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ZHW IO HKFR I SRR S e (B B RE D) IR &R, HIER B R 50 3

Tt TSR AR [ (BRI T2 300 S b, S e ) R - - B B 088 P8 T 4 R T B K A

P KRB U 7 B SR, (R e R ARiE R A —M, BT, &
SC3E I B AR R B JFOIR AR AT = AL P RS, FIA WEPP(Water Erosion Production

Project) #5784 4] (5 KV ) (R P Tl 7 72, 7€ B fifiid 1 2035 F SRARRRAE 5 8 P KAt T ik ek R

T RABFIHCET R SG SR BTV /R 5C &, DUIR L0884y BERE 0 (1 € B0t AU 4R (LB IR K

£/

1 MBS A

1.1 BT IR R iR 433

P FER A T BT A, % X R A R KGR SR X, ARSI 16.8 °C,
BE/KE 1572 mm, AT BRANSE 4R R o Ll b ek Ry, b BT DASE D0 40 2 - A
JRERTUE AT, ISR B 2R AR RS 1.

WIS T Z X AL 8 FILLE, AR BRI RGN, A IERE
0~15 cm T 2009 4 11 A v il AL g7 BIHE. B R LR R T 2010 4 7~8
HIRZE. BT RTS8 LR EMBIR, SRR E TN S, SKEEHITE
18%~21%, IEFEAETREMIEYIB L IH] . FERFERT, BRI RMEIEMEHY), RN,
—HA% N 039 m K, 0.1m BEA 0.09 m PR T THUR: G2 B L3R T, 4 TN
KA G P RE SR AR MR, (RIS P50 T 0K R 2 o 61 0 3 0T o 7K AR EH AR,
SR A RAE GRS, U KA & O DI, & E T, R R RO R,
1A L 2R, R RS MR . A/ LRSS IR R BRI e
), fELFERMEE AR T,

TARIGFE SRR ZEE LR 15 4, JEREFVRFE 120 4, RIS 5MR56 25K
FIZ(0~15 cm) -+ T+ A TR AE A0 MT . 3B 2 0 SR 7 ™, R L
JRCR P B AR R A A, 2% ER IRR 0925, MU SCR IR S, PHE R e R L%
AT . FE SR AR DUV LR 1.
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Table 1 Basic physico-chemical properties of the test soil

+ WU ZH %

FE . Particle-size distribution e
= . HEH (@ ke AHR HETER
Pare)r}t ., LHRIA Bulk Organic ¥ CEC

=] .

Land use  densit matter cmol
material  Soil O . T ¢ b
cod i Sand Silt Clay 9% g
e
#% b
QP 1.2740.0 313+ 498+ 17.55#40.3 15.18H.5
Tea 18947
1 garden 2 1 6 5 7
FILAF
S ?E QP [N 1.4040.0 37582 53943 21.1640.5 19.38H.5
+ 86+13
2 Plantlet 4 6 4 6 7
Quaternary .

QP K 1.1540.0 471+ 46242 15.3440.2 15.63H.7
clay 67412

3 Corn 4 4 1 9 9

QP Z R 1.344.0 181+ 31443 505+ 16.5940.7 14.05+.8

4 Sesame 5 3 4 0 9 4

Zx b
SH Tea 1.364.0 244+1 39846 35845 17.2640.2 13.95H.9
1 1 1 4 3 4 2
garden
R SH WA 1.234.0 126+ 633 241+ 16.6740.7 16.28+.0
“ST]JI‘E 2 Plantlet 8 5 7 4 8 6
ale

