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SRR 3 UE7IRG L o o JIOEAIN O RSP A TR ne SR SRS
BTSRRI, BT ¢ TN BEE A o 2 e 13 e BY
SRIEME LS. L, I iR MR L ey o
JE 2 B b IR N AR 3R, ORI R AR AR
SEPE S BT 5 B 1R DR /N T S bl 8 ) A ol e

[E A Ah 2 s R 2 imt T, A
HRAE L IEGTE R e Tk VR AR RS . Breh PR R
A1 B R R DR 32 2% )5 1'%, Bajracharya %5 EL ]
SRR E PR TSR U s JEFR PR PR 1 2= 1
A o S ACME AT I JEUIR L e R, ST T b
YRR . N FE AR R B 5P R R .
L7708 s A 7 N T e B LS W N e £ =
<1 mm ZB0RR 2 189 5 - PR R (0 DGR DR 1 o SRR 2 A )
A =0 R X BT bR 43 Akt 3B B o P 5 B A AL
RBR, FBEARE. <l mm RKXARREY. A4
E R S e W U7 T 27 N [ b % 1)< < P <3 o N e 571
M, WA BIEE L. RS (3~5 mm. 5~1 0 mm
HMI>10 mm) (R 7K AR B SR ARG A7 R 14 e T3 1K bt
PR o R IR 5 2R [ 4 1Y) Mae Rim L3k,
WO TR EY A g ey b, R Y A
J3E SheAff o 1342 &5 4% . AL-Drruah 25 UVF) F -1 3840 85
FESRAE T I B AT LB, I B ek S pU B o AT
FUIKKR R W, ZHCHH TN ) R PRI
R G T T S PR G R, TR )
SFIREE SN BRI I S 1 R T R D, R
SEAE TG T I 2 DORE IR I /K S A R SRR AE T, X
PR FUEE WL AR IE o A SCE R To T I 2 X
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SRR LSRG LRI, 0 Mt L HER0RE 55 B R A AR
SENE. HIERTE RIRRIRR N B A S
PP PERI A IR AR, 0T IX 30 ) 224 P B
YRR, O e BT PG 4 DX e R L BRI SR 11—
JE HI RIS B A o

1 HREXER

RIS AT T2 e 48 oL AR 2 B3 9 0 o i
A8 V)l S UL B Tt P, A v R A B S L K
S IREEW TR 2 B A4 AW RFE B T B A L e 1 1y Ak
WAFGE S . 7T 101°48'48"~101°49'54"E, 25°50'30"
~25°51"18"N. ¥4 1 067~1 138 m, X563k A Hb JE 1) &
TR, VRl 3357 L, R 0 1T R B A S A P
V), AEAZA VAT SNV BE P, TR ARk, A4S
Y HME LIRS B 7K 454, # ™ HiR 4. St
SEAS AU ST () R, YA ek A T A S T B A R
e THITA NN 21.9°C, Wi 5w/ 42°C, Wi
BARAR-2C, =12 CHIRFER%EL 349d, =10°CHURE
7786°C, ‘FHMEFE 630 mm AT, FEPALE5~9 J, H
3G/ DRIECC, FE K ER 3911.2 mm, AKE
SEPERTEN 6 £, THREE 4.4, THIBM L35 LA
JEON A, MR O FEE R R AR Ok T A B
W, FEARFEY) EEEH S (Heteropogon) AL L
(Botnrochola portusa)J&% ; MERMPTEARETEFLEFEF

