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Differences in hydraulic erosion processes of the earth and earth-rock Lou soil engineering
accumulation in the Loess Region. JI Li§ing' WANG Wendong' * KANG Hongdiang'
ZHAO Man' GUO Ming-ming' BAI Yun’ SU Huan' NIE Hui-ying' ( 'State Key Laboratory of
Soil Erosion and Dryland Farming on the Loess Plateaus Institute of Soil and Water Conservation
Northwest A&F University Yangling 712100 Shaanxi China; ’Institute of Soil and Water Conser—
vation Chinese Academy of Sciences & Ministry of Water Resources Yangling 712100 Shaanxi
China; *Key Laboratory of Ecological Rehabilitation of Northern Shaanxi Mining Area  Yulin Univer—
sity  Yulin 719000 Shaanxi China) .

Abstract: An indoor rainfall simulation experiment was conducted to examine the hydrodynamic
characteristics  erosion characteristics and erosion dynamics mechanisms of earth ( excluding gra—
vel) and earth-rock ( gravel mass fraction 30%) Lou soil engineering accumulation in the Loess area
across different rainfall intensities and slope gradients. Results showed that the presence of gravel
changed the hydrodynamic characteristics of the engineering accumulation slope. The flow velocity

froude number unit stream power and unit energy of water-carrying section of the earth-rock slope
were 1.7%-49.7% 6.7%-60.6% 2.0%—-44.6% and 1.0%~-26.7% lower than those of the earth
slope while the Manning roughness coefficient and runoff shear stress of the earth-rock slope were
6.2%-169.4% and 5.7%—79.3% higher than those of the earth slope respectively. Under the inten—
sity of 2.0 and 2.5 mm * min~' erosion rate of the earth-rock slope was 26.2%-89.9% lower than
that of earth slope. The gravel significantly reduced slope erosion of the Lou soil engineering accu—
mulation. Erosion rate and hydrodynamic parameters of the two accumulations were linearly related.
The erodibility parameters of earth-rock slope were 56.1%~-73.3% lower than that of earth slope. In
the critical hydrodynamic parameters runoff shear stress of earth-rock slope was 11.1% higher

while the stream power unit stream power and unit energy of water-carrying section were 25.4%

64.0% and 5.0% lower than those of the earth slope respectively. The existence of gravel controlled
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rainfall erosion process on the slope of the engineering accumulation to some extent.

Key words: Lou soil engineering accumulation; hydrodynamic characteristics; sediment characte—
ristics; erosion dynamic mechanism.
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Fig.1 Particle size composition of the test soil sample.
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.1 Table 1 Bulk density and water content of test materials
mm * min 18 m
>90% Indicator Rainfall inten sity Me;niSD CV
a (mm * min™") (%)
515 2 5 m. 1.0 1.22+0.07 5.7
Bulk density 1.5 1.25+0.09 7.2
Im. 0.6m 1.5+ (g*em™) 2.0 1.24:£0.09 7.3
3.4 m 1 ( 2. 2.5 1.23£0.10 8.1
4 1.0 10.44+1.17 11.2
0 90% Mass moisture 1.5 10.42+1.39 13.3
1.10~1.57 g * em™ content 2.0 10.96:1.04 9.5
(%) 2.5 10.47+1.23 11.7
1.30~1.57g'cm_3 1.10~1.30
g+ ems 5 em ( 10 mL) 3 min I mn 1 3
i min 3min 1 (
. 0.01 s) ( 0.01 ¢)
3 (20 cm) (15 cm) . 105 °C
(1.40+0.10) g * em™ (15 em) °
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45 1.3
min; 30 min 1) A ° B (L) 3
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Fig.2 Experimental equipment diagram. T=p*g°*R-*J (5)
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8) o (E m) ;
V. 3~45 min
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E=a V' /2g+h (8) 36 min v
la L, 106.7% V
9) o (E, g*m” s 1.3%. 2.5 mm * min~'
v
: V 0
E=M/(t*1°w) (9) V
‘M t('s) (g):! o
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Fig.3 Changes of flow velocity with duration of runoff.
[: 1.0mm*min™"; T: 1.5mme*min™"; M: 2.0 mm * min™"; [V: 2.5 mm * min~". a) Earth; b) Earth-rock. The same below.
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Fig.4 Summary of characteristic values of hydraulic parameters.
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Table 2 Correlation of hydraulic parameters and their influencing factors and the regression equations ( N=16)
Earth Earth-rock
Ttem Parameter x x
Rainfall Slope Rainfall Rainfall Slope Rainfall
intensity (S) intensityXslope intensity (S) intensityXslope
(15) (N (19)
Flow velocity 0.916** -0.166 0.601" 0.758* * 0.173 0.667**
Correlation Reynolds number 0.897** -0.377 0.379 0.979** -0.136 0.624**
coefficient Froude number 0.787** -0.015 0.626** 0.286 0.443 0.438
Manning roughness coefficient —0.661* * 0.538" -0.208 -0.067 0.253 0.130
V=0.066/+0.017 V=0.028/+0.048
Regression  Flow velocity ( V) (R*=0.84 F=72.57"%) (R?=0.58 F=18.92*%)
equation R.=68.1121-19.78 R, =75.1471-0.38115-20.706

