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Abstract: [Objective] With global warming and increased occurrences of heavy precipitation, the frequency of
landslide mudflow disasters in the Pisha sandstone area will increase significantly. Understanding how water-
soil interaction affect the loosening and deformation of fragile soils, ultimately leading to mudflow
development, is a crucial scientific question in the evolutionary process. [ Methods | This study focuses on
investigating the rheological properties of Pisha sandstone (PS) slurry using a rheological method that
involves dynamic oscillatory shear. The primary objective is to examine the liquefaction process and initial
rheological properties of PS slurry. [ Results] (1) With the increase of shear strain, the energy storage
modulus (G') and loss modulus (G") of the four PS slurries decreased and exhibited strain thinning
characteristics. (2) In the samples with lower water content (w<C50%), the stress and strain in the linear
viscoelastic region (LVE) of purple and brown PS slurries were larger than red and white PS slurries. In the

samples with higher water content (w=>50%), the stress and strain at the flow point of red and white PS
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slurries were larger than purple and brown PS slurries. (3) With increasing water content, G' and G” of the
four PS slurries decreased, and the stress and strain in the LVE decreased. [ Conclusion ] Fine particles could
increase the shear strength and elasticity of the slurry in the LVE, but the fine-grained slurry was more
affected by the moisture content, and the ability of the slurry structure to destroy and resist deformation was
weakened immediately after the addition of water, while the phase transition was more likely to occur. The
presence of coarse particles increased the extent of the elastic dominance of the nonlinear viscoelastic region

and hindered the phase transition of the slurry. The results of the study can provide scientific basis for further

mudflow research and disaster control in the Pisha sandstone area.
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Fig. 3  Schematic diagram of the variation over time of
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Kl 8a g 4 F Ak b 5 3K U U 3l A3 Y 5Y U0 N
Coep) Bl 25 7K FR AL AR 14 R %, vep S W3R TF 463 37 30 B
(AT B 3 55, BRI A 2 A M A A AR T A B e K B )
B ST, 5 BRI A AR o B G S 7K 310 35 0
FEBRAR /NG TR E , S KR M 40 Y0 1 i E 50 %
B s Tep I8 /NEY 450 Pas 10 25 7K 284K B2 3G 0 5 oo Y/ N 2
50 Pa, BIET KR 50 % 2 e BN IO EE P05, 21,
ERERTIRE A NESN T S 8 B ) Rl A S5
& EBTYIN SR 125~240 Pa, 48 K F <50 %,
120 SN SRR ANy N R AN = R (| R =n & N T}

KR =50 008, v RBLN 5 AR QAL ED & 3 A/
600 -

[
& 500 @)
R
&l 400 |
=
& 300 -
E 900 b
g 3
® 100 |
ES

0 C L L L T ?

40 50 60 70 80
EHKRE/ %
—=— RO —e— F AP

S REANNCECRTR I AN

Bl 8b S 4 Fifilt B 5 K A U sl a5 55 1) Ny AR
Cyrp ) Bl 35 7K SR8 A0 B B 3% vep S BIEIE AR I 065 U8 500 1Y
M BV R & 2 RS T A8 BT P A A X T AR L B
H KRB, 5 R R A AR v K AR W BN A
b, 58 BRI 5 AR K 26 AH 2 T Ak 1 A 6B A
SIS0 N REARNIS RSN R R & N9 W 1 B e AN
FR BT ) 07 A8 AN T B 11,467 % ~52.600% , B 48 47 (5
HLEb 5 SRR 25 5y R A Sk, B4k b, 4 Bt e
FRARTE I Bh A ) R AR S0 R AT R
HRTEEOMD AR TRRAM S,

350 -
< 300 F (k)
bt
2 250
;’; 200 |
150 | I,
E 100 F
50 om /.
40 50 60 70 80
BKE/ %
—a— AR SRER RS

8 4 FhANLEDE IR 3 = B9 BT U0 R 0 F0 R

Fig. 8  Shear stress and strain at the flow point of the four Pisha sandstone slurry

