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Roughness Coefficient and Hydraulics Characteristics

Parameters of Slopes with Different Plants

LIU Huibo', GAO Erpeng', WANG Bingjie' , YANG Hailong',
ZHANG Qiang', WANG Zhigang', ZHANG Chengliang®
(1. Key Laboratory of Soil and Water Conservation and Deserti fication Combat ,
Ministry of Education, College of Soil and Water Conservation , Beijing Forestry University ,
Beijing 100083, China; 2. Environmental Protection Research Institute of Light Industry, Beijing 100089, China)

Abstract: [ Objective ] In order to determine the optimal plant configuration of slope ecological protection, we
designed a washout test by control the velocity and flow of water in runoff plots of different surface type.
[ Methods ] Based on experimental data, we studied the effect of different surface types on both surface
roughness coefficient and hydraulics characteristic parameters. [ Results] (1) The effect of herbaceous vege-
tation on the velocity of the block is better than shrub tree species. Populus tomentosa promote the surface
velocity. (2) The largest average roughness coefficient is in the lawn plot, the smallest is bare plot. Laying
litter in bare ground can effectively increase the surface roughness coefficient value and there is no significant-
ly change by laying gravel. (3) Reynolds coefficient(R,) is 21. 34~23. 49 and the largest is the litter surface,
the smallest is Populus tomentosa surface. Water flow is laminar flow, the turbulence is weak, Froude coef-
ficient(F,) is 0. 35~2. 55, Darcy— Weisbach resistance coefficient( f) is 1. 03~54. 43. [ Conclusion] The
bare land with litters and grassland surface can effectively resist runoff scour and the Populus tomentosa un-
derlying surface has the potential to cause the most amount of soil erosion.

Keywords: roughness coefficient; ecological slope protection; vegetation; soil erosion

’ Y )
:2014-05-06 :2014-06-09
“ ”(200904030)
(1989—), ( ) N B . E-mail:liu huibo@126. com,
(1966—), ( ) , s , . E-mail: yang

hlong@163. com,



. 200~203 d, 550. 3
te , NN mm, 1 002. 5 mm,
318 mm, ,
o , 76%; , 22%;
; . 2%,
. ) 2 684 h, , .

, o 2 m, §m, 3m
115°50"17"—116°29"49", 40°2"18"— ; 45°,
40°23'13", ) ; . . .
o s , , (Salix aureo-pendula ) . ( Setaria
, . viridis. ) . (Populus tomentosa ) .
11.8 °C, —4.2 C; 40. 3 C, (Buxus sinica var. parvifolia) 7 .
—9.6 C, 4 591.3 C, 1,
1
/a /cm /m /m? /%
96
2 1.5 2.2 1.2X1.5 45
3 2.2 2.5 1.5X1.7 64
1 0.3 0.2X0.3 83
28 1~3 ecm
95 2.5 cm

, S5 o
, s 3 min ,
) ) (A)— v
o s 0.01 s o ,
N N , Vs, n,
N o : . R.. s F..Darcy—
30 cm, 20 cm ( Weisbach f B
s )6 100 30 L 3
( ,
) , 3.1
o , Vs o
. . Abraham [~ .

o s N , k 0.67,0.70

s 0. 80, , ,



66 35
. 30 ml/s :
, VsC 1D, (0.369 4)> (0.326 1)> (0. 274 9)>
1 , , (0. 267 6)> (0.224 3),
o 5 ml/s 30
ml/s 5 (0. 031 ~ . , , 4
0.069 m/s) . (0. 017 ~ 0. 051 m/s),
(0.020~0. 055 m/s), (0. 023~0.061 m/s), > ,
(0.015~0. 062 m/s), s
) 5 ml/s , , ,
) ) : , Vs , o
(0.031 m/s)> (0. 023 m/s) > (0. 020 ) .
m/s) > (0.017 m/s) > (0. 015 m/s), ,Vs ,
5 ml/s 30 ml/s . 2 )
(0. 069 m/s)> (0.062 m/s) . ) 4
(0. 061 m/s) > (0. 055 m/s) > , o , ,
(0.051 m/s), , ;
5 ml/s , o
20 ml/s o ,
2
! 3.3
3.2 ;
(8] , 0.25 ecm’/(s * cm), 0.5
, , 10 1h . 3
, . , 0.25 cm®/(s * cm) ,
, 0. 248 §,
. 2 (0. 093 6) (0. 063 5);
2 )
o 5 (0.027 3, (0.041 4, (0. 045 9),
ml/s . (0.060 3),
(0. 867 1) > (0.704 8)> (0.538 3)
> (0. 426 9) > (0. 260 1), >



