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Fig. 1 Dynamics of runoff velocity with runoff process
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Table 1 Reynolds number of shallow flow on slope ( containing the influence of sediments )
¥4 T i B 25° 30° 35¢ 40° 45° 50°

Rainfall intensity — yi[Fl {8 W M W AfE W A W W M
(mm min™") Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean
1.0 7~13  10.96 7~18 1548 11~19 16.02 9~19 17.16 12~20 18.50 6~16 14.74

1.5 10~39 1236 26~34 28.86 25~37 3347 21~37 2994 23~32 293 21~29 33.27

2.0 19~34 2885 29~51 4597 23~48 4246 37~46 43.77 40~45 42.69 28~42 4095
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Table 2 Thickness of the clayey bottom layer and ratio of thickness and depth of the layer relative to rainfall intensity and slope

gradient ( mm )

ek T 5 FhVEJES )2 5% Thickness of clayey bottom layer ( 8 ) i L Ratio of thickness and depth of the layer ( & )
Rainfall intensity
o 25° 30° 35° 40° 45° 50° 25° 30° 35° 40° 45° 50°
(mm min™")
1.0 0.43 0.39 0.49 0.44 0.46 0.43 3.19 2.79 4.63 3.23 5.30 5.17
1.5 0.38 0.40 0.40 0.31 0.37 0.34 1.70 2.25 2.55 1.53 2.64 2.38
2.0 0.31 0.31 0.28 0.35 0.30 0.31 1.38 1.09 1.35 2.01 1.47 1.74

W R 5 Frif M o6 R ECH-0.24, BB 5 Frif i o6
FECN0.62, WEVAKFVpH/NT0.01, 7 ZE0Hr
SR TN, TR R KW AR I Y 38 BV FH X
FrifEm B Ewm (p<0.01) . Wiss. BB .

55F 155 395 1 A8 AR FH R HA AR BT 4 R % Freid) sk
R4.61%. 67.46% . 22.51%H5.42% , VW%
FEXF Frifd Pl E R, TSR X Frif s m s/ .
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Table 3 Froude number of the shallow flow on slopes relative to rainfall intensity and slope gradient

o I i 32
) ) ) L 25° 30° 35¢ 40° 45° 50°
Rainfall intensity ( mm min™" )
1.0 1.92 2.59 4.86 5.10 7.40 5.80
1.5 3.53 5.26 5.67 3.22 5.89 6.35
2.0 2.28 3.88 3.82 6.33 4.79 5.70
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3 45
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Variation of Hydraulic Parameters of Shallow Flow on Steep Loess Slope
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Abstract [ Objective ] Hydraulic characteristics of shallow flow are essential to elucidating
mechanisms of soil erosion and sediment yield on the slope. However, most of the studies in this as-
pect have been reported on slopes less than 25° in gradient. This paper is oriented to study hydraulic
characteristics of steep loess slopes (25° ~50° ) , in an attempt to lay down a foundation for elu-
cidating in-depth relationships of the hydraulic characteristics of shallow water flow on slopes with
slope soil erosion. [ Method ] An indoor experiment was carried out simulating rainfalls on steep loess
slopes. The experiment was designed to have only one soil type (loessal soil ) , three rainfall intensity

(1.0 mm min™', 1.5 mm min™' and 2.0 mm min™") and six slope gradient (25°, 30°, 35°, 40°, 45° and
50° ) with the aid of perforated metal flumes (3 m in length, 1 m in width and 0.30 m in depth ) . Runoff,
sediment and flow velocity on the slopes were observed, relative to rainfall intensity and slope gradient.

[ Result ] Results show: (1) Flow velocity increased with rising rainfall intensity on slopes the same in
gradient, and under the same rainfall intensity, the effect of slope gradient on flow velocity exhibited a crit-
ical point in gradient, that is, between 40° and 45° under the same rainfall intensity. On slopes with gradient
lower than the critical point, flow velocity increased with rising slope gradient, whereas on slopes with gra-
dient higher than the point, flow velocity decreased with rising slope gradient. (2 ) Mean runoff depth in-
creased steadily with rising rainfall intensity on all slopes regardless of gradient; but decreased with rising
slope gradient under rainfalls the same in intensity. (3 ) Reynolds numbers of steep loess slopes were on
the whole relatively small, often far below 580. In this study shallow flows on slopes were of laminar flow
in destabilized layers, while shallow flows with Froude number beyond 0.8 were of rush. And (4 ) Dar-
cy-Weisbach resistance coefficient (f) was positively related to rainfall intensity and negatively to slope
gradient. [ Conclusion ] Rainfall intensity, slope gradient and interactions between these two factors all
have significant effects on hydrodynamic parameters (p<0.01) of shallow flow on steep slopes, but flow
velocity, Froude number and Darcy-Weisbach resistance of the shallow flow varied mainly with slope gradi-
ent, while runoff depth and Reynolds number did mainly with rainfall intensity.

Key words Simulated rainfall; Steep slope; Shallow flow; Hydraulic parameters
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