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1 INTRODUCTION 

When a drop of water is placed on a soil surface, the 
three-phase contact line, formed between the soil par-
ticles, water, and air will move in response to the 
forces arising from the three interfacial tensions until 
an equilibrium position is established. The interfacial 
tensions between the particles, water, and air of a wa-
ter drop on a surface composed of soil particles, gen-
erate a relationship with the contact angle (CA), 
which is a direct expression of the wettability of the 
surface (Roy and McGill 2002; Heslot et al. 1990).  

In the natural environment, soil water repellency is 
caused by films of low-energy organic materials 
which cover the soil mineral surface (Geobel et al. 
2004; Doerr et al. 2000). For the built environment, 
synthetic soil water repellency can be achieved with 
Dimethyldichlorosilane (DMDCS) and other silane-
based coatings or oils and waxes. There are various 
potential applications for water repellent soils due to 
their water-tight properties. Examples include the 
cover material for natural or infrastructure slopes and 
landfills. However, very limited information exists in 
the geotechnical literature on the treatment to induce 
or synthesize the synthetic water repellent coatings in 
soil particles and the effectiveness and permanency of 
soil water repellency.  

 

 
This paper concentrates on the effectiveness and 

time-dependent effects of soil water repellency im-
mediately after the treatment. 

2 MATERIALS AND METHODS 

2.1 Soil type and index properties 

Completely decomposed granite (CDG) is the most 
common soil type in Hong Kong. CDG overlying gra-
nitic bedrock from Happy Valley in Hong Kong Is-
land was selected as the testing soil. 

 The particle size distribution of CDG is shown in 
Figure 1 and other material properties (maximum dry 
density and optimum moisture content) are shown in 
Table 1. The maximum dry density is 1570 kg/m3, the 
optimum moisture content is 23%. The fines content 
accounts for 35% of the total material, sand 49% and 
gravel 16% of the soil. D10, D30, D50, D60 are 0.016 
mm, 0.041 mm, 0.332 mm, 0.701 mm respectively.  

Furthermore, Cu is 43.8 and Cc is 0.150. Therefore, 
soil is poorly-graded (Cu > 5 and the Cc < 1). The min-
eralogy of CDG was analyzed using X-ray diffraction 
(XRD) (Philips, PW1710 Automated Powder Dif-
fractometer, Almelo, The Netherlands), and the major 
mineral compositions are quartz and kaolinite (Zheng 
et al. 2017). 
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ABSTRACT: Soil water repellency is the decline in the rate of wetting of a soil caused by the presence of water 
repellent coatings. Dimethyldichlorosilane (DMDCS) is a common chemical agent used to make soils water 
repellent. Water repellent soils may have various potential applications in ground engineering. This paper in-
vestigates its performance with time, particularly immediately after treatment. Experiments with DMDCS in 
completely decomposed granite (CDG) were carried out to assess the permanency of soil water repellency 
induced by DMDCS. Both the Water Drop Penetration Time (WDPT) and the Sessile Drop Method (SDM), 
through contact angles (CA), were used to determine the persistency and magnitude of water repellency, re-
spectively. Measurements were performed at regular time-intervals (every 5 days) for a period of 50 days under 
laboratory conditions to investigate the variation of water repellency with time. The results revealed a concen-
tration-dependent time effect. At a low mass ratio of DMDCS (typically <3% per soil mass of DMDCS) the 
CAs fluctuated within a wide range (30) while at high DMDCS concentration (typically >3% per soil mass 
of DMDCS), the CAs were more consistent, in the range of 1205. Implications of these results are discussed. 



 
Figure 1. Particle size distribution. 

 
Table 1. Summary of measured properties of CDG. 

