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Analysis on characteristic of slope erosion in Dongzhiyuan plateau of
Yinchuan—Xi'an high-speed railway

XIA Wanyun
(China Railway First Survey and Design Institute Group Co. Ltd., Xi'an, Shaanxi 710043, China)

Abstract: The study of erosion characteristics of loess slope is of great significance , through the scour experiment on a slope in
Dongzhiyuan of Yinxi high-speed railway, the erosion state of slope under different scour duration, scour flow and gradient
were obtained. The dynamic characteristics of overland flow and the sediment mechanism were further analyzed and fitted, and
the following conclusions were drawn: (1) The top and bottom of the slope are more easily eroded than the middle of the
slope;The slopes of 30°—60° can produce obvious erosion gullies even with small scouring intensity, and it is advisable to adopt
a short the multi-stage short slopes of about 45° to reduce weaken the erosion intensity. (2) The analysis of the hydrodynamic
behavior of the overland flow shows that the flow is mainly in the transitional flow zone . The average flow under the test
condition velocity, is a power function with the scour flow and gradient; the Darcy resistance coefficient is negatively
correlated with scour flow and gradient, and correlation with values of Re is low. (3) The average sediment concentration is
positively correlated with the scour flow and gradient, and increases linearly with the scour duration. After about 20min, the
sediment concentration is basically stable, and this process is the stage of development of slope channel.

(4) The sediment yield is positively correlated with erosion shear stress and effective water flow power. and it approximately
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linearly increases with the former while it is power function with latter.

Keywords: scour experiment; erosion characteristics; hydrodynamic behavior; sediment mechanism; fitting analysis;
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Fig. 1 Site of the scour experiment of loess slope
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Fig.2 Diagram of the scour experiment
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Fig.3 Slope scouring results in different time periods
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Fig. 4 Slope scouring results under different feed flow
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Fig. 6 Relationship between average flow velocity and feed flow at
different gradient

TR A S AR, Al DL, 124 - ol 3 TR G, 3K
SRR SO SR 2 R — B AR R AR R
FIET, WS RE R AW L, iX5 NEARING
S0P GOVERSMHITD BREg s S 45 ARl . AN by
HO WU PR RETOK B J s B AR R R AR R, R B
IR B4 U7 3 45 35 B8 B O k2 (8] A7 A A (1) s
R PR 2R o

u=KQ'J D
K u SR/ (mes™)
[0 W/ (L-min");
J—IK I
K——23 5B 250
@ TR A

B——7K I TR B

Zad UG, A - P U S B K
FERYREF A () FR .

u=0.158Q"> """ (2)

AL, BAEN 0.041, 2 W R A9 728 A0 08 F- 147 3 4 52
W B/, B 5 SRR e 2 5 (P 23 3 5 0K g
Ui RS Gy SR DR <D N TN o 95 SR /1
£8P A TR et R P 9 PR TR 285 R 4% 7K T RT3
Z A E S A EAR IR R . Hi AN, K T3
JEE A [RY R 7 £ 8 A0 9 A2 D B80T PRI 2828 A 7 £ 4
Bt AR AN o 25K g i 1 DR ) IR g, 7K O 4 i 2 4
R, FRUR AT B BE 14 DA, AR R L 7 U T A THT £ 4o A B
RIZN, B a2 8h, VA RES, K & U R, B
P BRI 255 RLRE 5 O, TR 4 B4 1 0 U e 5
UL 52 BEL T A8 R, A28 U v IR BEL T A B R AR HEOIR,
TP 257 37 A 38 3R S R B o B AR, AH L 7K
AN, A B R PR E 0L o
4.12 FHIHE Re

AR T O T RO SR 1, 3Rl 0, 7
ALTE Iy 466 ~ 2 012, /KU F 24 Tt PEFRIX . 1EAH
RIS 26 0T, TR AL e 2 TE A OGO 3% 5 7R AT
ISR, RS P B B BC R . %5

x 1 WEAHKREEE
Table 1 Values of Re of gully flow on slope
ikl g 4t/ (L-min ™)

