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Fig. 13 The relationship between residual axial strain and the number of cycles of frozen mixed soil
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Fig. 14 The dynamic strength for frozen mixed soil subjected to different freeze-thaw cycles

e

a l‘ur S
7 "y
S ek MRS ERE
b
(a) s ©
@ Fitmik: X
® w%a
@ k%
@ ik YIRS

EI15  RAMEAE R R RES R R 2h T me Bl
Fig. 15 Dynamic failure mechanism of frozen mixed
soil under freeze-thaw cycles

JI0855 , FRIN Ry FL B N g AR i 2 i AR AR AR
SR SRR AR BE T, 2y AR 90N | B A N AR
SRR I TR (1) 38 K LA K s o B TR R AR . R IR
FE BRI PE SRR, W 15 (c) FiR , W5 4545
RRZE Dy R G SR B R R R A R
HY UK AKHR S S 72, DK B B R0 FH 45 266 - B0k 14 2%
T 7= A R v KOk AR B 8 A SRR 4
FLBEE RS ™", W RS 22 AN I VE TR 8 0RE 5 286

e A SR A 2 AN AR, O 13k B R AR E IR
A, WL ZPUEL 22 K I [ B 235 40 ) 8] R P 7% | G
U IR B ) i R A A AR S A o E R it o
2 3 ter AR I 1R B 5 A AR O, R B 3h
VAV R VRG2S 1T o 1 = /N
IRERLIA B T REIR , [R5 A B RARAE L F 5k
ARNLAL 3 AT Bl AR A ik — 25 AR R 2l i

&t

FE T XA [ R Rl AR 2R RO VRES B L 3
TIRFERIBIETE 4878 T UR RGP 1R XRS5 15 A+
LBV 1 -3l AR 2K AR il A BESR AR UK i (el
itk Bk BB AR | Sl ]S AR AR AR, DL K
SR R AR EILL R S5

(1) VRRBAE R 5025 5 0 R 45 45 AR 3
TR o B VRREAE PR ORI R N, URE5E 0 AR
{14 21y 107 1 — 5y g A% il 2 AR AR il 255 T ks T 6
RIVAE 228 13 R Rl AR R A i 08 R A2 B0 1 i 2
UM E) TR R, VR ELAR AR I 75300
TEAE P07 28V R 22 B0 R A RE S #E BICRIAS AT



2 4

£ OPFRE UREMEIMERTT URESE A R Ty R 5 533

WA B SBYEARTE o BLAL , B 2 VR G 20 K 0 3
T, URES 15 A R 2 i B A T A, HL IR — 2%
SAETR, B R B AR U 3 T e ke N

(2) V5 R A A ) b 2 R e iR 114 3 7 A8 T 4
PEo FEARIE G N, BE & R Rl G PR A 3
T, 5 R 1 i T i 42 Bt 2 ) 07 2 R AL o TR
i, A 1 ) SR FRURN; 8 i o7l 0 A U 8 ) 48 o
WG O URE Y 7 A AR AR AR T 1 8 B VR R A 2
&GSy IBESLTHIIEV A

(3) AL 0y o Rl A P A R 25 48 R L[]
SR 55 28 3 VR RO A1 P i R A [l A i 3R
I AR A2 AT 2, B A 28 3 R Rl A9 #1413
B, [ SRS 7 N 28R 1 0 s o BB 3 T 4G KT )
A TINERR U BN ks TR T 28 1 VR A A
VBTG B | I T 2 4% U %) 388 n , HL [l s i
IR /INFE T A S TR (. BRI B A TR
TG PR U E R HE I, VR G515 F0 Ak 0 T S3fUASE it 12
/N

2% 3Tk (References) :

[1] Zhang Ga, Zhang Jianmin. Study on behavior of coarse grained
soil and its modeling[J]. Rock and Soil Mechanics, 2004, 25
(10): 1587-1591. [5RIE, SRt . HLBORE - o 0 1 22 Rk
B OB R WE9E (). 45 1%, 2004, 25(10) : 1587-
1591. ]

[2] Wang Shengnian, Zhu Yin, Ma Wei, et al. Effects of rock
block content and confining pressure on dynamic characteristics
of soil-rock mixtures [J]. Engineering Geology, 2021, 280:
105963.

[3] Hu Feng, Li Zhiging, Tian Yifan, et al. Failure patterns and
morphological soil-rock interface characteristics of frozen soil-
rock mixtures under compression and tension[J]. Applied Sci-
ences, 2021, 11(1): 461.

