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1.1 R0 XH#ER

TRIE XA, T “MAR—IT” s 2 A7 5 )1
vk T i — b St , HWEEALE 38°56'15.5"N,
110°53'10.0"E , “F & M A1 2.796 hm*, J& K 2
1000 m, 3B 300~50°, BEBEAHE 70~80 m,
T4 78 m, HUALTE I SR —A T AT, R
966 m, J& [l 32 AR 3 A B A B GV AR X R
JAE A A B

WA TR BV R R A A )T AT IR
Je L TR OR R TR A R, FR O B
XEIr X, 1% S TR g X, Bk
Qb 440 mm SRR RN, 2R ELN
1200 mm. HPE/KEAE 50~100 mm [JZ&F 10 4F 8
M, RN RN R EAETE 6~9 H, WA,
HABI %K 284.6 mm, (A 62.77%, MXALT 3%
RS 315 I S SR Y T v At B S Tk e Gt
N 110~120 mm, ZAEFHFR 0.68m’/s, FE42I
B 02144 2w, ERIVNE 597 Ji to

PRI X IR R BV, W, VPIFS
IOV AR, R S IR B A
gt Kb EFR L, HEEMIE LK I,
A ) 2 A L B R B A
3.04x10" tkm™a™, R X ER LA 2x10*~
3x10*tkm™a™ Z i), KtsrE!MN,
1.2 #M#E5EAZE

FHRF PR TN RV R 120 Ab3ils () HERUARY
T 25 B R HER VAR 3 R R AR AT R 300~
50°, 35°~40°(/BEY t 67.5%, M, 36°~39°H
IR, h 53.3%, FEAEMINE 1.
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Tablel Side slope grade of engineering soil deposits
BESIEEN)  30~35 >35~40  >40~45  >45~50
HERA
™ 9 81 14 16
AN
Pt el 7.5% 67.5% 11.7% 13.3%

HR i 1 2 8 TR N 9 DX S i, R Tl
FARPEH 5 B8, /N AT AE AT 1 37 AT
BEd b, B 36°, MESRAY RO T L S 4D
+, A 9:1, RAEZAE 1 mm PUR, 3k
TR 2 PR

WI/PXK 12m, % 2.5m, VUJERH 35cm
s 2 mm J5E PN AR AR, AR T O
TN, BHHE 15cm, UPiIEHREBHN.
FT2 HIETRIERR

Table 2  Soil particle composition

i 4%/mm UL ALK Y% i f%/mm TORLA AR/ %

0.2~0.1 6.35 0.01~0.005 5.95
0.1~0.05 23.82 0.005~0.002 231
0.05~0.02 34.95 <0.002 13.29
0.02~0.01 13.33
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Fig.1 Device sketch for experiments outdoors
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1.28~1.52 g/em, 37 )05 KR 10 AR AL G
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i, AN A, R R KRS I R A) 4y
B JEBENWE AN IR, FeiE il sk i (],
FWITH AR 5, IR RSP RE i FRURYE
YHEAE PG 3 min NAE 1 min BX 1 X, 3 min J5%F
K& 3 min B 1 K, ANEOWEHE, SRR A
PV RRR . WoE BRI, 43 A7 R
4 AL A . MR PR AR KA AR A A S
INK PR RVPTEFE o 37 YR I A 1 5 2 I [A)
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mL; S AEVYE, gmL.
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Fig.2 Changes of runoff intensity with time
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Fig.3 Changes of sediment concentration with time
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2) PRI Vb R I 3K TR,
BRI AR Sy IR A I AR 0 v e SR I 1R K
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PR JEFAT) R I Is R R A 32, KBl J14E
FRFCMRIL; R FEfa e fo, LR v i 3%
SRR B AR R A 2, VR BRI T K R
T BEIORL ) 23 B S WL IR, B R KA 3
TIHER LA Z# B 2msh )15 LA AR
(BN FRIE A T iR &b & ARt 7

