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ABSTRACT 

This study is carried out to determine the capillary rise over time of fine 
aggregate in different saline media. The obtained results showed that the capillary 
height in fine aggregate is inversely proportional to the salt concentration of the 
capillary solution. The aggregate that has a particle size over 2.0 mm shows the best 
ability to limit capillary rise. The capillary height of the aggregate gets the highest 
value when there is no salt in the solution and gets the lowest one with the solution 
at the highest salinity tested, i.e. 33.0 g/L. The obtained results on capillary 
characteristics lead to an idea of design a shallow foundation that has a function of 
anti-corrosion, anti-salinity proactively and effectively. 
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INTRODUCTION 

Saline intrusion is taking place strongly in the coastal areas of the coastal 
countries including Vietnam. Saline intrusion is a type of natural hazard where soil 
salinity is determined by the concentration of salt in the aqueous extract of saturated 
soil. 

For a long time, scientists studied the effects of saline intrusion on the 
economy, society, environment, and infrastructure, etc. Several significant studies 
were carried out by Terletskaya and Metonidze [1]; Oradovskaya and Pagurova [2] 
on many different soil types. Recently, Mihova and Truc [3,4]; Truc and Mihova 
[5,6]; Truc et al. [7] evaluated the variability of soil properties under salinity 
conditions, deformation characteristics, primary and secondary consolidation, and 
analyzed the load-bearing capacity of salt-affected soils. In these studies, the 
authors found that salt in groundwater causes much harm to the infrastructure 
system, especially civil construction. Salt in groundwater is brought up by the 
capillary rise, penetrating into the body of the building, leading to the destruction 
of structures, reducing the functions and lifespan of the building. 
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As the result of Karagiannis et al. [8], water penetrates a building material 
through the capillary rise of ground moisture, rain, and condensation of air humidity 
causing several physicals, chemical and, biological problems to buildings. Besides, 
Hird and Bolton [9], made an experiment to describes the rising of the capillary 
height of water through columns of initially dry sand. Previously, Karoglou et al. 
[10] also recognized that the presence of water in the capillary of the material is 
also one of the factors causing the deterioration of the building. Besides, the need 
for urban and infrastructure development in coastal cities on salt-affected soils 
remains a major question for planners. Civil constructions on salt-affected soil have 
to face salt capillaries.  

Faced with the above situation, this study will contribute to finding solutions 
to meet the needs of infrastructure development on salt-affected soils. It is an urgent, 
scientific and practical issue.  

MATERIALS AND METHODS 

Sample preparation 

To comprehend the capillary characteristics and saltwater propagation in the 
fine aggregate, the authors have prepared 25 kg naturally fine aggregate. In the 
laboratory, the materials are dried, sieved, and divided into 4 groups of particle size 
equivalent to gravel (5.0-2.0 mm), coarse sand (2.0 - 1.0 mm), medium sand (1.0 - 
0.5 mm), and fine sand (0.5 - 0.1 mm). The number of samples prepared was 28, 
which were divided into 7 batches, each batch corresponding to one salt 
concentration. 

The capillary solution is saltwater with seven salt concentrations, i.e. 0.0 g/L, 
4.95 g/L, 9.9 g/L, 14.75 g/L, 19.8 g/L, 24.75 g/L, and 33.0 g/L. These are the salt 
concentrations corresponding to the salinity of 0, 15, 30, 45, 60, 75, and 100% of 
natural seawater if the average salinity of seawater is 33.0 g/L. The use of different 
salt concentrations in the media of different particle grades is to determine the 
capillary height of each particle group in order to find the optimal particle grade for 
the anti-salinity shallow foundation solutions of coastal civil construction works. 

Determining the capillary rise of fine aggregate 

The salt capillary phenomenon occurs when saltwater is in contact with the 
materials for enough time. Saltwater absorbs through a capillary mechanism in a 
space between particles with a diameter of around 20 to 40 micrometers. Saltwater 
intrudes through the gaps in the contact surface, and then propagates through the 
capillaries, which can cause permeation and salinity. The nature of the capillary 
phenomenon is due to the wet sticky force itself.  When the wet adhesive force is 
greater than the surface tension, the solution is pulled up a certain distance above 
the liquid surface. The capillary height depends on the particle size, the uniformity 
of the material in the capillary medium (capillary tube cross-section), and the 
chemical composition of the capillary solution [11]. 

The rise of a liquid column inside the capillary tube is due to the surface 
tension. The capillary rise of a solution in the material (hk) is determined by the 
formula (1): 
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hk = (1)

water. 

The reference values of ultimate capillary height over time of natural loose 
materials corresponding to particle sizes are given in Table 1: 

Table 1. Time to reach the stable capillary rise depends on the particle size 

Material particle size (mm) Capillary height (hk, cm)     Time (day) 

5 - 2    3.5    3 

2 - 1   6.5    4 

1.0 - 0.5   13    6 

0.5  0.1   25    8 

Determining the hydraulic conductivity by constant head method 

The constant head method is mainly used in determining the permeability of 
fine aggregates such as sand and gravel. The permeability coefficient is calculated 
based on Darcy's law using the following formula:  

K =      (2) 

W - volume of water collected (ml); H height of the material column 
between the two piezometric tubes (cm); t  time needed to collect the water (s); A 
- cross-  
h1-h2. 

