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1. INTRODUCTION 

Soils are formed by physical, chemical and biological processes. The soil is composed of 

three different materials; the solid, the liquid and gaseous phases filling the pores between the 

soil grains. On one hand soil structure means the physico-chemical properties of the phases, 

on the other hand it means the way the individual particles are arranged and connected. The 

relationship between the phases is determined by the electrical properties of the surface of the 

particles, the pore fluid properties and its ionic composition, and the interactions between the 

phases.  

The structure of cohesive soils can be often described as a dispersive system in which the size 

and the amount and distribution of the particles and the forces between the soil grains 

determine the properties and changes of the system. During contact between the soil grains 

there may be connections (cohesion, chemical bonds) which can lead to bearing capacity of 

the soils.  

In cases where the system of connections between the particles cannot be properly formed, or 

by some external effect, the cohesive forces between the soil particles become weak or 

disappear, damages or failure mechanisms can occur (Figure 1). An example of damage to 

this connection system is the failure mechanism of dispersive soils. As a result of its name, it 

is like a dispersive medium, where the soil particles are dispersed in the pore fluid between 

them. 

 

  
Fig. 1. Typical surface cracking on an embankment crest (Cibakháza, 2013), washed-out 

dispersive clay from an embankment (Tiszabura, 2012) 

 

In addition to the type of soil with which properties we are dealing with, it is important to 

know the nature and composition of the pore fluid that is in contact with the soil, together 

with the current hydraulic conditions. The porous fluid between the particles is most often the 

water, so in the dissertation I use the term "pore water" 

 

When evaluation water movement in soils, the starting point is Darcy’s Law (1856), 

according to which the rate of leakage between particles is proportional to the coefficient of 

permeability and the hydraulic gradient causing water movement and the seepage through the 

soil medium. Note that this relationship is true only for hydraulic gradients within a certain 

interval, but in the case of water movements in soils, Darcy's relationship can be used as a 
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good approximation. The factor "k" is the one that can be used as a soil parameter for the 

evaluation of water movement in both granular and cohesive soils. 

The more granular soils have larger, while the cohesive soils can be characterized by a lower 

coefficient of permeability, so at the same potential difference and leakage pathway the water 

can move faster in the granular medium, while it is able to leak at a lower speed under the 

cohesive soil environment. 

 

In my dissertation, I was 

dealing with the presence of 

dispersive soils in flood 

protection structures and the 

problems that could derive 

from it (Figure 2). Numerous 

domestic and international 

examples show that water-

related structures, fillings, 

and dams have been 

damaged, which was clearly 

related to erosion of cohesive 

soils. 

  

 

 

2.  OBJECTIVES AND BUILD-UP OF THE DISSERTATION  

2.1. Justification of the chosen topic and objectives  

According to my observations, the most important part of the flood defense tasks in Hungary 

is to ensure the proper condition of flood protection structures. Failure mechanisms of these 

structures are various and can be linked to a number of factors. Different failure mechanisms 

and associated soil mechanical problems can be well matched, piping, slope stability issues, 

drying cracks are all well distinguishable phenomena and the associated geotechnical 

problems are important to monitor for proper interventions. The case of dispersive clays 

seems to be an exception, because its habit of degradation, the tunnel erosion can be 

discovered on the spot, but the type of soil itself, in which this erosion type can develop, is 

difficult to „define”. 

 

The aim of my research was to reveal the properties of dispersive clays and the properties of 

soil susceptible to erosion, according to my possibilities, so that such "unfavorable" soils can 

be better identified and detectable even when longer embankments and large amounts of soil 

samples needed to be evaluated. 

 

I considered it important to examine the other possibilities besides geotechnical devices to 

detect dispersed soils. To this the starting point that a partly similar but partially different 

discipline also defines soils similarly (sodic) to the soils which in geotechnics considered as 

dispersive. One of my aims was to analyze the relationship between these two similar terms. 

