEOEPHBEEAYREL L TCRATHZ L-DONT
BT, TOE—LHEATHRLOTRIEHBEOBNER Y% 2 12,

ABERCHETERETHIE, HEKEOERGE»OTHRRE COEXKBCEBEOEEYR
., #oT, RLOBHERBREZENCRAT 2D, KBEFERKST S Du. OFHE
B LATHERLRY, O Du OFHER, —FBREMACKT 5 LEORTPERES

Ly
R R

B—2 D.u tt-ROH#ESG
Fig. 2. D.u. and concentration of bed load.
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Fig. 3. Location of investigated area.
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Pig. 4. Condition of running water in the investigated sections.
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Pig. 5. Cross sections in the investigated 29 5.0

channel works.
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Fig. 7. Model channel works. in stream bed.
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BIFREROEMNELOLEEBLYNET A DL, BHEREAN —EHCEZSXIIUDS
¥TRBEThIIV,

PLEOBHBIZX »C, 390445 RFMOBKEER L, AN X D FA2HS N
BREAN—EHCETShEAR X5 LI (L/B=17), Bii&REAL, BXEMOERL
EBRKRELSTRDA, 002 BED L3F—EHELEE ), BCPHAEIRTUNIL R BH
FLHHTENBEINT, 2O LRHERT LI, 304, 604, 90 SHICEhF g
E%fT7V, Do ZRDHEFER, ThDXB LA ErbLIh -1 (#-3),
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i, 30 EOBKIC L - T, BERDO— %—3 D.u (X10-3) % X ¥t Dec.
. . ) (X10-9) OBSMIE &AL
HERL < P S RTABBSER LIV T Table 3. Change of D.u, Dec. in
HOBERMBOE XX, FTER (0.3 4/sec, process of Time
L/B=17) OfEn535cm P ELHBLE T, moop AR E &N
DT, 35cm Oﬁ:éﬂﬁﬁ b @?ZK%EEK& (cm) 30 min. 60 min. 90 min.
Wit 10 133 133 133
° 20 10.0 13.3 10.0
4 B 2 30 10.0 10.0 10.0
EHBEC IS\ TIE, &bk, &£ 40 10.0 10.0 100
HERD 5 RABEBRBRIC X - T, K 48 67 67 67
B . . i _ 52 233 233 233
P+ ARG ER T30 EHMTHS, & 60 133 167 167
Dled, BRBETE, FTHEIBEELTE 70 133 133 133
EERKCEER L, 2,400 cm?¥/30 4 OBRE%y 4 80 133 10.0 133
BRARDEC— L 75 & 5 Ak 90 10.0 10.0 10.0
98 6.7 33 6.7
BALL, 102 133 133 133
5 XMy —-2X 110 10.0 10,0 6.7
BABYEL IR, BBHEERLLD 120 100 13.3 100
130 10.0 10.0 10.0
i, 150 AECDOVTORTH D, HEFH 140 133 100 100
RO, BleERicE L&t monTER 148 6.7 6.7 6.7
Lic (-4 2%, KRBy - RQEH6EELL D.c. (x10-3) 111 1.1 108

o] TC_O
@ = M B £
+FHEAE Doc. 13, BARREDRERE & & B Ry -2
Table 4. Experimental Case
LYIEEBIT B, o bBEYIRETSLC

(&) WEA#® D, Dc. 120TH35,

LnicEhig, BIOLRkEME B Y K @/‘Te: # B | HBCase
Witied EEx2 o, TDkd, REBRTIZI0 o i L T
SEOBAZ 02 TOIERR Y, BK B b g
10 4, 20 4y, 30 HHICE N EHBEMRE Y 1/50 s | ® L] om
Tz -1z, H b v
ZOffl, BAGRESHE LK BE 0.7 L v
Dicd, RBROBEFHEU TR, 1/100 03 L Vi