(Dodoneae viscosa) ~ & (Albizia julibrissm) 2.
2 WMRA*E
2.1 TEHUENE

G IS JEOIR b el A . AR
#4430 emX 20 cm X 10 cm 7 JEHUFESS , W5 E 3 M4k
e B oy KW RS I H B o B by R 3 A
AT IR JZ UK o BRUIR E AR RS SRR hiRiE 12 h
B FEEAT, ARG R b A o R R A IR 3
FE S HCRES I 33 B — 20, 150, PRS- aK
WL AU, pRpI RS AR WK &8, fEKE bk
Brademmit, WEKma. W G w2
DRI, FARHERR S /NX A (20 mX 5 m) P24 [ K
ek E R AR B el e, B 2 L/min, @
TR LB R K, PRI 19 mine 7R
WUFF46 )5 HHT 4 min, FCRERRAE 1 min B 0K
FE, BUESE 3 min B0, JLHC9 bt BUKTR P FEE T
plves yEfE, MEERRE. BEEhihRE IR 1 g LT
N AT IE IR E (o5& LT

T
~ WLDS

A, ANS frims FIEDU RS, min/gs T Aol
PO, min: WLDS Rt kT, g.
2.2 TIEYEFESENE

762010 4 8 J1, TEMFFTIX L 3 A3 phiy )3k,
DAVE) Sk bR T K TR AR A g ik, 50 K =+

Q)

BOEMRa b, REINE . MRRAR BRI, S
BAK, 200 10% k47, HEYE E 2R BT (Heteropogon)
FFLFE. (Botnrochola portusa) - FEBEINIE RV K
UL, W B 237K 9k Sk S M A BR B 4 By s
T 3 ANERAL T IR JE Rl L FER 9 NIRT] (45X
55 mm) £f, RIS = AT VAN T - R H L 4L
e S BT KRS E SR AR (R 1D o H 15 bar s JjJE
G E L IERK R I, kPG IR N ) 5
JE KB RRMUTE LIEAE, LRSS &
Wog FARIEA T REN 1.6 glem’, FHRFLEE A
37.46%. Iy HCRAFREEER (MWD) WRYE T~

[18-19]

AT HLE=<0.05 mm fH A1k +<0.05 mm HUBZA K (2
n+l
MWD =Y X, xW, (3
i=1
A, Xoh i Wi i BRI EAS, mms W%
B E N K FSE R A &, %

R BOTENMAER. HEARKMKREARGSE
Table 1 Mechanical composition, micro-aggregate and
water-stable aggregate content of dry red soil 1%

2~ <1~ <05~ <025~ <0.05~ <0.02~
I mm 0.5mm 0.25 mm 0.05 mm 0.02 mm 0.002 mm

AR 579 1320 2620  35.05 6.20 10.11 3.46
Wikidlpe 214 497 10.05  35.68 11.14 16.94 19.08

<0.002mm

5~ 3~ 2~ 1~ 0.5~

>5 mm >3mm >2mm >lmm >05mm 0.25mm <025 mm
ZYTaE
7J<Eé1rim 11.26 8.73 12.42 16.33 12.85 5.09 33.32

FH At (A1 S 56 5 1 H A, 20 il oo AN [RI A0 4 Jo 5 /K
F (8% 10%. 13%. 16%. 19%. 22%K125%) HIRFE,
IRFER T2 BERNJEOIR T3 AR, 1.6 glem®, HBY
TR BT Y)HE N 0.8 mm/min, 42N 50, 100, 200
F1 300 kPa I 1E N 5 W E 3R T ¢ I R o

RN G, BER 2 min A2 AT, FHVRBH @ RMY S0 5T Br
A 7 A 405 X B 7R HJEUIRAT: 1 M g 6] 3R 2 AT TR
P BRI AN )00 KA BTSSR o, BRIK
W3 AMERCT, B S B SR e 3 TR S KR
AR 458 0 i % K 3R R g S s 7 - 387K 3 R A it
2, THEAR S KE R R ) .
2.3 ¥R

H spss12.0 BEAT AH OC 73 Afr & 28 [l 73 A, H
sigmaplot8.0 FAT %S4 ANS WX RATREIL 5 -

