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Abstract: [Objective] The angles formed by exposed rocks and slope surface in a Karst trough area significantly change the
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hydrodynamic characteristics of the concentrated flow caused by surface runoff convergence. This process of rill erosion is
closely related to hydrodynamic characteristics. Thus, it is essential to explore the hydrodynamic characteristics of concentrated
flow erosion on a slope at different angles between the rocks and slopes in a Karst Trough Valley area. = Method An indoor
scouring experiment was designed having six angles between rock and slope, three slope gradients and three inflow rates to study
variations of soil erosion rate and hydrodynamic parameters. Result The results showed that with scour duration going on, the
soil erosion rate first decreased and then tended to be stable. Also, the stream power and shear stress fluctuated but the trend was
not obvious. It was also observed that the unit stream power gradually decreased while the unit energy gradually increased. When

the angle was 150°, the average soil erosion rate was largest at 0.078 kg-m *s ™!

. With the increase in angle, the shear stress,
stream power and unit energy decreased at first and then increased while the unit stream power decreased as a whole. Under the
experimental conditions, the soil erosion rate, flow shear force, stream power and unit stream power increased with change of
slope gradients and inflow rates. Importantly, the unit energy of the flow cross-section increased with an increase in inflow rates,
but this change was not obvious with the slope gradients. The differences of hydrodynamic indexes among the angles were
significant (P<0.05). The relationship between soil erosion rate and shear stress (R*=0.603), stream power (R*=0.600) and unit
stream power (R*=0.583) was better described by the power function equation, while the relationship between soil erosion rate
and unit energy of flow section was better described by linear equation (R*=0.294). Nevertheless, it was better to use shear stress

to describe the soil erosion rate on the slope with different angles between rocks and slope in Karst Tough Valley area.

Conclusion This study may provide a theoretical basis for revealing the hydrodynamic mechanism of concentrated flow

erosion under different angles between rocks and slopes in a Karst Valley area.

Key words: Karst; Concentrated flow; Angles between rocks and slope; Hydrodynamic parameters; Soil erosion
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Table 1 Particle size distribution and bulk density of the test soil
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Fig. 2 Variations of soil erosion rate with the duration of scouring
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Fig. 3 Detailed information on the partial erosion rill

150°9 f 451N, WIS T AR TPk IR B, i UK
K, WREISEATE] 2 min B, RILAEFEAE, AT
KA VE A B, BWIRI R, KR hAE

RAS | MR MERIG I, 5 B R g R T S
Jeff1k 300, 60°, 90°, 120°, 150°F1 180°H}, -4
{2 2R AR AL FE 43 90 0.000 3~0.626. 0.000 1~
0.665.0.000 5~0.591.,0.000 5~0.626.,0.001~0.915
F10.000 6~0.585 kg'm >s ', Jff 15000 -2 + 4
@R R, K 0.078 kgm s, GREIHLS
B I R TF 900/, B TE R oM, X ]k
SRR A A R T AR K Re i AR T, KB
WA R, [RIE R T AR KR A T R T
AU SAZ I GEAR S AEAE, (145 T IR R
TN R Ry 25 50 B 45 SR 2 W 184 h 7 ol
AT R 1) A S R A 0, L e R RIS 10 8 o o 3
K, WX IR MR E K (F we
=30.445>F 31=9.153 ). X J&H T-H¢ BRI a3 0,
i fFAE T LR e SRS XHAK A T iR
PR S8 MR RS, 53

E=0.0076+0.0070-0.092 R’=0.587 P<0.01 (7)

L, 0 W, °5 O AHUKFE, Lmin',
2.2 KRB ATFAE

B 4 I, A A SR e AT, K
it B U] 7 Bt k) T B R AR R S U Bl M G R Y
o HAE 200, 10 Lomin iR A, HAE
A6 1 B S R RN AR A, T
FE 15 min A4 o 35 [R5 A i A A T AR i
IK AR B G o ST AR TP K I B 1) ) B

