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Abstract: Water infiltration, migration, and phase change of temperature are the crucial causes of frost damage in soils in cold
regions. Modifying the soils to impart hydrophobic properties can effectively enhance their water resistance, offering a new
approach to improving the frost and seepage resistance of the soils in these regions. The representative silty clay from Qinghai,
a typical cold region, is selected, and the soil samples with varying compaction degrees and contents of hydrophobic agent
using a novel hydrophobic agent are prepared. Through a series of contact angle tests and breakthrough pressure experiments,
the effects of the compaction degree and the content of hydrophobic agent on the water repellency and breakthrough pressure of
the soil samples are investigated. The results indicate that the water repellency of the modified Qinghai silty clay approaches
superhydrophobic levels. Increasing the compaction degree and optimizing the content of hydrophobic agent significantly
improves the contact angle and breakthrough pressure of the soils. There is a positive correlation between the breakthrough
pressure and the compaction degree, and the breakthrough pressure exhibits a unimodal distribution with varying contents of
hydrophobic agent. Under the conditions of a compaction degree of 0.95 and a content of hydrophobic agent of 13.0%, the
hydrophobic soil exhibits the highest breakthrough pressure, reaching approximately 50 kPa. This study provides new
experimental evidence for the design of seepage-resistant soils in cold regions and offers a reference for the future application

of hydrophobic soils in cold region engineering.
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Table 1 Physical property parameters of Qinghai silty clay
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Fig. 1 Grain-size distribution curve of Qinghai silty clay
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Table 2 Chemical and physical properties of CNO1C
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Fig. 2 Schematic diagram of contact angle
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Fig. 3 Diagram of measurement of contact angle
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Fig. 4 Schematic diagram of breakthrough pressure of
hydrophobic soil
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Fig. 5 Devices and samples of breakthrough pressure tests

MRS
3.1 BBHKEESITE

SRR VA 4 - R IO A AL AT UL, LA
B w' oBARER, Bef 0 NAAE, RIHK
Al BB AN R LR, W 6 .

1455 ,
—=— £=0.85 .

—e— K=0.90
—— K=0.95

1440

1425}
)

,f& 1410
BEw=13.0%

10 12 14 16 18

BKF B R %

6 BUKFIBE-EMAXR
Fig. 6 Relationship between content of hydrophobic agent and
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Fig. 7 Relationship between water inflow volume and pressure

(taking soil samples with compaction degree of 0.95 as an

example)
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Fig. 8 Effects of compaction degree and content of hydrophobic
agent on breakthrough pressure of hydrophobic soil
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