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3~1mm) . STREEIN6TZHEE (9 m,
18m, 36 m, 54 m. 72 m. 108 m) A0 E
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Table 1 W, /W, of aggregates relative to particle size in red soil
BRI e B Roughness

Distance (m) Particle size ( mm ) 0 mm 0.25 ~1 mm 1~3mm 3~5mm 5~7 mm

9 7 ~5 96.56Aa 95.56Ab 93.67Ac 93.12Bcd 92.83Bd

5~3 95.84Aa 95.11Aa 93.36Ab 94.09Ah 93.71Ab

3 ~1 94.83Ba 93.39Bb 93.88Ab 94.14Aab 91.22Ce

18 7 ~5 92.74Aa 88.47Ab 83.62A¢ 83.02A¢ 84.33Ac¢
5~3 90.46Ba 86.35Bb 81.43Bd 84.51Abc 83.42ABc¢

3~1 86.81Ca 83.23Chc 84.16Ab 83.98Abc 82.32Bc

36 7~5 83.98Aa 72.10Ab 66.98A¢ 64.80Bd 62.00Be

5~3 79.33Ba 68.59Bh 64.56Bc 66.72ABbce 65.15A¢

3~1 72.84Ca 65.20Cd 69.63Ch 67.56Ac 64.86Ad

54 7~5 73.11Aa 58.93Ab 53.40Bc¢ 50.82Bd 48.85Be

5~3 68.52Ba 55.48Bb 56.29ABb 52.69Bc¢ 51.38Ac

3~1 60.46Ca 49.66Cd 57.96Aab 56.60Ahb 52.91Ac¢

72 7~5 62.70Aa 46.85Ab 41.73Cc¢ 40.98Bc¢ 37.61Cd

5~3 56.57Ba 45.54ABb 45.35Bb 41.90Bc 41.62Bc¢

3~1 53.36Ca 43.59Bb 48.52Ab 45.24Ac 43.95Ac¢

7~5 45.77Aa 31.22A¢ 29.48Bh 27.39B¢ 26.99Cc

108 5~3 43.06Ba 31.61Ab 31.77Ab 28.88Bc¢ 32.55Bb

3~1 42.46Ba 30.26Ab 30.57ABc¢ 30.39A¢ 34.80Ab

B RPWIWREBRT —E )5 R E1E0.25 mmifi T L LA RIS IR ZE A RIKM PR L, TR K5 FEARFRMEA
BRI T A RAR R 225 0, NG TR CRAMIFLZ BB T A BE I A ) 22 R B2, p <0.05 Note: W, /W, stands for mass ratio of
aggregates that after a certain transport distance still remains on the 0.25 mm sieve vs aggregate at the start, the same below. Different
capital letters mean significant difference between fractions of aggregates in particle size when transport distances were the same and
different lowercase letters mean significant difference between slope surfaces different in roughness when transport distances were the
same, p<0.05
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Fig. 1 Abrasion coefficient a relative to particle size of aggregates, roughness of slope surface and transport distance with runoff flow
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2.2 BRACGKRI BB AR R AR AR E 8920

A8 UL 7K TR 2 B T 4R Th K U N B SR AR A K ) &
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KRB A8 Ak 25 B 3 5 3 A R AR AE 3 s A8 )
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Table 2 Hydraulic parameters of the five treatments in roughness
i g - s S84 g S K - KR A
I IR AT AR . [EPIES
Roughness Mean velocity Mean depth Shear stress
Reynolds number Froude number . Friction coefficient

(mm) (ms™) (em) (Pa)
0 1995 6.34 0.92 0.22 0.04 3.71
0.25~1 1717 3.79 0.65 0.30 0.10 5.17
1~3 2021 2.12 0.45 0.46 0.31 7.93
3~5 1946 1.92 0.42 0.49 0.38 8.45
5~7 2026 1.46 0.35 0.59 0.66 10.18

TRBEK G R . 45 R 5 Wang 1 150
F14) VAT SR AR S e Al A 5 R A2 7 % P 0 T 22 2 R
BN RN AT AR TR SR
AT 300, RS AER e (0.4 Ls™') Mk
FE(17.6% ) A0 T B S moRDBSE B, AT SRR A 21
TR RAAAY R 32 BIK BRI 2R 52, (] B AS ) 1Y)
Il R B A S 0 L AR R BT 2 s e R,k
TR B AR T 7K TR A SRR S e i R R B 1) LA R
B, T — A2 2R AT TS
SR A R LB A T 7 [RAL AR [ 3R A F) o v
-2 B, BESEAS R AORL AR BN R e
PERSE . BRI, ERWKIR < 0.4 mmit, #
PHAEIRFERE NS5 ~7 mm>3~5 mm> 1 ~3 mm#biid
AR, W44 AKE > 0.4 mmit 524k . I
gE IR R KRB N (<0.4 mm) B, KEAIRIAK
SER e IR Sy /)N AT SR A ] B Bt SE A/ NP BT,
/KL A SRARAE X AR N 2 R IR, s R
(ELENERE 2 GE VN7 D5l E </ Q7 S 3L LN
(>0.4 mm) , B/NKARAREZEIRE HIHERZ
W AR R BRAS RS, DA /D 14T SR A 5 T A Tl
AR, G BRI el R PR B )N

