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R R BB B 6 69 U8 A O B2, X & A LB
BRO BRI MUK B AR R BT T B, R
BABAKNERA AL HRRERFTEHBER
Bt v e AR B S AGAE™ R A M A9 LA S 4
RHAERRERXR, HEFEHINUBH AR
FRA Vilk a3y v BRI 20/ BRHE , 251
PR T KGHEYR A WAk 7E IR 3h 90 38 B B9 (dus/dy < 10/
8) MIZEWM WY VI B (10/5 < du/dy <20/s) R H1 &
HWXR.

1 PR BER: e A AR

RAMERTRBEHRAR LWREFERLRA
WAk A HBR(BRA) , T EEERAER T
EEENERMNA) . RONPIEOXEXETER
BEHAROHAEN, HEBERIERARAHE
R Z TR ZWRE, SFIMNEA kKT )
REELAHMY. EMEAWER(HER) ELEH
500 mm, B5E K ) & 088 A JE 5 BB A I 2
TRFER)MER(AHR) K 590 mm, BB TR
R R A W, 3 B RTR T AER L ER.
X & WA S ERAERRE 8 AR (GEH#AT T ik
MRIE , RIE S et WEMTRE, 47
SE Rl B R AT IR AT I, — AT KR
BN 5 3 B B FIEF UM B (LVTD230) [F]
B4 AT AR EE S BWE , B LE
AR S SRR AB EEM FRRER
0.009(n, 32 MWK, 0, -1=4.4976 x107%),
5H—HFTHIEEZ WAL (the DFR) SRR
A B BEFe R B 11 (the RV2) R4 RI#TRA
WMRK AR ES BN E (—FrdE430k) , ZMAE
k446 EEH SR MEE(RV2) B EBiRE
H-0.0033(n, ly16 WK, o, =1. 289 x
107") . XFEFHETRRNREEREN, ZNBH
AT LUH#ATIR A MM KL AW

R AN E R A PRI B AR WA MR BT 5T 5
#ITH . IR B BT WAHE S, HERBA >
20 mm MIBRA S AIIIRA MK, 37 BP B A {28 33K
FHATHE, R >20 mm HERAA SR STA
FORDN & BITRI 5% . LW i F/HAEER
PAIEE D Ba5E AD + 51T HLE B W
HER,

2 RPEIRA WA R Sh R R AT FRATAE
FEEERRIE AL

Y4 1k, BB T 1 2 0 AR 2 1A O
SR IR KR BB (d, <2 mm) BRAE R
R GRFR R B R B B R AL 5 B R A
YO YUK IE 0 I A 40% ) , W IR B 45 R
By RE A M ERRRE PR — B T WA,
FARIENIE RO L, R N RO, To4tR
SRR 1 VB WL B R R R 3B
SRR TR, B T LS8 454 | B PR
% EWERS, EE BB BAN AN R
347, B T VB O A SR B 8 B A R
R A B EANME & R R RE WAL
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= AT BT UTF R T E BT
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e Bt T B 24 SR (SR L A7 2 ) B
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R Wi B A R A B RS (BB L o 7, i )
B, BT AR LR T A9GH) (r,,) TR B
1, XBT SRR R R RE A R
BB SO LA HERS J0h , 1 15 vk BORLIURY (BR )
B R . SR A R B
RIS, 2 T 9 B 070 S 0 AR B R B
AN B, B R ARz 7 AR B R B B B
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Fig.1 Rheological curve of debris flow sample
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ARG o BRI R R AT R
{3 et , B SR BB K, 18 BUbLE B R I B
PR RAR IR, B EERAB KNS, tha]
PRI A (B 1 PH7,). BAFE—A
fRAE R ShIE , IR 7,58 7, AR KET, B Wik /Y P B
BAOMhBER R BRI 1) MAs 4k, F s
KOEERIMEY B K2, Btk i & 7 5w/,