IR/
2 4 6
90 466 687 1100 1891
60 556 794 1432 2012
45 613 855 865 1922
30 785 876 633 1444




2022 4E

HAE RV R S S U = A 2 i 103 -

R ANE T VEEL Re HO7E A AZ i 3 52 () 5% ) 22 EL3g
JE, H DR AT BB K T 35 | I 3 v i 45 IR 36 3 o
o MNBEIEFE 30 0% FA BE 3 BT, 7K 13 BE SR, 7K i X
S 3 3 T o A FH AR, AR T S Re R Ak S s 1 7R
W, R T AR 22 B R BRI, TR T R T A S B e R
AT AR O
4.1.3 PRI RE A

P 7 it AN ] il e VR T, i PR R R8s
PEREMSEFR . AT UL, BH T 2 R b R 3 K mis D, H
ok /I AR X AR 2% 5 TR, BEL T 2R 55045 o) 37 A St L
KR BRI SR N, TN, B A
FERE , M F 428 It 25 Bl Aot & /0N J0RE () 174 WA o & 452
AR, RO B BE T R BUE R K PR R AR T 1 AR K,
B KT ARV (R, SO0 A ] 114 W R S 488 T U 5,
W5 T AR S S, BT AR /N

1.8
= == Ml EE: 6 L/min
--o--- i & 4 L/min
o — a— AL 2 L/min
‘. —o — ifiljiE: 1 L/min
1.2 AL
< ~
3 ~ .
ﬁ p = ~ = -~
B T ~ ~ =~ ~o
= el Sal
E% e -~
0.6 S~o T, ~
x ~<o
iV
-~
0 . . . ,
30 45 60 90
YERE/(©)

7 EEBEARHEHRIRE. WERXER
Fig. 7 Relationship between average flow velocity and gradient

at different values of Re

o I T 240 /N SURE P B 455 I B LR ) T MR
feli it i, BRIV ) R B A SR Re BYR FR
TH 8, o a] WL, BTy RS T RO G B R
F, FUBH ) AR B e i A R 5 FOR R A
RN BEDIARSE, BER il BH g 32 2252 R IR0 -5 34 1
LERCREN o TR AE KT 304 L #EAT Y, K
BBIER, AL L5, PR, 35 TaTBH 77 28 B MR A2 354 v 4%
PEAERT, TRt 5 5 R o = 4 R AT B E &R
0[] A B SR, o B Bk e R E B R A
(L, YRR ey, HOURL B 3R D BOR, MU 5 e i
FJZIE AR 2 BIITIR A 25 Bz, oK i I R, BT
FH N SRR RN, HURURL R 3R 800N, 1E7K

40
o ARSCEEHE o 2R RBED < W BR R R
357 Re=580 05 = Re=6500
=
3.0¢ ] a
DA - a
%25) L %i S f%§X§
E JZX e & #a s - I 2
Zo20b- ) #x i
sl e K X
| A=24/Re i
Lol 1=0.138/Re"?

0.5 . . . . . . . )
33 35 37 39 41 43 45 47 49
log,,Re

B8 ZEMANRHEEEHHUINEXF
Fig. 8 The log-log relationship between Darcy resistance
coefficient and value of Re

{16 iR 1 P BT S FE IR ATE, DT/ K O RE i, e
RILBH Ty 28, dE— IR T BRET AR, R 3ge ™ v
i, B0 R AR R TR PR A
4.2 BmifR b
VT, ST R ok v BRI A R LB Y
HEAR R, X T IR ST AR D W R e HL R A
2R E A
4.2.1 BRI S PRI SRR
R 7K F7 ) D7 s 30 min, 052 vl R Sk 4 U8 10
T, 2 A TR 3B 7 b R e AL e 2 1 Y 5C AR A
PO JT7R o mIRI, P-4 5 A5k B s ) O KT K
WK R SR G2 5 5 Vb R I B3R R BB R — B R
P 8 = RO X IR HOR T LA vl
R R I A R R R SR SRR AR A, HL
A7 B Rl 7 ek 472 AT A s it S TR A K% e b
iz | DUBUR S S, i 4R R 45 (9 28 AR TR A

