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A STUDY ON THE STREAM FORMATION PROCESS
ON A BARE SLOPE (2)

—Stream Cross Section—

By Kazuo Asuipa and Kenji Sawal

Synopsis

In this study, authors propose a simple model for shear stress distribution along the arbitrary
channel cross section, and derive stream transformation into rills or into an equilibrium cross
section, by tracing amplification or reduction of furrow-like unevenness on the bed, accompanied
with erosion process.

On a cohesive stream bed, transverse undulation with intervals narrower than several times
as water depth, reduces, and the one with wider intervals grows to split its water surface. If the
rate of erosion is proportional to the local shear velocity, the ratio of width to depth gets about
4 in the equilibrium state.
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Fig. 1. Movement of the stream wall surface
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Fig. 3. Various calculation methods of tractive force.
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Fig. 4. Definition sketch for Eq. (6).

pghl K hdsds
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(a) With normals to the wall surface (b) Proportional to the local depth
[Eq. (6).]. [Eq. (5).].

Fig. 5. Two models for shear stress distribution.
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1 I ' ' (a) An overall one.

(b) An closed-up one. —>

Photo. 1. A view of Exp. Series A. (Flow
from top to bottom of picture). Photo. 2. Views of Exp. Series B.
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Fig. 8. Shear stress distribution on the furrow-like stream bed.
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Fig. 11. Definition sketch for Sec. 3.3.

a=(z,—2,)/2 e (18)
Thbho, ZOEEER
da/dtz(E.—E,)/2'=_%(dE/du*).Au* ........................ (19)
E13%, LLIK, E,=dz,/dt, E;=dz/dt, dus=usy—ts, T, sy, #se ZZHTH, MNOBERITEGF
BEBREETH B,
2T, R(3NTRU TR EdEE & BREE OB T
Eccul, e (20)



336 HABKHRERER F195 B (51.4)

LRRL, SHERUD%, KBS H O 2REHRNICET 2BAEE B, THELTHME,

(da/dt) /Ee=(n/2)«(dus/Ux) e (21)
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ZCT, RA2), UDEQDIKAKAL (r=p43), n=1 L LT, MO IRIEDHEHEEERDS &,
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&5, Fig.- 13 i3, n=1 OHARKBY 3, FEFKOETEERLLFETEERLLLOT, KM
R(26), AMOBRQNOEEFEDL TS,



O - R BT S Y BRSO RERICET BTE (2) 337

3.4 BIAOBRECHT IERMRIE
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Table 1. Experimental conditions and results (Series A.).

Run 1 Run 2Run 3|Run 41Run 5Run 6{Tun 7|Run 8Run 9Runl0Runll|Runi2Runl3Runl4

Q(l/s)} 0.1 | 0.6 | 0.15] 0.6 10.15 1.2 {06 | 015/ 06 | 03 | 0.15] 6.6 | 6.6 | 4.3

I 15 | 1j20 | 3/10 120 | 3j10 | 140 | 120 | 3/10| 1j20| 1/5 | 3/10 | 1/20 | 1/20 | 1/20

H(cm) | 0.17 0.85] 0.35 | I.1 iOA— 25 |08 [ 04509 |04 |03 |15 | 10O |08

Lem)| 7 0.5 1 2 4 100 4

a (cm) 0.25 0.50
tminy| 10 | 5 | 5 |10 | 5 | 5|5 | 5|5 ]| 5|5 16 |16 48
a(cm)| 0.05] 0.04] 0.04] 0.15] 0.15] 0.25| 0.23 | >H | 025 | 0.38 | >H | 0.10 | 0.60 | 0.45
t(min)| 20 |10 |10 |20 |10 |10 |10 10 45 | 45
a(cm)| 0.07 | 0.04 | 0.04| 0.10 | 0.07 | 0.22 | 0.20 0.25 0.15 | 045
#(min) 30 |15 |15 |15 |15 |15 75

a (cm) 0.10| 0.07] 0.18] 0.19| 0.15 | 0.25 0.40

#(min) 5 15 |15 48
B/h 2.82 | 373 | 3.37 3.41

7em (Runi~l) ——

Fig. 14. Growing and attenuating process of the furrow-like stream bed (Exp. Series A.).
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MMOH2 L &DIH, BTEREPOL FARE LTS,
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4.1 THEBEEmREAR
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E=(8z/8t)cos® e (28)
THEHh5, WENZOBMEREEZ TETT 284641, BEICHR->T,
0z/0t=E/cosB=const. e (29)

MEOILOTETH B, £ T, RN LBAEEOBARERNQOTEDL, MiHER(6ITRDNIE,
RN,

e~ (G} oo (e, pmnf1o X 0

LB, TR, C REFRORKIE oghl LOKTH B,

Fig. 16 i3, #n=1 L BV TROEOEKS LD T, C<0.833 DA, Bk TEILLTE
DIEBEIREL, KREFVIKHEST 3ENE LN
Vs, €>0833 DEAICE, X=2 THKEDOHEAN
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Fig. 16 %, SEICoRY 7 ESGMEIC & 2 EHNTEH DT
e (Fig. 10) cHBRTEL, BEHONSHHOR Fig. 16. Theoretical equilibrium channel cross
FEPLTOEY, EEBKELBIBELEZOTH sections.
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4.2 FERREETEOETRIER

3. T, EXARKOEKZEZ, MNOKREADBAEEDICL->TH L, i, 41TR, kb
> e BROFENREIC 20T Ukeds, BB E S, AN LERERTE, REIERAL LD

—1] -



340 FAB KRR $195 B (BM51.4)
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E=f.(ue) (31
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LT, KEGEMATZEDE LTINS

BOMS, KAZEDZIHc, ERABLETS Fig. 17. Definition sketch for Eq. (33).
%, Fig. 17 iICRTHSEANT,
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(1.4 WRLT, C=0833 K9 350) ICHET ~
Bo LOLESS, CCRADNSEHIEO— &k
@, 1BS DISHIRTRD SN AN O LTS @__szo_tiz_h L?
SNHDTHY, 3. Tilxi, REFERICET 3 t{min) =
ROVEMEICH L TR, Hhnio ohicsBLk 1 E/Ux=075%107%
t, EOERENY, FHEREELELTOL bOL s o =10cmd/s
Bbis, TOAROLILE, THNEICEY 3, A

MhoRE R PREDHE, 5Tz OME
DHMABLEIEEL-T, BUBTHAS, cross section (Simulated by method
EROMEICH I 3 HIREOMMIRTE, FAKRD of numerical finite differences.).

Fig. 18. Transformation process of channel
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Table 2. Experimental conditions and results (Series B.).

|Run 1| Run 2[Run 3| Run 4’ Run 51Run 6|Run 7|Run 8| Run 9| Runl0
Q(em?fs) | 5 9| 2 2 t 5 10 1 2 5 10
sin™ 13° ‘ 26° 45° 33°
t(min) | 180 | 180 | 120 | 210 | 120 ] 90 | 18105 ] 75| 2
B(om) | 138 | 120 | 220 | 0.90 | 1.26 | L68 | 0.83 | 1.20 | 1.25
hem) | 032 | 032 063 | 027 | 03¢ 036 0.21 | 035 | 0.39
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Fig. 19. Transformation process of channel cross section (Exp. Series B.).
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