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Abstract: The tensile strength of frozen soils plays an important role in geotechnical problems involving tensile failure. In
order to study the tensile properties of frozen expansive soils, a series of Brazilian splitting tests (BST) are used to study the
effects of loading mode, height to diameter ratio of samples, loading rate, temperature, dry density and water content on the
force-displacement curve and tensile strength. The test results show that the frozen expansive soils exhibit typical brittle failure
characteristics under different temperatures, dry densities and water contents. The tensile strength of the frozen expansive soils
increases with the decrease of temperature. When the dry density of the sample is the maximum, the relationship between its
tensile strength and temperature is linear. However, for the samples with dry density less than the maximum, the relationship
between the tensile strength and the temperature within the test temperature range is more suitable to be expressed by an
exponential function. The relationship between the tensile strength and the temperature of the frozen expansive soils can be
described by a linear relationship with different water contents, and the lower the water content, the greater the increment of
tensile strength caused by the decrease of unit temperature. The tensile strength of the frozen expansive soils increases with the
increasing dry density and water content, and there is a good linear relationship between the tensile strength and the dry density
and water content under various temperature conditions.
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Fig. 1 Grain-size distribution curve of expansive soils
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Fig. 2 Schematic graph of preparation process of sample
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Fig. 3 Apparatus of Brazilian splitting test (BST)
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Fig. 4 Schematic graph of BST with different loading modes
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Table 1 Schemes for determination of basic parameters in tests
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Fig. 5 Relationship between load and displacement under

different loading modes
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Table 2 Schemes of Brazilian split tests on frozen expansive soils

ZH IR /°C T2 5 /(g-em®) BIKE Y%

1 L 1.60 21.7, 19.7, 17.7, 23.7, 25.7
2 1.60, 1.52, 1.44, 1.36, 1.28 21.7

3 s 1.60 21.7, 19.7, 17.7, 23.7, 25.7
4 1.60, 1.52, 1.44, 1.36, 1.28 21.7

5 10 1.60 21.7, 19.7, 17.7, 23.7, 25.7
6 1.60, 1.52, 1.44, 1.36, 1.28 21.7

7 15 1.60 21.7, 19.7, 17.7, 23.7, 25.7
8 1.60, 1.52, 1.44, 1.36, 1.28 21.7

9 -8 1.60, 1.52, 1.44, 1.36, 1.28 21.7

10 -13 1.60, 1.52, 1.44, 1.36, 1.28 21.7

s EAE R, SHESART. AR 2
i i 2t NG ) 1 = ST Y- Y = 2 A i i
i, FE—00, B 10 G TR IR LR pih g
FESMBGRZB RIS R ML, nTLUEH, MhndEE /)
T 2 mm/min B, INECE ZERHARE IR R A TR
S, (H 24N R KT 2 mm/min B, RFERIPTRL
o P o S I R I K. Bk, R A
(RN # I BN 2 mm/mine

40r v/(mm -min~!)

3.5+ =02
-1
——2

——10
—A—20

3.0f
z
E 25t
@ 2.0f
=
15
Gl
1.0F

0.5

] 4 8 12 16 20
B AB/mm
9 NEIMERFIAFER SIS X ARz
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Table 3 Functions of tensile strength and temperature under

different dry densities

TH &/ (gem?) KA R
1.60 0, =-56.439T - 0.6716 0.9912
1.52 o, =103¢ """ 0.9686
1.44 o, =88.023¢ """ 0.9760
1.36 o, =69.5856e """ 0.9768
1.28 o, =53.763¢""*" 0.9769
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Fig. 15 Relationship between tensile strength and temperature
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Table 4 Function of tensile strength and temperature under

different water contents

FIKE % B R
17.7 o, =—47.822T -20.219 0.9865
19.7 o, =—52.877T -10.506 0.9888
21.7 o, =—56.084T —0.6099 0.9895
23.7 o, =—58.904T +18.001 0.9847
25.7 o, =—60.073T +33.829 0.9941
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Fig. 16 Relationship between tensile strength and dry density
under different temperatures
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different temperatures
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Table 6 Function of tensile strength and water content under

different temperatures
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