1000

- - EHE: 900
—a- - B 60°
—-a-- PRRE: 45°
—o— JJE: 30°
=~ 800 —.-
— M= T T
\é/ﬂ .- -
by g =
2 T
B g — o
g ttlas
o600 e
i /O
1:’ —
400 L
1 2 3 4 5 6

PRI /(L - min ")
B9 REWETFRORSHRIFENXR

Fig. 9 Relationship between sediment yield rate and feed flow
at different gradient



- 104 - Hh [ M KCE 5 B iR A 4R

IR

PR K I 5 = = b 4
4.2.2 BIRIR I YD RE i) D RG24

AN TR) I B 240 7 52 ol ) 200 2 e AR R B O % BE X
SR LA B8 7 Vb 22 /b o AR O TRl 2 T Y
U EOAITFER R, BB R NIE 10 FroR .

80
Koy X
R
/.)‘ . — 1]
60 P _‘U./,ﬁ\ |
; -
Tf\ / /n __",/P*\o_,e\\
— PR
0 lx /7 /
3 40 Lof A
) vy /
,%3 1 . ’I /
£ s /
wl 7y = e I 90
1€y —o- - PR 60°
¥e e B 450
. )/ —o— BEJE: 30°
10 20 30 40 50

W7 ES /min
B 10 AREFEETHERSRSMRIHRIX R

Fig. 10 Relationship between sediment yield rate and scour time

at different gradient

AL, e RIAR B B, 5 VbR B Dy i A AL R
FLIREBOR, S de e . Horp, fE BUIME BT,
F VDAL TE AR RE , W] AE I A 4 R 2, T T 1)
Gy J3HIN, A AR, whR RE B o £ 20 min LU,
UL E, BN, Al RE IR BERE i D
NP0, TR 2 L AN IR BR T, JFRp A e, i T il
SRR S AR, B 73 BT B 1 ST B T, PRI
AR 5 Y B g ek 1] gt £ S 0 40/ N s R R, it
A B R Y T8 K SR B
4.3 ST b A= s DAL A
4.3.1  RIeTb AR Y YIS &

B i T A5 S 4 233, FIH FOSTERPHE iy i 5
DI 5, A4 00T B3 A mh sl 85 U177 W3 2.
AL, BTN Iy 5 R R R 3 R DA O, RN

&2 BEILRATHEMRIEEA

Table 2 Slope scour shear forces under various conditions

el /(L min™)

ez ()
1 2 4 6
30 0.348 0.424 0.536 0.613
45 0.812 1.201 1.45 1.561
60 1.345 1.880 2.485 2.554
90 1.651 2.001 3.031 3.974

PRI e B 3 B G T R, AR &, 39 8 %o H AR
A =R N0 A iy [T

P I AT A5 AN [ T80T 35 T e ] 7= 0 S8 RN DR 7 1Y
RAMWE 11 PR . AL, S ) r= v & 5 =ik
VIR — 38 R R BB, 7 a1 2 /D REY) I ) i3
PRGN, AR LA OCR R, UG, HTbE 5
WY IR = (3) Fis

G =48.981+4.899 (3)

A G—FVE/(gL);
I J1/Pa,,

T

140

120 G-48.98r+4.899

IR/ L)
D
(=]

s ) ) ) ) ) )

0 04 0.8 1.2 1.6 20 24 28
I 71/Pa

11 EEERMVINEASEVEXR

Fig. 11 Relationship between scour shear stress and

sediment yield rate on slope

B AR R ZL A B AR PR R £
PRV SRR f T 5 R ), HA A
ZH0N 0.875.
432 PlRPFRSHBOKRIIRLR

B % BAGNOLD!7E 4238 /K 77 2 7 i 45 H i 7K I
TR, WEAS ) 000 T B T AR ol = Vb it 5 4 280K 3
IR R WA 12 fis . i KRR EE A 2 %

