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Mechanical Properties and Slope Stability Analysis of
Lime-amended Loess Considering Freeze-thaw Factor
WANG Zhi-lu', WANG Kai®, LU Wen-qi*

(1. Public Works Department, China Railway Lanzhou Bureau Group Co, Lanzhou 730000, China;
2. Civil Engineering College, Lanzhou University of Technology, Lanzhou 730000, China)

[ Abstract] In order to study the effect of freeze-thaw cycle on the stability of lime-amended loess slope, the change rule of shear
strength and soil-water characteristics of lime-amended loess under different numbers of freeze-thaw cycles was obtained by straight
shear test and soil-water characteristics test, and the stability of high-fill loess slope was analysed by using the strength discount method
with MIDAS GTS NX software. The results show that: the internal friction angle and cohesion of the soil samples both increase with the
increase of the age of maintenance, and with the increase of the number of freeze-thaw cycles, the internal friction angle of the soil
samples will first increase and then gradually tend to be stable, and the cohesion will first decrease and then gradually tend to be sta-
ble; the lime-amended loess has its matrix suction maximum at the lowest temperature of the first freeze-thaw cycle, and its matrix suc-
tion is minimum at the second freeze-thaw cycle, and after that the matrix suction of the soil body increased. Freezing and thawing cy-
cles will cause the slope infiltration flow rate to increase; the trend of pore water pressure changes in the freezing and thawing slope
model is the same as that of the unfrozen slope, and the pore water pressure is positive at the bottom of the slope model, and then de-
creases gradually near the top of the slope, and then reaches the minimum at the top of the slope. The freeze-thaw cycle will cause the
strain of the slope to increase under rainfall conditions, which affects the safety and stability of the slope; the shallow freeze-thaw has
little effect on the safety of high-fill improved loess slopes.

[ Keywords] unsaturated soil; improved loess; freeze-thaw cycle; slope stability; strength reduction method
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Fig. 13 Pore water pressure cloud map of slope
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T Mk . www. stae. com. cn



2025,25(15)

B 5 B TR URAR R R A AR R B b SR A AR R M T 6461

2.0

ARG RE LA ARTIL MW Tl
P26 Keg R Ll AR Tl P27 W Tk
1.8F P77 ik R Tl S AR T P MW L

1.62 1.62 1.62 1.62

16} IS o 71‘48
‘ 4 / %

% 1.41 141
Wk 1.4F 777 7 7
2 % ,
124 //// // 1.18
7 7
1.0F
0.8

P 1 d, 0.05 mm/d FWi2 d, 0.05 mm/d

K15 R[N 00T 24 R
Fig. 15 Variation of safety factor under different

rainfall conditions

BN P13 ) 22 4 Z RO Wi B/ NS 2 T DRI T
T A B R S R B R R B i
Beny 22 4 B2 BOR, UM A 2 B8 BT
7 A 2 SR AR E

TEFERE TOUIS 3 i SBA58 Y 1) 22 42 28 BOH 1
PPN o A DR A R B e R SRR TR N B /N,
UK A VR Rl A L B8 0 AR i N 2 e R SRy R
iR R R 3 s R R A AN A ]
AR B IR 3 2 O b R B AR S 32 AR ORI AR AR
ENCIE

4 #it

(1) SRR B PR BR8£I 206 3R 0 R it 57 47 i 30
ARSI 0 5 22 U R R B0 0, A5 A9 DY R 452 £
MER 2T,

(2) AbFHAR IR A (1% ) B B4 3 S0 7 e 4
USRI SR O N S R Y/ § SN WU ES N 12
W R Rl AT B 08 10 1 2 B LS S O 3
A AL YRR R K RE T B s

(3) URRIME R 218 A 4 ‘\I%Téﬁiﬁﬁﬂiﬁﬂﬁﬁ

A I R 3 TR AL B K T g /0N | e R BT
BER s PR VR Rl T K 2 R B ﬁi)j'iEl’Jtc%féEE/
M2/

(4) [ T 2 (1 30 39 b AR 9 38 325 0 3808/ ), AL
IK s IR A% 359 38 T, 2 24 2R 00h /) 5 I TR 0o 5 IR
B A R RN T R B

& % x #t

(1] wAeras, 3Rkl , 5005, 55, AR Ko R 3 L 0Bk R 8L
B[], AR TR, 2020, 42(S2) : 26-31.
Hu Zaiqiang, Liang Zhichao, Guo Jing, et al. Prediction of perme-

ability coefficient of unsaturated lime-improved loess[ J]. Chinese

Journal of Geotechnical Engineering, 2020, 42(S2) ; 26-31.

[2] ¥, £, FEE, & TGS A F Hork i Lo
FFYE(T]. BEEROR 5 TR, 2024, 24(23) : 10096-10104.

Wang Jia, Wang Fei, Li Guoyu, et al. Microstructure characteristics
of modified loess before and after drying-wetting cycle[ J]. Science
Technology and Engineering, 2024, 24(23) ; 10096-10104.

[3] SR, Bk, TRk, . RACKRES T & L i XA k5

At RERAFEIASE [ ], B2 (L0 | 2024, 11(3)
1-13.
Ma Tianzhong, Yang Jiajun, Wang Zhengzhen, et al. Experiment
on bearing characteristics of short and long pile foundation in loess
area under submerged condition[ J]. Journal of Jilin University ( En-
gineering and Technology Edition) , 2024, 11(3) . 1-13.

(4] W3C, BOVLE, T, 5. o LR GHOWHL BT o7 IR Bk J
LT, RSCHUBT TR, 2022, 49(5) : 144-156.