Firstly, the mass of soil in the permeameter was determined, and a filter disc 
was placed at the bottom of the permeameter. The volume of the sample was 
calculated, based on the height of the sample. The flow was computed using the 
volumetric method and the pressure difference was read using the piezometric 
tubes. 

RESULTS  

The studied fine aggregate is well-graded distribution (Fig. 1). It was divided 
into four particle groups of the gravel, coarse sand, medium sand, and fine sand by 
sieving. They were used for determination of the capillary height and hydraulic 
conductivity. 
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Fig. 1. Particle size distribution curve of the studied materials 

The experiment to determine the permeability coefficient was carried out to 
each particle size group above. The obtained results showed that natural sand has 
the average permeability coefficient of 8.76x10-5 cm/s; that of gravel has the largest 
permeability coefficient, around 5.86x10-4 cm/s; meanwhile, that of fine sand has 
the smallest permeability coefficient, around 1.39x10-5 cm/s. 

Parallel to determine the permeability coefficient of the materials, the authors 
conducted the experiments to evaluate the effect of salt on capillary heights at 
different particle groups and different salt concentrations. The capillary test has 
been conducted continuously for at least 3 days. The experiment result of the 
capillary height of each particle size and each salt concentration is the ultimate value 
measured. The obtained results are given in Table 2. 

Table 3. Capillary height of saltwater solutions in the natural fine aggregate 

Particle 
group 

Salinity of capillary solution (g/L) 

0.0 4.95 9.9 14.85 19.8 24.75 33.0 

Fine sand 39.0 37.0 32.0 31.0 34.5 33.5 31.4 

Medium 
sand 

32.0 30.0 28.0 27.0 22.0 24.0 22.4 

Coarse sand 10.8 9.0 8.5 8.0 6.8 7.2 7.4 

Gravel 5.1 4.8 4.60 4.0 4.2 3.8 4.3 

From the obtained results, one can see that the capillary height of each 
specimen 

From the obtained results, one can see that the capillary height of each 
specimen reaches the highest value when the capillary solution is not salty, 
equivalent to a salt concentration of 0.0 g/L, and gets the lowest value when the 
solution reaches a salinity equivalent to natural seawater, i.e. 33.0 g/L. 

Figure 2 shows the experimental results to determine the ultimate capillary 
height of fine aggregate corresponding to the salt concentrations of capillary 
solutions. It can realize that, generally, the capillary rise of fine aggregate decreases 
as salt concentration increases. However, this relationship varies among particle 
groups. 
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Fig. 2. Capillary height (h) over time (t) of four particle groups of natural fine 
aggregate 

For four - particle size groups of fine aggregate and 7 salt concentrations of the 
capillary solution, one can build an equation to demonstrate their relationship. The 
relation curves of capillary height versus time express into two segments, the curve 
in the early experiment and the straight in the stable one (Fig. 2). 

 
Fig. 3. Ultimate capillary height of fine aggregate in different capillary solutions 

Figure 3 shows the ultimate capillary height of four - particle groups of fine 
aggregate versus different capillary solutions. For the gravel group, capillary height 
is stable and unchanged at h = 4.3 cm since the salinity of solution reaches 19.8 g/L 
to 33.0 g/L. For coarse sand, capillary height decreased from h = 10.8 cm at salinity 
= 0.0 g/L to h = 6.8 cm at salinity = 19.8 g/L, then the height capillary increased 
strongly at the salinity = 24.75 g/L. It decreases to 7.2 cm at the maximum salinity 
of 33.0 g/L. For the medium sand and fine sand, the relationship of capillary height 
versus salinity evolves over time in three phases: 
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The first phase, the capillary height and salt concentration of the capillary 
solution are inversely related. Capillary height tends to decrease gradually as the 
salt concentration increases, most evident when the capillary solution has a salinity 
of 0.0, 4.95, 9.9, and 14.85 g/L. At this stage, the capillary height value gets 
maximum when the specimen has not been salty, i.e. salinity = 0.0 g/L, and gets the 
lowest when the salinity reaches 14.85 g/L. 

In the second phase, the relation of the capillary height and salt concentration 
of the capillary solution is proportional. When salt concentration increased from 
19.8 to 24.75 g/L, the capillary height of fine sand and medium sand increased 
considerably. 

In the third phase, the capillary height and salt concentration of the capillary 
solution are inversely related. This phase lasts from the salt concentration of 24.75 
g/L until 33.0 g/L. The capillary height decreases and reaches the minimum value 
when the salt concentration of the capillary solution reaches the maximum value, 
i.e. 33.0 g/L. Thus, in general, the presence of salt in the solution leads to reduce 
capillary height in the fine aggregate, although the change is not homogeneous. 