3 HER55H

3.1 HIREHMRTRE X HUR IR RN

SRR (41 5 A L Ak LIRS M R R A T,
HRAPIRZSH e — 5 s L 1 g by, SR AN [ 2R A4
(RoesE PR LIRS M RUE TE . IR MO AR
iR BEERAE AR A HISE A AN AR th 4l /N B
RN R AR AL T R, R AR L 2R A T 1 58 55 5 i
L HRURL ) RE I KN, LSS IR S
FCrP R RE ST o T T BN R AR PRI ) 2245 1, 5
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ANTHHERRPF Y E R EA MWD KRR P45
PERE R AR KB PR

TS BCR R ROR LIRS DR RR, A EUR RN
T b 5K IS R R 4 0, DR, 20 ORI —
GEFEPE BT L EOR I AEH ). o BUR &
<0.05 mm A B 4K 5<0.05 mm HUBEZH S0 LA, 2Bk
Ak, s Dbl I 95 BOR AT ANS iE
AT (B 1D, RS ECRFR ANS 2 — K =Ik%
WA, BEE > R R EE N, ANS B NI, 4
STHUR A 0.3~0.38 L4, Juhde BTN B2, Z)a,
Bl 7 BRI BEAR,  BrohFE20CT BV s . BN 3 HOR
K, <0.05 mm AR AR iy, R T SRR 2R
YER#>0.05 mm P51 SRR A7 Le Sy, g 2R
JE 22, K 1) - S ORL S 5 4y BRIV B K b A
B Eos /N, BEAE<0.05 mm HIBA S BN, >0.05
mm B SR A BT oy L EE G N, T SRR P i 45 ) R SR
JI3E5, RO AS S 1 o w R

2.0
1.8
16

w14

£

£ 12

%]

S 10 e S
0.8 | — WAL o
0.6 | ¥=5.671-38.56x+116.162x*-116.767x*
od (R=0912  P=0.046)
' 02 03 04 0.5

e

A1 23FES ANS &M X &
Fig.l1 Linear relationship between dispersion rate and ANS(soil
anti-scourability)

IR AR A 2R R DR R 348 45 W ) B e AT T L A
M, —E R R T AR PURTE N IR B BRIR
SRR ARG TR, AT R L IESUR BlRE ) 1)
TLFEbR, MWD (mean weight diameter) & e 4358 4] 2%
PR AN AR FeAs . BT X MWD F1 ANS 1%
ROMERM (B 2) , MWD Rl ANS 2R EC7EA, MK
R R N 0.954, Wi S EETEIEHIE (P<0.0001) . [
25, B MWD BIEEE N, ANS b 2KER. =
THE MWD {HIBOR, 7R 1358 2R AR 1) 141 SRR
s AL SR AR /N URL S5 /E I i, 197K T BRI,

200 e St

18 — MG

Lo g 6214+0.781x12%
14 f (R=0954 P<0.0001)
1.2
1.0
0.8
0.6
0.4
0.2

ANS/(min-g™)

4.2 4.6 4.8 5.0 52 5.4
MWD/mm

B2 FHEEHEREMID S5 ANS 9% %
Fig.2 Relationship between MWD and ANS

IR G oK iU T, — e RS s 7 2R 4k
PN R TR & 2R D FUK AR PR R R R R T by ), I
TR E )35
3.2 ERWAFNHIAERF M

FEJTO J7 2 R0 K P RE VB RE, 2 7K R
SRR, — Mk, R g B 5 7K R ) K T B
PR/ NE e APk I R ) VRN - B 8
FEAARIFEM, AR 1 B B 53 AN gk T o] AR 45 1)
Wi 7y Se ~ W J) Sa FA5] J) Sd , IEHPTH T ) (u,
~u,) o XINSTEERAN Sy Bl A 5 ST 7 AR 0 T B i 5
AEEE IR EaR, XM EAR I G AR ) Y. )55
JINER SR A B SR o R IS s 3K AR AR 2, DA
WERAUA T Bk 3 SR ) 2 R T OC R, 4553
KW HKELS LW )RR RH KR
(=2x10°x 1), MR % R?=0.997, W& 58 E A
K (P<0.0001) , Ut B FH [B1A 57 F4 RE A8 A i B TN AN [7] 75
IR LT T

