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Table 2  Slope of stable deformation stage under different conditions and parameters of improved Monismith exponential model

A% T Wi B3 71/ MPa FasE AW B Boph a b ¢

1.5 1.721x10™ 209. 79 -185.57 0.02

-5 2.0 4.718x10™ 202. 08 -175.19 0.02

2.5 12.912x10™ 898. 82 -862.29 0.01

1.5 7.192%x107 166. 77 -149.79 0.02

30 -10 2.0 1.620x10™ 35.56 -8. 04 0.20
2.5 1. 860x10™ 121. 56 -53.00 0.11

1.5 1.004x107° 110. 20 -21. 30 0.08

-15 2.0 1. 085x10™ 74. 83 —26.47 0.15

2.5 1.918x10™ 121.55 -53.54 0.11

1.5 2.175%107™ 360. 34 -333.78 0.02

-5 2.0 5.423x10™ 426. 42 -395. 60 0. 01

2.5 2.530x10™ 60. 60 -29.95 0.10

1.5 5.463x107° 29.97 -1.09 0. 46

40 -10 2.0 5.571x10°° 28.25 -0.26 0. 62
2.5 9.337x10° 163.55 —88. 42 1.08

1.5 2.973x10°° 103. 02 -22.40 0.07

-15 2.0 2.190x107° 136. 04 -134.90 0.01

2.5 5.812%x107° 90. 87 -0. 60 0. 66

1.5 6. 604x107° 283.74 -221.85 0.03

-5 2.0 5.423x10™ 61.03 -29.51 0.12

2.5 2.530x107° 35.49 -0. 001 1.39

1.5 9.585x10° 55. 80 -8.59 0.26

50 -10 2.0 4.683%10™ 36. 25 -6.27 0. 30
2.5 5.897x10™ 65. 49 -34.21 0.11

1.5 2.413x107° 203.26 -156. 83 0.02

-15 2.0 3.247x107° 64. 25 —23.47 0.15

2.5 3.390x10™ 585. 67 —337. 54 0.07

R3OS A BRI ST BRSO OC R B
Table 3 Spearman phase relationship values under different

experimental conditions and different model parameters
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Table 4 Results of bias correlation analysis of stone content, temperature and axial amplitude with parameters a, b and ¢

a

c

iR A P R R P i E R A r Rt
P -0.29617 0. 14181 0.31790 0. 11351 0. 49086* 0.01089 L
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Study of dynamic elastic modulus and cumulative plastic deformation
in frozen soil-rock mixtures under uniaxial cyclic loading

SUN Kai"**, LI Zhiging'**, KONG Youxing'**, ZHOU Yingxin‘, WANG Shuangjiao'*”

(1. Key Laboratory of Shale Gas and Geoengineering, Institute of Geology and Geophysics, Chinese Academy of Sciences,
Beijing 100029, China; 2. University of Chinese Academy of Sciences , Beijing 100049, China; 3. Innovation Academy for
Earth Science, Chinese Academy of Sciences, Beijing 100029, China; 4. Yunnan Communications

Investment & Construction Group Co., LTD, Kunming 650100, China)

Abstract: To ensure the safety of major engineering construction in cold regions, the study of dynamic charac-
teristics of frozen soil containing stone is essential. In order to reveal the mechanical behavior of frozen soil-rock
mixtures under cyclic loading, the dynamic stress-strain relationship of frozen soil-rock mixtures was obtained
by uniaxial cyclic compression tests at different low temperatures (-5 C, =10 C, =15 C). The influence of
temperature and rock content on dynamic elastic modulus was discussed, and an evolution model was proposed
to explain the laws of cumulative plastic strain. The results showed that the dynamic stress-strain curve of frozen
soil-rock mixture developed from thinning to dense and then to thinning, and the hysteresis loops of frozen soil-
rock mixture presented an unclosed elliptic shape first, then a scalded shape, and finally a flat and long elliptic
shape as the number of cycles increased. Additionally, with the increase of gravel content and the decrease of
temperature, the dynamic elastic modulus shows an increasing trend. There are obvious stages in the accumula-
tion of plastic strain and the number of cycles, which can be divided into three stages: initial deformation, stable
deformation, and rapid deformation, according to the growth rate of cumulative plastic deformation with the
number of cycles. On this basis, an improved Monismith model was proposed to describe the cumulative plastic
deformation and cycle number. The model was found to fit the experimental results better than the original Moni-
smith model. In order to explore the relationship between parameters and experimental conditions, Spearman
correlation analysis and deviation correlation analysis were used. The results showed that parameter “b” in the
improved Monismith model had a significant positive correlation with stone content, while parameter “a” had a
significant negative correlation with temperature. The findings suggest potential applications for this new model
in predicting the behavior of materials under different conditions.
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