@ ¥a2—-rOBKLCE-> CERKEOM
Maied L, EEEEE (T, KT EEE T, KB LRBYSDH 2RE L,

® 03 4[sec DEAKY 10 £ HERK L1,

® FABEKBCHTIBROEEMRAEXSERYACTAY » 7 L, FIEME (I % 3 &)
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DEMAUEZ{TIE -7,
@ @ L@ DOHME fEEEL DL, BE 30 oHEK
BICHRT DERED A r 5 & BETHE R -7, “”:'“m“‘
3. EmRE R 3
1) WSEREOKROELE T ERPE
AERTII, BRNCEKRAEZ CELRFFHEHRLT, #
B moRAEEY 1.0mm PTRB S 2, BKERI
WA, WK, BROEENALOmMm EWHNENLOTH
> THBELICMBE~OERTE, Ok, EBOMNEOR
WhHHBRE D, BHEREGI—BAE /> TWL,
BABBREOBERRES L MBI BIROFETHXK
BADEDMBIDSHNICL - TE-TL %, 05HOEK
KRTBROBKEROAY » F0:b, WEHOMNEOEVWIZX 5T
Du 2EBHT52 L, BIOBIETFTTRHBULERINS
EERFHREDENTED (K-9), (&) SWMOMME 3 mm
FHERC LT, BTE THE CRELVEKOLDIZ B—9 fgg"fﬁiﬁl%
Du 3AE<7Y, LKRHEITH 20cm TAEBVTRK  Fig, 9. Undulation of stream
RiEBz Eitbhot, ZOBEMAD, KB AKCKTS Du :)f/i; :flt;;‘ water supply
OEFRELIVET 570, 10cm MBCEKELT - cfb
w, BITFH20cm cnDfrBx Mz, ¥/, ML X - TDu P I<Bz LaBRT

4
B8
[}
7

-T2

25
Du.
=107}
20+
15
10
5 -
B! Z "
L&, H i, . i
0 50 100 KB E 150cm

Tt
B—10 D ofgMfENES (L/B=1.7)
Fig. 10. D.u. in each point of Model channel works (L/B=1.7)
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Je—Cprpe— €y —sf
27 |

b apafe— 2,

Tk
11 BRIBETHE® D
Fig. 11. D.u. right under Cross-dyke.

BIobic, TR 20 cm O B EACHEY
Tl -7z,

CORE, BTETORERER (K9 wkit
% a;, ¢;) T, Do (X107%) 2331F 13.3~23.3 OfH
TEHLTCH ), TLABELRTCR6TEE, &b
CEDMORETE, 100~133 &5 Tur (K-
10), BTHEE - FHUA TR, HEHECKEICH
72T D 2% VEBRT, ¥R RAON L
WETHZBO Dau. i, BEEEROZID 2~3 £
Eltate,

Du. OEHFW L EH % bhi- K THE T

20

10}

63

Dex116(x10%)

i

TR OO ABLE
11

V—\ 117

. 3
50 100 180

.‘}:_ '. s [
50 100 150

1 I\—/_\

S DU B
50 100 150

H—12 L/B=1.7 it % D.c.

(REEE 5)

Fig. 12. D.c. in I/B=17

(5 repetition).

DA BIOCEKE BiF-9) Kk, 1.0cm Z&» Du. #RkH TR (K-11 DA H), A
KR Dau. (X1079) 1, 6.7~13.3, C XRITix, 13.3~16.7 O@WETMWML T\ 12, Tib
B, W9 AR LAHIEL & 6 OFL T, Du REECEHTLIEVR 5,

wwe, +FEEPE De. viovf%@‘:, BXE (BiR-9) i, Du. 2'hE v EBHL KW
Zkmb, De 34D Du. OFBEL LTESERDORS, Lihrl, ABIVCRKED
IO BTE TR X, Du- ke EBT 570D, AXEO De. i3, ARBERHAKTS L.
B 10 D ¥BIEBERTH D a KO, Fi2 O Du a, REOFBEELFEEL
(R-11, 1 585858, BAOEPHE LTRDI, Thbb, AREOD De. # Dela &75 &,
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(D) Xa+(D.u)yXa, .
a,ta;

(Dwc)a =

(> (D), (Do), XWHE 1, 2 © Du. TH 5,

LB, UEORKR ©ORBA (I/B=17) OKELECHF S De 1, 111X107 Lix
o7tz : '
D.c. Offii, BAMCBERERENIL, FLEOHIEZ—ELTHILRILT,
NI VEEENEL £, BixiE, L/B=17 O&HETSEIERY S VELLEE, hbo
D.c. (X107%) O®EIL, 109~1L7 Lich, ELOXEANPIL D L2 ERLL (B-
12, cokd, BANOEKELRREAXTEARFRA—-CLT, MOKRTHBCVT
%, &3EORBETI T,

