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Fig. 1 Schematic of bedding/ reverse slopes in the Karst Valley area studied
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Table 1 Particle size composition of test soil for simulated rainfall/%
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0.03 0.07 8.26 17.53
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Fig. 2 Schematic of the device used in the experiment
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Fig. 3 Variation of surface runoff velocity with rainfall intensity and rock layer inclination angle in Karst Valley Area
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Fig. 4 Variation of Reynolds number with rainfall intensity and rock layer inclination angle in Karst Valley Area
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Fig. 5 Variation of Froude number with rainfall intensity and rock layer inclination angle in Karst Valley Area

24 BHSEAXBEMELDREHS

14 UL BHL 7 F6 4% L A 35 T It sh ok AR v i A2 B Y
B LS AL . BeaHER . KRR I A A
FI B AEH . Darcy-weisbachBl J1 &%k f &E—4%
FH S MK B S /N FR b, #E 7K B0 1 26 R AH )
MO, BET Z 8500 /N B AR U s IR BEL ) B R
AN, DK F AR b Y B A Y 37 31 S AR
Mo 7 eI, YR, FL 2R
JE 0 Ff A — 3R, BT Y Darcy-weisbachBH 11 &%
SRERE R B A AR AR Sk ZERRYE L, f TR/ R
(30 mm-h™") KM, R A PRI,

MAEF 8 60190 mm-h™'B, f Bl & 5 F I E Y
AR ST R H, W s, Hk Sl VAR Ak ik ]
o AR A R SRR A X T R AR AR AR
FA TR ESF[E] 5 ~ 20 minz2Z [R5 2 PR 76 P T 40
1, s A AN ORGSR R R T, AR
FEMIETEIS min/s, HAFFERS, H- L3
i o, BAERE ) fPEBH R

(1) WEHTRERE 23 X 2R,
VIR 1 ZEAE25.67 ~ 36.78 2 18], P 7+ 2 i fA 3¢
WH60° >30° >90° , MR TR M Ay B ) &
B YFEFRE N30, 60, 90 mm-h ', WiEBE

http: //pedologica. issas. ac. cn



4 1] HREAE:

W SO R DX 18 /30 S35 TR %S 7K B0 7 2 S A R ) 831

(125 BT R B BRI K T 1.501% . 2.244%
FI3.124% . X Ud BH 08 2 I 2 A A 30° F60°
SRR N R BB HIE R, 1600 HEZE90° AYSF-HAFH
T FZF G ERR N, BRI b A 2 A 600 1Y
IS4 B T F B i A

(2) MEEHTREAE A X2k A, S T3
BH S 225016 18.67 ~ 25,672 18], Bl # 2 0f £
90° >60° >30° , BV 2 A R I HAE 8 /)N

#3E Bare slope

70
60 60 -
50 + 50
40

30 ¢

FHf3 Z % Darcy-weibach f

20

24, Bedding slopes
------ O 30° A 60°

b F3® Rainfall intensity 60 mm-h™ 2

it 5 o4 T 3 B A 398 K, 2 33 1 ST 349 BHL 7 2R B A
PRI R T 1,054 . 115517245, X EH N
T 58 A 4 T 78 X L2 334 110 39 T ) ol b B A5 0 2R
K, BURMR R, 1 e A e
3, Ees-HRpAR R, g PR T MK A HERE
XoF L /396 J22 334 394 T BEL O R 80T e, 6 S 30 1 30 v
RH 77 Z2 B0 R F I B i B0 22880, d BH 336 2 B 1
TR I T 32 B 1 T AR B S R T 0

Bk Reverse slopes

X 90°  —8—30° —a—60° —<—90°

70

c. W3R Rainfall intensity 90 mm-h™'

R EsFE] Rainfall duration /min
6 7[R T 5 A5 14 T W8 S R il 2 XA [ 2 200 A 8t T BEL o 22 4 224k

Fig. 6 Variation of Resistance coefficient with rainfall intensity and rock layer inclination angle in Karst Valley Area

25 BEEHEASXIEEMBNRY f SEIEH RN

K&

BH 1 250 £ 2 FH Ol S oK 3t BEL A R4 (7K 1 2
B, AFEAEE AT MR 25 S SRS Re)
KARSAARE, AkEh (K7) , AORBMEZ
I T BIReAES0 ~ 100MFE Y, AR,
RH T3 225k f Bt 75 1 B R e P 15 i 522 300 2 3 ik /)~ 1
B, WA s B B AR R T N 60 mm-h' 4%
PET, Bom g R S R B Re AT G B
ypr (F2) , Hodadad el A B RME Y K/ AT
T, B AR TR A 3k LA R T G TR
B R f SEIRBRe ST KRR, WHZHF
TE [ =aRe R REEZ, AR T3 2305,
L2 3 1) PO R B A v, P AR SA R A Sl 60°
i, SRR ENREERBA R, X GRRA
FlFosterds "2 WBFoR 45040 —3, RIFH S 2515
TEWHReZ ] S R R B X R . i Hessel %
HIRI S 2 f 5E W Re Z [ 7 15 LR 5

Z, Roels " BIFELE KW [ 5 Re PR R B 1Y
TR FR o 3X R 1 39 T8I AR UL BEL ) AN AN 32 33 T fl
SRS, B TRIMIE A B R s, i 7E g
Wl s X, AUE S i T RUZ 450, 05
2 LR T2 VR 0T 5 T 1 R )
2.6 EREFEASXRTERE SEFIE