B9 A 4 FPaL b A AR B LU (Z2) B K AR
TR B F L Ry (2 S W3R AR Sz A R 2 o 78 iy i 1 7
T R ], BE A & KR, & AR R 5
R R (Z) 2% sh X183 s 20 (1 Rk /b 4
TR FA (Z) B B /K S 18 i 22 B 56 18 K5 BEAIKE
POHA L TES K F N 10 Ik B IEAE, 0, A= @t
WA AR Ry (Z) e KT 5 Rt ab A 3 4k,
3 9t
3.1 BYINETIAtE A REFEEMN G

AN ST B, 5R R R D 3 R /N I AR B 1)
TR FRERERL R (G MBI (G By 1H 2 (] 5a.
Bl 5b), 2 E i T8 AR EAL D A A g Uk
Fed v . eI LA AE R 4 Uk W B A K 4y

WS S K S K B e i R L A
7RIS R A N T A S O e A C SR E I Y
FI7E TR R 7E 58 R A T S O R 2R AL 2
VAR B % 42 B 2O O R S5k AL, 540 A 6
BHERD S SR L AT — i B Sk . 25 0 D) W A0 i i
L 28 5L DX L B AR R 4 R AR G R G
ol /1N 22 B HE IO A A A AR L 5 AR A T U0 A 2 B
DI (AT R o) 2 LR A W 0 b ) S o )
AR RAREAAAE . — AR N AR i S kT
PO 245 25 ey 114 L 1) GO 45 4 1 A8 Al A DR
B R b GOWL A F 50 B 07 1 B — B S DR Y L AE
ZINJSE AR R TR P 2 1 18 B AR LA JE DA 4 25
TOURE 9 22 B A M6l 3 1 285 4 4% 1) S M /N . GV D G

http: // stbexb.alljournal.com.cn



CHER:]

JEI AT < B T B A IR G 5T D) R RERD A AR TR R AT A BT 51

Ak T IR I A IO 72 I A 2 e v i 2R B A
oy BURE B 3T 0T . B 5 3 T 1 5 T SO D

JNEST

PO e eaitn s
300 [ —o— IROLALED A
250 F —— AP E
aEMpE
§2oo -
K 150
wof ¥
50
9 = - i ‘gﬁ::
40 50 60 70 80
ERE/ %
9 AWM EREHRS Z
Fig. 9  The integral Z of the four types of Pisha sandstone

slurry

HETIRGHI4 T (K 5), i % A e
KARR TS 25y S 3 B B, BIV[E A Sk B Be L 2 T
BRBWMBNE., 5 YANG 207 BE 57 45 B — 30, %
Bl S AR R A R A B A T I B 2 N AR A I B
RN AR B, KRR BRI R A WAL, 1B
FEVSE 3 GDS XU R 3h = S A4 b 52 AR 51 R
(1B Y Ak A TR AR L B K R g i 7R Ok 1 38 K By
Bk 3 AW B, RISt R AR B L 58P 7 AR B BRI
FEREIR B BE . 7E JEONG %57 X Jie YT AR 4 A1 37 A8 A
FE KRR S PRI A 25 SR o A (GG R
IRAH(G' =G MEMEM (G'<<G" . HI.G'F1 G"3E
S BV Bl o AT 2 VR SR S A AR A A Y I B
o ARBEFE Y, 4 R A SR A e M 2 B X3 1 A
0.01%~0.10% M, 5 HYUN %505 Bo¥ 43 Fl— 3% .

BRI B (Z) B & K R A (& 9)
5590 Bl i 0 AR B % K AR AL (] 8b) AHRL, R W]
BUN(Z) 55 sh SR AR B IR OCH . R 48 ks
R 2 I RIE D B SRR B (Z2) im /N Fa . A i
FOMLITURL B 2 AL A R R 7E STOPPE 45 B 5%
U AEFEAI LI S5 SR . FER AR AR RN SRR L B ()
B T (EDRL A B 3 DR T4 K, 32 B R o AE R A% Y
PIF .G KT G". thlE 6c. & 6d 7T, FEAE 4t
i IR AN KR iR e A N I T S N A
(OB RKIEEIN . TEIRG 5 VI S0F T SR 0400 b 3 1
i 5 T2 75 1 1 T 2R AR o Ly 0K [ 1) A G52 3,
TE A IR HE AR T4 A L ORI UKL RE 8 3K A5 RE i 1
AT A CRIEE RS ) O HES o FLBR LU/, 348 im0k 8] 1)
SER P o AT S 3R L 255 4] 19 58 4 0 TR 5 T 240 A
R 15 N5 50 B B YD AT Sy 5 2 1T S B0 V)5 R PR
IRET . R A0 R e R, R ] 17 3 R /L,

