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Fig.1 Schematic diagram of experimental area
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B, EEEL AR L AERAL, MRS X MR R T R
W P R S AR AR B R b
1.2 AR ILIEHERREE

2017 %7 H 11 H—8 H 15 HXSBepig bl 5 4
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Table 1

Basic information of different engineering accumulation

HERUAR 44 FR WERALE 3 WEAR B £ s ZE IR Y Yk
Namne of accumation  Position Soil Year Vegetation  Cover/% Latitude/N Longitude/E Elevation/m  Gradient/(°) Length/m
EHEEE AR ~ NEfE. A=
: i 7 \ 80 33°02/38.84"  106°54'38.26" 521 37 8
3555 Wrh KAE+ W pkEs
TR - . .
A ﬁﬁ/'ﬁ%k = P fiE+ wE. Tk 70 32°52/35.08”  106°55'48.68" 695 36 80
e
2z 2y = Uk 3
ﬁi@ﬁﬁfﬁgﬁwﬁ XY HEyhif e, EE 10 34°19'52.37"  107°22'41.63" 595 35 30
=8
PRy ag O M
ﬁi@ﬁﬁfggwjﬂﬁ ES PR A, #E S0 34°194674"  107°2276.95" 597 36 30
VG5 o P Ve 7R 37 ESCI R ke, HE 60 34°19'59.57"  107°22'51.60" 596 38 60
WIERRE AR g% EAS+ il R 50 35°50'01.74"  109°13'09.95" 1020 40 40
i o A Y <
ﬁii‘er£;§;;ﬁﬂjiﬁﬁ3i W AL R, B 40 35°5130.20"  109°12'03.11" 1120 36 40
i o o
RERER E AT W AL o 40 36°05'58.30"  109°11'13.33" 1143 32 45
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TE R I THT G R A8 0 8 X SR 4 L RE A . AR
WA NAE 10 cm. & 6.37 cm HRIFEFR JJEURE . BURE
AIEiEBR LR Y, R TIEBERTIFE LHUFE, 4
BAAIR ) 206 - RER, B R R I, i R 2 An,
PR, B B & B W%t 20 ANASFEAREE (L
x3), BMEEE 6 MIUKGE (K2, HES
W, 2Tt 600 AN IR . o, 1) BRIKE 3 FhabEE,
NTEAE, I, DIUKED SRR, 7R D R
FERFEREIZRFE 90 AN 20 NAER 2 FhabHE, FKA
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BRFE 90 e 3) IKEAFE 3 Fiib B, WE 1a, KE
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VI, TEVARHBS REE 30 A, 4) ARFEBAL 3 Fikk
B, MR Merbo BN, 97T R SR VA R R A
%30 AN 5) BB RIATE 2 Rk, RS MG
S TH, LRI ER A OO R, 7R R A i R
T, M A, A E B TR 2
FEIIRHFE 30 4o SRFFIESE 7 mx 6 m PIIXIK, SR)E1%
HEATEEAN(AIEE & 1 m BEATREALEL 30 AMFES . TR0
il SRR 51 JE 6 250 FE AR TR s 3K 4. R E. M
WARFR, BEHE 3 K TERA I BFE SR U B 4
UL 1~2 kg FEDE KRR E A R A . R4 BCR
MS2000 E /R SCEOERLEE G, B 3 W fEMR A
T 22 B AORDRG 5 3000t - 338 R £ BBl ARG 485 33k 47
E, BEHE 10K,
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EE LA 2. KSR — 200 1358, A KA 5T
FEURE P 5 300 T FERERS B AR e — 35, (A ik o] fR RIS 3B
FHRE P AR RIS R R o ZERE/KAE R 0.10 m 4bik
BB EE, HARYN 107 cm. HAR3ER
R ) P AR T P e A, R O v A K R e A
0°~40°75 4k, T I AR AN K RA R T TR, W
AFALIEFE N 0.01~0.60 L/s.

