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A STUDY ON THE STREAM FORMATION PROCESS
ON A BARE SLOPE (3)

——Three Dimensional Channel Form—
By Kazuo Asua and Kenji Sawal

Synopsis

In this study, the authors invented a three-dimensional position finder, based on the
principle of measuring three angles, using sinecosine potentiometers. With this device,
they surveyed in detail the stream formation process on a cohesive material bed.

It has been found that even on steep slopes, the simple straight streams are seldom
maitained, and the fall-like stepdowns as well as strong meanders are often formed.

On the other hand, the sediment run-off from bare slopes was investigated from a
sediment-hydraulic view-point, based on the surveying of an actual residential development
site.
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Fig. 1. The principle of the new three- Fig. 2.
dimensional position finder.
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Photo. 1. A trial manufacture of the
position finder.
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Table 1.  Experimental conditions and results.

Incli- Dis- Water | Water | Maxi- . Longitudinal Meander -
nation | charge | Supply- | Surface | mum Wave ' Wav
. . ave e Wave
ing Time| Width | Depth Length Heigh | Length - Width
I(sin 0) Q(cm®/s)| ¢t(hr) b(cm) h(cm) i{cm) d(cm) | 2, (cm) A (cm)
Run 1 5 3 1.3 0. 32 8.9 0.93 17.2 0.8
Run 2 0. 225 9 3 1.2 0. 32 6.3 0.97 17.4 1.0
Run 3 20 2 2.2 0.63 5.5 1.15 62.9 0.7
Run 4 2 35 1 09 o027 36 | 034 | 135 0 12
Run 5 0. 438 5 2 1.3 0. 34 4.4 0.79 7.8 2.0
Run 6 10 L5 1.7 0. 36 4.7 0. 96 11.9 1.0
Run 7 1 0.3 (deposition)
Run 8 0.707 2 L7507 0.8 0.21 4.2 0. 58 12.7 0.7
Run 9 5 1.25 1.2 0.35 2.6 0. 58 11.9 1.1
Run 10 1 0515 | 10 | 03| 13| 03 63 | 214 | 13 2.1
Run 11 | 0.555 | 40 8 30 | L2 15 6 15 2.5
Run 12 | 0.19 | 10 50 | L5 | 0.5 | 14 1 1| 40
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Fig.4. Longitudinal profiles of the cohesive stream bed with steep slopes.
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Fig.5. Planes of meandering of the
cohesive streams.
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analysis.
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LENTWBEY, cTe, Q Bifth, B Ri§kiECT, Bdvwhd (m-sec) THd, LRk, Emo
Fe 2L EITEBLNEL D TH B, FEROTF— 2 ¥ 5%, Run12® Q=10cm?/s,
B=1.5cm #f{ A3 3¢, & (12) ©lk 1=15.8~31.6cm, KX (13) <k 1=4.5~25.5cm ¢ %%, C

Am
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hicRL T, ERTBLRAERR 10~12cm Th Y, R
(13) orTHBCEEhB T LK%,

¥, £CORLALS I, BAKRE, BEOVHBME
CRIEEE 20, ERERCET b MNERLORTLER
ek > CTHONIEMERLEBELBLTHE5, HDL
DEHFT I L hiE, sine generated curve TEb XN LT
WA DTES Fids, f=const. D P & THRINREMCES
IS ABRPEETEbDLEXD L,

L=AGn T?QT_ 1:;": ........................ (14)

THd, TTIC, hy BAKWE, i RAR, u ZFHRE e
Y GEBEECHD, LALANRD, O=comst k¥l

WEFRICHAL TEFREESTLT 50T, EREEILE

DX 5 ABEEOIMBEML T 322 RLHBALE, T

DEHEFFEX R\, 2T T, ChEETEHBLT, HETER

—ED S L CHERBRRACRD LML D, SRBERER
Fig.9. A conceptual sketch of the three- BET L,

dimensional transfiguration of the he  uo
L=2p—F= —
stream. Vi Us

thB, CORIC, Run12 DREEE LT, h=0.3cm, i=0.2, u/u,=2.9 %A T3¢, L=122cm
EARD, EUOETHERIC XD TR ENELND,

¥, BEFOBEEEC YT, WRANCRTHRAE~NBET S5 & vwbh T 53, HEEHHZA
whEERTR, HFLLEOX AEARBLREV, Chid, WEANOETRSCRLHOBE LI
BOBBECEEL T30 L, AFROL 5 ANERAMBORTRRICHE, Thidbi HBEL v
hEnr itk sntidhnrtBbhs,