Figure 2.  Development of tunnel erosion in 

embankments built from dispersive clays  

(based on Szepessy, 1981) 
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2.2. Structure of the dissertation 

In the dissertation, I deal with the problems arising from the presence of dispersive clays in 

two parts. In the first part I deal with separate chapters: 

- a possible explanation of the dispersion of soils, the construction of soil grains and 

the physico-chemical causes of the dispersive property; 

- domestic and international research experiences on dispersive clays, with 

experience from previous researches. 

 

The second part of the dissertation is described in the 3rd to 5th chapter. In the chapters I deal 

with: 

- on-site and laboratory testing methods for the degree of dispersion of soils, by 

presenting my own measurement results for each method; 

- the "remediation" of the problems arising from the presence of proven dispersive 

clays, the improvement and management of dispersive clays; 

- the relationship between the concepts of "dispersive clay" in civil engineering and 

the "sodic soil" and the use of laboratory test methods related to the subject. 

 

The research methodology was presented separately for each chapter. The dissertation 

Chapter 6 (as well as chapter 3 of the thesis booklet) summarize the elaborated theses. For the 

theses of the dissertation, I have provided the scientific publications where I published the 

results, these are collected separately from other literature references. 
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3. THESES  

 

Thesis 1:  

Monitoring of dispersive soils is an important task for the stability of flood protection 

structures. I have analyzed whether dispersive behavior can be linked to a cohesive soil type 

defined by MSZ-EN 1997-1-2006. In the course of my investigations, I performed the pinhole 

test and the plasticity index definition on 62 samples of soil, and I analyzed the data series 

with the results of 234 soil samples found in archive expert opinions. I have evaluated the 

relationship between the degree of dispersion of soils with the Atterberg limits. 

According to my results 93.7% (at least 91.8%) of the samples of the categories "dispersive" 

(D1, D2) and "intermediate" (ND4, ND3) or so-called erosion-susceptible were clays. On 

which I have found that the term "dispersive clay" used in foreign literature can also be used 

as a "diszperzív agyag" for Hungarian soils. Of the cohesive soil types, the examined samples 

were commonly found in medium and high plasticity clays (81.2%, at least 70.5%) (Figure 3). 

I have elaborated a system for determining the relationship between soil dispersion 

degree and soil identification properties. Based on my laboratory results and archive 

data, I found that for Hungarian soils, dispersive behavior can be a characteristic of 

medium and high plasticity clays. 

 

 
Figure 3. Distribution of 296 soil samples according to the plasticity index based on 

dispersion degrees 

 

Publications related to the thesis: G. Nagy (2014a), G. Nagy and L. Nagy (2014),  

G. Nagy and L. Nagy (2015c), G. Nagy – L. Nagy – K. Kopecskó. (2016) 
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Thesis 2:  

The Gall- type void ratio (ek) shows the sensitivity of cohesive soils to water. The procedure 

identifies four categories of sensitivity to water. 

Evaluation: Galli-type void ratio (ek): 

Aggregating 0 < ek < 2 

Watertight 2 < ek < 3,5 

Loosening 3,5 < ek < 6,0 

Diffluent 6,0 < ek, or V cannot be measured 

Table 1. Galli-type void ratio (1987) 

I analyzed the correlation of the Galli-type void ratio with the degree of dispersion of the 

soils, which resulted in the determination of 125 pinhole tests and the Galli-type void ratio 

determination in soil samples. Based on my laboratory experimental results, the value of the 

Galli-type void ratio (ek) was more than 3,50 in 90% for the dispersive categories (D1, D2) 

and 83% for intermediate (ND4, ND3) (Figure 3.). 

Based on my results, I determined that dispersive behavior needed to be studied in the 

case of cohesive soils where the Galli-type void ratio is at least 3.50, i.e., the soil is 

categorized as "loosening" or "diffluent". 