SH K 1.134.0 218+ 399+ 383+ 18.13#.5 15.63+.5

3 Corn 6 1 1 2 6 4

SH eH 1.3340.0 93548 439+ 326+ 16.3540.4 14.35+1.6

4 Peanut 8 4 2 1 5

1.2 SEEER PR AR R 4038 7 B 2 8

TIG T JOIR LR R T — 24 A TR, SR 1) 25 4% P INOK, KT T AR SR THT 0.5 em,
JCE 8 h, SAJE PRI EAN T LRECE T 30 ‘CIREN 72 h, 193] 58 4R RAER LT B 285
FAko LI ERIEAEK 3.8 m. 56 0.2 m FIARHI KIS P REAT, HEFEAE 8.8%~46.6%2 [F]
Ak KT A RS A 0.4 m>0.2 m>0.4 m 2 KA, FumiEH 0 20 cm &b — ke =,
FR 4 0.39 m>0.1 m>0.09 m. K3 5 mm G (1) L AE 35 ST /KRB RS, AR5 AR
R, AR AR 3 5 S0 IR TR P A — 3, IR R 0. 1B TT 4A AR it
EREETBONKEE R LR N, R A LR 5 KR SR OR A 7

f— MR EFEDBIFE 5 AR BTV J1(r = 454, 9.38, 15.01, 17.49 Fil 22.54 Pa)
TRATHRIRLE, 2% 5 FOASFE KRBT ) 7 AR R 5 (0.4~1.0 L s™) R (8.8%~36.4%) 4H &
B3, KR EY) S7EE S 1 Nachtergaele 1 Poesen 5t 8, ki gyt Jyidid an F ARt
HA33,

=pghS 1)



K o KRB F1(Pa), p A/ E (kg m®), g NESIEE (M s?), S NERIIEY]
6, h ARHKIEM), HRE. K58 EAKR AR T R RS . KRR A H &
BRI g, sk P KRR KRS X35 2.4 m A FT RIINFIR], R4 /KR A0, i
W5 AL 12 IR AR ITHRTE LA 0.8 FRAF /KT T 250 3 W OIS 78 1969~5215,
IR I 1.65~3.38 Z WAL, P iR K St A NP ahi -

PRI FF LI TR AR U0 K /N 10s 5K 155 FH AR IAM VR VO RE, il -ERER T 2 cm
I, S5 IRES, ORI (], B IR R O — B TR, 812 RS, 7E 105 C
FHCTARE. 35 B R (D) A A AT N R REHE S, R AR
~CxQ

A
Dr 37y s R (kg m?s™), C N &E(kg LY, Q NHEL™), A NTIERAREN

(m?)-

Dr

2

1.3 BREHHEN TS50 IR ETRE N E

PR RGE R LB it i, TE3) 3~5 mm FIEE, T 40 CHLA M 24
h, A SR A 358 5 /K B — B 34T DL =M AL B (1) PRsiiifE (Fast Wetting, FW): B 5 g
FRPEIR A LB F/KF 10 min 5 HBRE WK (2) iR (Pre-wetting and
Stirring, WS): H 5 g B SRARIZ B LIRS 1 DAHEH 2=, =98 10 min J5 RS RS,
W 335 N AT 50 mil 2 517K K 250 ml HEJE SR, InsK 2= 200 ml, InZE s BN IRY 20 4K,
8 30 min R BUATTIE, SRE FCE R £ 2 20K 50 (3) 123iRiE (Slow Wetting, SW):
W5 g B RIAE T3k /9- 0.3 kPa JIE4R 1, #E 30~40 min ff 415 i 78 4 . 4 CAERIE
AT (1) - SFEE B BT BEAE 5% R 1 50 um FLAATH 7 . B TR IRY 20 R(IEE 2 cm); 4R
JETE 40 CHEAE P ZETERS, BAEE& P, 40 CTIHT 24h, FRE. T0id 2mm, 1 mm,
0.5mm. 0.2mm. 0.1 mm #10.05mm §i, HREE 13 EREARLG IR F1 R 14

ORI E E H AR (MWD) KR -

MWD = ixivvi (3)

i=1

X, X A ZRLL T JE AN - FLAS I SAME (mm), R RORLZGEEL 5 mm 7 5 2 mm AL
I, T/ NRLORBUR G — AN T LA wi NER | R R R = A (%) i 7
ANARFFLH(<0.05 mm; 0.05~0.1 mm; 0.1~0.25 mm; 0.25~0.5 mm; 0.5~1 mm; 1~2 mm;
>2mm),

