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Abstract: In order to explore the influence of moisture content and confining pressure on the physical and me-
chanical properties of high—temperature frozen loess, taking the loess as the research object in Yili valley, Xin-
jiang. The mineral composition and physical properties of loess, as well as the triaxial compression tests under
different moisture content and confining pressure were carried out. The results show that the content of silt and
clay is high in Yili loess, which is sensitive to freezing—thawing. At low water content, the failure mode is strain
softening and brittle shear failure, while at saturated water content, the failure mode is strain hardening and plas-

tic bulging deformation failure. The softening coefficient decreases gradually with water content increasing.
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With the increase of water content, the peak residual friction angle gradually decreases, the peak residual cohe-

sion gradually increases, and the deformation modulus increases. With the increase of confining pressure, the

elastic modulus and characteristic parameters of damage evolution gradually decrease, and the damage mechan-

ics constitutive model introduced can better describe the whole process of stress and strain of high—temperature

frozen loess under different water content and confining pressure. The research results can provide mechanical

parameters and theoretical basis for the study of mechanism of freeze—thaw landslide in Yili Valley.

Keywords: Yili loess; high—temperature frozen soil; triaxial test; peak strength; residual strength; dam-

age mechanics model

B AL AR M X )2 R L R B, A
BFIR] TR 2R 380 Ab #5418 B b, KA AE VR AW I 1A
161 4b, 7 BB 42%(ERIKEE, 2007; ARFEMHAE, 2019,
Vi il B T B 0 B — 7 THT 2 H T R IR S
TR RES R, BRAR T R SR s 55—
T 2 R T B AR AR AR T AR 1B E M, BT T b
7K ¥ Vi HE {3 18 (Chamberlain, 1979; Othman et al.,
1993), 5# + @A E L AE L, AL E R AR kL
R, AR AR, T R AR, EOK R, AT
— i B P R FLBR, 45 R B m A (b 3 45, 20055 T
HE2,2009) o Horp, Z2 BRI B R AR I A T TR R
F R, BT R R L UK R ETROK RIS R
LN A E G Z LA MR, IR 1IN
SR 25 R VR - R R K B i & AR SRR AR, T
R 72 M R A B S A AR Ak, R TR IR —
B R—1.5~0 COiEE B 4, 2007) 5 ik 1 19 4 22
J1 5 BB SR EN AN ER A M, A B T I RE AR R T 5
Wi R R A S M CAE o ROk, R R IR R TR b T
PEBYBIFFE, R8BI P 38 0 27 Pk 5T (% BIF 5 0] 3 - R il
PSRRI ELAT 5B R L CR AR, 20105 XA 45,
2012; 5K HIFS SR, 2021; FIF 24, 2022) .,

o I R - SORRIE AR AR X R+, 5 5 B A Y
XA AR AR AR, MR E AT R MR+,
BABRM R, %R - DT R 3, R 48 15
25 iR TR 2 E KRR, SRR B P B A
PR EL A K25, BB W R 4 0 TR Ml b
o A FEYED (1985 B 98 A Ry, R £ A R

Jie 4 2 BOBE A 5 AR MG R MG K o ARICARAE(1982)

Sl AF (20130 K B e il g o KA R + B ACR I T
gibE, (R R 40 2R B0 A AR R T R K, Rl
T K EE A RN o ST O A K i A g
HEWNIAE, BN T % 7K AR08 5 5 VR 5
FEFASIE X — [ A A o Jessberger( 1981) | fiic AH

(2007, 2009) 43 B 1 A [] ik 2 0 L T A2 - 50 35 i
FrKRA AR R, 25 T AR L A VR 560 3 et M )
I DA IR VR T P9 AR e BE AL 43 A R, RS T R RR
1 Bl B ATLAB A5 AR R R AR, EAT T R TR R R ]
SEVEAMT . A4 (1994, 1995, 1998) 38 11t A [i] I B il
LR A5 10 T R 05 AR 000, 25 T o - 0 A R i AR 5
J3E i o [ AU P 5 R X, DR R T R 0 A R B ) i
Yy MR D o IR ST VR AR L R AR TR R
F AL, T ELAT T YRR S R AR R