 
Figure 4. Relationship between the Galli-type void ratio and the degree of dispersion  

 

Publications related to the thesis: G. Nagy and L. Nagy (2015a), G. Nagy and L. Nagy 

(2015b), L. Nagy – G. Nagy – Zs. Illés (2014) 
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Thesis 3:  

Dispersive clays cannot be clearly distinguished from the erosion-resistant soils. In the case of 

embankment and flood protection structures, laboratory testing of a large number of samples 

are required. 

Based on the results of my research, I have included a set of methods for the 

identification of dispersive soils, based on which I proposed a test program for the 

detection of dispersive soils, whose elements are as follows (Figure 5): 

1. Field monitoring, monitoring of surface phenomena. 

2. Geoelectric profiles. 

3. Determination of plasticity index. 

4. Determination of Galli-type void ratio. 

5. Performing the pinhole test. 

6. In the case of dispersive clays, determination of the composition of the soil by 

phase analysis (XRD, DTA) or soil chemistry test (pH, pNa measurements). 

 
Figure 5. Recommended test program for dispersive clay detection 

 

Publications related to the thesis: Zs. Illés – G. Nagy – L. Nagy (2015), G. Nagy (2014a),  

G. Nagy and K. Kopecskó (2016), G. Nagy and L. Nagy (2016b), G. Nagy – L. Nagy –  

K. Kopecskó (2016), L. Nagy – G. Nagy – Zs. Illés (2014) 

 



 

 

   7. 

Thesis 4: 

Soil treatment with lime is not an unknown process in Hungary to improve the strength 

properties of soils, but there are no domestic experimental results for the improvement of 

dispersive clays. During my measurements, I tested the lime treatment of proven dispersive 

(D1, D2) soil sample groups from 4 locations in Hungary, examining whether the degree of 

dispersion of the various cohesive soils (degree of dispersion according to pinhole test) can be 

influenced by calcareous soil treatment (Figure 6 and 7). In the course of my investigations, 

the effect of soil treatment was verified by both pinhole testing and Galli-type void ratio 

determination. 

 

Thesis 4.1: 

Based on my results, I determined that the Gally-type void ratio (ek) the degree of 

dispersion of soils (degree of dispersion according to pinhole test) and plasticity index of 

soils (IP) decreases. 

 
 

Figure 6. Effect of soil treatment with hydrated lime  
 

Thesis 4.2: 

Under laboratory conditions I have shown that in order to reduce the dispersive 

properties of the soils I studied, for the "non-dispersive"(ND2, ND1) category 2.0-4.0%, 

for the intermediate (ND4, ND3) category 1.0 to 2.0% added hydrated lime to the dry 

mass of the soil sample is sufficient. 

 
Figure 7. Changes of the Atterberg limits of the samples due to the lime treatment  

 

Publications related to the thesis: Zs. Illés – G. Nagy – L. Nagy (2015), G. Nagy and L. Nagy 

(2015c), G. Nagy and L. Nagy (2016c), G. Nagy – L. Nagy – K. Kopecskó (2016), L. Nagy – 

G. Nagy – Zs. Illés  (2014) 
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Thesis 5: 

I have examined whether the dispersive property can be changed without adding binder, 

merely by mixing dispersive clays with non-dispersive. When testing a fill material, the soil 

can be treated before the construction with the appropriate proportion of soil mixture. 

Measurements were made with respect to the change in the dispersion degree of soil mixtures 

from dispersive (D1) and non-dispersive (ND1) samples. The degree of dispersion of the two 

soil groups was determined by pinhole tests. 

Under laboratory conditions, I have shown that mixtures containing 30% or more dispersive 

clays based on the dry weight of the samples were "intermediate" (ND4, ND3), mixtures with 

40% or more dispersive clay were “dispersive” (D1, D2) (Figure 8). 