BN R, SRR ERENEEN
2.2 BMREEVENEERLLERESHN

R
KERARETENIE LORRI A
(1) BDEXFRETRA MK EE(r,),
MBRESRARKNEE (p.) JEAEREN T K
Mg () ERBRMAERER(H, - p, - g-du/
dy(N) ) LA R IR BRALTURL A HE#R BE R R 3 (tang, )
Ko BXHSE,BINGERE REB RN E LT
B (SHRRE) N

du )
H,,ZTC.,-[HO p. 8 dy(N)]tanqo. W

p. * & * tang, * cosf * CWE‘%J

AP p, ARV HE,CAHERTIRE, g HE I INHE
BE,N RIEES) anp, Ry HikshBER R I, cosd HyiH
BRAGA BR T Coop,po 7. B R HESEIN, (du/
dy) (N) \tang, i tanp, HIERE S ERATE
HEBHARD, UEENRAENFTES A
HXR, 5 FHR LR EERAIERES K (du/
dy) (N) \tang, fl tang, T H, FEREESLE M
B URRHAHXRFHAYHRESEE ML
EELE A, N X S HRT B EMfE. &
WEh, B ¥ I\ # BRI R4 (tang, , static friction
coefficient) FIYERFBE HE R ¥ (tang, ’ , quasi-static fric-
tion coefficient) R —4f , ¥4 Ik 3l BE 88 & ¥t (tang, bed
dynamic friction coefficient ) F I /& 5 BE 88 R ¥
(tang, ) F—#E , BEECERR S, B FRF%E
BUBEMEBORE, BENEHHEERN
(tang, ) FIBHEE I R 4 (tang, ) , BT A —E I FH tang,
% tang,” , tang X tang, """, Ktk R A WAkt T
ORI AR 2H AR, B AR 381 — ¥ A T 28 7 L B T S WA
R8P R 7R 20 L ) — YR 00 A 4 T (R R e
BRI R YR N A A%, ASCHI A B O AR EAR
WEre T8 A T AR, BB W B RGHEIR A MR A0
BEREE R

REE R WREER AT (y, =2.096 vm® ) £

WA W R AR BRUE BR B 7, - R B R A
ik S shit R BE SR A 0 8° , R HIE /D FREE
B (BRI I/ E R 30 em) FriE H R WRHER A
W& (RACHE) MRBERA o, =18° ~24°( 4
mEEEKBEIEWRME, o, NERNREA R
14°) o FFAR 4 Fi AR (BT W & B f IEEE 3 [ (dw/
dy)N], AR P8 A J {4 3% BY ovf (0 B st B o . 7 (dw/
dy)Pe=F(C,,h,) ,AILIRAESHEBERE . BRA
Pk HARE B (p, =2 096 kg/m’) , A Fi I 4k
HIBARRL ) (K585 7.) 0 32.7 Pa, M¥ER A Mk
BTG R 0.98 m B}, IRIEIEE S E(FHIMFLERE
INAUHBERBECHAERN S, B U L&A
BRIZRA TN EE RN 1 592.32 Pa, B
HEEW LWL O MR/ 0=9°,0, =2.7
g/cm’ pr=1.65 g/em’ ,y, =2.096 g/cmj, al iR
BRHERAHK(C, =0.645) Fe—By 4N L 3 st
TR, B ERHBESRNRA) R, 7T
AR MG HE 08 0 3 44 S shad i Ay ot vh B 7 0 TR IR
(BFFRE) X 2.04 m, Mi¥EUR A W BE T 3 o B 2
BL EEIM M oW, LR B S5 B2 (8] 49 87 i B
R, R 5KER A TS 3hE 85 o LB A %
(B 15 Ty, Ty, SRR RBRAE 1) o BRTRAE
i B MR PE R 5 SR AE X EG LA A B U8 A e A TR
EA-H MUBEEANRARERELYHEN
2208 Vm 5B S W EREKE 2. 206 v’
(2.096 /m® +95% ) FA—F, TP 1Y P B
BEYHERAI Vs, RARGBCHWREFLHMHEN
2.04 m EW LA MK TBELEE R 3.9/s BF
O BHBE IR R 4K (tang, =0.056 ) Y AK R WRA R
Fiil KK BE(j =0.052 ~0.06) , FK1G &I A Pk
BB SHILEE , F031 3018 5 0 00 S0 I 48 HL 2 2 4R 0L
RAMKERBSIERXRENMAKRB/ D EERZRA R
RShBE R R A B AR m . BN RE PR A W ik
(IR L R AR AR E AW, L R B Sh R B TR
EMPHER X, M1 B R E WAk R
RITEBALER, itk — 5 A SEAT RS PE VR 0 I A g 4
RIPFRBEE THA

