
 

 INTRODUCTION 

The movement of water in a soil is a phenomenon that 

occurs in all geotechnical structures. Since, many of these 

structures could be affected until reach the failure by the 

presence of water, is very important to focus the 

researches in the protection of the soils. The first stage is 

for understanding the movement of the water; and then 

start to think in modifications for the soil that restrict the 

entering of water. 

There are some researches about the phenomenon of 

capillary rise of water through a soil column and some 

models in centrifuge too. These systems measure the 

rising of water by cameras located at different heights. 

Another past research in this field has consisted in mix 

glass microspheres with teflon microspheres in order to 

consider a partially hydrophobic soil. One of the principal 

advantages in the methodology proposed in this work 

consist in having a better measure of the rising of water 

by the implementation of moisture sensors. In this way, it 

is possible to know how the moisture change and more 

important, the behavior of the soil in the center of the 

sample not only in the borders like the camera-method 

does.  

Additionally, the analysis of the results of the experiment 

could help to understand the capillarity phenomenon in 

non-cohesive soils. Even more important than the last 

one, is that the study of the method of hydrophobation. 

The application in these soils give important results that 

could be applicable to field cases where the presence of 

water in a mass of soil could affect the behavior and 

integrity of the structure. 

With those objectives in mind, this work explains the new 

experimental procedure that gives as a result a clear and 

quantitative idea of the movement of water in a soil. Since 

this is a first stage of the investigation, all the experiment 

is going to be calibrate with a well know material and 

standard conditions. Finally, to complement the 

information of the suction curve another experimental 

setup is going to be used. 
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 ABSTRACT 

The failure of geotechnical and pavement structures associated to flow of water in non-cohesive soils have been 

mitigated by the use of several methods of stabilization. However, these techniques have a brief duration in comparison 

to the life of the structure. In this article is presented a new methodology to evaluate the movement of water in non-

cohesive soils and an initial investigation of the effect of exchange the soil into a hydrophobic material. It consist in an 

indirect measurement of the effects of capillarity and suction; and the saturation and drainage is going to be study. As a 

result, there are some initial tests standardized and calibrated on non-treated material. Also, a test was developed to 

evaluate the optimal percentage of hydrophobic product to obtain the best effect; in this specific case, it is 1%. Finally, 

the suction and retention curve of the material is measured using two methods. This measure, gives an initial idea of the 

material behavior related to the phenomenon studied: suction, capillarity and drainage or drying. In future investigations 

samples with different percentages of particles treated are going to be test with the aim to detect the optimal percentage 

that impedes the flux of water through the sample. 
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MATERIAL PROPERTIES AND 

HIDROPHOBATION PRODUCTS 

The particles of the material are glass microspheres of 150 

μm diameter. The main reason to choose this material was 

its uniformity and that the glass have a huge contain of 

silica that makes the glass very nearly to the sand in its 

chemical properties. The hidrophobant product is a 

polymeric surfactant that have particles with a polar and a 

non-polar molecule. The polar one goes attached to the 

surface to hidrophobate and the non-polar goes to the 

outside. This molecule is going to repel the water and in a 

big scenario, the surface became hydrophobic. 

The product is diluted in a solvent and the mix have a 

concentration of 20%. To determine how many product of 

this concentration is necessary to complete the 

hydrophobation a new test was developed. First, it is 

necessary to mix the soil with hydrophobic product at 

different percentages of soil’s weight. Some specimens 

were fabricated and covered with a thin layer of 

hydrophobic material on the surface. Afterwards the 

sample was submerged at constant velocity in distillated 

water and the load of the sample was measured using 

precision scale. The result of the lectures for different 

percentages of hydrophobic product is shown in the next 

figure. 

 

 
Figure 1. Results of the hydrophobic response test 

It demonstrates that for 1% the repulsive surface tension 

is bigger than 1.5% and 2% but lower than 2.5%. Since 

the difference between the results is not very significant, 

1% is the one to be used to hydrophobate the material. 

SAMPLE PREPARATION AND TEST 

PROCEDURE 

The experimental setup consists in a column of dry soil 

that receives water through his base with different levels 

of hydrostatic heads depending of the test type. There are 

three types of test: in the first one, the hydrostatic head 

remains at the base of the column of soil so, the water that 

ascends through the soil is going to be pulled by 

capillarity and suction forces. The second one is about the 

process of saturation of the soil. In this one, the 

hydrostatic head is at the level of the surface of the soil 

so, the water is going to flow through the soil until it 

reaches the pressure stabilization. The last one starts with 

all the soil saturated and the flux of extern water is 

removed. In this test, one of the hose have to be liberated 

to allow the drainage of the water that is contained in the 

soil. 

