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Abstract. Expansive soil is one of the problematic soils that has swelling and shrinking behavior 
due to fluctuations in water content. So far, the potential content of Montmorillonite clay minerals, 
dry density, and water content are known to be factors that cause swelling potential in expansive 
soils. The dry and rainy seasons significantly affect soil water content in tropical climates. This study 
modeled the influence of the tropical climate on the test, namely testing the wetting and drying 
cycles on tropical residual soils originating from West Java, Indonesia using modified oedometer. 
The specimens are reformed and are compacted at maximum dry density and optimum moisture 
content based on the Standard Proctor compaction The test results show that the wetting-drying 
cycle produces a different swelling behavior from the initial swelling conditions. In the end, along 
with the increase in the wetting-drying cycle, the specimens produce a swelling potential that tends 
to be constant by 10% after experiencing the third cycle and can be referred to as an equilibrium 
condition. The wetting-drying cycle causes the specimen to lose its initial microstructural condition 
and, at the same time, reorients and rearranges the clay particle sheets. Eventually, microstructural 
evolution influences the behavior during the wetting-drying cycle through the resulting swelling 
and shrinkage potential. 
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1. Introduction 

Several natural factors, such as rainfall (Rahardjo et al., 2016) and  earthquakes (Faisal 
et al., 2023), as well as soils with specific behaviors such as clayshale (Lesmana et al., 2022), 
collapsible soils (Zhao et al., 2024), liquefiable soils (Bahsan et al., 2021), and expansive 
soils (Muntohar et al., 2020), can result in building damage and even structural failure, 
which causes losses. One of the damages that often occurs in Indonesia is due to expansive 
soils, because of its wide distribution. Expansive soils are problematic soils that can swell 
and shrink due to fluctuations in water content. This behavior has an impact on changes in 
soil volume. Expansion occurs due to an increase in soil volume from an increase in water 
content. In contrast, shrinkage will occur when the water content decreases, decreasing the 
soil volume. In the case of geotechnical engineering, the swelling and shrinkage of expansive 
soils result in damage and failure of underground structures, such as road damage, reduced 
bearing capacity of foundation, and slope failure. Identification of swelling potential and 
swelling pressure was carried out to determine the magnitude of changes in volume and 
resulting lifting force which can be used as information and an initial description of 
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expansive soil behavior at a location. The existence of seasonal differences in expansive soil 
locations will result in changes in water content. Under these conditions, the identification 
of mechanical properties by considering climatic factors is essential to do because climate 
is one of the basic principles that influence the swelling behavior that occurs in soil (Day, 
1999). Therefore, it is essential to model the wetting-drying cycle to identify long-term 
swelling potential. To date, considerable work has been done to identify the mechanichal 
properties of expansive soils, considering changes in rainy and dry climates through 
wetting-drying cycle modeling. 

Kalkan (2011) researched wetting-drying cycles using full shrinkage of clayey soil from 
Turkey. The test results showed a decrease in the swelling potential due to an increase in 
the wetting-drying cycle given. Results that tend to be the same are shown by Bensallam et 
al. (2014) and Estabragh et al. (2015). Where each researcher used soil dominated by the 
mineral Smectite and a mixture of Kaolin-Bentonite in their tests. Research results of Osipov 
et al. (1987) showed the opposite, where four types of clay with different microstructural 
conditions. The test results indicate an increase in the swelling potential and an increase in 
the given wetting-drying cycle. Increased swelling potential was also shown in soils 
dominated by Kaolin clay minerals (Day, 1999). The results of previous research indicate 
that the swelling potential generated at the beginning of the test has a different value at the 
end of the wetting-drying cycle, either lower or higher. In addition, it also shows that the 
swelling potential tends to be constant after experiencing several wetting-drying cycles. 
This behavior is shown by all materials with the methods of shrinkage and the amount of 
load given. Previous studies did not analyze the microstructural conditions resulting from 
the wetting-drying cycles during testing. 