P Bifi 2 59 11 A5 T B4 386 0 17 2% 3 AR A1
3.2 EKERMPALA MR ALED A R EF R ME

AW 5T K IR Bl A K R BTN A A v
WG G /N . 5 JEONG 2609 BFgg 45 30— 3,
B 7K AR el SR TR 0 235 45 K TR JRE L S SOk V)
R 3 ARG BOREL []195E 28 00 98055 5 o5 — 7 10, /K 4343 1
S AR v SR, 3 in SORE (B % T e AR L A R AR Y
Tish . Hoh, S A0BURL R 22 (0 SRR IK 43 A8 LA R B
J TR HE R AR B K R T s 4 Uk & R 2 R
T R AR R K A R D i 40 0RE R B 2 ik
T8 R T IR R EEEE R L YRR oK 43 B 41 S0k
BRI AR S [ B U ORI B 2 A
LG5 DL S AR G i fig B 1 5 v 48 AR G hit i
FR AR R B I 2 AR A BT AT L b RD 5 2R AR 1Y)
Bt i 2k gl SR B A SR . SRk B S X A9 B D) R g
A ) 10 A 35 5 7K 3R 0 38 i s (L 7)) Al
TR 3 A 765 B 7 A AR 2 0 235 ) Bl IR L i
ST B 9 B R

AR AR S KT 5 AR R A Kk
AR R T 20, A @R b A K AR (8 5) . fE SHA-
KEEL %™ %} b 52 i A7 Al 0 7 807 b & B2
LB G FURL 8 /N B T W B R (A . G B 5
(18 235 F AT R 50 48 e 1) 2 T RRAT DG AT 5 B80S
5 UK AR A FE A 348 5 o DT A7 10D T 398 K 25 4 1) 45 i
JE o TRIEE SR 558 /0N 1R 2 T R B M A K ) e e
DX, 55 ACHIE 5 v 58 A G Rl D o IR A A 2R
TR VAR TRl IR A NS RANN SRR TR LR =3 4N
(B D255 — B, M3 X 09 B Y R g 5 0 A8 %
fE% 1 & A T 6 AR R m R B BT 9RO OR B M,
HOLTHUSEN %" % 8L, Bt 3 5 BF 32 22 B ok 1 i
L IR] 2 fih 58 B R LR m R . BRI T FEAR S KR
ZETF IR AOR A AT ML AN A0 0RE B B RE L URE (] 2
S A P R L SRR (B B g 8 R v R

BN IS N e R R i U= AL N Bl O R
PEASAL R 11,467 % ~52.600 % o T £ . [ €0,k 70 5 %
PRI B0 A5 B BT H) R AE =100 % (& 8) , Bi I A %5 k5,
WD A AR R 5 e M FE 7S . R = AR
BEAR AR R 5 o & B L Bk 3 fof 2RV FH R Bk e v
AR A S, o L AR 9% 47 2 ) U8 VR 4 L A TR
18 % B, JE AR AR b 2 A UK A T RE 25 L R 3 I H
TROWL 285 ¥ 2 A LR A8 Ak I Ik R Tl 1R, Kk 44t /) B
LB R kL R i b R BRSO Y R A
AR SO AW A 5 AR R . R AR AR A IR K

http: // stbexb.alljournal.com.cn



52 7K PR A

5 38 4

rh AR URE B AR T SC AR 3 A1 SORE Y S N 5 B
WS B UIAT R0 2 B KRB L IR SRR Y SR A
HA) 0 RURL A8 U E S AA b JBURE 3 B SRR TE 5 5 R
Tl s o5 —J7 W %35 1 F A A4 rb JORE RS /) KL
R  3F— 2l S AR Ak, L3R AR 485 1 T 43 81, 4
L8 108 2 A T 1 5583 S5 A R 0 i) B 482 O 9 A 1Y)
KA. T BH A LE B SR IO G 6T B RLAD +
OB ALV RE 1Y 52 i v & B, B A R ABORE Hy R A2/
ERVRLED + B BUIR AL BE ) B W REAIR . AR X L 2L