BIMBEOMEC X - T, BAKCHTBERMED Du. i3, X HRL, Do 138
LR TL B, 6 MOBRITMRBC oW, £ 3 (L/B=17%5B) 0EE» DL De. 28
R & o 7o b OREM U, Do ORENHLE AR AR L (R-13), L/B=50, 25
OB ERBLES &, GIERTETTDu RRIAF, THORTAEET ST

20 . }é"o.s 20}
Dy
| ,\A_J\kl\ °
50 TR noommlsoo" 50 0 50
30}
2 24=10 - (\ 7625
50 0 50 100 150
1'0-
2
1o
20.
10'[\/\
0 %0 100 150 0 50 100 150

H—13 ABRIHBICST 2 Du ORI ENER

Fig. 13. Longitudinal change of D.u. in each interval of cross-dyke.
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BawhEhot, EHRIMBRBTS

D.c. DRt /M, Dou. E%E & s CHE % .

hAEBEOANE LTREREBRTES, |
2) TREPEORR F

1) % T B M 15 |

FhERO BT MBS0 BEKED
De. oW TEx -, #FI¥HBELRWL/B
=50 ® D.c. (X1073) 1%, 18.0 (3 [EIFH) T
Botott, BTE1EAND (L/B=25) &, = | 8 .
Dec. 121621k b, Xbic L/B=17 (T 0
2 #) Tk, 11.2 &4 L1z (K-14), L/B= °
13(#T 3% » Dc. 1299 X7 h L/B=17 [ o
DEREHENEDLEVE, L/B=10 ($T ' *
48 whb L6l EFTIIL<RE, ELT o
XORETHEMEY L/B=08 ($T5%) ik ’
{L#Dc 2617y, L/B=10D%h& 01:%& .
Lk ote, HIEHRE LRV L/B=50
DO De L 4AKEDOHETHRE LI L/B=10 O H_14 TR L EEBE D,
Fha T se, ##F0D De i3, FED Fig. 14. Relation between Interval
W13 REA LIcs LR d, DT LI, of cross-dyke and D.c..
L/B=10 313 %+ R OEFHRES S, L/B=50 0thoiRiE13 ThHH, BETHL,
I/B=10 <3, L/B=50 & b bLE HI S HAMUTHT - HBLIZ LERLTVB,

@ #® % = .

BABEQOREEINDc LS 2 2HEBYRDLIDIC, Q% 034 sec (Q1 £ T %), 0.5¢/sec
(Qy), 0.7 ¢sec (Q)) » 3P AEILER, ThXh0SMBEKRLE, 7k, QBROVTUL,
BETRIEAAR O E L/B=08 L& b AV L/B=5.0 ¥ XU EhboE+HTH 5 L/B
=17 TDOWTOLER LT,

EBOKE FhEPhOEIRBICHT S De. X R-15RT L5 17KY, QD De.
PEREC ULBERERE, DTRBRD I 30054 TRABTER,

{Type I} L/B=1.0 o84, Q&ML L Th, De RiZEF—EIRIL- 7,

(Type II)  L/B=13, 1.7 O#&, Q k9% 7/cb L, De REHNS <Trot,

(Type Iy L/B225 0%, Q v 5L, Do bAEL 1,

@ B 27

AFR T, IR LEERDEETOERRTIZ T, 2400 cm’/30 2 OBBETR (£

[sXe o)

®e O
000

G

x10%)

o0
[ X )

& @0 00
® 0O

»
e




LERFRFREBHFERE H40% H1F

30}
25}
Dee.
(x10'3)
20}
15}
10t ;
;o
! ® BRI BXKE
ir—[]' Case | i/sec Lk
-+ IEY
zi I | o580 | 5L
5 O——al ¥V |0708) | %L
p.2
ol . .
0105 1 Lg 5 10

B—15 # XK & £1t & D.c.
Fig. 15. Relation between change of quantity of water supply and D.c..