Schanz and Tripathy (2009) and Villarasa et al. (2016) stated that expansive soil 
characteristics are approximated by a dual structure that recognizes the presence of two 
porosity levels (Seiphoori et al., 2014). Pore sizes with a diameter of less than 0.1 mm are 
gaps in the clay aggregate. These pores are located between the particles, which are said to 
be microstructures formed due to active clay minerals. Active clay is formed from a mineral 
arrangement with a 2:1 structure, which consists of one Octahedral (O) sheet sandwiched 
by two Tetrahedral (T) sheets and is referred to as TOT. The combination of clay particles 
is referred to as aggregate, whereas the gaps that form between them are referred to as 
macropores. Schematics of the two porosity levels in expansive soils can be seen in Figure 
1. 

 

 

Figure 1 Schematic representation of the two structural level  
 

This study observed swelling and shrinkage behavior on expansive soil in the tropics 
using a modified oedometer test. The form of modification carried out in the test is in the 
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form of increasing mildly the temperature of the sample. Changes in the rainy and dry 
seasons in the tropical area are modeled as a wetting-drying cycle given to the sample. This 
research was conducted to find out how microstructural changes in the stages of the 
wetting-drying cycle can then affect the long-term mechanical properties produced in 
tropical residual soils on swelling-shrinkage potential and swelling pressure. 

 
2. Material 

 The soil used in the test was a residual tropical soil originating from Cikarang – West 
Java, Indonesia. The physical properties of the material can be seen in Table 1. All these 
properties are obtained from tests based on the ASTM Standards, and subsequently these 
standardized test results were used to check the following criteria. Based on the degree of 
swelling criteria including Vand der Merwe’s criteria and Chen’s criteria, the soil has very 
high swelling potential if it is classified using the value of clay content and PI (Van der 
Merwe, 1964) and LL and F200 (Chen, 1965). Meanwhile, based on the XRD test results, the 
material's mineral content is Quartz, Kaolin, Illite, and Montmorillonite. 
 
Table 1 Soil properties 

Soil property Standard Value 

Specific gravity (Gs) ASTM D854 2.65 

Atterberg limits 

ASTM D4318 

 
LL (%) 74.32 

PL (%) 31.58 

PI (%) 42.74 

Grain size distribution (%) 

ASTM D422 

 
Sand 13.48 

Silt 58.92 

Clay 27.6 

Compaction characteristics 

ASTM D698 
 

Maximum dry density (gr/cm3) 1.53 

Optimun moisture content (%) 20 

 
3. Testing Procedure 

 The Standard Proctor compaction test results were used as a reference in preparing 
specimens in this research. Specimens were prepared at maximum density and optimum 
water content conditions, and they were prepared using soil material passing sieve #4 and 
added a certain amount of water to achieve the planned water content. This research used 
an oedometer testing apparatus to observe expansive soil's behavior and mechanical 
properties, referring to ASTM D 4546 (Method C). The soil sampling ring with a diameter of 
6 cm and a height of 2 cm was filled with a certain amount of previously prepared soil 
material and then compacted until reaching the planned density. The ring containing the 
compacted material was then placed between two pore stones and inserted into the 
consolidation cell, as shown in Figure 2(a). The five specimens were given a load of 31.4 kPa 
during the wetting-drying cycle. 

The swelling and shrinkage potential was calculated from changes in height that 
occurred for 24 hours. Testing began with a wet cycle, where the specimen in the 
consolidation cell was soaked in water so that expansion could occur. After swelling no 
longer occurred, the specimen changed to a dry cycle. During the dry cycle, the water in the 
consolidation cells was removed, then the temperature was increased to model the dry 
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season where the material originated. The testing equipment used in this study can be seen 
in Figure 2(b). In the wet cycle, the temperature during testing was laboratory room 
temperature 27 ± 2°C. During the dry cycle, the temperature was increased to 34 ± 2°C to 
model the wetting-drying cycle using a heating lamp directed at the top of the specimen in 
the consolidation cell. Monitoring was carried out every two days using a digital 
thermometer to ensure constant temperature during testing. Equilibrium in the wet cycle 
could be achieved within ± 4 days. Meanwhile, the dry cycle required a much longer time, 
namely 40-45 days, to reach equilibrium.  Observations were made on five specimens with 
the same initial conditions but with different numbers of wetting-drying cycles, as given in 
Table 2. 
 