3 KPERA WAL R AE K B A LU R
cEyica
SRR PR A R R R 6 O

IR SR BERIIRIE , 35 SR 1t U8 0 I e O L
ﬂi&ﬁXﬁtﬁfﬁl“” ,*ﬁﬁf%'ﬁ.ﬁﬁ:m T;s(ﬁjz Ty2 ) &
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ENERER R L SRS KR, Bk
RA PR A B EAFAESC I R0, A MAEMIER
JRRR A (7,,) 5RA FAREFRENRMK(C,) M
WEPBRA MK/ (dy) HX
7,3 =679. 5dg, ¥ exp(16dg, > ) InC, (2)
KYETRE BAKR N A AAE R B, B BEEM K
PRMERARAENREZBN)E, RRIMEREHE
MEAK/NEGRE R L, B4 RA WM MAER S
NERZN B RERALBEFRE. U, E—5F
6 WAL R AE B REYE T B AR WM BT e &8,
ARBRIB (BKRLBTERZAT) kR A Mk
HAWIMG 5 VRA WA ) 88T vk 3T B BE M IR
HEARMBARER SHRBR (B 19 7,)
B, MARESREWKR S . LAHRa Mk K
BRAZE ,—HB X — BB R R — e 7
PN —iE , T AR /N S5 K VE TR A O B
PEM , KIUSREEER A, DR ER Z, UL R AR
BENE4RENFRN) S5 1,887, SRE
RERRPHRIESDIHE N EFFIEFE ARA
REH I/ RE—REYE, 1/ KR ERERBA
HHASME RSN R T B M, Johu-
son P. A. AR R, A AL AR R4
EEBER, EZVBE 1987 ~ 1990 4EF1 1997 ~
2001 455X 9 a K 88 SHFEHEVRA W IEAHIC R B HE
BHEFTAH, RARBEORE(FHHE Q(m’/
8) MAHE 0., (m"/s) BRWE Q(m’)) P
BN RBRERAEANFTRERELET) H
XHEMR(3), EAIH b EAFIH 1. 62(N « Q).
L21(N Q) F1.29(N «Q,) , MR RE 5 A
~0.9639,-0.880 9, -0.92 93, X BB E (t0.05)
B BE (6.0) KF,95% BIEXEN -0.720 5 <p
< -0.99 5,
N Q™ (3)
RERBREAMBSHEMY b H, SR E
MEB—BRSSRARMS A —E R,
HRBEARXNP QREMREREE, H0.8<b<
L1, ZEHEHRTRAERNINERAES S A
AR R

4 HtEROREERERR R Sh#H
BN 1A Fy 2 2R Ak AL aE B

MR R, R A MR AR RS R
AW BN N T E EAX, MIRA Mk A

BB R BERGEEA BRAE D PR H (d <2 mm) 248
SHEEARAER (K 520 kg/m’ £35 kg/m’ ) A
Ptk BRI IR KBRS R AN IR EHRE .
Hig, hTH—EHRBA SR EHERAREA
SOURL[R] £ 38 B R R | B il FE A ARk A, AT
Wit THRAKEN R (REK) =4 AR M
F(d H10~15 mm ;5 ~10 mm;2 ~5 mm ) BHYESE
T FATER, HAGREBNRAMETRRKE
(C,=0.451 8,d <1.2 mm) ¥R R I A Wik
FvEN R, KB 9, =0.227 Pa - 8,7, =22.81 Pa,
EXZHERS, RAMERIEBIRE(C,) 2 F -
M 0.488 8 3 0.738 8, BRA BYIEEIREMN 0.037 3)
0.287, EF—RIEREHRIATARREEH TR
YR BE T B BY U1 I 7 B BY 1) 3 3 A8 4k 9 B ) 1 3E gy
%, ZHRRNEREEL B, B2 2NBN 10~
15 mm 41 f) PUFR S [ 9 BE B 52 7 iR 2% o

‘120

A —— R
100 | —u— RN2
ey R 53

—— R 54

80 |

(pa)

60 |

40 }

20 }

0 4 e
0 5 10 15

W4y & (s)

(Cv1=0.5312,Cv2=0.6812,
Cv3=0.7112,Cv4=0. 7388)

M2 &MHFERENERARNORIE ML
Fig.2 Rheological curves of various densities debris flows
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Fig.3 Rheological curves between different densities

of debris flows (up and shear rater)
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4.1 HERAREBHMAEROENEHXR