W T AR R A DX EL A R R 1 Ml b TR XE S
(2548, X b R AR K 8l 11 2 S BB AR 56
BEPNZR o SR8 7% AS [ I/ 396 {157 i) 5 17 F18) 40 o il 2
DX FEAS )5 A AR B AR T A3 B RRAIE SV R 5
60 mm-h™' /R, MM A8 VA Bk o A R S 1] £
AR, WMESHT R, ILLE Y, Az A i)
F14) 8 S0 A b R AR T A 39 Bl I T B[R] S D sl
SRIG B S RA2 /N, B 5 7E30 ~ 60 min L5 & Hik
TROE, MM AR A2 RS/ B, &ia
7E40 ~ 60 minLAJ5 # T 44

AN ) 25 0 100 A %) e 107 45 b 32 LA TS 79 7 O
BAEVTFRME: (1) XE2Egms, e

http: //pedologica. issas. ac. cn



832 + 21

L

2 il 56 %

#iE Bare slope

2P Inverse slopes

JRZE3 Bedding slopes

o 030° a60° x90° ©030° x60° +90°
500 - b.Fi3® Rainfall intensity 60 mm-h!

- 500 ra. W3R Rainfall intensity 30 mm-h! - ¢ FR Rainfall intensity 90 mm-h!
< 400 °
S 400 f . é@go
§ 300 - 300 'o% | o
cé 200 | ° *xf?'s:f
£ g ey e
ﬁloo—mﬂ 00 X I}AE‘E‘E‘ A ‘ wm 2582
Y S oLt |

10 20 30 40 50 60 70

10 20 30 40 50 60 70

10 20 30 40 50 60 70

B %L f Darcy-weibach

&7

S [ PRI A6 T Wi SO R A DS [ o 2 00 0 TTBEL g 2R 80 5 TR T R Re i) B 22 G 3R

Fig. 7 Variation of the relationship between Darcy-Weisbach roughness coefficient and Reynolds number with rainfall intensity and

rock layer inclination angle in Karst Valley Area
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Effect of Bedding Slope on Hydrodynamic Parameters in Typical Karst Valley

GAN Fengling HE Binghui’ QIN Ziyang
( College of Resources and Environment, Southwest University, Key Laboratory of Eco-environments in Three Gorges Reservoir

Region, Ministry of Education, Chongging 400715, China )

Abstract [ Objective ] A karst valley has not only surface/underground double-layered structure, but
also two special geological structures, bedding slope and reverse slope. During rainstorms, bedrocks seem
to form a discontinuous impermeable area, which reduces soil and water loss. Although it seems obvious
that rock layer inclination influences hydrology in karst areas, little has been reported in the literature on
this subject. Therefore it is of great importance to launch a study on rules of water transport with runoff in
Karst Valley areas. So the objective of this study is to investigate roles of rock layer inclination in guiding
surface water flow on slopes in karst valleys. [ Method ] Based on field investigations, a simulated
rainfall experiment, designed to have bedding/reverse slopes (30°, 60° and 90° in gradient), 3 levels of
rainfall intensity (30, 60 and 90 mm-h™") and a bare slope as CK, was carried out on a slope approximate
to the critical gradient (25°) of the nearby karst valley to explore runoff rate and hydrodynamic parameters
and their relationships with bedding/reverse slopes. A total of 18 treatments and 3 duplicates for each
were laid out and conducted in the experiment. The characteristics of soil hydraulics measured included
flow velocity, Reynolds number (Re), Froude number (£7), Darcy-Weisbach roughness coefficient (f'), and
surface/underground accumulated runoff. [ Result ] Results show that with the rainfall experiment going
on, runoff on the bedding slopes and inverse slopes was dominated with shallow watersplash. Over on
bedding slopes, the overland flow slowed down in velocity, with rising inclination angle of the rock layer,
while on reverse slopes the inclination angle of 60° was the threshold. Surface runoff flew faster on the
bare slope than on bedding slopes and reverse slopes. Reynolds number (Re) and Froude number (F7) was
higher on bedding slopes than on reverse slopes, but lower than on bare slopes, Darcy-Weisbach roughness
coefficient (f) was lower on bedding slopes than on reverse slopes but higher than on bare slope. Value for
Froude number (£r) indicated that the water flow was a subcritical one, and was generally higher on bare
slopes than on bedding slopes and reverse slopes. Darcy-Weisbach roughness coefficient (f) was much lower
on bare slopes than on bedding slopes and ireverse slopes, showing order of reverse slope > bedding slope
> bare slope, and decreased with increasing Reynolds number (Re), which was in an extremely significant
positive power relationship with Reynolds number (Re). Accumulated surface runoff varied with rock layer
inclination in the order of bare slope > bedding slope > reverse slope , while accumulated underground
runoff followed an order of reverse slope > bare slope > bedding slope. [ Conclusion ] Overall, the findings
may provide certain data support for analysis of the mechanism of runoff generation and scientific basis for
further research on processes of the runoff and models of the soil erosion in karst valley areas. Meanwhile,
these findings are expected to be of some help for building prediction models for soil erosions in similar
environments different in rock layer inclination.

Key words Karst valley area; Bedding/reverse slope; Inclination angles; Hydrodynamic parameters
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