By —2IL1V), BTHRELTAOIEERESOBEELXA XS L LT,
B L DO REAOEEYUTCRLE (£ — A1),
@ L/B=50 T, EEE X » De. 2825 K& {feo i (R-16),
® L/B=0.8~25 Ti¥, Dc. VERWIF L D3 20~52 /N Tedhh, HDH T LAY

QBT&ﬂ‘o 1o
Q # 0.5 4[sec .56 L THR (2,400 cm?/30 min) LBy —AIVIZET S De, OF)

FEDTO X 5 it
@ L&, IVyr—A20De i, LIy —20%h kb (B-17),
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20t

(GE) Case I kowTit, £306)ED
De F—20) bHRRECK LD
(X1O-3) #7ery P LTH 5B,

15

F—16 #HcXs De 0EL
(5288 case I & 1I)

10
R (kbXxE
case | 1/sec L
Ir 0.3 Y Fig. 16. Change of D.c. in case of
5 I 0.3 &L sand supply (Case I and II).
(105 .
Q1 05 10

(=]

20} ]

H

De ,

. 'O
(x10°) ys
15¢
10f
£ 8Kk
case | l/sec L4
Vs 0.5 Yy
BE—17 1V case © D.c. ITr 0.3 H Y
D.c. in IV case. 5 L I 03 Bl
N
5 10

Fig. 17.
oLy
o1° 1 b
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® L/B=10PTFrik2si, LI, IVy—~20De i, HECZENBED AL,

® IVry-—=2TiZ, LIB=17 Y Fib&, Dec Xi3IE—ELid, LinL, L/B=50
2525, BIUVRE25 16 LTRESD L ED De. BAREIMLEDAEL,

4 B 3

AR, LEOFBHEESCRIETHEYA D100, Hid Lic1/50 HROER 7 —
2L B ERT, 1/100 R OER Yy — A VI 2L L1,

L/B=5.0 ® D.c. 13103 X7t b, 1/50 HRLDOIF 1/2 WA L (#iX-14, o H), * 7,
L/B=25 ® Dc. 1376 TH bh, RiL 9 1/50 HE D 1/2 BEw i »72, L/B=17 ® D.c.i2, 7.0
Thb, LIB=25DHHELHEVEDLRVY, LIB %13 RETHL, 48 WP L, L
L, L/B=10, 08 HBAE LKL - Th, Do B ebigh st

IV. MIBOLTELMME
1. ABRPNER ‘

) T MW

HIFE3A2-D) TRWT, RERITHEZELT, BTHBY®RT 52 Y, De it/ X
B LeEnrdlc, Titbd, BIMREI IRV EETIROLARKBSEII®R D, +
BARABLUTHTT 25, MBEAKCSETE, BBEEIRH s en, BRMRT, £k
TTrh0sE2LS,

2) & y

Ak EQ BHRT B &, L/B213 04, Do EMLT 52 & AR S hie (113 &
2-2), D.c. i3, KBTI HLAEOHES - SHERESLERLTVS0T, BEHR
RROBH B EORE L EELEELY L > T 5b, #£-T, H20D L/BRB2HBED
RER R ERBY L b2 MY, De PMEED Q Tt LCHEBT2BAYH LA TES L
Eric, BREMALLTE YD HBIMRAIE, I E3H2-2) TRR23DD 24 ThbD
0P OEY, L/B=08, 1.7, 50 3L L, i, NRETHHEE, Q0.34/sec) & Q,
(0.7 é/sec) TH 5,

Q1 = 03 %gg Q:,: 0.7 !/f.c
30min 30min

e T w o

R—18 L/B=08 k1 5%
Fig. 18. Condition of running water in L/B=0.8.
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Q|= 03 Wec

B—19 L/B=17 s} 5%K
Fig. 19. Condition of running water in L/B=1.7.

Q0.3 Vaee
7min. . G507k

B-20 L/B=50 c&i sHE
Fig. 20. Condition of running water in L/B=5.0.

L/B=08, T#bbBIRKV-EIHBOBE I, QORI IcHEIIY, BAMG
IOEBRTET, MAKIKE S IETWVIIED - Tvfoied, DEBEIKEECEE Lich o
(M-18), L/B=1.7 OBECIL, FK (Q) Bk 4 TR CHBRMEN ERPRAEC IV TAE L
DRHL, EBRTEITREL TV (B-19), Linl, Qe i, 49820 HA,
0EALTY, BREIKEECEH LD -, BLETHMMAAL L/B=50 O pki#
REXADE, QTRTIZCHBEIKELCEE LAY, QReHLBEPLERTIDE
ZEH L1 (R-20),

