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large number of engineering mounds, which are ordinarily complex in underlying and surface structure and poor in erosion
resistance. The mounds are mainly in the form of flat tops and slopes, whereon, rill erosion is easily occurring on slope surface
with scouring flow running down from the top of the mound. In the process of rill erosion, rill morphology is closely related to
hydrodynamic characteristics, and the relationship tends to be affected by soil texture. So it is essential to explore the
relationships of slope rill morphology with hydrodynamic parameters, sediment yield and soil texture of the engineering mound.
[ Method ] To that end, a field scouring-erosion experiment was carried out on an engineering mound of red soil and another of lou
soil. Changes in rill morphology parameters, including rill width, rill depth and width-depth ratio, were monitored on slopes 32°
in gradient, with scouring water flowing down at 8, 12, 16 and 20 L-min' (designated as Treatment [, II, Il and IV),
separately. [ Result] Results show: (1) In the first 24 min, rill width and rill depth on the slope of the two kinds of engineering
mounds developed rapidly. With increasing volume of the scouring water (8-20 L-min "), both exhibited a rising trend; compared
with Treatment I , TreatmentIl, Il and IV was 0.8%, 19.3% and 27.2% higher in mean rill width, and 24.5%, 126.2% and
95.1% higher in mean rill depth, respectively, on the mound of red soil, and 3.7%, 62.4% and 108.2% higher and 18.2%, 87.9%
and 95.5% higher, respectively, on the mound of lou soil. The relationships of rill width and depth with duration of scouring was
statistically significant on the mound of red soil (R>>0.858, P<0.01), and of lou soil (R>>0.689, P<0.01), too; (2) Rill width-depth
ratios on the two types of mounds both fluctuated during the initial period (0-24min) and then levelled off during the late period
(24 ~ 45 min); compared with Treatment I, Treatment III was the lowest in mean width/depth ratio on either mound, being 115%
lower on the mound of red soil and 20% lower on the mound of lou soil; (3) The relationships of runoff shear force and power of
rill flow on slope surface with width and depth of rill could be described with a power function (R*>0.602, P<0.01); runoff shear
force was a parameter more suitable for describing development of rill depth on the mound of red soil, and runoff power was for
describing development of rill width on the mound of lou soil; and (4) Extremely significant linear function relationships were
observed of cumulative sediment yield of the slope with rill width and rill depth (R*>0.897, P<0.01); rill width contributed 84.9%
and rill depth did 15.1% to the cumulative sediment yield on the mound of red slope, and 22.5% and 77.5%, respectively, on the
mound of lou soil. [ Conclusion ] This study may provide a theoretical reference for research on rill erosion mechanism on
engineering mounds different in texture.
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Table 1 Particle size composition of the soils

=il iP5 2H B, Particle size composition/%

Soil type <0.002 mm 0.002~0.02 mm 0.02~0.05 mm 0.05~0.1 mm 0.1~2.0 mm
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#+ Lou soil 20.26 30.05 38.45 9.77 1.47
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Fig. 1 Layout of the apparatus used in the field scouring experiment
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Fig. 2 Development process of rills in width on slopes of engineering mounds
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Table 2 Functions for fitting relationship of rill width with duration of scouring on slopes of engineering mounds
e K it i AT e FAL
P
Soil type Flow discharge/ ( L-min ') Fitting function R’
8 y=0.128x + 8.690 0.893 <0.01
24 12 y=0.231x+ 6.604 0.919 <0.01
Red soil 16 y=0.239x + 8.895 0.927 <0.01
20 y=0.337x +7.294 0.975 <0.01
8 y=2.620In(x) + 1.516 0.807 <0.01
it 12 y=1.038In(x) + 6.021 0.689 <0.01
Lou soil 16 y=3.689In(x) + 3.973 0.879 <0.01
20 y=3.7791n(x) + 7.679 0.944 <0.01

ey MBS, x MHFE (n=68 ). Note: y stands for rill width, x for duration of water discharge ( number of samples 7=68 ) .
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Fig. 3 Development process of rill depth on slopes of engineering mounds
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Table 3 Functions fitting relationship of rill depth and duration of scouring on slopes of engineering mounds

