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u=\/§ tan{tan“(\/g.v’u).—\/GCt} ' )
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Stage | A Simplified Model

Upper reach 6>0, D>0
F=G+D>0 v=0»v orv(<v)

#£2 BrEfodZpoREogiticAwe

v < VZ
o MEERLENT XY —OREH
| Side view
(BRBESFELABRICBIIEHMBEICETIL)
Stage S
vey, ¥, sv<V¥
¥ 15V u Lower reach
Stage 2 G0, >0 = 2.4 g/en’ 0= 1.8 g/ea’
Upper reach 6>0, D<O F=-lgl*D:0 W= 0.6 (for large value) > Hg® 0.3 (for small value)
F=6-lD|>0 RV TV AT Ve, Vl-/ g— or 0 8,= 20° (for an upper reach) ., 8, 5° {for a lower reach)

u,v

---------- /e

Rl= 1 m (for a large boulder), Rs= 0.1 m {for a small boulder)
CD= 0.4 (for a range of Reynolds number 10°— 1¢0° )

v
u
d then 6 = 1.93 o/sec’
/;' G, (for an upper reach) u,max 2
t Gu”m:n = 1.43 w/sec
2
G = -0.087 m/sec
G; (for a lower reach ) Lomaz 2
vevos vu+ /| Gl min = ~0.44 m/sec
Lower reach > 2
G<0 p>o v and
Stoge 3 . '|‘;|+ D<o ¥ Cmin =0.081 m! for a large boulder (R =1 m)

Lower reach 6<0, D<0O ﬂ— C =0.8) m! for a small boulder (R = 0.1 m}
Falol-[o] <0 vy -y, vE ey or 0

Case |

B6 —FERZBEV (V. XARV))THTT3— ﬁt;dﬁbﬁ&?&@‘h@ﬁi)\‘,%@hﬂ BEAB L RIS O>DRF
ATF—V1 L 2R LHROBHAARTEL, XF—-Y3S~SRTHOEHHRTHERTS. (DX UKKNGL
HHEND (WD) DBIUAEOANFOMBKB (AT EL2Y) b, ABRAKROYS T 22T,
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~

sfiEDMMEHFZAVWIE. G~ DX %B/3

Stage 1 2 3 4 5
Gradient of steep steep gentle gentle gentle
valley slope (upper reach) (upper reach) {lower reach) {lower reach) {lower reach)
G + + - - -
Relative velocity deficiency excess excess deficiency deficiency
of boulder usV-v uzv-V uzv-V uzV-v uzV-v
u u l l z
0 + - - + +
Combined force G+0>0 G -|p|> 0 -16]-{oj< 0 -lGl+p <0 -{6l+ D % 0
: : du _ 2 du _ 2 du _ 2 du _ 2 du _ 2
Equation of motion aw=-6-Cu =6 -Cu dt--[G[-Cu at =1G]-Cu at =|G}-Cu
Initial condition at u= Vu u=20 U= V- Vl u=20 u=uy
each stage {t = 0) (v=0) (v=Vu) (v=v°) (V=VZ] (v=v°<Vl)
Equation of solution (s) (6) (7) (8) (9)
v at the final state v = Vu y = Vu+ /G7C Vl Case 1: Case 1:
of each stage at t = T at t = e at t = T for /IG[/C < vZ for /[GJ/T < VZ
/G/C = const.x /R v = Vl-/ G[/C v = Vl-/ GJ/C
Attaining time: _ 1(/EV ) o1 -1, fC at t = att =
1= tan”*( v-Y))
6l ? 3 /TETe [Er( ol Case 2: Case 2:
/I'GT—V* for JIGI/T > v, for /G[/C >V,
.1 ~1 y ) - -
Ta)” tanh (vl/ ), %5 2)° n ( ) v=0 v=0
lGIC . /I8 I Wy V ]‘ att = 42 at t = T (2)
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