FHARNE I B B (RS AR ST LB W Hi8 B (RMI R LR [RIVR SR AL R s, e RSI
S B L SR L FLBR 25 RS2 T T I B A SR AR (R 2 R BE . RMI OB T R 4T o
IR BT USRS AR R R I A R AR AR e o o IR, 3R 0 B SRt Vi HOE FH R LA Al
A P R Pt e )



MWD, - MWD,

RSI = @)
MWD,

M| = MWDy, — MWD, -
MWD,

MWDgy» MWDys F1 MWDsy, 37~ BRIEVRIE (FW) - TIEEE J5 72 % (WS) AT T8 0 i (SW) (1
TEAR.

1= 06 o S F T B2t DA SR AR AR G MEARIE 250 As=RSIXRMI SR £5& K 21 38 A1 5 i
SEVERFED Y, FEARTRT AR, As L Smi 7R3 - T SR VA o O vk Rl s R P A 0
BRI B IR 1) U

Y AN LI HTBY 5 AL B ELE international IS BB AGIIE , 12 PTBIAX T ARG = RANA
R F S R ST EAE 0~1 kg om?, LSRRt FARIRMEAE e ss 1T . AR
ZAEHE U, ORI BRI E WA BN PE LRE, 2R RE 0.2, &/
Ryt P SH 5 5 Ay il B RVREE FE SR I JEOIR L, 45 SRR DL R4 2.5,
1.4 B

K H Excel F1 SPSS16.0 #HATHE 4, 7= rHig H LSD (/MR ZER) HiHT2 &
b, W KFN p<0.05.

2 R

2.1 NRALES B R GKRBTI /IR AR

BT e ) 3o g 398 3 B AR RAE FH DRI 2R 2 T ey S AR, AR 7 g
IKE RIEPRIIEA B, /B2 E 887 HIRAE MR BT Y) s . (4R 8 Fharige sy
BRI BB IER N BB, Rl e B OKL B Y] 71(17.49 Pa, 22.45 Pa) | %
ZLIE N 7y B R AN R (A 1). SBIULE L RE 4 R BERINF N(QPS3, QP4) >
QP2 > QP1, 1Mk IIIHKE 4 PheliE sy Bk %0 SHA > SH3 > SH1 > SH2. X [A—FiEEi
KB LIRS, P30 Bl Ry a T2 b SR, 45 AR ERBOR R R AR AR e
T, B LT 5 AR 4 B o AR LR SRR b, PR TUA R B AL B Re ) e T
ILEGRE- TR g =EAR:
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+3%9) B53% 2 Soil detachment rate (kg n s
1<) o
s &

o
o
a1

o
=1
=]

OQP1
QP2
o QP3
BQp4
B SH1
O sH2
B sH3
B sH4

d cdcdbc be cg !b: e de

a

Cc ccd

4.54

9.38

15.01

KR BI 1 77 Flow shear stress (Pa)

17.49

T AN RER R A 75 5 B 3% p<0.05 Note: Values followed by the different letter are significantly different

at the 0.05 probability level by LSD

1 AFRATBEOIFIME T S 408800 R

Fig. 1 Detachment rates of red soils under different flow shear stresses

E IS B R KB U g 1R RO PER R (R 2), MRS Laflen % PO,
Zhang P st 4t 5. B WEPP BRI AT, WP RN R, ALRARER SR
AR REL K 5 x AR I TR BT ) e (iR 8 FORILre T i R K 5
5 KBTI AT 7 51T 2 2. AT bk SR80 K TRV 7E 0.0026 s m™~0.0166 s m™ 2 [, il
FKWBIV] 7 JEFEIAE 2.92 Pa~6.04 Pa 2 [8], #5203 (8] n] pik R KL K. 51l A KB VI T 247
BURZESE o o H SR R AT BE Dy Bt 21 398 1) 38— Tl ) LA 2 ot 22 ) R P
& 2 ARSBRESKRAYI LM EVFLER