Index properties  

Standard compaction tests  
Maximum dry density (kg/m3) 1570 
Optimum moisture content (%) 23 

Grain size distribution  
Gravel content (> 2 mm, %) 16 
Sand content (> 0.063mm and ≤ 2 mm, %) 49 
Fines content (≤ 63 μm, %) 35 
D10 (mm) 0.016 
D30 (mm) 0.041 
D50 (mm) 0.332 
D60 (mm) 0.701 
Coefficient of uniformity 43.8 
Coefficient of curvature 0.150 
Specific gravity 2.61 

2.2 Dimethyldichlorosilane 

DMDCS is a hydrophobizing agent which has been 
used in the treatment of soils (Lourenco and Ng 
2015). The procedure consists on directly mixing the 
soil with a liquid solution of DMDCS, (CH3)2SiCl2. 
The mechanism is based on the reaction with the wa-
ter menisci in the soil to form polydimethylsiloxane 
(PDMS) with water repellent properties. During this 
process vapour HCl is also released. Ng and Lourenço 
(2015) also found that the presence of residual water, 
organic matter as well as other non-mineral sub-
stances could counteract the effectiveness of 
DMDCS. In addition, the reaction is only complete 
when all the HCl is released. This paper will deter-
mine the relationship between the mass ratio of 
DMDCS and the magnitude of soil water repellency 
via CA measurements and WDPT tests with time.  

Samples were prepared to different mass ratios by 
adding fixed volumes of DMDCS solution to 50g of 
natural (untreated) CDG. The mass ratio was calcu-
lated by accounting for the density of the DMDCS, 
which is 1.06 g/cm3. 

2.3 Quantification of water repellency 

2.3.1 Water drop penetration time 
The WDPT method was used to quantify the persis-
tency of soil water repellency. Approximately 10 g of 
treated soil samples were added to metal dishes with 
14 mm in diameter. Each droplet with a volume of 50 
µl volume was placed on the surface of the soil with 
a burette from a height of 10 mm (Leelamanie et al. 
2008). Videos were taken, with the aid of a camera 
positioned laterally to the sample, to record the time 
for the droplets to infiltrate. Approximately 11 to 12 
droplets were placed with the average time needed for 
the droplets to infiltrate into the samples annotated 
(Figure 2). 

 

 
 
Figure 2. Water drops on treated CDG for the WDPT tests. 

2.3.2 Sessile Drop Method 
The Sessile Drop Method (SDM) directly measures 
the CAs over a wide range, from wettable (CA<90) 
to water repellent (CA>90) (Leelamanie et al. 2008). 
The CA is the angle between the intersection of the 
liquid/solid interface and the liquid/air interface (Fig-
ure 3). 
 

 
 
Figure 3. Contact angle measurement with the Sessile Drop 
Method. 

 
In the SDM, loose soil particles are sprinkled on 

top of glass slides covered with a double-sided tape 
with the particles pressed with a 150-g weight for 20 
seconds. Then the prepared glass slides are fixed on 
the sample stage of the Drop Shape Analyzer (Figure 
4) for the CA measurements. 
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Drop shape analyzer is a widely used instrument 
for the measurement of the CA. A droplet is deposited 
through the micropipette which is positioned above 
the sample surface, and then the digital video of ex-
perimental process is captured by a high-resolution 
camera from the horizontal view of the droplet, then 
the first clear frame of the video is selected to meas-
ure the CA. 

Five to six droplets are deposited for one sample, 
followed by the CAs measurement and the average 
CA annotated. 

Furthermore, the gradual release of HCl was ob-
served in the soil treatment procedure which indicated 
that the chemical reaction continued for several days. 
Therefore, it was assumed that the CAs of the treated 
soils would increase with time because the chemical 
reaction needed time to complete. At first, CAs meas-
urements were conducted daily, followed by every 5 
days for a total period of 50 days or until the CAs 
were constant with time. 

 

 
 
Figure 4. Drop Shape Analyzer with the different parts anno-
tated. 

3 TIME-DEPENDENT EFFECT OF DMDCS 

3.1 Contact angles 

Three series of tests were carried out to investigate 
the persistency and magnitude of the water repellency 
level. The 1st and 2nd series of tests were per-formed 
with same mass ratio range (0.5%-6%) and an incre-
ment of 0.5% to minimize errors. The 3rd series of 
tests were carried out with a smaller increment (0.2%) 
for a mass ratio between 1.8% and 3% to refine the  

Table 2. Testing programme for the CA measurements. 