KT TR AN SC R WAFSE, I JCER 2 R 1
RS R, I R S e | SRS
oAb 2 1 3 S A AR, 20 T R N 2 A
5 LB R SRR . AR, &t RE S
AT, 4005 112 B 5 T R+ J1 22 B 58 oh
AR 200 W08 J3E it AR U 5 5 M R AR, 0 1) 34 D
TR F12H BN 1 N AR e R (B %, 2012; FHEAESE,
2009) . Gurson 55 (1975) ML 45 475 % #4 A6 25 I 47
R R R R, R AL T AU A AR R B A& T 4
(2000) . T 5 %5 (20013 3 B4 A0 =3 fof 2R 4B T
FABIR RN CT 58 20T T 24 A 4l Wb 4
P R R 5 0 SR AR, ST 3T CT B
A RTEM (2016045 CT- =4l TR T =
U 2 X AR B 2R U0 2 W A 3 R v 1 A0 O A 4 e,
W ASTR] B TR U8 7 i IR A 1) 07 A8 (A A 461 40
TR B AR . S0 3R 4 (201 1D M A fos i i &
R ORI AT, Sl G e, S T R
RO A% R Ak 4 2o B2 09 A A G AR R A, -
P T SR T TR R AT (2010088 T R il
Bt . Z i 5 B A, i3 AR ) 2E e
HENT T R RS2 A A AR R o A (2018) 75
AA BOKA YR B | R S A S B0k % IR AL
Bt 1R 1 AR A B K A UL AR g 2 R I R ), 3 ST
T SRR A AR TR RN AL B R T R i A 458 405 AR A



142 o4t o# R

B

HT UL, £H DGR R R R L AP B ) 2
SR W NS ii Bu R A i s UL 7/ B N G DN T 7 D7 Wy
U, LKA [R] 5 7K 30 TR 4606 1 e i R 1 ) =il
JEAR RS, ARECT R AR 2, TRA S BT T KR
R L P A A g T R I G i 5 A SRR | B D)5
J&E 2 ORI B U IR 25 55 07 T B2 o T
AR, SRAEIF SRk 1 A e R R b = e 4
TR J1 2470 o WEFE R T Sy (7 BT A V4 il 1 39
RALBRHF TRt T2 2 M5 B AR YE S

1 PYERLEE W o 5 PR S

B AL B A IRORE B o5 A7 1 T O B B R
“324”7 WHHE, W W K A I IE 0 A R ) R 9] g
Z W, Z MR R R s 2, B 23, i
A SRS, JF ELIE BT S5 UM B -8 A I K
T R AR = R AR N —2~0 C, 4 T iR+
IEET o B B0 ke S 55 DU 2R i 5507 (Qpo &Y
WA, EE O, WA LEM, BN HARLT. K
D8 Advance X-5J £ i1 S AT A A9 0 9 1 43 o0 AT
15 2R+ W A O S S 0 oy (L L
B2, sTER, FRELFEEHESAO. AKX
K. BHat e A A = B R, & 55 00N 61.94%.
15.08%. 14.79%. 5.89% Fi12.30%. it %5 % Wik
B 5, A5 H R 15" Rk AR 40 A h 2k (IR 3D,
45 B R WA AL HE 4 FP o RLC0.075~0.005 mm) 7 B
e, 355 73.63%~81.13%; 41#5(0.25~0.075 mm) 7
H 6.46%~16.64%; ZhHi(<0.005 mm) 7% i K 5.46%~
12.41%. = WRLAR 43 A0 17 DL B3 5 e 35+ R 45 4 22
VAR R 52 i) A R AR T 2 B AR /N C— AR
/NF0.075 mm [ RIURED , Xt VR RV FH A9 S5 I R AR

10 000
| E%
< 8000 VR
i
= 6000 AR
5 RIS
=w
4000
4
>
junng
S L
ui‘:v“nk hkl Ln Ak,
0 1 1