Table 2 Linear regression of soil detachment rate and flow shear stresses

- 5 A SR A Il A AR BT 51 7 RE R EL
= . - Erodibility Critical flow shear Correlation
. Regression .
Soil . parameter stress coefficients
equation 1 2
code Ke(sm™) 7. (Pa) R
Dr=0.00267-0.01
QP1 &7 0.0026 6.04 0.8716
Dr=0.00457-0.02
QP2 38 0.0045 5.29 0.9324
Dr=0.00717-0.03
QP3 03 0.0071 4.27 0.9784
Dr=0.00877-0.04
QP3 52 0.0087 5.20 0.9583
Dr=0.00997-0.05
SH1 97 0.0099 5.32 0.9639
Dr=0.00667-0.03
SH2 0.0066 4.86 0.9752

21



Dr=0.01127-0.04

SH3 09 0.0112 3.65 0.9730
Dr=0.01667-0.04
SH4 85 0.0166 2.92 0.9776

AT FE H TE e R W ST o 1 P R, 4 oK U Y 43 B T B R AR N A bk
ATBI DI 2 o BRI E NPT P B ) D) FIE i A ik s, HARE kG
IR S AR, ARDGSCHRTR H, R SR A AR R R R O A B X TR i AR Y
EAR T 102220 Syt o198 ) 3R AR e R L B KR T IR T e R A
L
2.2 43R R e s MEARFAE SR 41338 4 B 22 (RIS ]

LBYEIIAH F SRR R MR W33, AN F RN AL B ey, BT 2035 B R AR 35 T & AR
HEF B IMWD gy << MWDyys <MWDsyy, AT WLARTERE 512 (7 B E F RSN 77 5] 2 I LR
TR P 2T 398 A1 SR AR 1) S TR AL o 25 A0 2R ] [T SR A AR PR HE T T DX 0l e MWDy
K/NI3ATE0.30~2.13 mmZ[f], MWDys 43 #i7£1.27~2.30 mm [, MWDsy 43 #i1£2.34~
312 mm ). DU LR, 1k L0 MWD ey FIMWD s A~ A0 FRAE 1) 12 2 i T8 T T
T MWDy 9 £ )5 [8] TC . 3 72 57 .

P L4 RSI, RMI A1 As BB JE 1Ky 0.32~0.89, 0.26~0.42 #10.08~0.34,
RSI 5 RMI 2 MK, 3% HH I SR A4 501 P RCOATLARG R, e 1 ) AU A ik t*“‘” [415%
R EMRESE As=RSDRMI I REEE [ Btk Rase MR, LMK, HIRERE
PRI, A ESEME A, QP15 QP2 ZIIERA E AR, 1M SH1 £133A4 E A 5 .

* 3B ENBHBRMEEN

Table 3 Aggregate stabilities measured with the LB-method of different test soils

LT H#E9m%5 Soil code  MWDgy(mm) MWDys(mm) MWDsy (mm) RSl RMI As

QP1 2.1340.13a 2.3040.13a 3.1240.04a 0.32 0.26 0.08
QP2 1.8540.17b 2.11490.06ab 2.8740.04b 036 0.26 0.09
QP3 1.00#0.05cd  1.8840.02cd 2.7140.03b 0.63 0.31 0.19
QP4 1.0740.07c 2.0340.04bc 2.8420.08b 0.62 0.29 0.18
SH1 0.58+0.03e 1.27490.03f 2.344.13c 0.75 046 0.34
SH2 0.3020.03f 2.0740.02b 2.8240.11b  0.89 0.27 0.24
SH3 0.89+0.15d 1.65+0.10e 2.8440.17b 0.69 0.42 0.29
SH4 0.4240.03ef  1.6940.25de 2.73#0.20b  0.85 0.38 0.32