TOKIEARFSE , 7K 7248 il 254 T ik
TEHIK S E o BT R, Bl 2 Dl 40 VA T B A
TR, AKIRBHE K, KR BTY) S KO, @ Xt
IS HAE BT R, Y8R RN A A B R
TE PR 37K FE 9N B 78 A0 R TR RS K A2 1k
K IR B T /MR, X AT RRE TR
W BE A K T S b MR i Y, 24409k
TUIRIANF A E 2R, TR T v/ NRE R
FAZ I BT I, R b T R 8 3 2t S 0 i K
AR s U R v R T KR A R
PeE & s K b e v A, DI RE AR I
XM UIER, DL ERRGAER R

FER B s AR BB e MRk, KRBT YI 5t
WMWK (£ 2). MR THALI M, 60°%f
FAF TR BT I8N, T 3003 f A A T YK
TS YRR R, PR BK B V) ) Z [ A7 A
WEEES (P<0.05), XA S AFIMEMET A
ARG E AR X Jeff 30° %44 F, =
ARG PSR F/IN B 25 A6 A
XK A FRSEE Y, KK, ik
W Z UM RERE RS, BEoKRZ, @Mign
KRB, KBV IR, Il 60°0F, %
A S8 — 80, A A B VE R, K
B O30°4MF T AT, 7R T 2B T RS =
Wz, WERERED, KRB/, KRB N,
Bl I ARSI K, A A PP K A g s, TR
W, RERBEIN, K IR, KB SR
WIS &N, KW U JAAE Y 6.382~
34.871 kg'm '-s 2, Fifi 2 wfR R AR BN, K

http://pedologica.issas.ac.cn



768 + I 2 Eibd 60 %
= @ 10° 5Lmin’ 7200 30f b) 10°, 7.5 L-min"* 6r ¢) 10, 10 L-min”"
:-n —a— 9()°
's / e 120° / /

_5‘4" 187 —o—150° 18% 187

= e 180°

8

g 12+ 12+ 12+

[

<=

= M

jé 6 6 6

R

=

<

N0 L 0 0

=367 d) 15°, 5 L-min” 361 ¢) 15°, 7.5 L'min”* 367 ) 15°, 10 L-min"

Té 30 30t 30 +

%

-

= 24t 24} 24}

8

a8t 18} 18}

g %‘;‘g‘ ;

4"’; 12+ 12+ 12}

=

B 6 6 61

:Q

) 0 0
36 . ) 20°, 5 L-min”' 36+ h) 20°, 7.5 L-min”" 36+ i) 20°, 10 L'min™'
30} 30} 30 ﬁ\&/@\\i

ls_W 18

JKIFR BT 7 Shear stress/(kgrm™s7%)

12 ¢ 12 12
6 6r 6
0 0 0

24.WW
18

0 2 4 6 8 1012 14 16 18
i) 7/min

0 2 4 6 8 1012 14 16 18
i) 7/min

0 2 4 6 8 1012 14 16 18
&) 7/min

P4 U D) I wih ek [a] £ 22 Ak

Fig. 4 Variations of shear stress with the duration of scouring
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Table 2 Variations of hydrodynamic parameters with angles between the rocks and the slope
T I A o ‘ BB KR 5
JKIRBY Y] F7 Shear stress 7K i 1% Stream power Ik K T THT B2 g dE Unnit
Angles between the rocks and the Unit stream power
/ (kgm™s?) / (kgs™) energy/m
slope/® /(ms™")