PEERR1-WBEOKE E~NOR B % De. ORMNELLBEEI T TEL T, ¥
3, LIB=08 OB, Q, Qs %&# T TD D OBMIELE, EVWiKBIER—DOBEE -
o (R-21, #), #%€-C, L/B=08 T % D.c. DEERINAELBRE, 7282 QMR -T
b, BWRELIRDDOLEMIND, R, L/B=17 3% Q), Q; &4 TF D D.c. OF
MR BR Y55 L, 20525 30 E TOFHEREL, Bo1RQ DizdkE<, ¥
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’ . | wxg
30 Lg | B4
o 03(()
R
QC. A 1 7 0.3 (Q‘) ’./‘/-’.
(x10°) a | " Jo7(@s o~
o 03 Q) /'
% @)
i /
20 /
// -0
T/ /./'/
L
W
| i
9%%&1\’ d
2 '
101 7npmmmy fonmmnm-mmmnmeev aeem"
N
/.,F ----- S
4ADRERY L
\,;/_.
P
Y PRERH LR
0 10 20 30min
B—21 D o BB M %k
Fig. 21. Change of D.c. in process of time.

fo, ZEANTET S De. ERQ DIz d AKXV (M-21, B, b, 10 45LEOFEL
BERELUTOX S REH L, Thbb, 40CHBRENKEL VERTEETE, Q& Q;
O Dec. BIBFIELL (A, 58, QL PB4, 4 X THBENEH Lo, ThEEKE
TETHRELABIRACEDLR TV Q OHE I D LXK EIER THB LI, L/B=5.0
DBE, 07PBIELL LT TRKELAWBENLZHL T35, D& &D De. OF
fEREZD L, 10055203 TOFHELRR, QDL EDRIHKE ([, 1 S,
BABBKI D102 ETO De. OBLERBXUTOX > CHRA LI, THETE, EHHLH
CARTHBL (A, 2 K8, Q T75pBENEN TS, ThBEoELRE,
PRobD X hkEeb, fiifi, Q:DBHBE, IVPCHBMMENREHL, AMIC De i1 KkE<
%, TOLXOEEE, QRHOZThIDLIBELALKREL ot

BAERYVENRT HHAED De. DBIFEIIE, 034/sec D De. EM T2 L, BIHER
RIELT, 32024 7B3@dbhl, & L/B kT 5HB#EH & De. DBEHY X D —#
tTHELUTOLI RS T,

® LIBAREDX>RETH-TH, WRHENKE FCEM L84, De. ORRNE
{LBBERFE—K e h, D OEH/HEW (BTR-21),



BREDY 0 TECET 2 ABOTE (&) n

@ BRENEHTIHE, TOEKCEITS De. BLFL, ZHML Y XERS, £
DR, AEBRTILEKPCHBMENEH LB ED De. i, ThrBAKRT 2 TKETRCHF
ELLSED2~4 5Lt o1z,

® WEEIEHTIHS, BAROSVEIEEHIINENTERS,

@ WBHERHEHOD Dc. OFLERI, BRKEOFVEBIKEL,

AERI BT S QE, 03, 05 0.74/sec DIBOLTHHH, QEII XS De. DB
IV~ TBD, QHRQ v, HBWIXQ L H B VWHEAD De. THEE
Lz,

L/B=08 OB, FOX > bR KBLGETLE W TLPREIEHET, &R, £80Q
cH+ 5 De. DFKME (BAME) 1%, 65 (X107 BER S &L D (£-5), L/B=17 0%
&, QI WA THHBMEIRHT 52, BRE, QOLEXDIILARHDT, 04
BARED Dc. 1, 129 X /NI B THAS, Ei, QL hHETHE, BDBEIERL
D, TOBECLEEDEELD, f-T, EEORKREET G0EK) KT ?
Dc. DRKMEIX, QO IRRIBETHA 5, L/IB=50 OH4, G X A TLHBHEIIR
W58, FOBEERE, QL ILNELRDDT, 30 3BKED D (X1075, LITFER)
1%, 18L XD (NI RDETHAS, Fl, QI WEIRDE QL Q OHENDLNDS
Iok, BIEQ¥HB2 5L OBAKRFERNCEREKARDBEAERFC LD, THE
arEkL, HFBAENETT S, COk®, , BNERELERI, KF @EKEHR—E
Fk—i R/ B0 BAE) &7, De iZhELigoTWwL, Bz titlsT,
L/B=5.0 © L Z D{EBORBERT 5 Dc. DRAMEIZ, 284 (Q) BERLB EE LI,

#®5 #®K&E%E{LL D

Table 5. Relation between change of supply water’s
quantity and D.c.
D.c. (X10-3)

