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Abstract: Based on indoor simulated rainfall test, this study compared the influence of intermittent rainfall
and continuous rainfall on rill erosion on loess slope, quantified and compared the experimental errors of
intermittent rainfall relative to continuous rainfall conditions, and evaluated the suitability of this experimental
method in slope erosion simulation. The results showed that: (1) At low rainfall intensity (<{60 mm/h), for
the intermittent rainfall test, the rill sediment production on the slope was significantly reduced with an error
of —40.8%, and the error was between —33% ~ —45% along with the decreasing of ditch width, ditch
depth and cleavage degree. The error of runoff production was small (0.4%). (2) When the rainfall intensity
was high at 90 mm/h and 120 mm/h, the errors of various indexes of sediment and runoff production and rill
morphology were all small, ranging from 3% to 12%, which had relatively little impact on the test results.
(3) When the intermittent rainfall test method was used, it was suggested to adopt the high rainfall intensity
test conditions (=90 mm/h) to accurately simulate the rill erosion process of natural rainfall, and the
rainfall duration of each stage of intermittent rainfall test should be controlled in case of high rain intensity,
so as to avoid the continuous and rapid growth of accumulated sediment yield which leaded to the sharp
development of rill erosion and further increase of error. Because of the difference of soil properties, the

applicability of the test results in other areas needed further study. The results could provide technical

:2020-03-14
: (41807067.,41907061)

(1999—), s . E-mail;18188425393@163.com
(1987—), , s . E-mail:hjq13@163.com



support for the study of rill erosion process and mechanism.

Keywords: loess; rainfall intensity; rill morphology; runoff and sediment yield; intermittent rainfall

’ 1
0
70% ’ 1.1
[1-3]
> ° 2018 9 29 11 15
’ ) 27 mX18 m, 18 m,
[4-7] 10 m, 1 m, 0.5 m, O’\"SOO(
[3-9] 1)°
° 3
(7] , , 1.25 g/cm?’,
[8-11]
[13-14]
s [13]
. DEM,
R , [15-18] l
b ’ 1.2
[16] 3 , [19] , ,
; b5 60,90,120 mm/h, 10°~30°
. o] 25°
o b ’ ’ 200
, . , 6
D 60 min; ’
, s 4 15 min (P1~P4 ),
s ’ 2 ’ 15 min,



10 34
10 mm , o s
10 cm , iSiD,
. D="" (D
o 40 cm ;Sf
s 5 cm, 1.3 : D, (m);S;
g/em’, < (m?),
: (H,m)
’ | Sk,
3cm, 1 cm, “y” ﬁ:zzi )
, I;si
s o 2h, (m),
()
Ll 18 m, ’
) o 1 isi
30 mm/h , #7’7“ (3)
’ A (m®),
24 h, o 2
, 2.1
s 6 , R 2 , 3 ,
>90%., . .
<5%. ,
1.4 o s P1
, s 1 min 2% , P2~P4
1 —6.7%~12.3%., N
o , 24 o
h, , .3
C 3, 60,90,120 mm/h
( 0.4%,6.8%.,7.7%. 10% . 60
HDS6100) . mm/h
. Cyclone . . . 90,120 mm/h
X P3 .3 .
DEM, o °
, 2.2
. 4 , 3 :
s o , 5 min ,
. . . 6 )
s : 60 mm/h P3~P4
(D,m) —71.0%,—55.0%;



11

90,120 mm/h .

—o0— EEHEERN —— [ABEREN 3% ~12%. ,
o P RBGESE - T 35 72 i 219 BK)
. (a) %60 mm/h - -
A 250 2 psd i3y —— [AERHEREW
(a) M 960 mm/h |
200
S I
1 150
jf
= 100
B
50
0 10 20 30 40 50 60
F& 5 Ji i/ min 0 )
—o— HEHEMEEN —— [E R R 0 10 20 30 40 50 60
5 PP RBGELE) - 39 7= i 28 (19 BK) P4 7 i/ min
~ () F 390 mmh I —— R
= [
E9f (b) Fi3890 mm/h
2 A = 450
ﬁ- 6 e T | g
% % 300
] | A
&
0 ! | ! | ! | ! ) B 150
0 10 20 30 40 50 60
F% R 55 B/ min 0l
—o— ESEEFEN —— [EREBEN 0 10 20 30 40 50 60
— PHFERERCES) - S 35 7= 5 2R (] BR) P& 7 7 I/ min
18 r
_ () 9 120 mm/h qop —O— BB — LR
E 14 (c) T #120 mm/h
O 1 600
< i
g 10 E 400
¢ ®
. B& 200
0 10 20 30 40 50 60
F% RS 55 Bt/ min 0
2 0 10 20 30 40 50 60
5 , 90,120 mm/h W 9 7 1/ min
3
10.5%,9.1%, 3
P2~P4 . R 60 mm/h
) 0.4% 1) 1) 7408% D)
. 60 mm/h P3~P4 , —71.0%,
P3 , —55.0%; N
7408Vc ) D) ) *33%’\’745%,
, . 90,120 mm/h .
2.3 , 3% ~12%,
6 , 60,90,120 mm/h , R P2 ~P4
—45%,12%,9%; —33%,8%,