20 25 30 35 40 45
RIS 26/(°)
1 FEELTWITHEIEE
Fig. 1 Mineral diffraction pattern of Yili loess
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Fig. 3  Grain size distribution curve of Yili loess
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Tab. 1 Basic physical properties of Yili loess
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T (g/em®) il (%) (%) BN E, ,(MPa) Cem/s)
1 1.55 0.507 26.73 18.28 8.45 17.5 1.40x10°
2 1.55 0.509 24.59 17.04 7.56 16.8 1.30x10°
3 1.55 0.512 29.05 19.62 9.43 17.9 1.31x10°°
4 1.56 0.503 23.88 15.98 7.90 18.1 1.15x10°
5 1.54 0.495 23.96 16.55 7.41 17.7 1.22x10°
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Fig. 4 Triaxial material testing machine (MTS-810)
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Fig. 5 Triaxial compression test design scheme of

high temperature frozen loess
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Tab. 2 Stress and strain under different water content and con-

- fining pressure
Ay
2 W i g i B A% 5% A%

s fokw K o " ®
= . N 7] N AF I f AR
= w(%)  o;( MPa) . .
= o,(MPa) (%) o(MPa) &(%)

0,=0.050 MPa 0.050 0.568 1.500 0.542 8.500

02 5=0.125 MPa
6,=0.175 MPa 10.1 0.125 0.724 3.500 0.697 8.751
% 5 0 s 20 55 0.175 0860 4671 0830  13.429
BE2E & (%) 0.050 0.855 5.492 0.821 12.979

1.2

b 16.2 0.125 1.044 11.065 0.968 18.055
0.175 1.098 12.232 1.046 19.802

5] 0.050 1.448 - - -
=

s 282 0.125 1.486 - - -
nd
= 0.175 1.506 - - -
&=

#,=0.050 MPa . . N i
0.2 #,-0.125 MPa 2012). A TR R, kR AR TR R LA —
¢,=0.175 MPa . N ,
0 . . . o FE 7 FAE T EAT B A9 A8 TR R AR, s I s 1 K R
0 5 10 15 20 25 30 X N . ., .
o, IR R T 9RO K 52 7 T iR
20 (Zheng, 2010) . A [F] [l T 75 7K %8 5 W R 42 F 5%
C N > \ A 327
AN AR ) O FR M 2w DL 1 (AL 7D, 3 K3 10.1%

_ Th = 8 16.2%, W {E N AR 1 5% 4% N AR 138 K. A TR

[+
S oK A W {1 25 5% Ak LS B PR 4 K

° a
R MR,
=
E 30 PR

05k _ o ;=0.050 MPa (I§{E 0 25)
”378'(1)22 ﬁga o o‘j=0.125 MPa (W RE)
0;=0. a 25 | A ,=0.175 MPa (W{E 13 15)
. . . . ~0,=0.175 MPa v 6,=0.050 MPa (ﬁiiul)
= E AR
0 5 10 15 20 25 30 201-° aﬁjo'lzshﬂpa(ﬁi”‘ﬂijf) .-
7 6 %) g < 0,=0.175 MPa(ﬁ)%i/fifiﬂ_%r_)___——:/_,o
&1& JUSSPEE I
N <&~ -~
a. FKEK 10.1%; b. FKHE 16.2%; c. K% 28.2% = /;::g
10 | PP S
B6 ARESKEFTEEFEITHNARMIETHEE @ eI
Fig. 6 Stress—strain curves of high—temperature frozen loess 5t &l et JEIUNRSEEEL
with different moisture content 0 L o _. i ) )
10 12 14 16 18
32 &k E EX TR BT RAHE R AR W (%)

FRARE A= T8 75 i b, 315 e R R il i
WEE L7 3 57 78 B A% L 0 2 AR (38 20 X T K R
N 28.2% HY N AL A A 7R - Ao gt 2, WAL NN g HCA 1] 10
AR 15% I oF IO 1) 3 B 2 O A N RIS R AT 7
IR 2 VTR, 2019), 125 /K 3 A TURE 7 15 i ] A
R R BRI RS | R A A FIFR AR ] o

o R AR R R A R i B g el A
S22 R AR AR BORD | TR AR R VRZKOD
BHIB YRR CokO B9 A TR 1k B 3 B A 4 i Rl e s

7 BKESEENTMERRNTHXRE
Fig. 7 Relationship between water content and
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Fig. 8 Relationship between confining pressure and

peak strain and residual strain
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