3.4 FBKO 3 RTHETEBE

ThETH, TR 2 RNt s PR L T THRU T E AP, TRENLE—HOLDOTH
D, ECHEYRELE-TRD, £, i, ZHEEL L TORBFORCHREL TEOREERTE
Zods, RMBICEADBBEESED Y, TR S LR L LT %, Fig9lk, Z0X5%3%
TR AR LS EELESNCEDL b DT, KRAETLOOETTS0T, hihi4EL, +—-~—
~YTRELEILSCHD,

HBTRHBEEIC DRI b BRIGEVRE TR, 2RKEAHITRECSH Y, bFroOBil<EmM
MOFEIC X - CHADKESFEECED D, BMEROKEMRKD EbDTEETH S, TL TCORM
CEnTr, BxOM I ABENRET X, PHTCEDRCRRESCY, H2I0XFHERIATH
{DTHB,

DX 5L THEHLMMARET 2 &, MAKEHOHEATIRKMCiKRES4ET, Bkt LT,
EHREXEBEBEDLNI LS C RS, T/, BEACL-TR, EE»LHEEL 2RI FEBAREHEKL, D
BTECOERIY—BRDOIC L L hD, Tbkc, EHMBLHATCRAN 2REFREL, EROUWRE
ZOcREL T, EZIHMLIBAEL, MBEIR FHECRET %,

LaLAidh, BHLMORDIBEREL, KKEDHIBELATS L, 2RECHEXEMS N,
HLEOFERES R END L 510D,

TDX5K, 3RTEHAEHREOEAEDLE s 2RETR, HLTFLI 2REETVCBNTELLND

—10—



FH - Rt RHTEC BT 5 HBOMBGBR T 2% (3) 381

X5 2BANARRRESRET, kil AROKE AR
B THEROMETEARET 2 &, KKOETREE
Oy TE B b, ZORHROHEESNE £ 5, ThE#E
MHICOWThRFET, —B, BRESTRIhTY, #HLH
DieHic, TRBREHVRINT, KA B FHICRES T L
bH B, ENoDOMBHEBOFGHEKZ, ARCHKETOM
DEBFLCL >TREHFENIDOTRAVHEELLNDF, B
EORMETR, RENR-RHECRIETRSSEMEL, HE
HEAMECREEBROBETHAEERT S LS, A
Roict & 5T,

Fig. 10 & Run 11 o> b, ERRAEEDORE
BELERDED DT, iRk 5 hiExOERR, »
BECEBELAY, bR CABRLA-BRER

4 -
i Run 11 l=2/3
£ Q= 40 cm¥%s
E3
(%]
w
2
| -
o Il 1 1 —
(o] 2 4 6 8
Time (hr)

BL T3, ZORCETREADMCREEESKE D Fig 10. A time variance of the rate of
&, WHEESRL, BAERESKED kD TH S, erosion.

Y, SHEMECIRABEEOC—27BRLNEY, ChRECRRZHEAERIORELIATHS5, £
nICLTH, ZOX 5 CHBEARROEASD 2 b2rbbT, RETENSMEL L TIREELL AN
rnicii, AR KB TRRHERE, “BABETSHLHBE, KREFISELT 3 bbbb
T, BE»LOMHEIWERELAEELLANW CLdnELT, BEHKET S,

4.1 FEAROEEAE
N

wo9

Fig. 11.

Dimensions of the slopes at the
measuring site.

4. EERERCST IBERRMES LBFHEH

EEo, HEBACHETZERCEREN L LTLT,
FBRM9EH b S0FIC ) C, EHBEBOBRE =2 —F YV
DERBBCEDNABHMTEIC I T, BEKROBIBH
ﬁ%ﬁ’) 7&0

W& E L RHER, D EREKHOEE DK 300m OK
fc, Fig. 11 KFT X5, BlL 230085 50K -
THY, dehblEX SEI, SEI, AEIETRT L
+3, COMRR, HHEEO—FT, HE] XEIM9%E 4
A28, #EI, MREBRS0E6 FI0BCYLEREH, W
FTHhORMER, LBEOLR BFRMTICE2BETHEX
H, TBR, AEALABLIINEEC, BHORBTH.
Yoo BBRABR 1859, TAbLHMT, BESm T
B 1m O/PEBFT LR TWE,

A, FRFM9GE T B29H 3 X UBRFNS04E 7 A18A I, it
BOFE L b CICRBTHIEZ P OICTv, 205, MlEc
fEre, BARROBEY T %o

Photo. 4 KT X5, EECHRINBHBK A x—V
BETRIGE S, BeORBEEL RS E, »ahOK
EEHHEDH, BEKOHEL IV T, FERKLHED
Rk - WRAHFCOEBLL TS, TOER, MBEAK
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I, BEBIZR O OMCH TR & b A THIEL T3, Fig.
12 0, THREHMND 2 DICRITIL Tl 2 d D¢, %
HBE D N X i, BRI b BHEHT IC S AL 72w
KR L, BRSNS AEL 2D &, diELERLL
Hix, WHRARIIIEL AL D X5 TH D, RpboirE,
HEWR e 2 17 » 2 f 2 vt b o€, No. 1~6 23fHil
SN e T No7~I6asghii I, No. 17~21 23t ic g5 2
S5 ¥ M UAHHATYH, KIS X » THBOHIL AN AR D o, Ik
*”Q* *ﬁﬁ&m Bel—b & T X LD 5 DOIKIC 4T, #IE% R T

