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Abstract: Water infiltration, migration, and temperature’ phase changes are crucial causes of frost damage in soils in cold
regions. Modifying soil to impart hydrophobic properties can effectively enhance its water resistance, offering a new approach
to improving the frost and seepage resistance of soils in these regions. This study selected the representative silty clay from
Qinghai, a typical cold region, and prepared,soil samples with varying compaction degrees and hydrophobic agent contents
using a novel hydrophobic agent. Through,a’series of contact angle tests and breakthrough pressure experiments, the effects of
compaction degree and hydrophobic”agént content on the water repellency and breakthrough pressure of the soil samples were
investigated. The results indicated that\the water repellency of the modified Qinghai silty clay approached superhydrophobic
levels. Increasing the compaction degree and optimizing the hydrophobic agent content significantly improved the contact angle
and breakthrough pressure’ofithe soil. There was a positive correlation between breakthrough pressure and compaction degree,
and the breakthrough pressute exhibited a unimodal distribution with varying hydrophobic agent content. Under the conditions
of a compaction/degree~«6f 0.95 and a hydrophobic agent content of 13.0%, the hydrophobic soil exhibited the highest
breakthrough préssure, teaching 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 Grading curve of Qinghai silty clay
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Fig. 2 Schematic diagram of contact angle
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Fig. 3 Diagram of contact angle measurement
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pressure
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Fig. 5 Device and samples of breakthrough pressure tests

3 MWERSITE
3.1 BE/KEEHITME

K FH SR VERT & TR R R AT D, DLEiK
FIBE w AR, Bl OIS, ALK
55— Hefl A 18 R ZR A e B

145.5

—=—K=085 l
—e— K =10.90

—— K095

144.0 -

142.5

141.0 - ,
BEw =13.0%

Fefilif 60 (°)

1395

138.0 -

136.5

BiKHIB & w' (%)
6 HkFIZE-EMBXR
Fig. 6 Relationship between hydrophobic agent content and

contact angle

B MR as R, LK e A B ) A
JEILH RUF Rk PERE, Hfd ik 14544, Hak
LKA B MAERSEE 0.85, B 18.0%HH X
R KAE, B 6= 144.8°. I 6 1 %1, BE/N T 13.0%
B, F Al A B R /K R4S = PR 38 o 2 B B S 38 e 94
WRATIA 8°5 MBU/KABEKRT 13.0%0f, Heflfbd
BRMINARNE N BERBNE, FREEzE
fiuki 8 BT FH L 2 WAL 3R S AS 21, i RE R S R i
FATIRZ MR 54k, DR P AR AR TR BE i 2R 19 20 A A R
_‘ﬁo

3.2 HFE NN

G M i 7K B I K T IR AR 0L, FF X 4
PEEAT A B, RSP e S K AR R
PAIE SR 0.95 RN 5 HE AL R4 ik B —
JE 1R A M AN 7R

30 40
@)\ —— PYCKIRA (b) ——PVCHIRAL
——K=0.95w=8.0% 10 ——K=0.95w=10.5%
aE‘zo ; P QE‘ ; X
& ! 169kPa & i v
& L o 1 20 35.5kPa\: ,"
20 : ” % 7
R Ny 10 P
L — P
» ‘ 0 /4_/‘
0 20 40 60 80 0 20 40 60 80
JE 71 p (kPa) FE77 p (kPa)
40 30
(c) ——PVCXl (d) ——PVCHE4L
30 ~— K=0.95w'=13.0% «— K=0.95w'=155%
) ! 320 !
B ! B .
20 48.0kPa = ;
iz} ' g -
g | ) 2, 42.1kPa !
H10 A e
' ” 1 er”
0 —-——""———‘1‘—’— 0 /
0 20 40 60 80 0 20 40 60 80
JE 17 p (kPa) FE71 p (kPa)

7 Tk E-ENXFLZ (LUEKE 0.95 A1)
Fig. 7 Relationship between water inflow volume and pressure

(taking soil samples of K = 0.95 as an example)
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Fig. 8 Effects of compaction degree and hydrophobic agent

content on the breakthrough pressure of hydrophobic soil
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