MR Y A 2 25 5L, HERUAIS B K 2 TE 36°, A
PR RE I BE 3R 36°. ARMEHERUAZ /N X I, 5, e
FRAR I T 58 i AT 80~170 L/min, 45 & A7 17056
AR B Y, ARG 6 AR UK
W (020, 0.25. 0.30. 0.35. 0.40. 0.45 L/s) , XfRi

KBNS HNFR 2, HApoKE BT 71 G B o
12.79~18.35 Pa, i 2 iR50 70 & LIRFT 5 /NI ). fF
KRR JE e Ok, R AR A AL LN S ARV
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Fig.2 Schematic diagram of experimental device
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Table 2 Hydrodynamic parameter summarizing

KA & F Y E KR KIHIY) 71
. S
Flow discharge/ Mean flow Flow depth/mm Flow shear
(L's™) velocity/(m's™) P stress/Pa
0.20 0.60 222 12.79
0.25 0.68 244 14.07
0.30 0.74 2.71 15.60
0.35 0.83 2.81 16.21
0.40 0.88 3.04 17.48
0.45 0.94 3.19 18.35
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W, 9.8 m/s’s R OAKITEAE, m, HITHHEAKR NEE
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RIS f 8 AN HERRAR, — ANk, = dk 20 MANH
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2.1 ARILIEHRKRTIRYIEREM
P AN 5] X 35 i A a6 A B 4% 1 T AR M AR A - g

AP ERERE S KE. FE. SN, WEEE.
SR ZH R A TV SRR 3
2.1.1 ABLR

ZEE L X ESEA I E S LA RIS R, TEHERA
PRIGTHE 2 MEIBEER, FELUNEER [ = 3,
VKET R R 3 alA, BN FHE I m o
JEAE = DK B 43 5 7K B 0 15.92%112.49%
7.84%, NINARE RSN 3.29. 2264 2.02 kg/m’, Hilk
AL, SUKEAHLG,  HERUARST B AR N AR
SIERITRRE K Sy, BN TIER R .

R ESSE AT T ARNER, ER S
A EAMES, HaoARER. HE 3 wH, F-H
IhFES P mAFETE T, Bk, RERXMN 55 KE
SN 5.28% 7.54%- 4.87%, XF NAR % FE 43514 0.20.
0.83, 0.21 kg/m®, HMATLIFEH, SAREEML, il
FRARTHEE T EKE, W IER AR, MR
SEREBRMENHE . FPiE e G TR Lg% H=A
K SR N, Ak, R M AR 4 A AN (R Ak
B[] A — 3
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Table 3  Soil physical properties of different engineering accumulation

: KR AR W%l IRE%IE Root . R
e 1A A2 B p &K E 7Y H Bulk gk ) & . \ )
- .ﬁ HER LT . vy Water density/  Soil cohesion/ mass density/ &KL Clay/% *ﬁj*;l i Sand/%  Median soil
Region Namne of accumation Treatment 3 3 Silt/% N
content/% (grem™) kPa (kg'm™) grain size/um
T s INEEAE 15.92+0.94 1.36+0.09 19.67+6.18 3.29+0.32 30.07 52.06 17.87 21.90
=X ?Tﬁ}f’iﬁf*% A=t 12.49+0.80 1.40+0.14 19.83+3.62 2.26+0.25 26.27 54.86 18.87 23.46
Y =R
X KB 7.84+0.95 1.24+0.06 19.55+5.32 2.02+0.24 29.35 53.42 17.23 21.54
%
U R L - — jigs) 5.28+0.82 1.46+0.08 14.28+2.24 0.2+0.04 16.70 56.95 26.34 12.49
£{X§m;{;% - EVS 7.54+2.11 1.42+0.10 13.78+3.33 0.83+0.11 13.88 49.73 36.39 15.17
=8
AEER 4.87+1.60 1.434+0.10 13.254+2.95 0.21+0.03 15.87 52.85 31.28 7.24
V5 R R AR
S [/ 21.75+1.50 1.32+0.05 25.44+4.31 1.040.11 18.41 44.44 37.15 16.21
i A
V5 R IR
N N WE 2 24.5542.15 1.18+0.10  28.18+3.89 1.47£0.24 24.04 36.14 39.82 23.43
e M
(R =Y S iR
S Wil KE 5a  24.85+1.27 1.1740.07  31.224+4.60 1.67+0.22 31.07 53.44 15.49 20.33
FAG T E it 1531130 1.02£0.10  15.14+2.31 1.2120.12 20.13 52.11 27.76 22.54
T ¥ 24.85+1.27 1.17+0.07 31.22+4.60 1.24+0.18 22.03 38.45 39.52 25.63
ek 'm*fgg;@@ﬁ e 23.52+1.29 1.22+0.05 29.41£3.07 1.75+0.22 24.04 36.11 39.85 26.44
N WF 24.48+1.14 1.23+0.07 30.13+£2.20 2.03+0.16 27.01 39.65 33.34 29.01
N Ra= 17.45+0.74 1.41£0.01 23.80+5.04 1.65+0.20 18.41 59.21 22.38 28.98
B R H K 5
i3 b 1T 19.25+1.60 1.4140.07  24.61+1.20 1.32+0.19 13.57 58.11 28.32 24.36
el 16.41+1.95 1.25+0.05 13.80+1.72 0.87+0.11 16.70 56.37 26.93 11.21
. = 16.45+0.37 1.43+0.05 29.40+4.18 1.97+0.16 14.36 54.36 31.28 12.03
SRR g e A
U RIS { 17.21+1.03 1.25+0.02 23.60+6.83 1.65+0.21 13.55 57.49 28.96 10.54
el 11.31+1.07 1.04+0.03 14.05+1.10 0.35+0.06 13.01 56.30 30.69 9.63
Tl e
HIE '_Jtl:m o e AHTH 10.83+1.45 1.19+0.03 13.00+0.63 0.24+0.03 12.61 57.46 29.93 10.54
Pl
2.1.2 X¥-FR 91320 1.18. 1.17 glem®. Bbah, 38 BR AR RS

