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Abstract: The submarine mud flow, a fluidized landslide mass developed from the unstable submarine slope, is easy to cause a
serious damage to the offshore engineering facilities. At present, there are rarely researches to discuss the rheological properties
of this mud flow, particularly lacking of its characteristic studies considering the low temperatures around the seafloor. For this
purpose, the mud flow is prepared by using undisturbed soft clay samped from the South China Sea, and many rheological tests
under different temperatures and water contents are conducted by the RST rheometer. Then, the Herschel-Bulkley model is
introduced to analyze the rheological parameters, and the integrated rheological model for the submarine mud flow is proposed.
Further, the rheological characteristics and mechanisms of the submarine mud flow are analyzed by the phase transformation,
the Brownian motion and the interparticle interaction. The research results show that the shear stress and apparent viscosity of
the mud flow under the low temperatures significantly increase as compared with those under the room temperature, and this
change percentage will further rise with the increase of the shear strain rate, and the average value of the change is more than
35%. This study may provide a scientific basis for the numerical simulation of submarine mud flows and the prediction of
landslide hazards.

Key words: South China Sea; submarine mud flow; low temperature rheological test; integrated rheological model; rheological

mechanism

0 gl = BEE&mB: HXELNKRITHIH (2016YFE0200100 ,
WIS AR N —Fhs: WL RE T ok 2, a6 s 2018YFC0309203); FHZ BRI FIEEIH (51879036, 41427803); IR
W X RN R RE R . digk. WARESSFEERET Wy i TR E R s =5 0 H (SKLGDUEK1307);

WL AR R AR B o TR T i S S 3 0 H (MEGE1603)

PR A TR, B TR G 04 P
WG 2 B 560 15 E S, IV ez s RIS < Eomeil: i@l eduen



162 H O+ T OB % M

2019 4F

MERFFER), AR BT . SR TE R T
B LRVP A DL R SR IREE S T R R B AR 22 AR

WGV AR IR R G, B AR IK 28 i
ER S KR e B St ik, BEAE&K
FOCETYIRE . BUIMAER AL B T R L
WETRIRD, i A R — R R R A H
AT, B A AR A B i R Ve T it AR R et o
505 1IN/ 2 N Y E N S A D S @) e a i
AR . SRS R R AR S KA B
P, pH %%, Berlamont S5\ gy Vb it A4 e
WTRsh. IS B SE M, f8 s
TRAR PR ) 5 24 1 S5 TR e s Coussot 25T FE T
et R DU AT AR AR, AN pH
- BKE BRI R R B R T4
B OB K AP e R NI AR, W = r R
AT AR, R IAEAR BY U R i = i %
PV A TR BT B A v 5 S BT IR AR A St
WEIE T &y RERD . KSR AR A VD S R R
ARG, Zakeri UK HCATF FE R F T B ARG B
FHXTE S g, AR AR AR AT T IR
AL R o

PG AL ES KRG A2 K B T v kP E b 48 5 Ui
F KGR R, BEE AR IR, K
TR BRAR o A1 S 25 5 38 g g b s o e U R A7 AE
EANFMRZEE, KEiREm A 25C, &HiLT
1000m /KERAEL N 2°C, KREHRIEREVIRIL T
0~4°C. AR, A[EALE AL EITTRRYIUR FE 2 7 BOR,
Al REXT PR A R = A B . SR, 2
SO EME SR, B AT LR T SR AR
R, 2RI FHATU, R R R IR
535 3 S AH A IR 450 0T Ve VI AL A AR R 1 R 52

BT BRBUIR, Km0 X L O
HIBTE R 3 PRI K Z B IR YE L, 5 REIR7K X
HERARIRIAEE, KA RST MR DOT & 2 A AR,
F5I N\ Herschel-Bulkley #i%Y, ##372% [BAKIER BN 5
B 7K AR 1) SR YR I AR AR A

1 RIg
1.1 RN EE SRR

RIS 45 % FH 3£ [ Brookfield 23 7] 427 £ RST it
AL, T, W1 PR, Bl& (1
WA AT AR R R AR AR R AR, & TR
FRFARY, I BIRMER AT N gl
08 T[] 2 e 0 PR AR R P AR, B0E T RST AR
A5 HR B AT S . RST AR A58 15 I FE i

NBIUIREAR R . ML Re e Tl N A, A e
A Rheo3000 F2 il #e 1 ligk, JFidid PR R K
SRR, RTINS R ATEE 11
o AHOKBI Y15 S B sy Ry AR B
F1v BIYLEAE ., RMFERT A RS AN

s ~r—$ (1)
© T DX H +D/3)
r
) = ’ 2
TE )
n=- . (3)

/4
X o NEIRLT) (Pad; sy AAHEKBIVIHEE (Pa);
M AHHE (N-mD; H F D 53 51 i & FEATE AR
(m); y NBIUIER (s r Al R 43 5 NEE T RIB A
AR (M) o NAIEEE (rad/s): n NERUWRE
(Pa‘s),

[&] 1 RST HZ{U R V60-30 BRI NEET
Fig. 1 RST rheometer and V60-30 paddle rotor

1.2 Rt

I rE L AR (NORC2015-05), KH
AR, 5 B A A rE i LR X G
TERMERE S (AR 118°49.014', b4k 21°50.010°, 7K
K 1885 m), HUFFURFENGIKKRZEEM FE 2.4 m.
XA RIS, R ERE, B&EIK
T R T 5 AR A, AR BB A

s - TR MARE (SL237—1999), ZLFE AR
TPRES L, RIS NRIEBZS, W)= i fabr I
x 1. WAL AERNERRIEE (R, RIE) FER
VR L, HEAA®mRBUE. mEKE, Sl
PR 2545 55 . 5K ] Hydro2000Mu By /R SOk FE A AR 3] L4
MIERLZ) 5 34%, BrRiZ i 55%, Rl &AL, Jk
T NOVA Nan450 U7k S e, S EREEAT
T EER 30T, 43 HOK 3000 5 10000 £, Wik 2
Friose LA BRI (LD, BALBR
AL, ARBORBURLFE Bl A R R R g, 2B
FRCIR, BEEE—HE, TRRibrE Y, SRR,



%=1 N,

S5 ARIRIAIE N R R IR TR AR 16 S s T 163

SR AR T BRI B A T
=1 R TR N FIER

Table 1 Physical and mechanical indexes of test soil samples
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Table 2 Information of test soil samples
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Fig. 4 Rheological curves of submarine mud flows
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Fig. 5 Enlargement of rheological curves of mud flow No. 2
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Fig. 6 Relationship between apparent viscosity and shear rate of

mud flow No. 1
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Table 3 Parameter fitting of rheological curves
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