Based on my laboratory tests, I have found that in the case of the fill materials for the 

soils examined, soil mixing can be an effective means of eliminating dispersive behavior 

if less than 30% of dispersive soil is present on the dry weight of the mixture. In the case 

of an existing embankment, this means a considerable amount of soil removal, therefore 

I recommend soil mixing only to improve the properties of dispersive fill material. 

 
Figure 8. Effect of soil mixing on the properties of dispersive clays 

 

  

Publications related to the thesis: G. Nagy (2017a), G. Nagy (2017b) 
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Thesis 6: 

In literature, the behavior of dispersive and s soils is described almost identically in many 

cases. I analyzed the properties of dispersive and saline soils using both the tools and the 

approach of both geotechnics and soil sciences to explore the relationship between the two 

concepts. Under laboratory conditions, I used the geotechnical methods for sodic soils as well 

as soil science methods on dispersive clays. 

Thesis 6.1: 

In laboratory conditions, I showed that on average pH of the analyzed dispersive (D1, 

D2) clays had pH 9.0 and average pNa = 2.49 mol / l sodium ion concentration, while in 

the case of intermediate soils (ND4, ND3) = 8.4 and pNa = 2.67 mol / l. Based on my 

results I have found that the dispersed clays in Hungary are characterized by higher 

sodium and volume pH than the intermediate soils and, according to their values, they 

also correspond to the classification as sodic soils. 

Thesis 6.2: 

I examined whether the verified sodic soils can be classified as dispersive soils based on 

geotechnical definitions. Under laboratory conditions, I determined that the proven 

sodic are considered dispersive on the basis of the Galli-type void ratio (ek = Vmany) and 

dispersion degree (D1). 

Thesis 6.3: 

On the basis of the literature descriptions of dispersive and sodic soils and of Thesis 6.1, 

6.2, I have found that under Hungarian conditions there are overlaps between the 

concepts of dispersive and sodic soils. Not all dispersive soil is sodic and not all sodic soil 

dispersive, but the two concepts have a "strong" overlapping (Figure 9). 

 
Figure 9. Overlapping between the soil scientific „sodic soil” and the geotechnical 

„dispersive clay”  

Publications related to the thesis: G. Nagy and K. Kopecskó (2016), G. Nagy and L. Nagy 

(2016a), G. Nagy – L. Nagy – K. Kopecskó (2016)  
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4.  USE OF RESULTS AND ADDITIONAL RESEARCH OPPORTUNITIES 

Problems with dispersed clays have been recognized in the 1930s and have been linked to the 

"unfavorable" nature of soils since the 1960s. Nevertheless, in many cases dispersive clay-

related damages and surface phenomena may occur during on-site visit of flood protection 

strucutres. 

Based on my measurement results, I determined which on-site and laboratory test methods 

could be used to detect the dispersive properties can be treated. 

My aim was to use the test program for the proposed dispersive clays and my research results 

on soil management to help with dispersion-related studies. 

During various laboratory tests, several additional lines of research have emerged, which may 

lead to the clarification of the properties of dispersive soils. It is important to emphasize the 

more accurate assessment of the applicability of both on-site and laboratory geoelectric 

measurements for dispersive soils. In my opinion, making the on-site geoelectric profile is 

suitable for the identification of dispersive soils on the spot, and the laboratory measurement 

of the geoelectric parameters shown in the thesis is a promising procedure, in which case the 

test conditions of the method should be accurately determined. 

It is worth mentioning the relatively simpler methods of analysis such as double hydrometer 

test, which is a modified version of a routine soil mechanics test, so it can provide useful 

information from a practical point of view. 

It would be desirable to carry out reliability tests for each method of detecting dispersive 

behavior and to further explore the relationship between dispersive and sodic soils. 

In addition, the relationship between the volume change of the soils and the degree of 

dispersion, as the two properties can be traced back to similar physicochemical properties, 

could be further explored as a further explorative direction, so exploring all these features 

could provide valuable information on dispersive soil knowledge. 
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