3) AR iR T B T v b K )
R, K3 20 L/min 34K 4 25 L/min I, BESR
[P INAN R ACE 7 A DA R 2R T 484k, 42
WE v AR A TR AR, R HERUARE
e - 4542 sk B2 v ) AR A AE K D0 S 254
R ZAF T K I F 5 AR Gk B X P45 1)
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w2 BRI G 51, BT 5 3 %
— B R A, AR AR W] RS AR A B
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Fig.4 Process of sediment yield under different discharges
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KX RI9> K 4 AW, FH DARERANFYEAL, 43
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I TTERAN ], SR I H A IR 77 1) 2 3 k21N T
e, BRI (25~30 L/min) #2304 K0k
7N K3 I — R /N R ) 2 R 2 g ep s
WK (10~20 L/min) AS[RI3E B 70 AR AL A
PR, Wk 10 L/min IS8 304 561 K5 A4k
N, VREA 15 R 20 L/min I 304 FR 8RN .
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Fig.5 Sediment yield on different parts of deposit slope
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Fig.6 Changes of soil detachment rate with time
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MIERR ARG RN, TR AR,
IAFAENRSEAR 55 BRI, AR i 2
VAREFASRIN A R A, BEALIESR, 18R IR iR
AR

KRN 25 Limin B, 54200006 i 2 1
TIRRE MRS, UKL RN 30 L/min ) 4 354 iR
AR O, D ENEE RS A T
JIAEH IF U6 R 3 AE I SEBOK AR E 25 L/min
BT
2.3 HERAYEEK. PXKR
2.3.1 PRAIBEEEEL

MKV FEE, IRAR L FE SRR 00 3 1)
FEARIE S H LG S OUI I B P (UK B8 . 120
WL OBUKE. PRV BIRESVR. TE R N E
A HHBUK. k. NB) 25, A& NT
S} AR UL P R () R, AR I LA IR T
L2 o i 2 (W I G REh 71=0.863, 1,=0.806,

r=0.792, r4=0.785, rs=0.709, r¢=0.672.

g5 0 BN TBOK SR 5 R ok 8 BT e B 1
FICME, RiE. BUKE. 8. BRSE.
T R AA I e FSE 5 W 1) B LR FE AR R BRAI, AR it
B CA R 7 Rk

M=f (P, S)

Hrp, P ORBOKSREE, RS AR S
HRRET VPR, RWUKFS TR EIE 4. R
F SPSS16.0 X ILRAT IR #T, JLah sk 4, ¢
NASU Sy /IS

M =0.818P—0.7585 —0.276
R*=0.90, n=80

PSR mAHE RECH 0.076, 5ig=0.503>0.05,
YL P S AHCHEANEZE, EII PR 7 R O A
1o ¢ K05 5ig<<0.05, BLW] P. SX M BA W&
WU, F RS sig<<0.001, TR EE, JF
B (8) [MHUA RS -

(8)

R3 RRBEEIEDT
Table 3 Regression analysis of runoff rate
e o . e w BT R n T st ) N
BACE  RIHARE 5% UING A G R = 5L P F AR [T 77 R B 4k AR AER

P 0.818 1.671 0.910 22.909 <0.001

345.745 <<0.001 0.949
S -0.758 1.687 -0.085 -2.145 0.035

2.3.20 RRSYEH B EALKEA i B L RS IR A 56

ANFTBOK AR B A im & vb i) 32 2 R R

HRT 25, /Mg (100 15 L/min) N, 25E KA
bR ERA S E RN BUKREN
20 L/min I RS MAEH Y £ S BUKREA
25 L/min i, #5520 S v s 1 g m Lk 2
—FVAET, A R — DR Z A o o L3
(£ 4 WHHETHEIRZ , ALK AECD
TALRAAR T R R R, v RE T Al )2
A EEX AR AT B KU (30 L/min) Y,

x5

Fz4 BRRBLERFRIX
Table 4 Mathematic formulations of sediment concentration
TBOK

priics G AT ST
10 5=-0.03907+0.0067,+0.756 n=16 0.956
15 5=-0.0157+0.0037,+0.58 n=16 0.829
20 §=-0.0077+0.78 n=16 0.950
25 5=0.003¢+0.468 n=16 0.496
30 5=-0.012¢+0.792 n=16 0.974

FREWERINH

Table 5 Regression analysis of sediment concentration

TR [ Uﬁ ES

A(L-min') AACR ” Wiz WERRE ERE RN TRENE O FERE FIRRREE EHRRHR

v -0.039 5.279 -0.798 -12.891 <0.001

10 139.973 <0.001 0.978
T, 0.006 14.536 0.361 5.827 <0.001
v -0.015 8.098 -0.683 -5.565 <0.001