30 20.04+0.60a 5.84+0.15a 7.67x107%£0.005 2a 1.91x107+0.000 2a

60 16.45+0.67b 4.99+0.14bc 7.67x107%+0.003 3a 1.63%107%+£0.000 3bc

90 17.36£0.21b 4.67+0.06¢ 6.83x107%£0.000 6b 1.58x1072+0.000 3¢

120 17.26£0.15b 4.78+0.03¢c 7.09%107%£0.001 5ab 1.63%107%+£0.000 5bc

150 19.87+0.33a 5.45+0.51ab 7.01x107%£0.002 lab 1.79%107%£0.000 5ab

180 19.39+0.57a 5.12+0.20bc 6.69x107%£0.001 7b 1.81x107%£0.001 3a

e ARRVNG FHRFIREALEAE 0.05 KP4 . Note: Different letters indicate significant differences among treatments at 0.05 level.
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Fig. 5 Variations of stream power with the duration of scouring

http://pedologica.issas.ac.cn



770 + b1

=

60 %

T3 BE KooK BT 32 B VR FR I K, K it is gl f v
SO AR BE S T3 . RIS T RB L, 40
HoK S REE /DN, KR IR, AR 20085 16 |
7.5 L'min' i, 180°MAEAM T, Tkt iz
Hh S22 AR R A A BT, A I KK 35S Y
Ty R Ao As , AR 2008 R, AT HAB R
&M, 7.5 Lomin' i MK R TS KRR
AL AR KPS ngk 2 Bios, RUK BT Y) S K/ NEEAk
FL, BEE I MG, AKFYPRIEW NG, %
FMEMFTHRKERERL B EEER
( P<0.05). FH[FIIEEE RN T, 30°9 M Z& AR H K I
DR R IRBER £, X 0] BB 7R %I M 204
TAAEMSER/N, BIRETHE, KFRHEAK
WETYI ORI BR, 286 1E REA K i 2 %85
Ko YJe M 90048 K F 15001F, A7 BHEY A 4
S, TN, KRG R EREH, TS K
TR B e B N . B AT, KR
AL 1.381~11.382 kg's™, BE&E W&
Bk A B8 I 4 K X mTRE SR R T ROK R RO
B A R K, KU DA R R, T K O T R
AP SR 2 F T K R R 5 R R G
ZEA, 155

©=0.3916+0.3960-3.731 R>=0.813 P<0.01 (9)

KXrb, 0 NP, °; O MUK E, Lmin',
2.4 B{IKRINETLFE

HI L 6 W, ANIR] e A Ik v 4 v i K R )
R R DO R A S U Sl N ) AR R R R BRLEK
DI B SR TR 0b - IS  BUROR AN TS U R Lk
o R =i AR AR BT AT &I, 12 min B -2 4
T A 3 min IFAY 1.97 %, P EL F 45 R fE
J2 FR T R Ao R e K I S TR A T S B B K
A BEESAE R R - T U5 58 0 04 5 e R 22 08N S
|, X552 K ERAR Ak R K G 5Y 1) ) B s
] 2E A BA AN Ta] . [ P 6 RT A0, 2008 i |
10 L-min~' Ji A1 30°9 M AT, A0 K I
DB oA M 25 T/ IRBS B R,
A A 4 K R 0.300 mes ™, AR ] i A
e RE ) FA I AR S5 AF R KT B S e - 3000
1) 1.01 £5~1.30 £ . X AT BB R A 2435 B i 1 2
RERREE, KIBE R, I dbnd 5 A PP 1E

F/IN, R VA AR B0 B b = AR TR IR R
MR IRB I, KT RN, R KR T R
S /N ek 30°, 60°, 90°, 120°, 150°F1 180°
BF, B K R B 2 AR AR R 430 O 0.040~0.131
0.029~0.158, 0.034~0.124, 0.027~0.125, 0.032~
0.121 A1 0.035~0.133 m-s”' . HBiGE MK, A
XPZK G BHASVE 3G 5, SN, &JefH R
7K P Dy e 22 (8] A7 A S 35 25 S HBE AR St /N i 4
(£ 2) RIS, ALK RBEE i & 1YY
PN N R 7R N 162 by NP B W o
DK 3 B M s R A, 35,

Up=0.0036+0.0060-0.037 R*=0.893 P<0.01 (10)