7E: MWDgy« MWDys AT MWDgy, 7% BRI IR I (FW) . TRIZIE 5 5 3% (WS) MBI (SW) I B R EHAZ,
RSI: FEXITHEUES; RMI: ABXI MRS As: HIRMARREERIESEG A —FIA R B3R os 4%
55 3% p<0.05Notes: MWDgy, MWDy and MWDg,, stands for the mean weight diameters obtained after the

fast-wetting (FW), pre-wetting and stirring (WS) and slow-wetting (SW), respectively; RSI for relative slaking



index; RMI for relative mechanical breakdown index; and As for Aggregate stability index; Different letters in the
same column mean significant difference at p< 0.05

ANTFZKFEY U] A7 v 238 73 8 1 35 R ARG 2 PERFIE 24 As AP RO, Ik 4
HORH R R BN Z T B, BB /KRBT VD B R, P AR SR AL BE RN, Rpon) e A i
IV I %A T (22.54 Pa), HHKRECN 0.6695. As {5 Al il 24 K 8]0 28U 1 2otk
K7 (R*=0.6979, p < 0.01). HHIL, As AVLIGLIE5 B AR i vk R AL K. [ B 1 Ge i
AR, RN B B EE R L, AT AR I 21858y B T 4 1) B B[N 7

® 4 IRSBERRSARFREHFHES BHEX MR

Table 4 Correlation coefficients (with significant probability) of aggregate stability with soil detachment rate under

different flow shear stresses

7K BTV 77 Flow shear stress

454Pa 9.38Pa 15.01Pa 17.49 Pa 22.54 Pa

HI9: 2% Correlation coefficients  0.4160  0.4260  0.5903°  0.6000°  0.6695"
55 Significant probability  0.084  0.079 0.026 0.024 0.013

¥: *p<0.05Note: * p < 0.05
2.3 WRIHIBT R E SR KRIGFBIP IR AR

3B R R AL LR (RS SR, 5 SRR AR e VEARRAE — A, R T Bk T 4
KR P 35 0y B R (Y B S ARG FUR I, RN L T Y A R R T R P KU A I
FLKBTYI il (0 LAV e, RIS % 2 AR R B (R vk 5 =1 M40 a7 rpr 45
VORI BY 58 R (o) 5 I S KR BT V) 71 (e) 2 T (IR 1 5 R 418 2 o (R? = 0.6415, p = 0.02),
FH U B R R 35 VERER p il A0 & [ et o R AT

7.00

1, = 0.44250, + 2.5681

6.00

1)1 (Pa)

L8y

500 |

400

Il 7K 3

Critical flow shear stress

300 | . =35

200 L L L L L ]
200 300 400 500 600 700 8.00
WAL R (kPa)

Saturated soil shear strength

&l 2 MEANGTBT R (05) 5 5 HHKUR A I SRR B V) 70 (r) R &
Fig. 2 Relationship between saturated soil shear strength (o5) and critical flow shear stress (z.) in different soils

7 WEPP #fieh, 443 &b & T 30%0, Fembils K81 /) 7.=3.5 Pa. 1iH&l 6



AL, ARWFAHER 2.92 Pa sk, FTfR o fHIKT 3.5 Pa, WEPP #:AYH Bir25 (B FEAS BT 1)
T 7o 8 -
2.4 BRITAEHIKIR PN L0 S) B T 2 TR R

WEPP A& RS A Fi AR Hh 7K it (4074 ) A 338 7 B A A R 7 sy i PR ] 1 Ko (3 S
B/NT 30%) i R AR,

Dr=K_ (t—1,) (6)
K, =6.9x107° +0.136e 2 @)
A 7,=3.5 Pa( 3 S P E AT 30%K}), clay FonZhH 4 & (< 0.002 mm).