140

G=17.85p"7%

0 4 8 12 16 20
ABOKIRIIHIW
B 12 WEARKRNESEDVEXR
Fig. 12 Relationship between effective scour power and

sediment yield rate on slope



2022 4E

HAE RV R S S U = A 2 i - 105 -

705 ) Ao v v Al - R R B I AR R g R, T 2R
W, XA S U i 5 A ROK I 2, il R
EIFFHEA A5, T UL R EIOC R, B SCR T
G =17.85P"% 4)
A G——3 XA (3);
P—AROKH Y (N-ms™) o

H5HBOKRIFMXRBEKR T 5ERIIN 1, 25
AR, A BUK TR EE AR A 3 R
ik, “HERRENRE

5 #ip

SC R HRUER P R R R R B R B S, A SRR
i w7 TR UL TIN5 U= S 7 N T R0 1 7 AN D T =
I S S I3 T PRI O, 2254 H T MR K
Bl 2R L AN R ST 00 B T VDA 6 R e b
PLHE, =AU 458

(1) 38 o R A 52 380 A i sk ™ 5 M L 35 1 e, 33
THURII JFE A4 42 b A oA S 35 o 3 G, 3 v v
I 30° ~ 60°RHETER/ING phhil 58 B2 (1 ~ 4 L/min)
R AR R B AR A, R AR T 45005, =00
2RI B J, PRI B SR B 45° 26 7 114 22 90 96 I 49 O U 5
1R PiER

(2) T AK B J1 2E Rt A3 BT 26 B SF- 230 5
Fil it et . 3 0 O 2R AT P R EICK Rl aA, P-4 i i 5 o
il i 2 IE A OG, SR O R AN K 3 T R AL
AR R A AR S T 0K I B AL TRl PE L IX, 7EAH ]
PERESAAE T, BRSO e E A DG OC R AEAH TR
WA AN, RIS W AR E I B G R A
VG BE 7 22 3B 30 P85 1 1 R T /N, L /N 4 A ) A
Z%; [lBs, BHJ) RS vl i i R LR B R 8
FEOF M B OCR, HBH ) RECE2E 58 3o
R PR 5 et RUSORCR AR /N 25 DAE G, 1561 il BEL 7
F A7 PR R Y 45 B S

(3) V345 Vb i 5 p i It 45t B 33 B A % VI AE O 1k,
S L v A R RIS K, SO 2R S vb i
7T Bt 35 38 1 1 R St — LR n a2, v, FE Ik B B/ I
LR, b AR T SRR 5 B U dk B D3 e T AL P
i, 29 20 min LUS, & Ui SEARR G, R UM S, It
SUR W SRTARI W9 =

(4) By Y11 77 55 3% P K w37 o 2 VI AH O, 2 1E A
e FR, FLT /N b il 38 B 3 A 3 R R, A A
15, 39 AR A R B s i Ok B 3 i o
Ui 52U N ) AR SRR, T T AL S e T R

Fy WIAR b = U S A SOK R D R R TR R
Z, H R R R

S Z ik ( References) :

[1] BAGNOLD R A. An approach to the sediment transport problem
from general physics [J]. USGS Professional Paper, 1966:
422 —437.

[2] FOSTER G R. Modeling the erosion process [M]. St Joseph:
ASAE Monogr, 1982: 296 — 380.

[3] NEARING M A, FOSTER G R, LANE L J, et al. A process-
based soil erosion model for USDA-water erosion prediction
project technology [ J]. Transactions of the ASAE, 1989,
32(5): 1587 — 1593.

[4] GOVERS G. Relationship between discharge, velocity and flow
area for rills eroding loose, non-layered materials [J]. Earth
Surface Processes and Landforms, 1992, 17(5): 515 — 528.

[5] ZHANG B J, XIONG D H, SU Z G, et al. Effects of initial step
height on the headcut erosion of bank gullies: a case study using a
3D photo-reconstruction method in the dry-hot valley region of
southwest China [ J ] . Physical Geography, 2016,37(6): 409 —
429.