I €8BI D S SR A PO ORE 25 i 8 2 MUURLAE 3R ¥ 1

FH N AN 0T sk G & A TR L BEB AR B AH 23 2, 1

JZ2 S A0 ORI F W, T T2 S HUBURL TR T2 14 5 3

AN EE— HLUBURLAS RE 2k 252 g i e 39 3 3 4 L 2 2K

FARNME L) K A8

4 4
(1) BEAE 35 U100 A8 1 3G s 4 b ol 0 5 2% 14 ik BE

A5 et T FE AT F 00N, SR I N AR SRR R A . EY

IKFBAR (w<T50 6) B FE i, 28 AR BRI D 5 R 1k

AN RGN =l AN NS A= DA R DIV

BHER, FEEHEKBRERE (w=50%) AR .. [

G AR S & A A A RARH L, 3 g A

IO T3 AR AR B,

(2) Bl K R 38 0, 4 Fh LD 5 3% 1A %) fitf e S
et R4 R A i PR AT o 2 M 280 00 DX 7 ) R R R AR
(3) 241 UKL AT 384 o S8 A 7 2 M 2 3 DX P e B i

G | H 0 RURL AR 52 B KRB KL K A A

J& ARG R IR HRBT AR TE (W BE T 3 RIS . AR S

KRS AR MUK 1) A7 T A 3% 1A 4 2 1 2 9 IX

SPCPE S 0 0 TR R L LA R AR AR A A R

B K :

L1 BhscZe, 0l M 0 B 390 8 T 3t K DR R R e A 110
A8 55 R R SR LT 1K L ARFril 4 . 2020,40(5) : 333-340.
YAO W Y, LIU G B. Strategic goal change and devel-
opment countermeasures of soil and water conservation
in Yellow river basin in new period[ J].Bulletin of Soil
and Water Conservation,2020,40(5) :333-340.

(2] e, JofE A, A8 2R I U8 TR Ak & 3 A5 o A8 45 M 5 7
SHMFE[T]A 1 J1%,2008,29(3) :696-700.

HU H. GU H X, YU D R. Research on dynamic rheologi-
cal characteristics and rheologic parameters of sludge soft
soil[J].Rock and Soil Mechanics,2008,29(3) :696-700.

(3] =EMg, A=, A0 45 0, 55 [ T % & ¥k 2 7 1 VR i Y T
FEHEJRE A TR 1) R 5 0 58 5 [T ] H BT iR 3T, 2015, 61
(3):485-493.

XIN P, WU SR, SHIJ S, et al. Comment on the pro-
gress in, problems and countermeasure on mudflow in-
duced by rainfall [ J]. Geological Review, 2015, 61 (3):
485-493.

[4] HYUNK, WILHELM M, KLEIN C O, et al. A review of
nonlinear oscillatory shear tests: Analysis and application of
large amplitude oscillatory shear (LAOS) [J]. Progress in
Polymer Science,2011,36(12):1697-1753.

[5] HOLTHUSEN D, BATISTO A C, REICHERT J M.
Amplitude sweep tests to comprehensively characterize
soil micromechanics: Brittle and elastic interparticle
bonds and their interference with major soil aggregation
factors organic matter and water content[ ]J].Rheologica
Acta,2020,59(8) :545-563.

(6] s B 4 i BRI R AT 5 LD 22 JH < 22 JH K2, 2019,
SHI Z H. Experimental study on theological properties
of loess[ D].Lanzhou: Lanzhou University,2019.

[7] NI H T, HUANG Y B. Rheological study on influence
of mineral composition on viscoelastic properties of clay
[J].Applied Clay Science,2020,187:¢105493.

[8] STOPPE N, HORN R. Microstructural strength of tid-
al soils: A rheometric approach to develop pedotransfer
functions[ ] ]. Journal of Hydrology and Hydromechan-
ics,2018,66:87-96.

(9] #f+H. 3R M]3 MALE . B AR A
2000.

BAO S D. Soil agrochemical analysis[ M ]. 3rd. Beijing:
China Agriculture Press,2000.

[10]SOSIO R, CROSTA G B. Rheology of concentrated
granular suspensions and possible implications for debris
flow modeling[ J]. Water Resources Research, 2009, 45
(3):eW03412.