4 67
(9] [10]
b o b
’ , 0.045 9,
o (0.041 4) 0.004 5,
b
b
, 0. 093
6, 2 R
’ b
b
(0. 060 3) (0.027 3), s
’ ) N
’ ’ °
o ( 2) ’ ’ °
2
/ / / / / /
@) /m /m (mles™) (em®esPecem™!) s (me*s™ ) /em? cm /cm
45 0.3 0.2 4. 96 0. 25 3.3 0.091 5.46 0.27 0.27 0.041 4
45° 0.3 0.2 5.10 0. 26 3.2 0.095 5.36 0.27 0.27 0.045 9
45° 0.3 0.2 5.17 0. 26 5.3 0.057 9.14 0. 46 0. 45 0.093 6
45° 0.3 0.2 5.01 0.25 4.1 0.073 6.89 0.34 0. 34 0.060 3
45° 0.3 0.2 5.14 0. 26 9.6 0.031 16. 40 0.82 0. 81 0.248 8
45° 0.3 0.2 4.90 0. 25 2.6 0.116 4. 22 0.21 0.21 0.027 3
45° 0.3 0.2 5.03 0.25 4.2 0.071 7.12 0. 36 0. 35 0.6350
3.4 y F L
. e , F, 1.0,
e ) . F,<1, ; F,>1,
o o 1 b b
, R.<500, ;. R.Z>=500, 0.35~2.55 . .
b ’ b
, 0.25 cm®/(s » cm) ; ., Darcy—Weisbach s
0.03~0.12 m/s, ,
3. 3 s s
21. 34~ 23. 49 s ,
s ’ 5 °
o b b

H ’ ’

, Darcy—Weisbach



68 35
3 s 1. 03 ~ s o
54.43 s o 7 s s
(54.43)> (9. 34)> (4.67) s
> (4.27)> (2.1 > (1.94) > o
(1.03), s
25 s 1.03, L ]
[1] Nearing M, Simanton R, Norton D, et al. Soil erosion
47.5%., s
by surface water flow on a stony, semiarid hill slope
° [J]. Earth Surface Processes and Landforms, 1999, 24
’ ’ (2):677-686.
’ [2] Foster G R, Hugins L F, Meyer L. D. A laboratory
o study of rill hydraulics (I): Velocity relationships [J].
Transactions of ASAE. 1984,27(3).:790-796.
’ 3] L
/ / [yl ,2007,27
(em® ss teem ™) (mes™ 1) (4):132-135.
0. 25 0.09 217 21.60 176  [4] , o
0. 26 0.10 1.94 22.21 1.86 [Jl. , 2005, 27 (01)
0. 26 0.06 9.34 22.53 0.85 38-41.
0.25 0.07 4.27 21.82  1.25 [5] Morgan R P C. Soil erosion [ M]. New York: Longman
0. 26 0.03 54.43 22.39 0.35 Inc, 1997.
0.25 0.12 1.03 21.34 2.55 (6] M. 2 ,1982:
0.25 0. 07 4.67 21.91 1.20 94-97.
[7] Li Gang, Abrahams A D, Atkinson J F. Correction fac-
tors in the determination of mean velocity of overland
4 flow[J]. Earth Surface Processes and Landforms, 1996,
(D X X 21(6) :509-515.
, , ‘ (8] L
(D (1] »2004(3) :360-365.
o o] L
2 ’ n L. ,1994,8(4); 4-10.
[10] s ) s
° ’ [Jl.
. Sml/s v ,2007,29(3) ;99-104.
. 4 . (117 . . )
) LJ1.
(0.260 1), (0.274 9) . (0.426 9), » 2006,34(11) :185-189.
, , [12] . , s .
, . ,2012,32(6) :39-43.
. [13] Govers G. Relationships between discharge, velocity,
' and flow area for rills eroding loose, non-layered mate-
’ ’ ° rial s [J]. Earth Surface Processes Land forms, 1992,
(3 21. 34 ~
17(5) ;515-528.
23.49 , ’ ’ [14] [J].
’ ,2002,3(3) :159-165.
H s [15] , , EUROSEM
0. 35~2.55 ; Darcy— [Jl. ,2003,22
Weisbach 1. 03~54. 43 . (5):580-585.