[6] ZHANG B J, XIONG D H, ZHANG G H, et al. Impacts of
headcut height on flow energy, sediment yield and surface
landform during bank gully erosion processes in the Yuanmou
Dry-hot Valley region, southwest China [J] . Earth Surface
Processes and Landforms, 2018, 43(10): 2271 — 2282.

[7] GUOMM, WANG W L, SHI Q H, et al. An experimental study
on the effects of grass root density on gully headcut erosion in the
gully region of China's Loess Plateau [ J | . Land Degradation &
Development, 2019, 30(17): 2107 — 2125.

[8] BR&AAF, VPR, 30, 5. 8 4 I i A X 3 S
S WU f ol e AR B2 LRI AR (0] L K R R
2009, 29(4): 37 —41. [ CHEN Shaoyu, XU Jianmin, WANG
Wenlong, et al. Erosion features of head-cut and its control
measures on Dongzhiyuan of the loess plateau [ J ] . Bulletin of
Soil and Water Conservation, 2009, 29(4): 37 — 41. (in Chinese
with English abstract) ]

(9] BR&d5, VPR, T30 . o Ui 7h A% IX A5 0 Sk W AR
DR AT (V] . P EAR AR R, 2009, 25(9): 258 -
263. [ CHEN Shaoyu, XU Jianmin, WANG Wenlong. The
research on erosional types and process of head-cut on
Dongzhiyuan of loess plateau [ J | . Chinese Agricultural Science
Bulletin, 2009, 25(9): 258 —263. (in Chinese with English
abstract) ]

[10] sfEde, F30Te, WM, 55 3 3 0 18 Sk 990 U ik i A
K B ALBR K R 18 [ 7] . Al T % 4, 2019,
35(18): 110 —117. [ SHI Qianhua, WANG Wenlong, GUO

Mingming, et al. Headcut erosion processes and pore water


https://doi.org/10.13031/2013.31195
https://doi.org/10.1002/esp.3290170510
https://doi.org/10.1002/esp.3290170510
https://doi.org/10.1080/02723646.2016.1219939
https://doi.org/10.1002/esp.4388
https://doi.org/10.1002/esp.4388
https://doi.org/10.11975/j.issn.1002-6819.2019.18.014
https://doi.org/10.13031/2013.31195
https://doi.org/10.1002/esp.3290170510
https://doi.org/10.1002/esp.3290170510
https://doi.org/10.1080/02723646.2016.1219939
https://doi.org/10.1002/esp.4388
https://doi.org/10.1002/esp.4388
https://doi.org/10.11975/j.issn.1002-6819.2019.18.014

SRR [J] . KB R, 2012, 23(2): 229 -
235. [ ZHANG Kuandi, WANG Guanggian, LYU Hongxing, et

- 106 - Hh T 5 A S BT R oA AR 514
pressure variation on Dongzhi tableland of China [J] . al. Experimental study of shallow flow hydraulics on a hillslope
Transactions of the Chinese Society of Agricultural Engineering, under artificial rainfall conditions [J] . Advances in Water
2019,35(18): 110 — 117. (in Chinese with English abstract) | Science, 2012,23(2): 229 —235. (in Chinese with English

[11] SkBIF). B 3w & T oA K sh J e iiss (7] . abstract) ]

PV WF5E, 1999(1): 56— 61. [ ZHANG Keli. Hydrodynamic (18] FEE, Mt E. % B S5 0 X IUE )RR

characteristics of rill flow on loess slopes [J]. Journal of Whia gtk [T] . pE R ESPG%R,
Sediment Research, 1999(1): 56 — 61. (in Chinese with English 2020, 31(2): 44—49. [ YAN Yuping, XIAO Shiguo. Stability
abstract) | analysis method for bedrock-talus landslides considering strength