LB | 03gsec Q) | 05%sec (Q2) | 074sec (Qy) | PV FROKALNOREOES
QoY rhrbby, Bv il

08 61 6.1 65 KL Lies

' Qg Q L vB<indLE, BV

1.7 11.3 129 7.0 ¥z f,ﬁ: B,
OB Qg kBT, DU+

5.0 18.1 284 25.8 B2EMT 5. =

L/B=50 ORI, b, HT 42 ERE Ll L/B=17 ©k? &, EEOWHRCHTS
De. DRAEIFED 12 BECKS, SHIK, FERTHE, Qr2IE 05 sec X hH< ik
B, DEBENEH LD, AMKE De. 2VpX LDz ¥R L, D L{B=17 &
AUERAEZL 2D LB=132p 5, BIEBHRBCEVTIX, TESLEF RVET (K
W) T EL OB FRET L LARNERIND, #-TC, ERgy AL IIL V O
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8, Do 2MBRELEC LIBHEOH
PR IAREMEIX L/B=17 H0 T
BLELLRD,

) MALE

MIE3IHCT, BHELERTS

& D AWMLt (L, LIB=
5.0, Q=0.3 {[sec XE<) = LB,
2T, REKBRXEANOLHAED
HX (ERTRED) FEKEKERRC
52 5 BCOVWT, BREORELK
HE~ODRHCEAED TELI,
@y - AU 2@WT5 &, PBRM#E
OBy L +AEBBERIL, LUTOXS5KC
#{lLi, L/IB=50 D, EEWHT
13, KT L > T2 KDOHEKIE
BERTVIH, BBT5 MBI
1xk¥ sy, LRBHEHEI L IVE
L7 (®-22), L/B=25 TiX, XK@kt
~ZH LEHREOAE EOE L, Db
NBIDE, WBPTHELIHDSELTK
FlLt. LIB=17 DHE, #WHT5E
e FTHRBTET S BERP RSN,

L/B=13 T, #9715 L KHE~RH

THHRHEIPNEILRD, O TH
E&DKAE fpote, LIB=10 OHE,
HHORKE, PDBENEHLL, e
L, ELWHEOXKBRPRECIY, WHES
B AKRBEPEL) > TweDT, K
Kﬁdﬁ%bibiakut@tabh

}%%D
a a’

T
TV

L4

a,byf RHEL

a,b;-~ ¢ RPHY ’

G FRPEBRKOVTE, FhAFROBEIHEC

DT3B EOEBRY TR, TIRFEL

b Dix, D5 b De. b RELLH 2L D

Th b,

B—22 #pic X smnort (BARTH)
Fig. 22. Change of condition of running
water in case of sand supply.

tzo L/B=08 T, 0T 5 LPBREOERLED LR OD, WEDOFES M bW

DRIVSBLTRT LI EEZ bR,

DEDXSK, MBbEERTSLIAOIEFEEIN (L/B=5.0 1Xk<) *bs, 2T
B - ERCEL DBRCOWTE L, KRRBRFMOBLKEMAEEL, RAEMC
WATHIREYV, AKMTORRRLYV, EEEYV, ARMIrDOKHEX V, &7
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5 (-23), HHOERKIL, ViHsrd LEBRL, O
EEZY, Vi35, Lnl, VAV, 0% PprEAXIAT
—EBTh oI, BUXEOREDE (Vi-V) i, HBCL-T
Pieish (K-24), BHEY—EDOBCETH L, iR LR
ERZELVVWHOW S EEAERS SR Ihs EvbhTns, ¥
EBdE LT, BEEOHEME De. OB OBEFREOWT, LLTO
I3 Erl, KBERRB VT, HEBSEEIhS L, @—8S
DR X AT 57, HEERRIZBML 72D, De p3§
X35, L/B=25~08 Ti¥, 8Bt THEHIRKEOKRBE,NS
{lenl, BEWRKIILMBEHVEREINCLS LD, FLBX
KBELNELIeote, 2Ok, BREED De. i, BRI LD
PP L feate,

B REANCHBE OB EEZEL, KK LRI HER
BLD0THB BT h, K, ERFyr—2IV T
i, LIB 2325 7B L7 k/ph&LIBE, Do RAMTIELE
-1z (FTE-17),

. Lg=s0 Fik

190 — 150cm 0

20

PRaad

Vit
Va:
Vi!
Va:

73

AALER
EXITR
FELGR
bkt |

V= VitVa-\e

B—23

Fig. 23.