15 31.549 <0.001 0.911
T, 0.003 22.802 0.405 3.303 0.006

20 v -0.007 13.275 -0.975 -16.333 <0.001 266.752 <0.001 0.975

25 t 0.003 13.711 0.704 3.710 0.002 13.765 0.002 0.704

30 t -0.012 13.711 -0.987 -22.706 <0.001 515.567 <0.001 0.987

2.3.3 BHEFkF ey
R A PR R TR AR AR A 7 5K
DA g8 Db, U)

Horb, g gEliRE, AARIBRICAERE; b K
WHRE, AR BRERE ;s U WL BOA e
Wre &, Rttt el 1 RIZOR .
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(R*=0.781, n=80) (9)
(1o

D, =0.693q +3.97
InD, =0.671InU —0.669Inb +0.524
X (10> KBkATtkfa], 43

D, =1.689U°"'p % (R*=0.799, n=80) (11)
X AD FreSBEE O, SR

P TN, SR WIIBOR S AT T HER AT B 1
AR M R 2 TR AT N SR (15°) a2
2=k

¢ KT Y T IR TR0 3 e AT 2 )

F AR R, WERA I R RS B .

&6 TIRRIMFEVFSH

Table 6 Regression analysis of soil detachment rate

I 2? FHEE B RRAEN % BETREM PRk RN MHCRMR
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Fig.7 Sediment yield versus run-off in different time-intervals
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Soil erosion process of engineering accumulation in steep slope under
simulated runoff conditions

Zhang Letao’, Gao Zhaoliang’**, Li yonghong?, Tian Hongwei*
(1. Institute of Soil and Water Conservation, CAS & MWR, Yangling 712100, China; 2. Institute of Soil and Water Conservation ,
Northwest A & F University , Yang ling 712100, China; 3. College of Resource Environmental Sciences, Northwest A & F
University, Yangling, Shaanxi 712100, China)

Abstract: Deposits during the process of engineering construction have unique soil constitution and complex

conditions of underlying surface, characterized by weaken anti-scourabilty attributed to loose textures, lacks of
soil structures, insufficient plant roots, soil organic matter deficiency and so on. Erosion response of steep

deposit slope to hydrodynamic conditions show different characteristics, a set of field pouring water scouring

experiments were conducted on steep slope with 72.7% gradient and 12-meter length of typical spoil ground along

the line of freeway to investigate the soil erosion process of deposit slope under simulated runoff conditions.

Watering system consists of a diving pump, a water knockout vessel, a still well, valves, switches and pressure

pipes. During the process of each experiment, the slope was divided into 4 sections by 3-meter-intervals down

slope, where flow velocities, flow widths and flow depths were measured by the method of dye tracing and the

use of thin steel rule during sampling. The runoff and sediment sample was taken at 1-minute-intervals within 3

minutes after runoff initiates, where after, the sample was taken at 3-minute-intervals, and in the whole

experiment all the runoff and sediment were collected. The results show that runoff intensity is closely related to

discharge intensity and sediment concentration, presenting multivariate linear correlation by grey correlation

degree analysis and correlation analysis of various factors influencing runoff intensity, which can be expressed as

follows: M=0.818 P-0.7585-0.276 (R*=0.90), indicating that discharge intensity has a positive effect on runoff
intensity, on the contrary, the sediment concentration has a negative effect on runoff intensity. Gravitational

erosion caused by ascending sediment concentration during erosion process has large influence on the variation of
sediment concentration, which has a critical discharge of inflow under test conditions with 20L/min and 25L/min.

The process of slope sediment yield falls into three stages: abrupt, fluctuation and stable, and spatial distribution

of sediment yield along different slope profiles under different runoff conditions can be reduced to two types:

steady decrease and violently fluctuating reduction. Soil detachment rate is linearly related with unit

discharge(Dr=0.693¢+3.97, R*=0.781), which can also be expressed as the power function of sediment yield and
flow width in different time-intervals(Dr=1.689U°"'6® R*=0.799). Morcover, sediment yield in any

time-interval can be described with power function of run-off in the same time-interval(M=0.55487"°, R*=0.822)
and accumulative sediment yield increases linearly with the increase of cumulative run-off(Us=0.6870+6.123,

R*=0.975). The results indicated that Soil erosion characteristics of steep deposit slope formed by engineering

construction activities are distinct from that of conventional agricultural soils, indicating that soil erosion

researches on production and construction areas should be carried out on the basis of clarifications of disturbance

and intensity. The conclusions reveal that regulation of slope runoff is still an important approach to achieve

comprehensive control of soil erosion on engineering and construction areas.

Key words: soil, erosion, runoff, engineering accumulation, loess hilly region, steep slope