L, 0 W, °; O MUK, Lmin',
2.5 HOKERTHEBALEEE T AFIE

HEL 7 Al 0, W SRR A X ) A -5 3k T e
£ T YT 4 v It sk 7K DR B2 B ek B ol g I A
PSP A A G X AT R T g
S RVISTNSE NI U RV oy NG B 85 WA N TR A L S U 8
VBT TET B FiE i B v ) D B 2 0 Sl 3 i, AR L
e /N 90°BT A& r I A K W 1T BV fiE 8 Bl A 1] A
I BhIE R e AR T 90°4: 4 F K, Uil Y4 A A
1050 1) 5 48 ) — B, KR RE AR AR Bh AR . 5K
W) AR, BEE e MG R, A B YEH]
Bk, ZIKR R AL R, &Je M T
K W7 T PR il it 22 (R AE TR 0 3 25 5 HL2 Je s/ IN s 1
Kk (£ 2), I FMAT, KRN RE R
ZEALIE M 0.006~0.029 m, Bl i 5 A4 i 1
K, MEE LA E . SO TR, i
XoF 2k 7K VT T A7 B e SR B . K PR ik k)
BhR A O RS IR R R, BAE R K
TR NN, A K T TR B R R I AR R R,
S V) R A b R R i 3 B R A A Ak 2 ) B A
FSAE A5 5 B X /K O T i s B & /N, A
117 S50 % a8 7K BB 1 37 R 0 5 i R T
X IR A5 AT a7 e e 4 R R A G R
WG, 53

€=0.0016+0.000 20+0.008 R’=0.395 P<0.01 (11)

Kb, 0 MYRE, ©5 O AUKFIE, Lmin',

http://pedologica.issas.ac.cn



3 MORESE: PRI XORTRLA A S Y e /o T & iR oK 85 12 R iE 771
2 om; @) 10% 5 Lmin” T 30 046; b) 10°, 7.5 L-min™ om; ¢) 10°, 10 L-min"*
= 1 —a—90° 1 1
S —— 120°
2 006 1500 0-06¢ 0.06}
£ e 180°
B
Z 0.04t 0.04 0.04}
[=1
=)

-

=R 0.02f 0.02} 0.02}
%

000l 00 0.00
g om; d) 15°, 5 L'min”’ om; e) 15°, 7.5 L'min™ am; £) 15°, 10 L'min™
s f /
S o010} 0.10 0.10}
o

o

E 008} 0.08} 0.08}
S

é 0.06} 0.06 0.06}
5 W‘\‘—N

s 004} 0.04} 0.04}
=

ES L L L
5 om 0.02 0.02
& 000 00 0.00
T, 0167 ) 20°, 5 L-min”" 0161 h) 20°, 7.5 L-min”" 0.16¢ i)20°, 10 L-min™"
£

5

£ 012} 012} 0.12}
(=9

£

g ) .

2 008} T 008t «74\\\\;,‘n‘, 0.08}
% - —

-

= 0041 0.04} 0.04}
ES

2

& 0.00 0.00 0.00

0 2 4 6 8 10 12 14 16 18
[5F[a] 7/min

0 2 4 6 8 1012 14 16 18
1a] 7/min

0 2 4 6 8 1012 14 16 18
[fE] 7/min

Pl 6 B IR A i f i s i 9 A2 1

Fig. 6 Variations of unit stream power with the duration of scouring
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Table 3 Relationships between soil erosion rate and hydrodynamic parameters
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KR Stream power E=0.004¢'% 0.600 <0.01 E=0.015 (®-12) 0.575 <0.01
HRIK DI Unit stream power E=4.517Up"**¢ 0.583 <0.01 E=1.154 (Up—0.018) 0.504 <0.01
K KR A fEfE Unit energy E=383.907¢*2" 0.249 <0.01 E=17.152 (&-0.009) 0.294 <0.01
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