[12] VOPRE, H ¥ 4. ORh M 4 35 1 403 3t i K 7 ek 58 BF 5 parameter partition of slip shear band [ J ] . The Chinese Journal

[J] . VA, 2001(6): 39 —44. [ SHA Jide, BAI Qingjun. of Geological Hazard and Control, 2020, 31(2):44 —49. (in
Experimental study on hydraulic characteristics of rill flows over Chinese with English abstract) |
clay soil slope [J] . Journal of Sediment Research,2001(6): [19] EEF, B . OSCHEST 1 B hn [ 1 5 60w b 5 0 #E )
39 — 44. (in Chinese with English abstract) ] Bk [ 0] . KSCHb R TR, 2021, 48(4): 55— 63. [ YAN

[13] SKeHME. B 2 FoKsh J2# R S se i 58 [T] . K Yuping, XIAO Shiguo. Calculation method for thrust on the fore
Bk, 2002, 13(2): 159 — 165. [ ZHANG Guanghui. Study piles of double-row stabilizing piles used to reinforce
on hydraulic properties of shallow flow [ J ] . Advances in Water landslides [ J ] . Hydrogeology & Engineering Geology, 2021,
Science, 2002, 13(2): 159 - 165. (in Chinese with English 48(4): 55 — 63. (in Chinese with English abstract) |
abstract) | [20] k¥ 38 Ao B oy 0 D5LAR oo AR P s gk s [ 7]

(141 SOE, 78, X0k F0, 45 B A Bl 1 40 98 74 Sk 31 9 2t fr) BIBHST, 2015, 55(11): 76 —79. [ ZHANG Zhe. Influence of
sALTFS [T] . Ak T 2% 4, 2018, 34(6): 160 — 167. gully erosion on Yinxi high-speed railway in Dongzhi

[ QIN Chao, HE Chao, ZHENG Fenli, et al. Quantitative plateau [ J ] . Railway Engineering, 2015,55(11):76 —79. (in
research of rill head advancing process on loessial hillslope [ J ] . Chinese with English abstract) |
Transactions of the Chinese Society of Agricultural Engineering, [21] WH#E, Ehx, Am4E, & WG gk B8 X 3+
2018, 34(6): 160 — 167. (in Chinese with English abstract) ] TRRFESMEE [T] . %08 TR, 2016, 33(12):

[15] BRE#E, Bk BWmmAk 2 (1] iRl 8 ke, 24 -28. [ MENG Xianglian, XIA Wanyun, ZHOU Fujun, et al.
1992, 12(2): 7-13. [ CHEN Guoxiang, YAO Wenyi. Slope Analysis and study of loess engineering characteristics of
flow mechanics [ J] . Advances in Science and Technology of Dongzhiyuan on Xi'an-Yinchuan high-speed railway [J] .
Hohai University, 1992, 12(2): 7 — 13. (in Chinese with English Journal of Railway Engineering Society, 2016, 33(12): 24 — 28.
abstract) | (in Chinese with English abstract) ]

[16] XHFR, ZXKEF, BN, 5. Jmn Kkt R s )% [22] FLANAGAN D C, NEARING M A. Sediment particle sorting on
(Ty:emm [J] . J12=iE g, 2004, 34(3): 360 —372. [ LIU hillslope profiles in the wepp model [ J ] . Transactions of the
Qingquan, LI Jiachun, CHEN Li, et al. Dynamics of overland Asae, 2000, 43(3): 573 — 583.
flow and soil erosion (I): Overland flow [ J] . Advances in (23] Z=mg, 2= bk, 48 55, 45 2+ Bw 42 = o™ v 3h )
Mechanics, 2004, 34(3): 360 —372. (in Chinese with English ARG HR [J] . KB R, 2006, 17(4): 444 -
abstract) ] 449. [ LI Peng, LI Zhanbin, ZHENG Liangyong, et al.