207
1.8
1.6 |

14 |
12t /%

Lo ¥ o Sl
0.8 — i
0.6

0.4
0.2
0

ANS/(min-g™)

1=0.2184+0.1918 In(x~17.2302)
(R=0.9296  P<0.0001)

50.0 10.00 1 5.00 2 0.00 2 SIOO 3 0.00 3 I500
L ) /kPa
B3 EFBRAL ANS 9% %

Fig.3 Relationship between matric suction and ANS

AR S0 P 38 T A KR, s T s R
eSS Sy, 3R 2 SRR RS KR T 1) 4 o
KL IR ANS, 2 B FL W R o 3 I, Puhds
g diiin . kxS o SRR ANS A HT
KW, ANS 5 ¢(R=0.827, P<0.0001) . 3£ iM% J1 (R=0.743,
P<0.0001) ZEFTEIEMIC. ANS IS o RELT
MR, FIEFEN y=-0.299+0.018x7:+0.0002x
AR R E R?=0.758 (P=0.000) . #iHLHEM 115 ANS
M KRZKE (K 3) , ANS 5T 7 S50 15 K e
KR (R=0.9296, P<0.0001) , FEBEAE LT 7 1) i
IEXT R EOE IS, TEIFMPT B, ANS BEKE, F2
FSPABIR e S oy N e B9 AL 5 NI 9 )
TR IR, TIERE G P, ANS % B K
REHTI D, 51 IRy (s N, H58 T 13
IR, A 13 ANS H-KRH M IL N J) 7 548.554 kPa
Z ), BARFE W AR R, {2 ANS BRI 2% .
3.3 c 0 @ EX RIS

Jumics A1 Barer®* A 13842 b (1) £ 5 30 P8 98 2 5 X
M AEBYRN ) IVERTE KPS R B 1 98 A s R R
SEETYI 5 E B BY D) T AR TERRE T, e B ok
[ FZEER 77 FBURE ) AH ELIBE &5 IR TR TE 0 RIORE 3 T
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#2 TAREAREBEKRETMNERN . ERWHK ANS
Table 2 Determination of 7, matric suction and ANS under
different water content

FREKR % 7/kPa eI ) /kPa ANS/(min-g™)
8.600 95.000 3468.386 1.852
9.000 88.000 2 620.663 1.695
10.108 85.000 1280.895 1.840
10.331 90.000 1119.525 1.596
10.560 86.700 978.248 1.554
10.750 88.000 876.408 1.324
10.870 91.000 818.640 1.364
11.599 83.600 548.554 1.493
12.579 84.500 332.754 1.163
13.107 80.000 258.225 1235
15.438 77.900 94.142 1.025
15.676 66.500 85.668 1.123
16.129 59.000 71.860 1.010
16.515 76.400 62.105 1.034
17.041 74.800 51.194 0.709
17.340 56.000 45.990 0.865
18.230 54.000 33.780 0.876
20.210 49.000 17.890 0.136

BT I3 3 EadEs Frbh, B AR MR IE
TIRMPIPUBT L . 0T LIEMBUBTRIE (¢ R o {H) Al
ANS TRAHTL G Z A A 0 3545 Tk ) 2 () FE R 3R ) BT
fRURRE ST, T B AU PR R AR 2 B A B L)
W, FTUABET L 8E ¢ R o {EDC BT MR m st B A3 0 A
BT, IR ¢ 2 BSR4 ST AR R AR 1 A 2k B
15 BEMSAR U 17 1L AR TR T 1) - R 5 H AR A RA L A%
filo 1IN c FANS IR HREH (B 4) , ¢ Fl ANS B
IR R B R (R*=0.8697, P=0.0022) , ANS [t
c IR S B R B K, ook, IR PP A
I o MEE R 17 <10 kPa I, ANS 88K TR , {H 224 ¢>10 kPa
N, ANS BEKZ218, ULH c KB e E)E, o WAk
X ANS AR L 5 M N 98 o