To measure the change in the water level trough the time, 

the experimental system have five EC-5 Decagon 

moisture sensors located in five different heights 

measured from the porous stone or the base of the column 

of soil: 5, 10, 15, 20 and 25 cm. Besides, the setup counts 

with a system with a Mariott bottle that maintains the level 

of the water and a scale that take lectures of the weight of 

the recipient in order to measure the quantity of water that 

enters to the sample and its rate. In the next figure, is 

shown the experimental setup and the location of the 

sensors. 

 
Figure 2. Experimental setup – Column of soil 

The valve C is closed all the time in the tests; this is used 

mostly for the preparation of the test. The valve A is 

opened for the ascension and drainage test with valve B 

closed. Finally, in saturation test valve B is opened with 

A closed.  
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In order to keep the same void ratio in all the samples, 

during the construction of the sample the system is 

vibrated. All the samples tested have been vibrated at the 

same frequency during the same time and as a result, the 

void ratio is nearly to 17%. 

Additionally, through this research another experimental 

setup have been used for complete the suction and 

retention curve. This one consists in a set of funnels with 

porous base, each one connected to a hose filled with 

water that maintain the difference of levels between the 

sample disposed in the funnel and the meniscus of water 

at the end of the hose.  

Similar to the column test, with this one is possible to do 

two types of tests: The first one is to obtain the drainage 

or drying curve. In this, the sample is saturated and then 

the level of hydrostatic difference (H) is set, it is necessary 

to wait until the system reach the equilibrium and then 

take the moisture of the sample. The second one is for the 

suction curve. These is very similar to the drainage one 

but the difference is that the sample is not saturated; in 

this way, the sample is going to suck some water from the 

hose and there is a time when the equilibrium is reached 

and that moisture with the hydrostatic difference (H) is 

another point on the curve. 

During the two tests is very important that the sample 

remains covered to avoid the evaporation of the water 

inside the soil. The next figure is the experimental set of 

the funnels test. 

 
Figure 3. Experimental setup of funnels test 

 

RESULTS AND DISCUSSION 

As it was mentioned before, there are three types of tests: 

ascension, saturation and drainage. In figure 4, the results 

of the ascension test are presented. In this figure the 

lecture of the five moisture sensors through time is 

plotted. 

 
Figure 4. Results of ascension test 

In this figure is remarkable that the capillarity 

phenomenon have a decrease with the square root of the 

time. The change in the moisture have a lower slope as the 

heights increase.  

The next figure presents the results of saturation test and 

the figure 6 the results of drainage test. 

 

 
Figure 5. Results of saturation test 
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In this test, is clear the advance of water through the 

column of soil. The sensors report an increase in the 

moisture in the order of the location of the sensors. 

Moreover, the slope of the change in moisture is lower in 

the higher located sensors. This means that as far as the 

water rises trough the column it became more difficult the 

ascension of the fluid. 

 

 
Figure 6. Results of drainage test 

In this graphic is notable that at the beginning, the system 

drains an important quantity of water and this is 

decreasing until it is no more water drained. Parallel to 

this behavior, the moisture of the soil at each height has 

an important decrease and then stabilizes with the time. 

Moreover, at the end of the test there is a column of soil 

with an amount of water retained.  

The next figure is the suction and moisture retention curve 

of the material. This was constructed in two stages: The 

first stage was with the column setup mentioned before, 

when the system reaches an equilibrium the moisture in 

each height represents a point in the curve, the useful 

points are generate in drainage and ascension tests. The 

rest of the points have been obtained with the funnels 

setup.  

 
Figure 7. Moisture retention curve: suction and drying 

The behavior of this curve is the representation of uniform 

soils and generally the height (H) corresponding to the 

place where the slope is nearly to zero is associated with 

the typical porous size of the material. 

CONCLUSION 

The most important result of this work have been the test 

standardization and calibration of all the measurements. 

In base of this next work, will continue to compare the 

results with treated soil in order to define the optimal 

percentage of hydrophobic particles. Naturally, this 

optimal percentage will depend on the soil, so these tests 

will be necessary in every soil to analyze.   

On the other hand, the moisture retention curve is very 

nearly to the theoretical behavior expected because the 

glass microspheres have a uniform particle size 

distribution.   
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