 

 
 
Figure 5. Critical mass ratio and critical CA (Third series of 
tests: Day 10). 

 
relation between the DMDCS mass ratio and CAs. 
The tests plans are shown in table 2. 

The 1st series of tests was carried out to find the 
critical mass ratio and critical CA. The critical mass 
ratio is defined as the mass ratio beyond which the 
CAs are constant. The critical CA is the maximum 
CA achieved (Figure 5). 

The results for the 1st series tests are shown in Fig-
ure 6 and Figure 7. Figure 6 shows that (1) the CAs 
increased in the first two days and became stable after 
day 3; (2) the CAs increased with the rise of the mass 
ratio, with a substantial increased observed for a mass 
ratio between 1.5% and 3%; (3) the maximum aver-
age CA was around 120° for a mass ratio higher than 
2.5%. Figure 7 shows that (1) for samples containing 
low DMDCS content (below 2%), the CAs fluctuated 
in a wide range. Sometimes, the CAs dropped dramat-
ically in a specific test date and then increased re-
markably after that which can be attributed to external 
factors such as relative humidity and temperature 
changes and, surface heterogeneity (2) On the con-
trary, for samples containing relatively high DMDCS 
content, the fluctuation of CAs was small, the influ-
ence of external factors on CAs was limited, the CAs 
were more consistent, at almost 120°. 

The 2nd series of tests was repeated to reduce acci-
dental errors. The results for the 2nd series of tests are 
shown in Figure 8 and Figure 9.  
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Figure 6. Results for the 1st series of tests (CAs with time). 

 

 
 
Figure 7. Results for the 1st series of tests (CAs with mass ratio 
of DMDCS) 

 
Figure 8 shows that (1) the average CAs increased 

in the first day and remained stable after day 2; (2) the 
CAs increased with the mass ratio, with a large in-
crease of CAs when the mass ratio is between 1% and 
3%; (3) the maximum average CA was still around 
120° for a mass ratio higher than 2.5% but the exact 
critical mass ratio cannot be determined. Figure 9 
shows that (1) the CAs fluctuated in a wide range 
when subjected to a low mass ratio (below 2%). The 
dramatic increase of CAs could be attributed to exter-
nal factor mentioned before (e.g., relative humidity, 
temperature and surface heterogeneity); (2) the CAs 
were consistent when the samples were treated by rel-
atively high mass ratio of DMDCS, remaining at 
around 120°; (3) when the mass ratio was beyond 
2.5%, the water repellency of CDG induced by 
DMDCS persisted until day 50. The results of the 1st 
and 2nd series of tests were similar, which provide 
compelling evidence that DMDCS is effective in in-
ducing water repellency, at least, until day 50. 

 
 
Figure 8. Results for the 2nd series of tests (CAs with time). 

 

 
 
Figure 9. Results for the 2nd series of tests (CAs with mass ratio 
of DMDCS). 

 
The 3rd series of tests was designed to refine the 

CAs data for a mass ratio of DMDCS between 1.5% 
and 3%. The results for the 3rd series of tests are 
shown in Figure 10 and Figure 11. Figure 10 shows 
that (1) the CAs increased gradually for a mass ratio 
of DMDCS between 1.8% and 3%; (2) the maximum 
average CA was around 120° for a mass ratio of 3%. 
Figure 11 shows that (1) the CAs fluctuated in a wide 
range when subjected to a low mass ratio (below 3%); 
(2) the CAs were consistent for a mass ratio higher 
than 3%, with the CAs at around 120°.  From the 3rd 
series, the critical mass ratio was 3% and the critical 
CA was approximately 120° confirming that the 
DMDCS was effective in maintaining soil water re-
pellency. 