K P JE AN A TR HERR AR BV FE i 3 . AR
KW FEE I AP0V S by, FFLAVEE B 0 . K 3
AL, K 1 as 2as 5 a XTRARE 2SR 0 1.04. 1.47.
1.67 kg/m’®, Xt HERE4E 7150 Hih 2544, 28.18, 31.22
kPa, HHULATDAfRH, BEEMEREIRE FIRER, HER
PRIGTHIAR 25 B . b &h 33 K. iy L e 7y dE b 2 4R
IREZEK AN, KE 1 as 2 av 5 a XM IR E S5

B K AR PR A KT I . BEHh RIES OKE N
1531%, +LIEREN 1.02gcm’, LIRS 1R
15.14 kPa, ML F, HERARMTH LHEEKE. KE.
K gh I3 T #EH.

R 3 Al TOAFESY b Wb BORX R
AN 117, 1220 1.23 glem®, XN KL E %5 4
WA 1240 175, 2.03 kg/m®, Hitnl &, HERRA I T A
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BB A E A IR R AR K. A S
b ey BN R S KBS 24.83% 23.52%.
24.48%, X IFERGZE 77535 31.22. 29.41, 30.13 kPa.
U RT 0, MERR AR TR 35 K R RRG 5 03 B K

2.1.3 #r3k

b AN E TR RUE R R XN Y. SR
KWF TR A & BRI e v 3y, Hh#E RN HE
Ty R0 EH P KA 7 35 93 B EAT W3 B B, T R A
I THI AN 6 D S SR I HEAR A, 7 R LG B R v B
MIA S EAE 0 B, s T sk AR IE B .
Mk 3 AT, EXWFBITE. Y. S+
B IKE WA 17.45% 19.25%. 16.41%, XN 332
FAMHIA 1.41. 141, 1.25 glem®, % H3ERESE 15535
4 23.80. 24.61. 13.80 kPa, X MR E % E 47l 1.65.
1.32. 0.87 kg/m’, FUMLATLAFSH, I3 2 S B AL A
A CAEHER A LIS KR, RE. M4, MRAREEY
oK. Hh S5ebiimm b, s KRR 45 i
IRER TG, MmRE%ETS KT,

AP M IS G B A N A
IKEDHIN 16.45% 17.21% 11.31%, XN+ 328 E 5
TN 1.43.1.25.1.04 g/em’, 55+ HERE 45 7745 51 29.40.
23.60. 14.05 kPa, XFMAHRE %5358 1.97. 1.65.
0.35kg/m’, FHULTTLATFH, i35 G v B AR A AT DL
AR LS KR, RE. M5 . MAFEH A,
Hp5ammtt, HRE, e R ERE T &
byl 1LY N 1 T T (1 w2 1075411 7w = 8
2.2 AEIEERMETIESBEDKN

AR i RS0 H A S R AR, IR AR (D Tt
HAAR AR LB B R ME, N A AL 2 )
M2 5, ARIR AN AL BR A AE T BT 43 B AR i A
TR, ASF A (A) 1355 B RE S R/ R LI 3.

