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Fig. 2 Particle size distribution curves of the soil
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Fig. 7 Trend of long-term strength of frozen sandy soil
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Fig. 8 Variations of long-term strength with number of freeze-thaw cycles
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Table 1 Fractal dimension of sandy soils under different number of freeze-thaw cycles

Tt VRRIRPR L AT hE R R D,
4 y=-1.337x+11. 657 0.99 1.337
6 y=-1.441x+12. 053 0.99 1. 441
FS 10 y=-1. 635x+12. 970 0.99 1.635
50 y=-1. 408x+12. 964 0.99 1.408
100 y=-1.571x+12. 562 0.99 1.571
4 y=-1.491x+12. 365 0.99 1.491
6 y=-1. 595x+12. 650 0.99 1.595
MS 10 y==1.707x+12. 068 0.99 1.707
50 y=-1.638x+12.914 0.99 1.638
100 y=-1. 540x+12. 541 0.99 1.540
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Fig. 9 Variations of fractal dimension with number of
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Fractal characteristics of sand grain group changes under freeze-thaw cycles
and its correlation with long-term strength

LIU Qi'?, ZHANG Ze'*’, ZHANG Shengrong'?, YUN Qingfei’, FU Junsong"’

(1. School of Civil Engineering / Institute of Cold Region Science and Engineering / Permafrost Institute , Northeast Forestry University ,
Harbin 150040, China; 2. Northeast-China Observatory and Research-Station of Permafrost Geo-Environment of the Ministry of
Education / Collaborative Innovation Centre for Permafrost Environment and Road Construction and Maintenance in Northeast

China (CIC-PERCM ) , Northeast Forestry University , Harbin 150040, China; 3. State Key Laboratory of Frozen Soil Engineering
Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China;

4. Shanghai Changkai Geotechnical Engineering Co., Shanghai 200093, China)

Abstract: Seasonally frozen soils are widely distributed in China in terms of area, and the freeze-thaw cycle ef-
fect generated by the alternation of cold and warmth is one of the causes of engineering damage in cold areas dur-
ing construction, and it is particularly important to restore the nature and state of the soil when it is subjected to
freeze-thaw action. Therefore, sandy soil specimens with different numbers of freeze-thaw cycles were pre-
pared, and the long-term strength of frozen sandy soil was tested using a spherical template indenter. Using frac-
tal theory and the microstructure image processing software ImagelJ, the change law of grain group and long-
term strength of two frozen sandy soils under different numbers of freeze-thaw cycles were studied. The results
show that: for fine sand (FS), the fractal dimension D, has a highly significant positive correlation with the
long-term strength variation, among which =0. 15~0. 20 mm and 0. 25~0. 40 mm have the best fit with the long-
term strength, and are the dominant grain classes of FS. For medium sand (MS) , the fractal dimension D, is
slightly positively correlated with the long-term strength, and the variation shows a “vertical N” trend, in which
the grain size content of >0. 30~0. 40 mm and >0. 40 mm fits better with the long-term strength, and is the domi-
nant grain class for MS. The content of other grain groups did not correlate significantly with the long-term
strength change. The freeze-thaw action changed the content ratios of coarse and fine grain agglomerates in the
soil. With the increase of the overall particle size interval, the dominant particle size also increases, which
shows that the long-term strength of frozen sandy soil tends to decrease and then increase with the increase of the
content of some particle sizes. The results of the study can provide theoretical reference for the determination of
long-term strength in areas subject to freeze-thaw action.

Key words: freeze-thaw cycles; long-term strength; frozen sandy soil; grain group; fractal dimension
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