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Abstract

Permafrost along the Qinghai-Tibet Highway has an important impact on engineering construction
and late operation and maintenance. Based on the geological survey data of 167 boreholes along
the Qinghai-Tibet Highway, the relationship between frost heaving force and natural density and
water content of soil samples was analyzed and evaluated according to frost heaving force. The
results show that the natural density along the line is concentrated from 1.9 g-cm-3 to 2.2 g-cm-3.
And the frost heaving force decreases with the increase of the natural density. Frost heaving force
is affected by natural density in three stages. First of all, the natural density of soil ranges from 1.8
g:cm-3 to 1.9 g-cm-3. The frost heaving force decreases sharply with the increase of natural density.
Second, the natural density ranges between 1.9 g-cm-3 and 2.2 g-cm-3. The large pores in particles
decrease and the frost heaving force shows a slow decline trend. Third, the natural density ranges
from 2.2 to 2.6 g-cm-3. Due to the relatively high soil compactness, there are only a few mi-
cro-pores and cracks in particles. Frost heaving force thus remains essentially constant. At the
same time, the frost heaving force increases with the increase of natural water content, which can
be divided into three stages. First, the natural water content ranges from 10% to 25%, the frost
heaving force increases rapidly with the increase of water content. Second, the natural water con-
tent ranges from 25% to 40%. Frost heaving force increases slowly with the increase of water
content. When the water content reaches 40%, it enters the third stage, when the ice molecules
become the main part of the soil. Frost heaving tends to ice. In the section of Xidatan broken line
valley-Erlongba valley, the groundwater level is deep, the shallow layer is little frozen soil, the
water content is low, and the frost heaving force is small. In the high plain section of Chumar river,
the surface water system is developed and the water content in the shallow layer is relatively
large, which makes the frost heaving force reach 37 kPa. That is the maximum along the line.
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Figure 1. Bridge frost heave damage
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Figure 2. Relation curve between frost heaving force and nat-
ural density
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Figure 3. Frost heaving force and water content relation curve
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Table 1. Frozen soil evaluation and engineering measures
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