20T
18 | .
16 |
= 14t
0
E 12t
2 10t o
= o S
08 A2k
0.6 ¥=0.9125+0.2069 In(x-0.8884)
T (R=0.8697  P<0.0022)
0.4 - : .
0 10 20 30
c/kPa

B4 F:3Ach ANS 9% %
Fig.4 Relationship between ¢ and ANS

3 e UL R [ 2R R DL — s T U B A 11 1 4
GEH, AN TRVRIORE 2 1 B 5 ) DA B RORE [A] P i A\ FH EC B4
FHF= AR e B 3 R/ s i SLHR BT A IR I RE T - 5
Fi ANS 5 o 2RI BRB KR, MR
R*=0.8824, £ t KpI P&k B &M (P=0.0016)
ANS BEA o M0 S0 25 ek 20 i, Ui BH 1358 o 138 m,
AR T30 HIEHCP TR R RE T, EEE o BOK,
- HESURL (0] (1 R4 T RIS A5 R, MY T T 3SR
PURR T RIBIR I RE ), L HEEANZ S K IR

20 e gy
g | — Bz

1=0.9076+0.4032 In(x-27.6702)
L6 1 7 (R=08824 P=0.0016) _°

14t

12 1
1.0

ANS/(min-g™)

08 1
0.6 |

0.4 28 30 3 34

W B F1/(0)

Bs5 ABRER L ANS X2
Fig.5 Relationship between ¢ and ANS

3.4 TIEHFHFMER AR

REM T BT P M I ) SR T AT BB R
JEAEHESE . IR E S P, O T R
IR g 2 £ B R 0 BT 25 3 D) 22 S HON Pih P Y
W, ASCEH R0 () @(xs)s MWD(xs)s t/xs)
MIEEFTH ST (x6)6 AN SN 135 07 2 (I S HOR 4 i Hox ek
PERIREI . K 3 & SH M LIS ANS BFIHOGR R,
RS I T SHR ANS 2 W 2R, Hh el
o Bl MWD 5 B3 FHC (p<0.05) , 5 o BB TRIR ) 5
W 2 A (p<0.01) , FERRY /M HERM A, 5
PR E PERRAS,  ORLTR] R R SR ) A BE R A AR N, A
3 T IEHCH UKL BY N ) BRAIG, - 498 ) ke 43 ECm
bR T ECE, HWE&ESH PR IEAHKKR, o 0.
o AR U ) 22 1) AR B E PEAH R (p<0.01) , 1K 4 A
2405 MWD BEARFIREERIEA DS, FEERY o o FIJE
R T JERAE o (A S H, AR ot =3 A,
ANS 5855 125 S5 BB EAIC (p<0.01) , HUAHKCRESE
A X5X3X47X 17 X67X 00

H T BB ANS 58S HIHE R, Xt
ST B HN ANS ATE A BIA AT, 45K, ¢
fH MWD F o5 INBIE TS, SRR AP E A SR AR 1 A
TEME S UL K A 2R Ak 2 ) PR e 5 5 2R 0 R - S KB T K It
B BY DI IR T3 %5 ANS sZ Wk, [R5 fE R . ANS=
-3.070+0.012x,+0.674x,+0.01x5, AHXK RE R*=0.983,
VLA HIX 3 NS EEREB I 1A 0 ANS HE KR,
MAAH S R EE S Rxy (0.915) >Rx, (0.829) >Rxs (0.776) ,
Ut B KA E HIEER A6 ANS I E K, iX 5 Bajracharya
2 BV o xS gyt 850, HRGR BRI BT,
Ui AR A AR e, BRI A 5 KRR, R0RL
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P8 B RURE [R] PR 66 5 0 B 0 iR, 3998 1 IR I 9T
BRI, IR e T LR ST e
®3 TBAIFSHE ANS XS