K2 LU REw, W, (%) SREAKENZELLFR

Fig. 2 Relationship between W, /W, (%) of red soil aggregates
and flow depth
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HFoster [30] . Abrahamsfl1Parsons [31] B
AL, R, f B3R LA Y, Bl B &R B
K, 3FAFPRLAR B LLRARIRR W, /W, (%) (A5
e BR VR /N B, 298 P SR A %) ) ol B R i
A B A B RS s, JF HL 205 P R AR Rk AR
R, B REBCS AW AT, BB
FHEIGR, BAOK I TR A RE R, (HH
JevbokE (A1ZRAK ) [ B i ) fe B DR 2 2 200 2 48 o
B HYBH ) R BOKT 0305, By & B KokL

2.3

K3 LRI, /W, (%) S5 2B E R
Fig. 3 Relationship between W, /W, (% ) of red soil aggregates

and friction coefficient
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Fig. 4 Relationship between W /W, (% ) of red soil aggregates

and flow shear stress
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Denudation of Red Soil Aggregates in Concentrated Flow as Affected by
Artificial Surface Roughness

YU Bing SONG Yunrui CHENG Jianing WANG Junguang' CAI Chongfa DUAN You
( Key Laboratory of Arable Land Conservation in Middle and Lower Reaches of Yangtze River of the Ministry of Agriculture, Soil and

Water Conservation Research Centre, Huazhong Agricultural University, Wuhan 430070, China )

Abstract [ Objective] Soil aggregate is the basic unit of soil structure. Soil aggregates in runoff
cause severe abrasion of soil surface, thus significantly affecting water infiltration rate of the soil surface,
sediment transport and deposition, and development of soil erosion. With the aggregates breaking into
numerous small particles, soil erosion starts. Researches have been reported illustrating that changes in
roughness of the surface of a slope directly affect hydraulic characteristics of overland runoffs on the slope,
like friction factor, flow depth and so on, which are the best hydraulic parameters to characterize aggregate
erosion in the process of aggregate transport with runoff on the slope. Therefore, roughness of the surface
of a slope may also affect disintegration of soil aggregates in runoff to a varying extent relative to degree of
roughness. [Method] In order to study erosive effect of soil aggregates in runoff on slopes different in surface
roughness, an experiment was conducted in the artificial rainfall simulation lab of the Huazhong Agricultural
University. The soil used in the experiment was Ultisols, collected from Xianning of Huibei Province, China.
The soil sample was air-dried and oven-dried at 40°C for 24h to ensure that the soil sample was constant in
moisture content. Before the experiment, portions of soil aggregates 20g each were weighed out, 0.0001g
in diversion, and were put separately in flasks containing ethanol (95% ) for 10 min to expel air from the
aggregates so as to eliminate the risk of breaking up the aggregates in the process of fast-wetting. Stainless
steel flumes, adjustable in slope gradient, were set up. The pretreated soil samples were spread out in the
flumes and prepared into 5 degrees of roughness (d=0, 0.25~1, 1~3, 3~5 and 5~7 mm ) separately.
The flumes were adjusted to 10° in gradient and the water flow controlled at 0.4 L s™'.The experiment was
designed to explore abrasion effects of soil aggregates in runoff as affected by particle size of the aggregates

(7~5, 5~3 and 3~1 mm) , roughness of the surface (d=0, 0.25~1, 1~3, 3~5 and 5~7 mm)
and transport distance (9, 18, 36, 54, 72 and 108 m ) and effects of particle size, surface roughness,
transport distance and some related hydraulic parameters ( flow depth, friction factor, flow shear stress)
on aggregate abrasion. [Result] Results show that ( 1) aggregate abrasion aggravated with rising particle

size of the aggregates, and with rising surface roughness, too, when transport distance remained the same.
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Yet, the effect of the latter was more obvious than that of the former. The effects of roughness and interaction
of roughness and particle size all reached the significance level p <0.05, regardless of transport distance,
however, the effect of particle size was not significant when the transport distance reached 54 m or 72 m. (2)
On slopes the same in roughness, abrasion rate followed a paracurve, rising and then falling with increasing
transport distance. Regardless of transport distance, the abrasion rate of the aggregates, 7 ~5 mm in particle
size, increased with increasing roughness; but that of the aggregates, 5~3 mm or 3 ~1 mm in particle
size, varied irregularily with increasing roughness. ( 3) When the transport distance was fixed to be 36 m,
W.IW, of aggregates declined as a power function of increasing depth of the runoff, regardless of roughness,
which may be attributed to the joint effect of roughness and runoff depth, and the effect of roughness was more
obvious in the case of the flow rate and slope gradient set in the experiment. Aggregate abrasion rate decreased
as a power function of increasing friction factor and/or flow shear stress, declining first and then leveling
off. However, in the case of varying roughness, the effect of runoff depth on abrasion rate of aggregates as
affected by slope gradient and flow rate needs to be studied further. [Conclusion] All the findings in this
experiment may serve as reference for researchers in studying mechanisms of red soil aggregates breaking
down in runoff and have some great theoretical significance to the development of proper soil erosion models.

Key words Aggregate; Concentrated flow; Roughness; Transport distance; Hydraulic parameter
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