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Impact of Hydraulic Conditions on Soil Detachment
Capacity under Different Surface Roughness
ZI Ruyi', FANG Fayong', CHEN Tingsheng', MAO Tianxu', HAN Zhen', ZHAO Longshan"’
(1.College of Forestry, Guizhou University, Guiyang 550025, China; 2.Key Laboratory of Karst Georesources and
Environment of Ministry of Education, Guizhou University, Guiyang 550025, China)
Abstract: [ Objective] The hydraulic conditions are key factors influencing soil erosion. However, few studies
have focused on the impact of hydraulic conditions on the soil detachment capacity under different surface
roughness levels. Analyzing the impact of surface roughness on soil detachment capacity under different hydraulic
conditions can provide a theoretical basis for the construction of soil erosion process models. [ Methods] The close-
range photogrammetry method was used to quantify surface roughness. Combined with scouring experiments, the
soil detachment capacity under roughened and control treatments was quantified and analyzed under nine hydraulic
shear stress conditions (1.61~7.04 Pa). Additionally, a prediction model for soil detachment capacity based on
hydraulic parameters was established. [ Results] 1) The total sediment load in runoff under both roughened and
control treatments increased with increasing hydraulic shear stress. When the hydraulic shear stress was relatively

low (1.64~4.69 Pa), the control treatment exhibited a significantly higher total sediment load than the roughened
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treatment (p<C0.05). When the hydraulic shear stress was ==4.69 Pa, the control treatment showed a significantly
lower total sediment load than the roughened treatment (p<C0.05). This indicated that larger surface roughness
reduced soil erosion under low hydraulic parameters, while it increased the risk of soil erosion under high hydraulic
conditions. 2) The soil detachment capacities under the control and roughened treatments ranged from 0.003 91 to
0.043 29 kg/(s*m* and 0.003 07 to 0.139 97 kg/(s-m®) , respectively. When the hydraulic shear stress
was < 4.69 Pa, the soil detachment capacity of roughened treated soil was reduced by 42.08% to 112.31%
compared to the control treatment. When the hydraulic shear stress was =4.69 Pa, the soil detachment capacity
under roughened treatment increased by 29.38% to 63.72% compared to the control treatment. 3) The soil
detachment capacity for both treatments exhibited an exponential increase with increasing average flow velocity,
runoff shear stress, runoff power, and unit runoff power. The soil detachment capacity could be well predicted by
average flow velocity, and the soil detachment capacity prediction models based on average flow velocity under
control and roughened treatments were Dc=0.003e*"* (R*=0.916, NSE=0.908) and Dc=0.000 3e*"** (R’=
0.929, NSE=0.924) , respectively. [ Conclusion] When assessing and predicting soil erosion under different
roughness conditions, the influence of hydraulic conditions should be fully considered.

Keywords: surface roughness; soil erosion; soil detachment capacity ; hydraulic conditions; scouring experiment
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Fig. 1 Quantification of surface roughness of experimental soil samples

http. // stbexb.alljournal.com.cn



5 6 3]

BEURL A < IR 3 258 X0 AN Tl il 2 RS J82 8 23 2 E 1 B9 32 TR 217

eI M7 v, — 0K SRR 1B B KN UK
b, & — 2 T RRE P A it o v R B T AR L
K H ArceGIS 10.2 344 %5 % H Agisoft PhotoScan ) (5
PR FE DEM gE A7 A0 B S H5 B A4S H PR Y R
TR 5% AR, SR 5 TR0 R 0 b R B2 H 5
AR

(1)

A SR Ay A A b FAMRE BE 5 S o B A R T
FUE RS o - FE R B A

X HR AR 1 H AR JE R 1.2~1.45, P 359{ k 1.34;
FELRE - B ) b FHURE B o0 1.49~1.81, F¥{H hy 1.61, KL
i LA A b FORELRE 5 W 2 R T X R AR (& 1h)

1.3 tESBEEANE

SR FH AT R o R K ORE I 4 B AR )
(F2), KiEHK 1.2 m. % 0.08 m 1A HLBEHES &A%,
KA W BE AT AE 0~30° [ b I8 9 o X0 2B A 45 S e
PR KRS REREE R R AE B U R TR K
A (200 L)ook 06 2ok R opr 3R 22 1] K AR rh i K DA
PRFF KR T fE e . FEf S0 TARMIEND L5 0.2m
M(HEAR7.2cm,EE5em),

S O R IG B KOR — S, I R AT A
AL B 7 R T JEOIR B TP IR AR N L AR 1)
A IR 2K 5 3R] V-1 FEF L 48 6 hif Fni K
JE B FRE 24 h DVHETEE K. WAL BRZE S S B4
UG o MR A AF 5T X b SRR AE B B T 1, AR
B3 E 5 157 257 34 B v 9 4 43 O i R
3.2.4.8.6.4 L/min, 4 55 A i 56 7K RS 1) 2R 58 U £ 43 5
9 2400.3 600.4 800 L/Ch-m), w5 45 , 78
JKFEAE U T 2L 1 min 0] R AR SRR TR TR VD RE &
FEAS LA vl R B ) AS B 5 5 ming A By 1k BURE 35 )
(300 BR80T, 22 A A o R O B 55 3 2 e B, 57 BDASE Ik
P G o AN R ) A AR R A AT 54

R SRR . IS S RS SR RS R TR
FREE, JFidsRFE & . R EE WM AEE N E
30 min £ 45, £ FH E M U8 4K (@ =30 pm) it JEFE i, B
e vd , IR AT FRE (85 °C,3 ).

WFERS LR

PR A Faiio i

i i

B2 RBREETFE

Fig.2 Schematic diagram of experimental setup
14 $EHRITEHE

A o R B (MO ) I A28 L T, 0 1) 7
AN B VI B A5 R I SR 5 K I O TR A (E DUAR
BP0 3 o B TR 98 L B A MR ARBE, AHTA 5(2)
TR R (b, m) AR 8 U1 ) (o, Pa) (AR 2
(w,kg/mHFHNAR TR P, m/s) 7 ITE R

Q
h:E (2)
= pghs (3)
w= TV (4)
P=>5Sv (5)

A QM E, m*/s;v B FEHFHE , m/s; B EK
55 ,0.08 m; g b N, m/s%5 S Ay IE
3% ,m/m. AP KDSEENFEL,

#1 FEAREMAEEGTHKNSKE
Table 1 Hydraulic parameter values under different slope gradients and flow conditions
W it (AR S Y7 (e NI [EN RIS PNLAR T %
S/ (Q)/(L*min Y (h)/(mm) (v)/(m-s b (0)/Pa (w)/(kg+s™") (P)/(m-s D
3.2 1.920 0.408 1.641 0.669 0.036
5 4.8 2.100 0.545 1.795 0.978 0.048
6.4 2.830 0.643 2.418 1.555 0.056
3.2 1.570 0.525 3.982 2.090 0.136
15 4.8 1.720 0.692 4.362 3.019 0.179
6.4 1.820 0.880 4.616 4.062 0.228
3.2 1.380 0.624 5.715 3.566 0.264
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6.4 1.700 0.958 7.041 6.745 0.405
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Fig. 6 Exponential relationship between soil detachment capacity and average flow velocity under different treatments and

their prediction performance
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Fig. 8 Exponential relationship between soil detachment capacity and runoff power under different treatments and their

prediction performance
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