1] 3a AT, MERUARIETHT AR SR AR /N st AR B
TIEBRE S 0.034 kg/(m®s) HELVKE 0.676 kg/(m*s)
BEFRAC, HERRIEE Bk 94.97%. T3 H AR K B
POoNA = Y BERE S 0.679 kg/(m*s) SUKE TR
EBER. XREFRNNEERRAKIE, WA EEERK
(329 kg/m?®) , i HARKEY), REMSIR AT HhgH Sa A [ FF
T3, PR T AR IR U . T =R RANKRIE,
HNEE, R E R, xR, AR E
SRR R A/ N TREAE R DA 2 PR 3R 0 B RE D

& 3b T, HERUAS T A2 S 1.659 ke/(m?s)
K 1.050 kg/(m>s) B 3870 B RE ST EL R B
1.313 kg/(m®s) BT 2T o IS RUA R BEHER A
FKRABE G | M. I EERA A A+,
A BRI T o3 B, MR A PR, B AR
REZ . AR A AR SRR AR Ry, fEK
WAEH NG #IE, Fik, AHTEHERRBES: S 2
B KA 3 & 1K R REAE P AT N L. X 3R,
TE A ¥ - HEA RS TN D R BRI KRN 3% Gt L 484y
EIRE I 35 R B A TG B R A A
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aize No reclamation

Coronilla Trifolium Agropyron Soybean M
varia  repens cristatum
4k P Treatments
a. FIARKA
a. Natural recovery

AbHi Treatments
b. Ak
b. Artificial reclamation

LGS

_ 0
5a M Wb ep R
) Plough Upslope Midslope Low slope
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accumulation slope
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Abstract: Accumulation has become the main source of soil erosion in the production and construction projects. Soil
detachment is a key process affecting soil erosion since it determines the amount of sediment that is potentially transferred to
surface water bodies. Soil detachment capacity is a key parameter in many process based erosion models such as the Water
Erosion Prediction Project model. Therefore, quantifying detachment capacity of the engineering accumulation under different
conditions is pivotal to calibrate and validate the process based on the erosion models. In the study, we used the soil
detachment capacity to quantify the variation ranges of the engineering accumulation in the different area, and evaluate the
regulation of vegetation restoration patterns, years of recovery and the slope cutting and grading control on the soil anti-scour
erodibility. Different engineering accumulations of the expressways in the Qin-ba mountain area, Guanzhong Plain and Hilly
region of Loess Plateau (in Shaanxi Province) were selected. Undisturbed soil samples were collected from the surface soil
using the cutting rings with a diameter of 10 cm and a height of 6.37 cm for the measurement of soil detachment capacity. The
soil detachment capacity was measured in a 2.0 m long and 0.15 m wide hydraulic flume indoors. Flow discharge was
controlled by six valves and measured 5 times with plastic buckets and a volumetric cylinder. After the flow became stable, the
flow surface velocity was measured using a fluorescent dye technique for 10 times. The velocity was multiplied by a reduction
factor of 0.67 to obtain the mean flow velocity. The results indicated that the variation ranges of the soil detachment capacity
on typical accumulation in the Qinba mountainous area, Guanzhong Plain and Hilly area of Loess Plateau were 0.034-1.659,
0.311-0.816 and 0.346-1.042 kg/(m*s), respectively. Compared with agropyron cristatum, the natural restoration of vegetation
on the slope of the engineering accumulation with coronilla varia can significantly reduce the soil detachment capacity, and
the reduction was 94.97%. Compared with no-reclamation, there was no significant effect on soil detachment capacity of the
corn and beans on the slope of accumulation which was constituted with rock fragments and soil in the short term. Compared
with recovering in one year, there were no significant (P>0.05) differences in recovering two years, but the soil detachment
capacity was remarkably decreased by recovering five years, and the reduction was 57.35%. Furthermore, compared with the
cultivated land, the reduction of soil detachment capacity was 60.41% in recovering five years. There was no significant
difference in the spatial variation of soil detachment capacity for accumulation with Heilu soil in the short slope (the length of
slope was less than 60 m). Compared with untreated slope, the soil detachment capacity was remarkably decreased by the slope
cutting and grading control on the engineering accumulation. And compared with the untreated slope, the reduction of soil
detachment capacity in the platform and slope by the regulated measures were 66.79% and 49.04%, respectively. There was
significant negative (P<0.05) correlation between root mass density, soil cohesion, soil water content, median soil grain size,
the clay content and the soil detachment capacity, using an exponential function. The prediction model of soil detachment
capacity was well fitted with on root mass density and flow shear stress. This research can not only provide the basic data for
the prediction soil detachment capacity of accumulation, but also provide guidance for the treatment measures in the slope of
engineering accumulation.
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