KB BAL R i
x> BHEERE
Bed load transfer

per unit interval of
waterway.

}6 =13

|

e
v

E—24 #ABRIMRCET2RADE

Fig. 24. Quantitative change of bed load by sand supply
in each interval of crpss-dykes.
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I 2 3 £ 2)(4) © R\ C, HRMAHEL 5
L, BIRBOKEChnbbY, Lk L/B
213 DPAE, LAXIIVSBWMTT5 L2
BLi, TADFHIL, KOFHET X - TRE
EhadDTHB0b, R, AEI ELRD
L, KEGOXBEENIHERTS LS, =
TR, KoLS#EEHD L AR OBKEY NFRT
BRNLLER LI,
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B39 KRPHALACHACL 5 LEFHOBIE
Fig. 39. Change of distribution of bed load by method
of check dam and groundsel.
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Summary

In future Sabo-plan, Group of cross-dykes which makes deposit firm will be watched with
keen interest. When it will be plannes, mutual interval of cross-dykes becomes one of impor-
tant problems.

The author considered degree of cross undulation index of cliffusing function of cross-
dyke. Therefore Degree of cross undulation seems to become standard for determination of
interval. And the author fried to express Degree of cross undulation quantitatively.

First the above-mentioned method was applied to the streams in the field. Secondly the
method was tried to examine by the model expreiment. As the result of field surveying and
experiment, efficiency of that method was confirmed. :

By surveying in the field it became clear that the method of check dam brought about
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lowering of stream bed and exposiure of bed rock. That mechanism was confirmed by the
model experiment.

Moreover the author discussed that the method of fixing stream bed by cross-dykes pre-
vented disaster of Debris flow without breaking balance of transfer of bed load.

The contents of this study were summarised as follows.

1) The author considered that degree of cross undulation in stream bed became index
of concentrated accumlation of bed load.

2) Degree of cross undulation was represented as numerical value by making use of
standard deviation. And this numerical value divided by cross breadth was named as Degree
of cross undulation (D.u. in short).

3) Degree of concentration of bed load (D.c. in short) in arbitrary length of channel
was exhibited as average of D.u..

4) The author surveyed D.u. in three sections of Hassamu channel works. ~Slope of
streams and interval of cross-dykes of those sections were different each other. Representing
degree of cross undulation of the sections by D.c., those different degree of concentrated
accumulation of bed load could be exhibited quantitatively. A

As a result, it was confirmed that the bed load in narrow interval of cross-dyke dispersed
broader than in wide one and it dispersed broadly when slope became gentle.

5) By making use of the model channel works, the author experimented on concentrated
accumulation of bed load for the purpose of proving that D.c. was changed by interval of
cross-dyke and slope.

6) As experimental consequence, D.c in L/B=5.0 (B: Breadth of channel works, L
interal of cross-dyke) became three times as much as that in L/B=0.8. And when the
slope of model turned from 1/50 into 1/100, D.c. decreased to 1/2 approximately in L/B=1.3,
1.7, 2.5, 5.0.

7) Becoming much than 0.3 ¢/sec or 0.5 /sec in L{B=1.3, 1.7, the bed load dispersed
more broader. And D.c. in arbitrary quantity of water supply became little.

8) In the case of sand supply, the bed load dispersed definitely when L/B changed either
from 5.0 into 2.5 or from 2.5 into 1.7.

9) Depth of scour distinctly decreased when L/B turned from 2.5 to 1.7 in all experimental
case.

10) Judging by 7), 8), 9) the author considered that L/B=1.7 is rational interval under
this experimental conditions.

11) Adjusting the relation between the former experiment on-bars and this, important
difference of experimental condition in both was quantity of supplying water.

Regarding undulation of stream bed as bars in the former experiment, it has been con-
sidered that whole bed should have been under water. Therefore quantity of water supply
became large. But in this experiment the author thought undulation of stream bed to be
index of diffusing function of cross-dyke. Accordingly the author considered it to be nontrouble
that part of stream bed came out of surface of water owing to little quantity.

12) In the former experiment peculiarity of L/B=2.0 has been mentioned, but that of
L/B=1.7 confirmed in this experiment has high reliability. In the former study diffusing func-
tion of cross-dyke has been represented by only difference between the highest point of cross
and the lowest. And so the representation is unstable. But in this experiment the function
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was showed as numerical valve which is reliable by making use of standard deviation.