Table 2 Test mapping of the specimen 

Sample 
Cycle 

0 1 2 3 4 5 6 7 8  

S1 
%S, 
%Sh 

SP, SEM, CEC 

S2 %S, %Sh SP, SEM, CEC 
S3 %S, %Sh SP, SEM, CEC 
S4 %S, %Sh SP, SEM, CEC 

S5 %S, %Sh 
SP, SEM, 

CEC 

 

Figure 2 Modified oedometer test; (a) Location of the specimen in the consolidation cell, 
(b) Testing equipment 
 

After the cycle was completed, the load was then increased periodically to determine 
the swelling pressure (SP) on each specimen due to the application of a different number of 
wetting-drying cycles.  Swelling potential (%S) and shrinkage potential (%Sh) were 
observed during the wetting-drying cycles applied. After receiving the wetting-drying cycle, 
microstructural condition, and Cation Exchange Capacity (CEC) were identified using 
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Scanning Electron Microscope (SEM) testing and the ammonium acetate exchange method 
(Chapman, 1965), respectively.   

 
4. Results 

 The axial deformation produced during the wetting-drying cycle of the five specimens 
can be seen in Figure 3. Observations of the specimens up to 8 cycles reached more than 
300 days. Each specimen produced a different initial %S, although it was formed and 
received the same amount of stress during the test. When the dry cycle was applied, 
shrinkage did not occur immediately. When the water was removed and the temperature 
was increased, the specimen underwent creep swelling, and shrinkage occurred after 2 to 3 
days. The time required for the specimen to fully shrink was practically the same, namely 
40 to 45 days. During testing, the swelling-shrinkage potential of each specimen was 
recorded and is given in Table 3. Test results for sample S5 are also available in the analysis 
of expansive soil in three locations in West Java (Putri et al., 2024). 

 
Figure 3 Swelling shrinkage behavior of each specimen 
 
 The resulting swelling potential is summarized in Figure 4(a).  The potential differed 
when the specimens swelled for the first time (cycle 0). The potential swelling pattern looks 
random but tends to increase from S1 to S5 specimens. An increase in the wetting-drying 
cycle given to each specimen increased the swelling potential for S2 to S5 specimens in the 
initial cycle. In S2, the swelling potential was equal to 8.48% due to one wetting-drying cycle 
received. The same pattern was also shown by specimen S3, where applying two wetting-
drying cycles resulted in a swelling potential of up to 9.76%. Meanwhile, at a higher number 
of cycles, S4 and S5 show a constant swelling potential after receiving the third wet-dry 
cycle, around 9% to 10%. 
 The shrinkage potential that occurs in each specimen because of the wetting-drying 
cycle is given in Table 3, and the pattern of shrinkage for each specimen can be seen in Figure 
4(b). The shrinkage potential generated by each specimen did not have a specific pattern at 
the beginning of the cycle. However, after experiencing three wetting-drying cycles, the 
potential for shrinkage continued to decrease. Specimens 1 and 2 had no shrinkage 
potential to compare. Specimen S3 showed an increase in the shrinkage potential because 
of two cycles given successively. In contrast, a different pattern was shown by the S4 and S5. 
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The potential for shrinkage generally decreased after passing the third cycle and showed a 
constant value between 9% and 10%. 
 
