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Effects of the Freeze/Thaw Process on the
Strength Characteristics of Soils(1)
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Summary

In this research programs, a series test was conducted to show the effects of freeze/thaw process
on the various soil properties. The tests were carried out taken from the west sea shore of

Korean peninsular and the wast sea shore of Scotland, and their results are as follows :

1. There was a positive total heave in a freezing run, although water may be expelled for

the sample initially. The water flow must be reverse from expulsion to intake.

2. The confining pressure had an overriding influence on the heave and frost penetration,

a sudden change of the axial strain at failure with strain rate was observed occuring at a strain

rate between 10° and 10° and the initial friction
3. There was shown a significant decrease in

angle of frozen clay was appeared zero.
liquid limit of soil which was subjected to

freeze/thaw process for the initial value of about 20% because of soil particles aggregation.
4. The cyclic freeze/thaw caused a sinificant reduction in shear strength and its thixotropic
regain. The frozen/thawed soil exibited negative strength regain, particularly at high freeze/thaw

cycles.

5. The freezing temperature greatly influenced on the failure strength of soils and this trend
was more pronounced the lower the freezing temperature and shown the ductile failure with

indistinct peaks.
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Fig. 1. Theoretical analysis of temperature mo-
vement in soil.
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Table-1. Physical properties of soils used.
lic:uid plastic |moisture cotent| specific | organic specific surface soil
soil lunit index | of natural | gravity | content area (in“/gf) classification
(%) (%) state(%) (%) (U.S. O
K 34.6 18.3 35.2 2.57 55 34.0 CL—ML
U 49.5 24.5 34.7 2.62 58 36.0 CL—ML
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Fig. 5. Test configuration.
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Table-2. Soil test condition.

pre-load | temperature | inital initial initial | temperature
(kgf/cm?)| chamber | height k'oid ratiol moisture | of cold
) | (mm) cuntent(%) |side (°C)

*0.5 2 150 | 0.42 20 -10

time(y/1) (min)
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Fig. 6. Frost penet ration and heave amont of
soil.
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Table-3. Comparison of calculated and observed based on the equation.

Press- a Y a h; at time idicated to t; ]
ure cal. J obs. cal. obs. cal. l obs.
gf/cm? mm/min cm/t mm mm min min

0.5 0.00008 396 400

1.0 0.00023 364 387

3.0 0.0032 0.00058 | 3.6 0.26 0.30 98 100 336 369

4.0 0.0047 0.087 2.42 11.52 12.432 37.42 39.542 223 237

5.0 | 000514 | 0.06 1.84 17.82 18. 802 3.20 4.00 31.20 32.50
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Fig. 7. Cuves of deviatoric stress vs axial strain for various confined stress under The condition of 10

cycles of Frost-Thaw.
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Table-4. Test results under the various load condition.

sample applied  jconfined axial strain time to initial tangent | maximum dev-
number strain stress at failure failure modulus 1 tor str ss remarks
rate(%) |(kgt/cm?) % min) (kgf/cm®) kgf/cm”)
1 1.04 10" 0 10.42 1.95 470 2.80
2 1.04 10° 0 10.53 17.4 540 1.75
3 1.04 10° 0 4.34 580 510 0.95
4 1.04 10" 1.0 9 54 1.92 500 2.75
5 1.04 10° 1.0 9. 62 16 500 1.85
6 1.04 10° 1.0 4.16 106 420 0.92
7 1.04 10* 1.5 10.52 1.93 520 2.64
8 1.04 10° 1.5 3.87 62.4 490 1.93
9 1.04 10° 1.5 3.52 518 370 0.97
10 1.04 10" 2.0 12.15 2.74 470 2. 86
11 1.04 10° 2.0 3.76 52.4 490 1.74
12 1.04 10° 2.0 4.25 676 392 0.92
2 101 10!
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Fig. 8. Relationship between deviatiorc peak stre- 0.5 - 0=0
ngth vatio and strsain rate of freeze-Thaw
soils.
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