[4] Zhang Ze, Ma Wei, Qi Jilin. Structure evolution and mecha-
nism of engineering properties change of soils under effect of
freeze-thaw cycle[J]. Journal of Jilin University (Earth Science
Edition), 2013, 43(6): 1904-1914. [3Ki%, Dh#f, FrifHk. v
FIEERE R A 24 e A R R TR ST e ML [T ).
K2R GBERBIERR) , 2013, 43(6): 1904-1914. ]

[5] Wang Dan, Yang Chengsong, Cheng Guodong, et al. Experi-
mental study on pore water pressure and microstructures of silty
clay under freeze-thaw cycles[ C ]//Transportation Soil Engineer-
ing in Cold Regions, Volume 2, 2020: 239-254.

[6] Wang Dayan, Ma Wei, Chang Xiaoxiao, et al. Physico-me-
chanical properties changes of Qinghai-Tibet clay due to cyclic
freezing and thawing [J]. Chinese Journal of Rock Mechanics
and Engineering, 2005, 24(23): 4313-4319. [ £ X/, D4,
H/NGE, A VR PRV FOE T OB R A B A B S
[T, A )i SRR, 2005, 24(23) : 4313-4319.

[7] Qi Jilin, Ma Wei, Song Chunxia. Influence of freeze-thaw on
engineering properties of a silty soil[J]. Cold Regions Science
and Technology, 2008, 53(3): 397-404.

[8] Chang Dan, Liu Jiankun. Review of the influence of freeze-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

thaw cycles on the physical and mechanical properties of soil
[J]. Sciences in Cold and Arid Regions, 2013, 5(4): 457.

Liu Jiankun, Chang Dan, Yu Qianmi. Influence of freeze-thaw
cycles on mechanical properties of a silty sand[J]. Engineering
Geology, 2016, 210: 23-32.

Broms B B, Yao L Y C. Shear strength of a soil after freezing
and thawing[J]. Journal of the Soil Mechanics and Foundations
Division, 1964, 90(4): 1-25.

Chuvilin E M, Yazynin O M. Frozen soil macro-and-microstruc-
ture formation [ CJ/Proceeding of the 5th International Confer-
ence on Permafrost. Norway: Trondheim, 1988, 320-323.
Wang Jiacheng, Xu Xiaozu, Wang Yujie. Thermal sieve effect
and convectional migration of soil particles during unidirection-
al freezing [J]. Journal of Glaciolgy and Geocryology, 1996,
18(3): 252-255. [ EZE, thartl, ERA. H iRy £
TWURE 52 7% 14 PG 800 M b i A% (T ], vk R L, 1996, 18
(3): 62-65. ]

CHRISTOPHER S, CHRISTOPHER G. Freeze-thaw effects
on Boston blue clay [J]. Journal of Engineering and Applied
Science, Soil Improvement for Big Digs, 1998, 81: 161-176.
Lu Zheng, She Jianbo, Wu Xiaowen, et al. Cumulative strain
characteristics of compacted soil under effect of freeze-thaw cy-
cles with water supply [J]. Transportation Geotechnics, 2019,
21: 100291.

Kong Xiangxun, Tian Shuang, Tang Liang, et al. Dynamic be-
havior of coarse-grained materials with different fines contents
after freeze-thaw cycles under multi-stage dynamic loading: Ex-
perimental study and empirical model [J].
ence and Technology, 2020, 175: 103078.
Tian Shuang, Tang Liang, Ling Xianzhang, et al. Experimen-

Cold Regions Sci-

tal and analytical investigation of the dynamic behavior of gran-
ular base course materials used for China’s high-speed railways
subjected to freeze-thaw cycles[J]. Cold Regions Science and
Technology, 2019, 157: 139-148.

Su Yongqi, Ma Wei, Zhong Xiumei, et al. Experimental study
of influence of freeze-thaw cycles on dynamic nonlinear parame-
ters of Qinghai-Tibet silty clay [J]. Chinese Journal of Rock
Mechanics and Engineering, 2020, 39 (Suppl 1) : 2973-2985.
[0k ey, S, Bho5Me, 55 . VRRMIAER X T3 00 B3 L3l )
LM HEE W R T]. a5 TRk,
2020, 39(H4 T 1) : 2973-2985. ]

Li J C, Baladi G Y, Andersland O B. Cyclic triaxial tests on
frozen sand [J]. Engineering Geology, 1979, 13 (1/2/3/4) :
233-246.