30

40

50

60

70

80

90

100

110

120

130

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

C
o

n
ta

ct
 a

n
gl

es
 (

d
eg

re
e)

Mass ratio of DMDCS (%) 

Day 0 Day 1 Day 2 Day 3 Day 5

Day 10 Day 15 Day 20 Day 25 Day 30

Day 35 Day 40 Day 45 Day 50

30

40

50

60

70

80

90

100

110

120

130

0 1 2 3 5 10 15 20 25 30 35 40 45 50

C
o

n
ta

ct
 a

n
gl

es
 (

d
eg

re
e)

Time (day)

0.50% 1% 1.50% 2%

2.50% 3% 3.50% 4%

30

40

50

60

70

80

90

100

110

120

130

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

C
o

n
ta

ct
 a

n
gl

es
 (

d
eg

re
e)

Mass ratio of DMDCS (%) 

Day 0 Day 1 Day 2 Day 3 Day 5

Day 10 Day 15 Day 20 Day 25 Day 30

Day 35 Day 40 Day 45 Day 50

30

40

50

60

70

80

90

100

110

120

130

0 1 2 3 5 10 15 20 25 30 35 40 45 50

C
o

n
ta

ct
 a

n
gl

es
 (

d
eg

re
e)

Time (day)

0.50% 1% 1.50% 2% 2.50% 3%

3.50% 4% 4.50% 5% 5.50% 6%



 
 
Figure 10. Results for the 3rd series of test (CAs with mass ratio 
of DMDCS). 

 

 
 
Figure 11. Results for the 3rd series of test (CAs with time). 

3.2 Water Drop Penetration Time 

WDPT also was used to assess the persistency of soil 
water repellency induced by the DMDCS solution 
(Table 3). The WDPT tests were performed with a 
smaller increment (0.2%) for a mass ratio between 
1.8% and 3% to refine the relation between the 
DMDCS mass ratio and WDPT, while an increment 
of 0.5% for other parts (0.5%-1.5%; 4%-6%). Tests 
were carried out in day 3 since the chemical reaction 
was almost complete based on the results from CAs 
tests. Then WDPT was measured in day 40 and day 
50 to verify the persistency and magnitude of the wa-
ter repellency level until day 50. 
 
Table 3. Testing programme for the WDPT measurements. 

Experimental soil Natural soil 

Mass ratio range  5% to 6% 
Increment of mass ratio 0.5% (0.5%-1.5%, 4%-6%) 

0.2% (1.8%-3%) 
Experimental date Day 3 

Day 40 
Day 50 

 
 
Figure 12. Results for the WDPT test. 

 
For comparison purposes, variations of both the 

CAs and WDPT are shown in Figure 12. Figure 12 
shows that (1) the WDPT increased for a mass ratio 
between 2.2% and 2.4%; for a mass ratio of 2.2% the 
WDPT was just around 15 seconds, but for a mass 
ratio of 2.4% the WDPT was approximately 3000 sec-
onds; (2) beyond the critical mass ratio, the CAs be-
came nearly constant and remained high, while the 
WDPT continued to increase with the rise of the mass 
ratio; for a mass ratio of 6%, the WDPT was higher 
than 11000 seconds; (3) the WDPT measured from 
day 3, day 40 and day 50 were similar and high. For 
a mass ratio higher than 2.4%, the WDPT exceeded 
3600s which indicated that the treated soil was ex-
tremely water repellent. 

The results from the WDPT tests also illustrate that 
the DMDCS solution was effective and persistent in 
inducing water repellency until 50 days which agrees 
with the results from the CAs tests. 

4 CONCLUSIONS 

DMDCS is effective in inducing soil water repellency 
in natural soils. A 3% mass ratio of DMDCS could 
induce water repellency in natural CDG. The maxi-
mum CA achieved was approximately 120° when the 
mass ratio of DMDCS was higher than 3%. 
Although the CAs would not increase, remaining sta-
ble after reaching the critical mass ratio (3%), the 
WDPT would continue to increase with the mass ratio 
of DMDCS. 

At low concentrations of DMDCS (typically <3% 
per soil mass of DMDCS) the CAs fluctuated in a 
wide range (30) while at high DMDCS content 
(typically >3% per soil mass of DMDCS), the CAs 
were more consistent, in the range of 1205. 

Both the WDPT and CAs agree that the DMDCS 
solution is effective in inducing soil water repellency 
at least until 50 days. 
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