ek K it AT PeE A

Soil type Flow discharge/ ( L-min™") Fitting function R? d
8 y=0.184x+2.171 0.952 <0.01
a+ 12 y=0.212x + 3.419 0.966 <0.01
Red soil 16 y=10.288x + 7.650 0.904 <0.01
20 y=0.353x + 4.400 0.858 <0.01
8 =2.550In(x) - 0.192 0.871 <0.01
it 12 =2.882In(x) + 0.159 0.892 <0.01
Lou soil 16 y=3.827In(x) + 2.217 0.710 <0.01
20 y=3.963In(x)+ 2.421 0.918 <0.01

oy MR, x AFE] (#=68 ), Note: y stands for rill depth, x for duration of water discharge ( number of samples n=68 ) .
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Fig. 4 Development process of rill width-depth ratio on slopes of engineering mounds
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Table 4 Correlation matrix of the parameters involved in the experiment on the engineering mounds
Ra SN2t
w d u T ® Dr Sum
Soil type
o+ w 1.000
Red soil d 0.898** 1.000
u —0.482%* —0.727** 1.000
T 0.747** 0.750%* —0.556%* 1.000
9] 0.687** 0.722%* —0.598** 0.966** 1.000
Dr 0.592%* 0.639** —0.544%* 0.906** 0.936** 1.000
Sum 0.944** 0.883%* —0.530%* 0.853** 0.809** 0.703** 1.000
W w 1.000
Lou soil d 0.897** 1.000
u —0.309%* —0.636** 1.000
T 0.809%* 0.798%** —0.420%* 1.000
1) 0.842%* 0.779%* —0.338%* 0.980%* 1.000
Dr 0.552%* 0.440%* —0.179* 0.750%* 0.796** 1.000
Sum 0.894%* 0.946** —0.473%* 0.824%* 0.814%* 0.472%%* 1.000

e * * TR P<0.01; *Fom P<0.05, n=68, w: {HTL; d: WIR; u: TEWRIL; «, BWHIII; o: BRWIR; Dr: LRI,

Sum: Zi/7¥bH ., Note: **: P<0.01; *: P<0.05; n=68: number of samples=68; w stands for rill width; d for rill depth; z for shear

stress; o for stream power; Dr for soil erosion rate; and Sum for cumulative sediment yield.
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Table 5 Relationship between hydrodynamic parameters and rill morphology indexes

st =] 28 WA IR RIE R

Soil type Parameters Fitting function R? d
.+ T, d d=0.7757"%" 0.651 <0.01
Red soil o, d D=1.9210"" 0.602 <0.01
b S T, w w=2.1037"4 0.728 <0.01
Lou soil o, w w=3.1500"% 0.732 <0.01

P AR =Y S AL S A Es ), HAR kit
PRI e R . IR UL, WK, Weiw 2 ik
PR R E S, IR AN TR AR RV R Y
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BUA Rt vb i 5 38 AP TE I i 3 Bk s O R
(7>0.952, P<0.01), FREHSEHTNRBFEIEZS
ook Bt R AN, AR, W,
IR B Vi STEK O 84.9% . 15.1%, 58
RIS R TFIEE, S E, WIKK R 22.5%.
77.5%, WIRAFZIK TIEGE, B IR,

T8 TR K TN T 2 b = Vb B S M AN T

TR AR D A 7 e XK 3 R R A F2 2
KU, XTI B XY 7K R BRI A B 22
RSCE R BIRLL S BRI+ HE BRIy JE A
[7) i 5, (ETCIE R 41 4 X S 1 XA i T /K il X
e T A AR R B R AR R EEAME ),
SR i JRE A2 o ) R/ N B 2 o R i B S AR P
SYECRERERNG, DRIAT, A R R RIS TR AR 25 5 Y
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0.4 0.4
o~ y=0.008x"" R*=0.529 P<0.01 P y=0.004x"""  R*=0.454 P<0.01
£ 's
g 41 i " ‘g i
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K5 AAIEESES TR ESCR
Fig. 5 Relationship between rill morphology parameters and soil denudation rate
*o6 RitFEvESWMAMTSSHEAMEHXF
Table 6 Function relationship between cumulative sediment yield and rill morphology parameters
d e ZH AT e AR
P
Soil type Parameters Fitting function R’
£+ Red soil w, d, Sum Sum=16.387w+2.904d-146.568 0.898 <0.01
B+ Lou soil w, d, Sum Sum=3.666w+12.6274-71.232 0.906 <0.01
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