DISCUSSION  

The capillary rise depends on the uniformity of the capillary medium, the shape 
and size of the material particles in the medium, and the concentration of the 
capillary solution. Therefore, a fairly clear difference can be seen between the 
material samples, the particle grades, and the salt concentration of the solution. 

Capillary height and particle size of fine aggregate are inversely proportional. 
Similarly, capillary height is inversely proportional to the salt concentration in the 
capillary solution. The more salt concentration in the test solution, the less the 
capillary height. Indeed, in the studied saltwater media, the capillary height depends 
on three dominant factors including particle size, uniformity, and chemical 
composition. 

In saltwater media, the capillary height of fine aggregate is higher when salt 
concentration equals zero, because the higher the salt concentration of the solution, 
the higher the 

the solution, then the cosine value in equation (1) decreases. At the same time, the 
chemical composition of the capillary solution also significantly affects the 
capillary height. In this case, it is sodium, an important factor makes it decrease 
capillary. 

For the figuration of the curves of capillary height versus time, at the first phase 
of the experiment, the relational curve takes the form of the logarithmic function    
y = a.ln(x)+b. This is the period when the capillary height increases rapidly in a 
short period of time. Initially, the material absorbs water strongly to reach saturation 
state, followed by capillary force bringing the water up rapidly following the 
capillary system between material particles. At the second phase of the experiments, 
the capillary height - time relationship becomes linear. The relation can be 
represented as the form of equations y = ax + b. This is the period in which the 
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capillary height approaches stabilization, the water column rising in the capillary 
system slows down and then stops.

SUGGESTION FOR DESIGNING AN ANTI-SALINITY 
SHALLOW FOUNDATION ON SALT-AFFECTED SOIL 

Currently, technical solutions to design an anti-salinity shallow foundation are 
not really effective and still local, even still not considered. Therefore, the authors 
suggested a model of the shallow foundation that has the function of anti-corrosion, 
anti-salinity proactively and effectively. Based on the obtained results of capillary 
height value of each particle group, the foundation is suggested to design with the 
bottom-up structure of bearing layer in order of the fine material at the bottom, the 
material with the coarse particle size above and finally, the layer has a particle size 
equivalent to gravel. The fine aggregate should be applied below and inside the 
foundation. The wall of the foundation should be enveloped by geomembrane 
material to avoid groundwater absolutely. To maximize the anti-capillary capacity 
of fine aggregate, all the layers of materials should be placed above the highest 
groundwater level (Fig. 4). 

 
Fig. 4. The idea of structure of the anti-salinity foundation 

The general characteristics of capillary rise in loose materials are a gradual 
decrease from fine grain soils to coarse grain ones. Silty soil has the highest 
capillary rise and it reduces in order of sand, gravel, and pebble. The local materials 
can be used as the bottom layer because this layer is act as a lining. Meanwhile, the 
upper layers are more important. They must be loose materials that particle size as 
bigger as possible. For geomembrane enveloping the foundation wall, it must be 
thick enough to avoid breaching during the construction process. This is 
geosynthetic material popular in the market. The design and coupling between 
geomembrane and fine aggregate to increase the capillary resistance to the absolute 
limit is a difficult technique. It will be mentioned in the next studies. 

The Proposal of an anti-salinity foundation is a big problem. This paper just 
suggests an idea based on the studied results on the capillary rise in loose materials. 
This idea supplies a technique that is easy to apply, saves costs, and does not affect 
the environment. 
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CONCLUSION

The study was carried out to determine the capillary height over time of natural 
loose materials in different saline media. A series of experiments were conducted 
including sieving analysis, hydraulic conductivity, and capillary rise. The fine 
aggregate was divided into four groups of particle size equivalent to gravel (5.0 - 
2.0 mm), coarse sand (2.0 - 1.0 mm), medium sand (1.0 - 0.5 mm), and fine sand 
(0.5 - 0.1 mm). Saline solutions with seven salt concentrations, i.e. 0.0 g/L, 4.95 
g/L, 9.9 g/L, 14.75 g/L, 19.8 g/L, 24.75 g/L, and 33.0 g/L, equivalent to natural 
saline intrusion process in coastal areas were prepared.  

The obtained results showed that the capillary height in fine aggregate was 
inversely proportional to the salt concentration of the solution. The authors have 
also identified the particle size group capable of interrupt the capillary flow and 
propagation of salt in the structure. Accordingly, the aggregate that has a particle 
size over 2.0 mm showing the best ability. For the capillary solution, it is recognized 
that the capillary height gets the highest value when there no salt in the solution and 
get the lowest one with a solution at the highest salinity experimental, i.e. 33.0 g/L. 

From the experimental results, an idea of design a shallow foundation that has 
the function of anti-corrosion, anti-salinity proactively and effectively was given. 
The suggested foundation has a general structure be three layers, i.e. the fine 
material at the bottom, the material with the coarse particle size above and finally, 
the layer has a particle size equivalent to gravel. The foundation wall is enveloped 
by geomembrane. The fine aggregate and geomembrane are connected together by 
a special technique. 
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