CE T FCUESE, WEPP 570 i 35 [ g 77 21 398 [ 34 101 440 ¥4 1] 42 et 00 7 70 e K i 210,
AW AR WEPP 53 FIUI 45 A 7K It N (07415 i) 21 398 73 B 56 5 s A I i 22 5
(R*=0.4845), P 3. WEPP BAIAETH S it K B, (XA 2% 58 T 395 ity s,
M2 T L3 HIRFRAR e S EE N R,

—
025

020

015

T (kg mi? s

-
i

Dr WEPP¥

010

005

Dr estimated values of WEPP model

0.00
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Dr SEUIME (kg m? s
Dr observed values

iE: Dr: 134y 833 . Note: Dr: Soil detachment rate
&1 3 WEPP 5178 Fp 21 38 43 B i 2 (15 Sl 56 2
Fig. 3 Observed detachment rate versus estimated with the WEPP model of red soils

PR RAERCERY, DIRBIREIFIESE As STE RS K, WHIBETEE o
5l FOKRBIYI )] o SAFIEREM KGR BTk, ASCRA WEPP 407 {2 1l i A5 B AE
28, PR AERE TERESH As FIATHTBT SR o 08 WEPP BB ATl PE R 1 Ko 5
5 FEAKRETY) )] 7o, A5 R0 45 SR [N 53 BT, 153 38 (0 T 75 R R s SR

Dr =0.0385As(t—(1.431c, —2.487) ) (R>=0.8871, p=0.00) (8)

W B ATRIME 5 SEME AT LB, — B A BERG T, 10 BT 2 57 5 R R I A vl 1) F 0 B
TN £33 57 B T AR (U ] 4).
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Fig. 4 Predicted detachment rate versus measured values of red soils in concentrated flow
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1) PIREEET S AN F A R (M 208 B e ) 2 R W R, 200 B R 5 K B
Al G A ES 3 S N = R = [ S A I K 2 RS 1 L7 AR~ S RPN
Tt

2) PR R S AN () 3t R PSR 7 1) 210 398 [ SR A R PR S ANTRD s ¥ AT P A LR e
YRR LU R A1) RN B E BRI S 2 As R 1 203 R AR DR (1 32
FHLH],  SAFEIKIEY U] 7 208803 B A B AR G DR BY 9 (o) 5 R K
T i T AT BT ) 7 () S BUF UEMER 3R

3) FIM WEPP 4742 i RUHESE, DA IRARARE MERFIE S B As AUE AT R 1 K,
WHIGTET SR oo RO IM KRBTV op LRI, S HGFTRITNT 2. 2R BoRH
i R BB HER R I 2L S T SR hOK IR N ZL 0 B RE T . i hbh, TR ITIXEIR ], %05
FE S ) 2 N A R Bk — 2B IAIE
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Quantitative relationships of detachment rate of red soil in concentrated flow



with soil aggregate characteristics and soil shear strength
Wang Junguang Li Zhaoxia™ Cai Chongfa Yang Wei Ma Renming Zhang Guobiao
(Key Laboratory of Subtropical Agriculture and Environment, Ministry of Agriculture, Huazhong Agricultural University, Wuhan
430070, China)

Abstract In order to determine effects of structure characteristics and shear strength of red
soil on soil detachment, relationships of soil detachment rate with soil aggregate characteristics
and shear strength of the red soil were studied through indoor simulated erosion experiment with
concentrated flows. Eight typical types of red soils were chosen for the study. Results show that
aggregate stability index (As) integrated main mechanisms of aggregate breakdown, and was
found to be well related with soil detachment rate under different flow shear stresses; A positive
linear relationship was observed between saturated soil shear strength (o) and critical flow shear
stress (z;) in concentrated flow. By introducing As and o, into the WEPP (Water Erosion
Production Project) model of rill erosion, a prediction equation of red soil detachment rate was
established with a good correlation coefficient (R? = 0.8871). The study provides a hew approach
to research on erosion mechanisms of red soil, which is of great significance to perfection of the
physical process model of soil erosion.

Key words Concentrated flow; Red soil detachment rate; Aggregate stability; Soil shear

strength