AR W 2 A YR A HLRE R 28 Hh 2R A0 K R SR
6] BFE LR 4T RS HE R A AR ZE R R X 5 30
FIHREL (AB Br) F7E 3y 47 % X ¥ 3h 3y L0 Bt ( BC
B) AEREFRFAMNEARBANIEH XK,
RS HEVR A I A 7E R 3R XS Bh A A B (duv/dy < 10/
s) RORL AR TR , & b BURLIA) B A DA SR A B R
NSRS I RN NERXR, BEHRR
HERERO RN EHESMRANESBR K+
{812 (dy, ) 47 2 WENE, 7] AR R R A FiE
FER 3 R K Sh) i B BT VIR AL R D SR B %
BR(4) o KaHEVRA WD 7 B 28 th 4R 7E MR 3 AR
S EBMNIMALISE, ER T SRENRZHNY
SRS BERLY ) FIRE R U 4R HE A XS, i 5
UL ) B FE R ) AR ShR IR A k. TERI YIS
FAGHERA WK A3 LR AL MR AT R AR
FENIMMA( du/dy =0.273/s) 11 5.5 Ps B3|
1.02 Ps(du/dy =20/s) , B 1WA 3E 82%

7 =(518.99dg, %) C, 5 ™0™ " exp

-0. o_|”l.0‘ d_u
[- (03145 "), ™) JIn ! (4)

4.2 WRERERGEDIVREDBTER"

A1 f0E 3 A e R T A FA AR
R -ERFIMEPYER EfTHME" 5 T1T
HR " HAER, HRMEIF SRR~ HRHIS”
IR X (H 3 FHARET) . ERH LITH
K BHERSERBETTHETRNERSE
PHR(KS) . EfTHETBRAIR(x ) RERMR
AMGERERX B BENNIRAETRE(F
(1,),du/dy <du/dy,) . TITHHATBARA Hik
WEN AR (F(7,) ,du/dy <du/dy,)o } S
MFEA N

S=Z::F(1'l)d1'—:1:F(fz)df (5)
“S"HEFRRRMEHENRE, ZX S E Rt
o 52 WS GRS XNERANT, “S”
F T FRUBL R A AR T B BB B RN R B L AR ER A e A
SHIRENER, EHIMN () SR

(du/dy) B4 (Th/BY LIEF (6] - 1/4K80) e A Ak 2
vei B B (RRR/AHR)

s=r- (@ Do 25 (6

F1 BRT &FHAREBERERA Wik
felk, B = AR MBRA (dyo 75109 12. 5 mm;

7.5 mm;3.5 mm) ALK TERK R (S = Adss) , BN
AME R >0.859 3, MEHTERBIAB X
3 G PE VR T T A ok B3 T 2 AR AR AR 4B [ X
7(ab) ). ¥R () RABERRSNBHIRK
R, WA (8) R T RA MK AR E (S) A
S5RAFKKRESR X (A 4), TEEHRE R
AP B KRN (o) AR
A=7364.2(C,)"* (7a)
B =0.6548(C, "% (75)
$ =7364.2(C,) " # (dy ) > 77 (8)
Bt A Mk A BT LIS Rt R A
Wik st AR A MAE S FIE. RIBLIL
LRMERARERESENATERRNITR,
REPL b 4E T 2002 SEARLIRRG HEYR A T A BE , B
FARXT DL ARt B SV E R MMM B R SR A
Pk A A B AT 3T H, AR BT BN 2Z B A4
X, R (9) . KPR (9) M%), B ERES
T IR R 6 R N BT, M R B (R) 39 0.998 3
(B 4), HAaHXRE 34 0.902 8 F10.9501
(E5), ERARAHRANBERENRA KM
THAMZEERERER, E— ERE LB X
RAFHTE(Q) ESHEE (V) WY (W) KAk

i
Q=4. 01S-%...... R =0.9028----- (9a)

V=6.0158%%...... R*=0.9983.---.- (9b)
W=15.9258"%...:R? =0. 9501 :++-+- (9¢)

5 ReHEIRA MAKTERY V)RR i 5hBY
BB R A R R 1Y

MHERARAENIERR RSB (E 1
# BC BY) BRI AWK R, A ISR shBR MK
TR R BRAR R A7 J5 I, B T AR 1 F 8 4)