[11] E4m,83EM TR, 5 T 52 # a5 4 E

TR AR RIS )RR W ()] R TR A
#2,2021,37(19) :147-155.
WANG ] X, HU F N, XU C Y, et al. Effects of soil
bulk density and water content on the mechanical stabili-
ty of soil structure using rheological method[ J]. Trans-
actions of the Chinese Society of Agricultural Engineer-
ing,2021,37(19) :147-155.

[12] PERTILE P, HOLTHUSEN D, GUBIANI P I, et al.
Microstructural strength of four subtropical soils evalua-
ted by rheometry: Properties, difficulties and opportu-
nities[ J ].Scientia Agricola,2018,75(2) :154-162.

[13] MARKGRAF W, WATTS C W, WHALLEY W R, et
al. Influence of organic matter on rheological properties
of soil[J].Applied Clay Science,2012,64(8):25-33.

(147 1532 0. 40 e Vb 22 B8 i OW 25 44 [T ] JR VD BF 5. 1986 (3)

http: // stbexb.alljournal.com.cn



#

33

JEI AT < B T B A IR G 5T D) R RERD A AR TR R AT A BT 53

[15]

[16]

[17]

[18]

(19]

[20]

73-78.

YANG M Q. Microscopic structure of fine mud aggrega-
tion and coagulation[ J].Journal of Sediment Research,
1986,(3):73-78.

DESHPANDE A P. Oscillatory shear rheology for pro-
bing nonlinear viscoelasticity of complex fluids: Large
amplitude oscillatory shear [ M ]. Rheology of Complex
Fluids. New York: Springer,2010,31:87-110.

HYUN K, KIM S H, AHN K H, et al. Large ampli-
tude oscillatory shear as a way to classify the complex
fluids[ J ]. Journal of Non-Newtonian Fluid Mechanics,
2002,107(1/2/3) :51-65.

YANG W Y., YU G L. Rheological response of natural
soft coastal mud under oscillatory shear loadings[J].
Journal of Waterway, Port, Coastal, and Ocean Engi-
neering,2018,144(4) :129-136.

A B b 7 5 K 8 Tl B B 1 B UL (DL VY 2
PR R, 2016.

REN L B. Forming mechanism of the mudflow-Land-
slides in loess triggered by the earthquake[ D].Xi’ an;:
Xi’an University of Science and Technology.2016.
JEONG S W, URGELES R, BAHK J J. et al. Rheo-
logical characteristics of marine sediments from the Ul-
leung Basin, east sea to estimate the mobility of subma-
rine landslides[ ]J]. Marine Geophysical Research, 2022,
43(2) :el6.

SMITH D W, REITSMA M, VULLIET L, et al. To-

[21]

[22]

(23]

[24]

[25]

wards an explanation for the residual friction angle in
montmorillonite clay soil[]J].Environmental Geomechan-
ics,2002:27-44.

MAJOR J J, PIERSON T C. Debris flow rheology: Ex-
perimental analysis of fine-grained slurries[ J ]. Water Re-
sources Research,1992,28(3):841-857.

SHAKEEL A, KIRICHEK A, CHASSAGNE C. Rhe-
ology and yielding transitions in mixed kaolinite/benton-
ite suspensions [ J ]. Applied Clay Science, 2021, 211
€106206.

HOLTHUSEN D, PERTILE P, REICHERT ] M, et-
al. Viscoelasticity and shear resistance at the microscale
of naturally structured and homogenized subtropical
soils under undeflined and defined normal stress condi-
tions[ J].Soil and Tillage Research, 2019,191:282-293.
Ay 10 5 B U0 AR AR T e ok B R 90 O Ut A A e 1 2
B F5E[D]. B b A R, 2014

YANG W Y. Experimental study on the rheological
properties of dense cohesive sediments under shear load-
ings[ D].Shanghai: Shanghai Jiao Tong University,2014.
M BH L 3 AR BURE 0 I % % 5 A D BT AL Pk g
BIRZ IR L) ] o BT R 2 2441 . 2002, 31(2) - 31-34,
HENG C Y, QIU Y H. Experimental research on influ-
ence of grain size gradation on anti-liquefaction charac-
teristics of clayey sand with montmorillonite[ J].Journal
of China University of Mining and Technology,2002,31
(2):31-34.

http: // stbexb.alljournal.com.cn