Ma Wei, Wang Dayan. Mechanics of frozen soil [M]. Bei-
jing: Science Press, 2014. [T, ERME. #tJi2(M]. b
AL B A, 2014. ]

Lai Yuanming, Xu Xiangtian, Dong Yuanhong, et al. Present
situation and prospect of mechanical research on frozen soils in
China[J].
6-18.
Ling Xianzhang, Li Qionglin, Wang Lina, et al. Stiffness and

Cold Regions Science and Technology, 2013, 87:

damping radio evolution of frozen clays under long-term low-
level repeated cyclic loading: experimental evidence and evolu-
tion model [J]. Cold Regions Science and Technology, 2013,
86: 45-54.

Zhang De, Li Quanming, Liu Enlong, et al. Dynamic proper-
ties of frozen silty soils with different coarse-grained contents
subjected to cyclic triaxial loading [J]. Cold Regions Science
and Technology, 2019, 157: 64-85.

Liu Enlong, Lai Yuanming, Liao Mengke, et al. Fatigue and



534 K N + 44 %

damage properties of frozen silty sand samples subjected to cy- [27] Mu Yanhu, Zhu Xinyi, Yue Pan, et al. Monitoring investiga-
clic triaxial loading[J]. Canadian Geotechnical Journal, 2016, tion on winter freezing-thawing of dam core wall soils in cold
53(12): 1939-1951. regions[J]. Journal of Glaciology and Geocryology, 2018, 40
[24] Zhao Yanhu, Lai Yuanming, Pei Wansheng, et al. An aniso- (4): 756-763. [BBEIE, KIrih, B, 5. FEXRILLE L
tropic bounding surface elastoplastic constitutive model for fro- BHAEURE S B I [T, WK% £, 2018, 40 (4) :
zen sulfate saline silty clay under cyclic loading[J]. Internation- 756-763. ]
al Journal of Plasticity, 2020, 129: 102668. [28] Jiao Guide. Dynamic characteristics of warm frozen soils under
[25] Xu Xiangtian, Zhang Weidong, Fan Caixia, et al. Effect of long-term cyclic loading [D]. Beijing: University of Chinese
freeze-thaw cycles on the accumulative deformation of frozen Academy of Sciences, 2011. [ 5tfE . K WIMEIA 7 4T = i
clay under cyclic loading conditions: experimental evidence VR M8 T RER SR (D). deat: P ERMERE RS, 2011.
and theoretical model [J]. Road Materials and Pavement De- [29] Zheng Yun, Ma Wei, Bing Hui. Impact of freezing and thaw-
sign, 2021, 22(4): 925-941. ing cycles on structure of soils and its mechanism analysis by
[26] Fan Caixia, Zhang Weidong, Lai Ying, et al. Mechanical be- laboratory testing [J]. Rock and Soil Mechanics, 2015, 36
haviors of frozen clay under dynamic cyclic loadings with (5): 1282-1287, 1294. [JB6R, Tha, MREL. FRALIGIRRT 145
freeze-thaw cycles[J]. Cold Regions Science and Technology, Fa P i G I 9 B sg AL A B (3], A 4 12, 2015,
2021, 181: 103184. 36(5): 1282-1287, 1294. |

Influence of the freeze-thaw cycles on dynamic mechanical
properties of frozen mixed soil

WANG Dan'?, LIU Enlong'?*, YANG Chengsong'

(1. State Key Laboratory of Frozen Soil Engineering , Northwest Institute of Eco-Environment and Resources, Chinese Academy of
Sciences, Lanzhou 730000, China; 2. College of Water Resources and Hydropower, Sichuan University,
Chengdu 610065, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract: To investigate the dynamic properties (including the dynamic deformation and dynamic strength) of
frozen mixed soils subjected to the freeze-thaw cycles, a series of cyclic dynamic experiments were conducted
through a cryogenic triaxial apparatus. With the variation of freeze-thaw cycles, a conspicuous influence on the
dynamic stress-strain behaviors, volumetric strain curves, hysteresis loop, accumulative axial strain, dynamic
resilient modulus, residual deformation, and dynamic strength of frozen mixed soil was analyzed. The results
show that: (1) With the increase of the freeze-thaw cycles, the dynamic stress-strain curves and dynamic volu-
metric strain curves of frozen mixed soil gradually become looser, and the number of failures decreases linearly ;
(2) The action of freeze-thaw influences the variation of the hysteresis loop, the accumulative axial strain, the
dynamic resilient modulus, and the residual deformation of frozen mixed soil, leading an unacceptable deforma-
tion; (3) The dynamic resilience modulus and the dynamic strength of frozen mixed soil are reduced with the
number of freeze-thaw cycles increased.

Key words: frozen mixed soil; freeze-thaw cycle; dynamic triaxial test; dynamic mechanical properties

(FiESHZ: FEE)