Photo.4. Numerous rills caved on a %o %%, No.2~5 OXHo Filizsiif 50 4uciifsl L T

bare slope. W BDE, IR FERIAC X BN 1 & b &
r 5, AN&WRboTHb,

DEW, {feDifiE X LKL WD &, Photo.5 (37
HHL) ikt X S, 3ERICHIC &b THRIM R IZIER L
LT, MMk & ittt e 2o bh s,
4, WAL R BUE, O ik S HTn
<&, ik, Heilomiiofigie L comiis, #
DI BT B %ﬁiﬂ(fllk's‘i ELTOLEHRORE B Y, Wk
WK (b)) DR 2H5iIcHk ’)TV‘ o fEFIM (A) (Zbe kDR

N(t/m) 3

. : , , SEFUEIC X T R B ‘*lulowluma)mmm i, Fig.

0 X (m) 8 13 Rt ks, !Lm(kk - () & RS0 &,
Fig. 12. Numbers of streams in a unit SEyiyichE, 4/4,=0.1 7, ﬂ\:ﬁ B Fe & ORI DIRAL,
width of slope. 2a/b=10 LB 5T D, Lch T, HEFifd & iiKido By

i, A/b=1 it d,

—Ji, T X5 REHOMIC, LT DD DR X Ik
& Ay —CfiRia L, Figo 14 R3S, wiisk ik
&L COfRE, W & AR THINT 5o Sl
PSERVRCR, MO NS REf Tl 5 (51U% T B
D, ChEHHBRREOK 8 MM+ %, LaL, fhliod
I, MEBOMFHEL ARV 2R H Y, Vi, W
WO % & LD TR K5 TH D

Fig. 15 %, KM OBWIIRDO—ITH 525, JERTH L
i b @ LIERIC, BLEARBINE L T3, Fig. 16 &
XU Fig. 17 X, HEWrokls & o BIER, 7 & U HEwT
Wis & WIEDMUFEE R L b DT, Thbid 1/b=8, 4/1=
0.2 LI A, —IICIR D 3D b D5 & 5 Daid ]
TH D,

HOKMTR IR, WMok Tl bhia b D LR
Photo. 5. Developed stereo views of the BILT¥ D, 2 h OiHMGETY, PAMELR L &, KB

stream with a series of steps. ¥ mm LIF<T®H 35,
4.2 FHIBBOFAX
WBIETE, 2\ B R e TR H 7 » T, de b SEA R HUEIE, WA b Dl iR 1Y

0
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- J
° [ ]
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(o) ! ] ol
0 Am (cm) 100 0
Fig. 13. Relation between meander Fig. 14. The increase of the lateral
length and meander width. excurtion with downstream dis-
tance.
o~ g}
E g
E O )
~ V_ [
N ~< . ® . .
)
-' °° *
L]
o 1 1 1 ! 1 5
1 X (m) 4 0 b(cm) 15
Fig. 15. Longitudinal profile of a deep Fig. 16. Relation between stream width

ditch on the bare slope.

BCTFRUTZCeThHb, EANARMILOTIE, ThE
BROFECHALE22BEVHEIZVOTHEH, &b
— xR Z D> T eHICE, 2R Y LHKEENLTFER
DEABLEENETHH5,

HEFIROK & AFNICE, BE, HEKDEEVIEER
Bwvbh, HHtWER m¥/km?/year OB THRbi s,
Thickl, BRBOBBOL S, kB SEEN
{, By ECBAclE, THRAE B cm) OFRR
LELEBwLRTW3Y, tzid, BEBOBRBEED
L7 HOREL LT, YT Scm/year, E+FC 10cm/
year # ¢ % Lo cETH D,

Z2TC, MBORHE= . — &Y YORFEIK2NWT, LK
BEMABREHORERTHEL, LEORELHEL AR
X5,

—13—

and wave length of the longi-
tudinal irregularities.