X1 ENFARKMERAREOMIEERER
(S=Ady, ) RILR
Table 1 Power changes of thixotropy energy
for various densities of debris flows
L & s s
(N(m +s)](m? +s) (m®+s)
0.4888 326.25 42.94 33.44 3.057 1.676 0.8593
0.6212 981.38 390.32 84.55 7.637 1.932 0.9996
0.6812 1541.02 1182.31 354.46 87.23 1.18 0.9713
0.7211 2022.5 51743.35 592.17 185.28 1 0.9556
0.7388 3354.87 3245.29 1127.85 407.62 0.898 0.927 4

B Y
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WEKRRE(ER2). A, EXX=4FAREEH%KA
(dyo 4317 12.5 mm;7.5 mm;3. 5 mm) fREE LY )
FHEENOFEARK (7, 7), SENKPENE
(dy) 347 2 WENRZ G, AT ASRISKEHER A M dk2E
WEEX KSIWBBMN I ERXREE RS
A:

7=0.15d,>¥C_ %% ™ 4 (0.53d, ")

du
Cub(a)z (10)
"_',3-‘40wy=6.2012«’"Gﬁﬂﬁ
& 3000 (42 = 09983
=
o 2000
3H 1000
#
¥ o
0 15

5 10
WE (v, n/5)

W4 RAREHRB(V) SMITHE(S)BEXE
Fig.4 Relationship thixotropy and velocities of debris flows

g B

g

y= 15, 925> %%
K = 0901

g

MR (S, N/ (u?-5)]

o

0 5000 10000
sy’ (v, o)

Bs5 RARGRDER(V)SRTE(S)HAXH
Fig.5 Relationship thixotropy and runoff sediment of
debris flows

2 ZNFERENSRAREENERXHZH
WURENEHR R (dy, =12. 5mm)
Table 2 Stress constitute relationin the flow
section at shear rate for various debris flows

WK (r) BN

WA (dusdy) LW
o :::::ﬁ AERBAAREN ERKR)

AR r=7,+9

(dw/dy)?
1 0.4888 7=13.44 +0.0637(du/dy)? 0.9919
2 0.5312 7=11.60 +0.0912(du/dy)> 0.878 5
3 0.6812 7=8,20+0.1447(du/dy)? 0.9092
4 0.7112 7=15.87 +0.0846(du/dy)? 0.8423
5 0.7388 7=16.47 +0.1027(du/dy)? 0.886 3

REXR, A (10)FH b HAE1.0~1.06. &
WENMRARER S LB, BN ERREN
R h RATRAE R, — 77 T 2 R SR A 1 AR 7 A
HOREIE 1 5 55— 7 T URL (] 64 0 S MRS OR7E 3 A%
BARREEENAG, B, MERG RIkEY
TR R R R 3y B MR S Atk R AT FRA B AR
RS BRI R /1 A Bk R . XM AR
5E¥RKXHRIRB R A —HW, BA 8RN
FIREIR R F1 A M K R AT N MRS PR R A A R HE L
Bk ARERLBEGAR, UABRTITREE
MERAREGER C, >0.5, BREH C,7I&
0.807 6) FETER /DB E T (j =0. 05 ~0.06) 3l
BE(V=10 ~ 15 m/s) iZ BB E T EIE R
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An Approach to Rheological Characters of Viscous Debris
Flow and the Stress Constitute

WANG Yuyi'?
(1. Institute of Mountain Hazards and Environment, Chinese Academy of Sciences & Ministry of Water Conservancy, Chengdu 610041, China;
2. Dongchuang Debris Flow Observation and Research Station, Chinese Academy of Sciences, Chengdu 610041, China)

Abstract; By using the latest rheometer specially designed and observation of surges in viscous debris flows, the
theological characters of viscous debris flow with gravel have such as over stress, thixotropy energy, stress dilution
and yield stress were been researched. Analysis of stress & strain self-organization criticality of debris flow mass
show that power relation between magnitude and frequency of debris flows. The stress constitute relation is de-
scribed by power formula with stress dilution in the initial section( du/dy < 10/s)at low shear rate. The stress con-
stitute relation in flow section (10/s < du/dy <20/s) of shear rate is consisted by term of zero order at shear rate for
smooth friction and quadratic term at shear rate for inertia collision stress, they have rheological characters of the

yield stress and shear dispersion.

Key words: viscous debris flow ; theology ; relation between magnitude and frequency ;stress constitute relation