[17] ki, EOGUE, B 224, % B L W 4% 78 T B ik Hydrodynamics process of soil erosion and sediment yield by

runoff on loess slope [ J] . Advances in Water Science, 2006,

17(4): 444 — 449. (in Chinese with English abstract) ]


https://doi.org/10.11975/j.issn.1002-6819.2019.18.014
https://doi.org/10.3321/j.issn:0468-155X.1999.01.010
https://doi.org/10.3321/j.issn:0468-155X.1999.01.010
https://doi.org/10.3321/j.issn:0468-155X.1999.01.010
https://doi.org/10.3321/j.issn:0468-155X.2001.06.007
https://doi.org/10.3321/j.issn:0468-155X.2001.06.007
https://doi.org/10.3321/j.issn:1001-6791.2002.02.005
https://doi.org/10.3321/j.issn:1001-6791.2002.02.005
https://doi.org/10.3321/j.issn:1001-6791.2002.02.005
https://doi.org/10.3321/j.issn:1001-6791.2002.02.005
https://doi.org/10.11975/j.issn.1002-6819.2018.06.020
https://doi.org/10.11975/j.issn.1002-6819.2018.06.020
https://doi.org/10.13031/2013.2737
https://doi.org/10.13031/2013.2737
https://doi.org/10.11975/j.issn.1002-6819.2019.18.014
https://doi.org/10.3321/j.issn:0468-155X.1999.01.010
https://doi.org/10.3321/j.issn:0468-155X.1999.01.010
https://doi.org/10.3321/j.issn:0468-155X.1999.01.010
https://doi.org/10.3321/j.issn:0468-155X.2001.06.007
https://doi.org/10.3321/j.issn:0468-155X.2001.06.007
https://doi.org/10.3321/j.issn:1001-6791.2002.02.005
https://doi.org/10.3321/j.issn:1001-6791.2002.02.005
https://doi.org/10.3321/j.issn:1001-6791.2002.02.005
https://doi.org/10.3321/j.issn:1001-6791.2002.02.005
https://doi.org/10.11975/j.issn.1002-6819.2018.06.020
https://doi.org/10.11975/j.issn.1002-6819.2018.06.020
https://doi.org/10.13031/2013.2737
https://doi.org/10.13031/2013.2737
https://doi.org/10.11975/j.issn.1002-6819.2019.18.014
https://doi.org/10.3321/j.issn:0468-155X.1999.01.010
https://doi.org/10.3321/j.issn:0468-155X.1999.01.010
https://doi.org/10.3321/j.issn:0468-155X.1999.01.010
https://doi.org/10.3321/j.issn:0468-155X.2001.06.007
https://doi.org/10.3321/j.issn:0468-155X.2001.06.007
https://doi.org/10.3321/j.issn:1001-6791.2002.02.005
https://doi.org/10.3321/j.issn:1001-6791.2002.02.005
https://doi.org/10.3321/j.issn:1001-6791.2002.02.005
https://doi.org/10.3321/j.issn:1001-6791.2002.02.005
https://doi.org/10.11975/j.issn.1002-6819.2018.06.020
https://doi.org/10.11975/j.issn.1002-6819.2018.06.020
https://doi.org/10.13031/2013.2737
https://doi.org/10.13031/2013.2737

	0 引言
	1 试验基本目的
	2 现场试验设计
	2.1 基本测试项目
	2.2 试验设计
	2.3 试验步骤

	3 坡面冲刷结果
	3.1 不同时长下边坡冲刷情况
	3.2 不同流量条件下的边坡冲刷情况
	3.3 不同坡度下的边坡冲刷情况

	4 结果分析
	4.1 坡面流水动力学特性分析
	4.1.1 平均流速
	4.1.2 雷诺数Re
	4.1.3 达西阻力系数λ

	4.2 坡面侵蚀产沙量
	4.2.1 坡面侵蚀产沙量与冲刷流量、坡度的关系
	4.2.2 坡面侵蚀产沙随冲刷历时的变化

	4.3 坡面冲刷侵蚀产沙机理分析
	4.3.1 产泥沙率与坡面冲刷切应力关系
	4.3.2 产泥沙率与有效水流功率关系


	5 结论