3%:; —37%,4%,7%., 60 mm/h 3



34

12
—o— EEMER —A— (AR RERE ,
o= FHERRGES) 49 7 b 3 (17 8o)
(a) FI%60 mm/h '
'?.a 180 .
& ’
2120 F ’ ’
i 60 ¢ ’
0 o 7 ’
0 10 20 30 40 50 60 -
F& W 77 B/ min 2228 ,
—o— ESHEN —a— (R R ) 247 ]
400 = FYEYERESE 359 7= ¥b F (18] &K) & _ e o
(b) T #90 mm/h 35 07 g AT 18] BR 4 T
o (a) M 5860 mm/h
: 300 278
o o~
)
ézoo "“g"“ 21
2 L4
i 100 =S
#® 4
0
0 10 20 30 40 50 60 0
W 0 /73 1/ min 0 10 20 30 40 50 60
—o— EEMER —— A B R T % M 7 B4/ min
e FHPFEWRESE) 35 7= ¥ (1] &) 100 2 4 1 [ T —— AR

(c) 38120 mm/h
360 | |

270 [ |

Fb %/ (kg » m”)
2

ot o | |
P1 P2 P3
0 1 | 1 | 1
0 10 20 30 40 50 60
F& §9 7 Bt/ min
4
b
[8] .
21
’ N R
b o
b b
’ o 60 mm/h
s 1
’ b
, P3,P4 ,

90,120 mm/h

180

(b) M 5%90 mm/h

0 10 20 30 40 50 60
%’ J7 B/ min
—o— EGIEE — R R

i (c) 3120 mm/h |

40 50 60

0 10 20

(<60 mm/h),

(=90 mm/h)

’ o



13

7]

s ’

16 g -
G -~ [ oo _
12 | 1) B 6 15] &
g0 | B % e s B A%
= 4T o
o6l £ 3} ?E
0 : ' 0 ' : ! -
120 60 90 120
38/ (mm « h™) M #/(mm « h™")
6
4 [Jl. .2017,31(6):79
84,182.
(D (<60 mm/h) rs] ’ . ’
’ ’ [Jl. ,2014,25(1) :90-97.
’ ’ 9] , , )
—33%~—45%. . —40.8%. [l ,2013,50(2) ; 281-288.
. 0.4%., [10] : ! .
(2) (=90 mm/h) Lyl 52015,46(8) : 104~
112,89.
’ ’ [11] : :
’ ? [Jl. . 2015, 46 (7)
. 3~120, o 162-170.
(3 ) [12] ;
(=90 mm/h), bl »2005,12(4) :188-190,194.
o [13] :
7. ,2018.,32(3) :16-20.
’ [14] :
' ’ [Jl. .2012,19(4) :278-283.
[15] , ,
(1] , . 2. ,2015,40(6) : 72-80.
1. .2017,25(4) ; [16] . . ,
679-688. (1. 52015,52(1) :48-56.
[2] Wang X, Zhao X L, Zhang Z X, et al. Assessment of [17] , ) ,
soil erosion change and its relationships with land use/ [J]. ,2017,54
cover change in China from the end of the 1980s to 2010 (5):1125-1135.
[]].Catena,2016,137:256-268. (18] . ) .o
[3] HeJJ, SunL Y, Gong H L, et al. Laboratory studies [J]. ,2017,28
on the influence of rainfall pattern on rill erosion and its (5):720-728.
runoff and sediment characteristics[ J].Land Degradation [19] s ,
and Development,2017,28:1615-1625. LIl ,2007,27(6) :56-60.
[4] Wirtz S, Seeger M, Ries J B. Field experiments for un- [20] s
derstanding and quantification of rill erosion process[J]. L1l ,2001,15(6) :62-65.
Catena,2012,91.21-34. (21] ,
[5] Sun L, Fang H, Deli QI, et al. A review on rill erosion [Jl. ,2015,31(7) :206-211.
process and its influencing factors[ J].Chinese Geograph- [22] s ) ,
ical Science,2013,23(4) :389-402. Il ,2014,
[6] ChenX Y, Huang Y H, Zhao Y, et al. Analytical meth- 45(2):169-175.
od for determining rill detachment rate of purple soil as [23] . .
compared with that of loess soil[ J].Journal of Hydrolo- Jl ,2005,24(4) ;114-122.
gy,2017,549,236-243. [24] .

[Jl. ,2005,3(2):97-101.