13) Depending on 6) the rational interval seemed to be under influence of slope. Then
the interval may be wider.

14) There are two functions for cross-dyke. One is fixing function and the other is
diffusing that. Both functions seemed to relate dosely with each other and diffusing function
could become index of fixing one.

15) In consequence of setting check dams in streams of Hassamu and Rokko, it was
recognized that stream bed lowered in downstream of check dams.

16) In this study, the author judged that lowering of stream bed promoted side erosion
and sediment yield became much.

17) It was confirmed that abnormal lowering of stream bed was prevented when concen-
tration of sediment was made thick by putting sands into supplying water in this experiment.

18) There are following problems in method of check dam. One is destruction of existing
deposits. Two is danger of disaster which is due to destruction by earthquake. And the
other is defiling beauty of natures. In order to overcome above mentioned difficulties the author
though method of groundsels which makes deposit firm better.

19) Taking method of groundsels, There is a practical problem. That is reasonable interval
of groundsels which accords with slope and width of individual streams. D.u. and D. c. which
were showed in this study were judged to become one of effective methods for the purpose
of solving the above mentioned subjects. :
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Photo 1.

Photo 2.

FEF R WY 405 H1E

BE-1 #NEBTIKORK, 7HLTETL T2,
+HEERE D.oc.=54x10-3

Condition of running water in I section of Hassamu channel works.

Water runs broadly. D.c.=54x10-3

N RN :

BE—2 [IIKoWHME, Wik % Lv, Doe.=14.4%x10-3
(BAARKI RIS T 3)

Condition of running water in II section of the above channel.

Water runs partiality. D.c.=14.4x10-3 (Woody plants which
invaded in the past have been cut.)
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&

BEE-3 MWIIKOWHM, L TCHETL V%, D.c.=55Xx10-3
Photo 3. Condition of running water in III section of the same channel.
Water runs broadly. D.c.=55x10-3

o — A L, LIB=5.0 OF L, JEBcB MO KE L~ 0%,
D.c.=18.0x10-3%

Photo 4. Experimental case I. Condition of running water in L/B=5.0,
Large bar came out of water surface. D.c.=180x10-3
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FE—-5 FEhr—-2l, L/B=170%#, KE E~EHR LTV 28T,
D.c.=11.1x10-3

Photo 5. Experimental case I. Condition of running water in L/B=1.7.
Bar wnich came out of water surface was small. D.c.=11.1x10-3

i et

i Sy s ,
BEE—6 FEyr— 21, L/B=10 ofdl, 8 KE e &5,
D.c.=6.0x10-3

Photo 6. Experimental case I. Condition of running water in L/B=1.0.
Bar did not come out of water surface. D.c.=6.0x10-3
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FHE—T  HBiy - 2101, L/B=17, Q=05 fsec, KT~ L7 GRS
EXix, Q=03/{/sec DA (FIT-5) LiziE% Ly, D.e.=12.9x10-3

Photo 7. Experimental case 1II. L/B=1.7, Q=05 {/sec. The size of bar
which came out of water surface was nearly equal to the case
of 0.3 ¢/sec (Photo 5). D.c.=12.9%x10-3

EE—8 By~ 2V, LIB=17, Q=07 {[sec, WREHEZIKT -~ b+,
D.c.=7.0x10-3
Photo 8. Lxperimental case V. L/B=17, Q=0.7 §/sec. Bar did not
come out of water suaface. D.c.=7.0x10-3
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TE-9 AHURESRIE/IC B 5 AOEEE (K-35, ¥ 4 No. 2)
s HUR P

Photo 9. The state of exposure of bed rock in downstream of Kamenotaki
dam (Figure-35, Dam No. 2) of Saigo R. Aotani of Rokko Mts.

BE 10 [@FEIHESC BT 2 HEAEE (K-36, % 4 No. 3)

T o AR R IR,
Photo 10. The state of exposure of bed rock in downstream of Futatabidani
dam (Figure 36, Dam No. 3) of Uji R. Futatabidani of Rokko Mts.
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BE—11 [ (M-34) b iz 410 2 3R E By LA,

W o THC BT 2 MM (%)

Group of cross-dykes which makes deposits firm in the
middle riches of Sakase R. (Figure 34).
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