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Mechanical Properties and Microstructure of Dispersed
Soils under Different Freeze—thaw Cycles

ZHANG Yawei, HAN Chunpeng
(School of Civil Engineering and Transportation, Northeast Forestry University, Harbin 150040, China)

Abstract : By exploring the microstructure and mechanical properties of dispersed soil under different freeze—thaw cycles, the in-
fluence of freeze—thaw environment on soil strength was analyzed. Triaxial test and scanning electron microscope were used to study the
mechanical properties and microstructure of dispersed soil under freeze—thaw cycle, and the image processing software IPP was used to
obtain the microscopic pore parameters of soil samples, including porosity, average pore diameter and average shape coefficient.
Research results indicated that the number and pore size of pore parameter in the soil structure showed an increasing trend, and the
bonding effect between soil particles weakened. The breaking strength of dispersed soil was mainly influenced by the number, size, and
shape of soil pores, and was negatively correlated with the average pore diameter, porosity, and average shape coefficient. The results
of this study indicated that the microstructure of dispersed soils was constantly changing under the conditions of different numbers of
freeze—thaw cycles, which in turn lead to changes in the mechanical properties of the soils.
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Tab. 1 Basic properties of the soil
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Fig. 1 Particle grading curves of soil samples
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Tab. 2 Exchangeable sodium ion test results
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Serial No. Test items mg & . o 8 Technical indicators Individual decisions

Test results sodium ions
1 B(K) 3.45
2 5 ( Ca) 8.78
63.97 =60% e

3 #4(Na) 23.45
4 BE(Mg) 0.98
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Fig. 2 SEM images before and after binarization
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Fig. 3 Electron microscope scan of soil before and after freeze—thaw
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Fig. 4 Stress—strain curves of specimens with different numbers of freeze—thaw cycles under different perimeter pressures
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Fig. 5 Variation of cohesive force and internal friction angle for the number of freeze—thaw cycles
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Tab. 4 Correlation coefficients between damage strength and

microscopic pore parameters of soil samples

FBl &/ kPa

Peripheral pressure N b Kk
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300 -0.993 -0.988 -0.974

FEEAT Z2 PR [ R e dr i, A8 22 8] A fiE
AR AN R R RO L Ee kS A7 e EE 3L
LR R RTI , [0] U 5 e ) A 8 M 22 728 22, (] Ik [l



210 U N

FE 0 ARG 25 37 B 52 ) 3 il AR AR AU AR 45 TG
B, WTHEND K ZEESEFEIEN R,
XF 3 AR HEFT LRSI, Pearson AH 5K B 4n (&1
11 iR,

1.00
| |

0.50-
0.00-
-0.50-

~0.94-"

N D K

11 Pearson HH<4EPE

Fig. 11 Pearson correlation matrix

HE 11 AR T FLBUR 5 LR EEA
TR R ICL BR 3 SF- 34T R R B 1m0 3 434t
T W BRAE B S, AE FE R m VAR, T AR
AL BRE AR ECE . SR R SPSS #4140 Br
REHAR I T, W bRk 5 I FLBR I SRR B (1) |
FLBRR SCEEE AR R BN Z, Zy K Zy, @
i B PEEASB —A E R F L, AT

F, =0.503Z, - 0.503Z, . (3)

Bk, 0 7 AP BT AR AT, ARYEAR
WAL 5 Dk B 1 OC 300 [l I B RS AT &2
RAWMEERIFR 5, KRS ZR TR, BIHIT 7
RS LG UL (R?) ¥I7E 0.9 DL bS] [l )= 7
PG RAF, MRAERIA & 284 0 550l
FHLEA R B, R (A ¥ 7 36 (A B, Ui T 45
SIS AR DGR &, B3 I A A5 20 g HUL5 7
AR A5, A& 12 FiR

x5 EIRHEANEHE

Tab. 5 Principal component regression fitting equations
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