Reynolds number ( R,)

Froude number ( F,

)

Manning roughness coefficient ( n)

(R*=0.81 F=57.96*%)
F.=0.591+0.447
(R*=0.62 F=22.75"%)
n=-0.019/+0.0015+0.052
(R*=0.85 F=21.94*%)

(R*=0.98 F=284.14**)

* P<0.05;

* % P<0.01.

The same below.
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Fig.5 Summary of characteristic values of hydrodynamic parameters.
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Table 3 Correlation of hydrodynamic parameters and their influencing factors and the regression equations ( N=16)
Earth Earth-rock
Ttem Parameter x x
Rainfall Slope Rainfall Rainfall Slope Rainfall
intensity (S) intensityXslope intensity (S) intensityXslope
(n (19) Q)] (19)
Runoff shear stress 0.528" 0.805** 0.900* * 0.738** 0.514" 0.920™ *
Correlation Stream power 0.903** 0.362 0.930™* 0.862% * 0.454 0.970**
coefficient Unit stream power 0.719** 0.579" 0.962% * 0.454 0.792% * 0.868* *
0.932**  -0.219 0.545" 0.973**  -0.186 0.591"

Unit energy of water-carrying section

Regression

equation

Runoff shear stress ( 7)
Stream power ( w)
Unit stream power ( U)

Unit energy of water-carrying section ( E)

7=1.0017+0.1065-0.008/5-0.96
(R?=0.93 F=50.88"%)
©=0.1491+0.005IS-0.102
(R*=0.97 F=214.39*%)
U=0.0011S+0.007

(R?*=0.93 F=172.70*%)
E=0.093/-0.0025+0.04
(R*=0.92 F=71.44"%)

7=0.062IS+1.05
(R?=0.85 F=77.06"%)

=0.00815-0.005
(R*=0.94 F=222.99**)
U/=0.0015+0.0017S-0.002
(R?=0.84 F=35.28%%)
E=0.0671-0.0015+0.048
(R>=0.98 F=340.90"")
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Fig.6 Changes of erosion rate with duration of runoff.
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Table 4 Correlation of erosion rate and influencing factors and the regression equations ( N=16)
Earth Earth-rock
Ttem % %
Rainfall intensity Slope Rainfall intensityX Rainfall intensity Slope Rainfall intensityX
(1) (S) slope ( 1S) (1) (S) slope ( 1S)
0.762* * 0.196 0.732** 0.831%* 0.251 0.756™ *
Correlation coefficient
E, =2.0451-2.009 E, =0.396/+0.0115-0.607
Regression equation (R*=0.58 F=19.44"%) (R*=0.79 F=23.93*%)
6 - -
) o oa
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Fig.8 Relationships between erosion rates and hydraulic parameters.
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