Table 3 Correlation analysis between soil mechanical parameter

and ANS

X1 X2 X3 X4 X5 X6
x -0.743" 1.000
X3 -0.760" 0975 1.000
X4 -0.760" 0.550 0.654 1.000
Xs -0.853" 0892 08697  0.759" 1.000
Xe -0.848" 07587 0.862"  0770° 0826 1.000
ANS 08857 08357  0.899" 088" 09347  0.868"

e 0.05 AT EEFEAN THE 0.01 AT EAREFANR: xi~xe BN
R cn ov MWD, o RI3ERWL )

4 % i

1) ECRAPE S ANS 22—t =R A AL,
B > HCRRZ W N, ANS B8 N %, 2 BCRAE 0.3~
0.38 ZEAT N0 ANS R FRESEMI NN, Z )G, ANS K
PR . Bl P4 T B LR MWD [REEHE N, ANS B2
WK, WH R REREOCR.

2) H y=2x10°%x" J5fE (R*=0.997, P<0.0001, y
BT T, x RS KD BRI (PO 21 - AR AN
[T K N IR ). Hih R 2 ANS 5355 /)
AN BOREOC R, FEREAE R R N, A
rBt, ANS BEIAER, I U ) 7F 548.554 kPa Jii, ANS
HIn2% .

3) PUITFEEL ANS B TR ) ¢ RN BEEE A o IRHER
SR BN, o Rl o K, T IERIURE A S R 0K (1] )
HESR ) RN EEH ) iR, 195 T IR B TAR I 0 H
MBI BE S, IR PT P e BT

4) BT RS &) S BTN R ANS &7
KRR, HESSHZMEEMLEKLR, ANS 5
BB RN B EH N (p<0.01) , MAHRBRES, i
BYUSRAE o> N BEEE A o> & AR MWD>4) %>
W I>FET) co ANS 5HZHIZE L AL, c.
MWD Rl o1 ANS REUFINEME X R (R?4=0.983) ,
i AH G 28 505K BH 7K B 11 2R Ak () R 1 ORI A& 1] 5 Ak
[F) (1) Jiz & 6 5 0 0 1 SR HRHT /K UL 18 BY D3R g %) ANS
A TSN
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Effects of mechanical properties of surface soil on soil anti-scourability in
Yuanmou dry-hot valley

Chen Angiang'?, Zhang Dan*3, Xiong Donghong'?, Liu Gangcai'>*
(1. Institute of Mountain Hazards and Environment, Chinese Academy of Science and Water Resources Ministry, Chengdu 610041, China,
2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China,
3. Key Laboratory of Mountain Hazards and Earth Surface Processes, Chinese Academy of Sciences, Chengdu 610041, China)

Abstract: To study the effects of soil physical-parameters on soil anti-scourability in Yuanmou Dry — Hot Valley, soil
particle size distribution, soil aggregate content, matric suction, cohesion ¢ and friction angle ¢ of surface dry red soil
were measured in Lab., and soil anti-scourability index (ANS)was determined by undisturbed soil trough scouring test in
field. The results showed that the ANS and dispersion rate were the unary cubic multinomial change. ANS decreased
gradually with the increase of dispersion rate. With the increase of the mean weight diameter MWD, ANS showed the
power function growth. ANS also had the logarithmic function growth with the increase of matric suction, ¢ and ¢. The
order of correlation degree between ANS and the different soil mechanical parameters were shear strength 7 > ¢>
MWD>dispersion rate>matric suction>c. The stepwise regression analysis between ANS and the different parameters
showed that ANS had good linear relation with cohesion ¢, mean weight diameter MWD and shear strength z,(multiple
correlation coefficient R*=0.983). The partial correlation coefficient (R yp(0.915)>R.(0.829)> R0.776)) showed that
the stability of water stable aggregate, the cohesive force between particles and aggregates and soil resistance to shear
destructive power of flow had a great influence on ANS.

Key words: soils, mechanical properties, shear strength, anti-scourability, dispersion rate, matric suction, dry-hot valley