Fan Wen, Wei Yani, Yu Bo, et al. Research progress and prospect
of loess collapsible mechanism in micro-level[ J]. Hydrogeology &
Engineering Geology, 2022, 49(5) . 144-156.

[5] GuoJ, Jia L, Wei Z, et al. Mechanical properties estimation of
lime stabilized loess applied in various engineering fields[ J]. Con-
struction and Building Materials, 2023, 393 . 132130.

[6] Bao W X, Wang H B, Lai H P, et al. Experimental study on
strength characteristics and internal mineral changes of lime-stabi-
lized loess under high-temperature[ J]. Construction and Building
Materials, 2022, 351 1-8.

[7] Haeri M S, Garakani A A, Roohparvar R H, et al. Testing and
constitutive modeling of lime-stabilized collapsible loess. i; experi-
mental investigations [ J]. International Journal of Geomechanics,
2019, 19(4) : 04019006.

[8] ¥iZsmy, Entr, FMEZ, . AR A KB 285K

PERIR N [T]. iﬂ?'iﬂi:% T2, 2020, 42(3):
24-31.
Jin Fengyu, Wang Yejiao, Sun Dean, et al. Temperature effect on
the water retention curve of lime-treated soil during curing [ J].
Journal of Civil and Environmental Engineering, 2020, 42(3) ; 24-
31.

[9] Bk, sRom2s, ALSC, 45, A RBCR 3 b R KRR 5
I RBOARE[ )], A R, 2022, 44(S1) ; 241-246.
Liang Zhichao, Zhang Aijun, Ren Wenyuan, et al. Fitting model
for soil water characteristics of lime-improved loess and its micro-
scopic properties[ J]. Chinese Journal of Geotechnical Engineering,
2022, 44(8S1) ; 241-246.

[10] sk#fe, XI5, BAEAE, 5. ARBR-1 KSR 0 iU
TR (D). T ERHEIESC, 2021, 16(6) : 610-615.
Zhang Yanmei, Liuxiao, Cheng Feifei, et al. Mechanical proper-
ties of yellow river alluvial silt improved by lignin-lime[ J]. China
Sciencepaper, 2021, 16(6) : 610-615.

[11] 5kE, frRsg, w953, & ByER-f ol B3 b 5 TR 509 4

SREREEXT AT [(T]. BReEHEAR S TR, 2021, 21(8) ;.
3265-3273.
Zhang Yu, He Hui, Zeng Zhiying, et al. Comparison of strength
characteristics of fly ash-lime improved loess and compacted loess
[J]. Science Technology and Engineering, 2021, 21 (8):
3265-32.

[12] EAkh. FHFAME FR—ALEA I S T3, 157 10k
WHTT]. EATFE Y, 2020(6) : 3940.

¥ FE Mk . www. stae. com. cn



6462

B R

Science Technology and Engineering

5 I ®

2025,25(15)

[13]

[14]

[15]

[16]

Wang Xijing. Why the house turned downhill - Shanxi Province,
Linfen City, Xiangning “3. 15” landslide analysis[ J]. Jilin La-
bour Protection, 2020(6) : 39-40.

TR B INA R, UICAR R DA o B m A5 4b B T30
W——rFa e “12-05” IR B R F4b & TAELSZ[T]. b
A, 2023(5) ; 12-14.

Yunnan Honghe Prefecture Committee Office. To disaster informa-
tion reporting high quality and efficiency to win the initiative to
dispose of Yunnan Yuanyang “12+05” landslide disaster disposal
work documentary[ J]. Office Administration, 2023(5) ; 12-14.
Trandafir A C, Sidle R C, Gomi T, et al. Monitored and simula-
ted variations in matric suction during rainfall in a residual soil
slope[ J]. Environment Geology, 2008, 55(5) ;: 951-961.
FME, BEM, b MR RIFE A& AT 8 L T
BeRa AN AT (], 22N B TR 4, 2022, 48 (4):
119-125.

Yuan Zhongxia, Li Depeng, Ye Shuaihua. Stability analysis of
high fill slope with loess under earthquake and rainfall infiltration
[J]. Journal of Lanzhou University of Technology, 2022, 48(4) .
119-125.

e . B HR S R AR 2 A 7 2 B P R S M T
JERIFELD]. 2290 22 Mk, 2022,

Yao Yunqi. Study on reliability of shallow loess landslide stability

[19]

[20]

considering preferential flow and rainfall patterns[ D]. Lanzhou;.
Lanzhou University, 2022.

Zhang Y, Jiang H J, Bai G X, et al. Coupling action of rainfall
and vehicle loads impact on the stability of loess slopes based on
the iso-water content layer[ J]. Earthquake Research Advances,
2022, 2(3): 67-76.

e N AT E L BRI 2 2, + T3 5 O 1 A U
GB/T 50123—2019[ S]. Jbat. PRI A, 2019.
Ministry of Housing and Urban Rural Development of the People’s
Republic of China. Standard for soil method: GB/T 50123—2019
[S]. Beijing: Beijing China Planning Publishing House, 2019.
WM, EHEE, O, S, BT Al A R B T Y
A TG W T ik [J]. A 1%, 2023, 44(7) .
2105-2114.

Cao Jiaqi, Wang Hongxin, Wang Ping, et, al. A method for
evaluating safety of civil air defense structure based on load struc-
ture method and strength reduction method [ J]. Rock and Soil
Mechanics, 2023, 44(7) : 2105-2114.

T, WhdEte. DRI =R AR B A — [T ].
HEJ1%, 2023, 44(S1) : 603-611.

Hua Chengya, Yao Leihua. Unity of three types of energy catastro-
phe criteria for slope failure[ J]. Rock and Soil Mechanics, 2023,
44(S1) : 603-611.

¥ FE M HE . www. stae. com. cn