O
~N [ ]
fé ® .
8 ]
q-
.t
.‘. 1 '}
0 A (cm) 100

Fig.17. Relation between longitudinal
wave length and wave height.
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EHEBROWECK, WHOHREAKCLS D OP, ®
W MEXOMOERCL2 b0 b HBH, CORETRH,
- . EKMKOBHERC L 3 bORFRHTH S LEbh5, L
1=0104 2BoT, BEBEFHT LR, ¥F, MRLTIMET
- n=0.012 L BO, BACHTIESAND D ZREXTALS T LB
° . BHTHY, PETHERL LA EACEKBERC X »
T, BEEEELRAEEOMGRE RO LS, Fig. 180
X5 aRBBLON,
chicks e, COLORAPABEEER, 3. Tcm/s
THb, TTC, fEKEY 30m, FHHEE75%, Manning
B * OREREE 0.012 & BT, HETRHETOBRREDS
o® ABABREE L RoE, 0.17mm/min & 753,%
— RHE EICHBATR N T, fikEEZcEhihnd, b
S LN ERBTEECIRABLEL SN, —K, REEYX
E+3BROBRE LT, BEEEV»LAEE cOoMED,
COHEY LE DD, FHRE L E~FHERD D L,
& [ 25 0. 32 mm/min -¢2146%, &0, I35 0. 34 mm/
[l PRRTON | lllll d minf424ﬁ&&6°
1 Uu(cmi/s) 10 BB X S, BIERHBEBO5%, HKELES
CEDWESTH Db, TORKRHES, HEOEKIED 7.
Fig. 18. Relgtion between the rate of 5% DWW ICERLTHTFT2 b0 L L CEREEYEL,
erosion and shear velocity for |
the soil of the slope at Rakusai- Fig. 18 OBIfR X Y, MEBHIORARERONE, HE ]
New-Town. ik 64em, fIE I, I <& 16cm A2, ThEAEE
OEHETEEICHRET 2L, # 3. 8cm/year A%, CTHAMETHICHTZETHEHL, RES
e LToREfER, 5 LIEARBTHS 5,
Bold, FRIKOFECHEIVBICY - T, HLOBMSECTESESRLZ 200, BEICXTOR
BrEREhE LT, Tk, RN LCRACEFST AR NONEAREELMILT BT &
b, SHROBHETH 5,

5. B OB

Pk, WO 3RTHREROIC, BHMHEICET 2HROTUIBRICOVWTERL TE ), ZO/KR
YEWTEL, DF¥DL5TH 5,

1) HBOIKRTHKEEE »OoBLICHETLHEELT, H580%b ) CEET 3 FEAATH
HCAEDEL OIS 2RDT — ALY - THBZEHL 250, ZOFEHALUVL 7 — » OEERALR
- Tt 3 HEREEL, ERCRE-FB L. COHKRR, BECEXEELRET S ERDFEIC
QbRT, BIEEDET, BEbThTnd,

2) HEEEMEELTRY A bR, EEMcbE3ERICENT, MERERBOMREES
BMICHIEL, Ml bTM~0RELER, BERENTOURA Y, RESTIVFERILTLVEE
LowT, %L DMREEBZ,
¥ L CHWEERRE, koA ZFRERRCET S, FAKKKCOETH ), EEAE O

BEREE, ThIDisakEndosEBbhss, BRERKC LS FHOMNS L, BRCEE
ELAZVIDLELT, TTTR, AT, BRCEFSTIAYHERRL LT, COBELELL,

10 E (cm/s) 107

10°
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Bdote

6) WHORFARKCENT, ML ARROESHEC2rbbT, BEEER, WHERL LR
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BWH¥E, &oUFKTERLERUE—MBEOR N2 B2, CTCRLT, BEOBRERT 2,

kB, AREO—FiX, BASIFEHEREFEE —BRFFE O ORMBIEZTdDTH5,

# % x M

1) HEMS, BRET BOHTEC BT 3 RBOMBBRICET 2R () —RBEOERNY 2
V— g VERDELT—, HABKHEMER, 185 B, 1975 pp. 513-528.

2) BEEMB, RAET: BHAEC BT 2HBOVBERICET 3 HE 2)— itk OBMEHR—,
HAB SBFEATER, $19% B-2, 1976, pp. 329-343.

3) BEME, EPET:EESYeETIDAEKORE L MBI 3 R FAWRHFENE
#, #1785 B, 1974, pp. 571-584.

4) FEE—EP, AHEE:Rhic kb Sand Wave ORARR, LATHFER, 1967.

5) BIlfEsE : WY, LR, 1974 pp. 217-222.

6) Langbein, W.B. and L.B. Leopold: River Meanders—Theory of Minimum Variance, U.S.G.S.
Professional paper 422-H, 1966.

7) RS, BB FNHX IO EhETIcB T 2 BRNHE, LARYELHBSEE, No. 255,
1976, pp. 63-73.

8) #MAANLERS BRI 5 AR B & UHHAICE T 3 RMHIRE LAFELBIFETIHE
£5% R L, 1975, pp. 111-131.

—15—