Table 3 Swelling-shrinkage potentials, swelling pressure, and CEC of each specimen 

Sample Results 
Cycle 

0 1 2 3 4 5 6 7 8 

S1 

%S 5.7 

  
%Sh - 

SP (kPa) 125.6 

CEC (meq/100gr) 32.6 

S2 

%S 3.9 7.6 

  
%Sh - 10.5 

SP (kPa) - 196.2 

CEC (meq/100gr) - 32.9 

S3 

%S 4.7 6.7 9.0 

  
%Sh - 9.1 10.2 

SP (kPa) - 255.1 

CEC (meq/100gr) - 32.8 

S4 

%S 8.6 10.1 10.5 10.7 10.5 

  
%Sh - 12.6 11.6 11.3 11.0 

SP (kPa) - 313.9 

CEC (meq/100gr) - 35.0 

S5 

%S 8.6 8.8 10.0 10.0 9.9 9.9 9.5 9.3 9.0 

%Sh - 12.2 10.4 11.2 10.7 10.3 10.1 9.9 9.1 

SP (kPa) - 304.1 

CEC (meq/100gr) - 23.8 

   

 
Figure 4. (a) swelling potential for each wetting-drying cycle (b) shrinkage potential for 
each wetting-drying cycle  
 
 The swelling pressure generated by each specimen is given in Figure 5(a). The test 
results show that an increase followed an increase in cycles in swelling pressure until the 
S4 underwent four wetting-drying cycles. In the S1, the swelling potential that occurred is 
125.6 kPa. The increase in swelling pressure after 1, 2, and 4 cycles became 196.2 kPa, 
255.01 kPa, and 313.92 kPa respectively. However, the resulting swelling pressure tended 
to be constant until the S5 underwent eight wetting drying cycles, where the resulting 
swelling pressure was 304.11 kPa. Meanwhile, the relationship between CEC and swelling 
potential can be seen in Figure 5(b). The number of wetting-drying cycles affects swelling 
potential even though the CEC tends to be the same (S1, S2, and S3). At a high number of 
cycles, S4 and S5 show a correlation that tends to be linear between CEC and the final 
swelling potential. With a CEC of 35 meq/100, S4 produces a swelling potential of 10.5%. 
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Meanwhile, with a lower CEC of 23.8 meq/100 grams, S5 produces a swelling potential of 
9%. 
 

 
Figure 5 Properties after wetting-drying cyclic (a) Swelling pressure (b) CEC vs final 
swelling potential 
 

   

  

Figure 6 Microstructure evolution of the specimen (a) S1; (b) S2; (c) S3; (d) S4; (e) S5 
 
 Photomicrograph results using SEM for each specimen can be seen in Figure 6. 
Microstructural conditions look similar because the five specimens from the location were 
viewed at the same magnification, namely 5000 times. The visible microstructure is clay 
mineral particles arranged in different arrangements due to the number of wetting-drying 
cycles received. Yellow lines of each image specifically mark certain microstructural 
conditions. 
 The microstructural conditions of S1 showed that the pores formed between the 
particles were relatively small. In addition, sheets of clay particles stacked horizontally in a 
random arrangement, as indicated by the yellow line in Figure 6(a). After experiencing one 
wetting-drying cycle, the specimens showed the disappearance of the initial structural 
conditions as indicated in Figure 6(b). Sheets of particles were no longer visible, but the 
microstructural conditions appeared to resemble agglomerated (part circled with yellow 
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line) and randomly arranged particles. After experiencing two cycles, as seen in Figure 6(c), 
the microstructural conditions of the S3 showed the formation of clay mineral sheets again, 
and lumps of particles were still visible in the specimen’s microstructure. Both 
microstructural conditions are marked with several yellow lines. As a result of 4 cycles, the 
microstructural conditions began to show the particle sheets very clearly, and they had a 
horizontal arrangement orientation or a laminar structure, as seen in Figure 6(d). The 
photomicrograph results of the S5, which underwent eight wetting-drying cycles, showed 
an increasingly clear laminar structure, as seen in Figure 6(e). Yellow lines in both images 
frame the laminar structure of both specimens. 
 
5. Discussion 

5.1.  Swelling Potential 

 The abundance of negative charge on the surface of clay mineral particles results in the 
interaction between clay and water, which plays a significant role in physical soil changes, 
such as changes in volume, which result in swelling and shrinking behavior in expansive 
soils. Swelling phenomena are physical-chemical processes in the mineral structure and 
clay particles (Schoonheydt and Johnston, 2006, Lei et al., 2014). When the water content 
increases, the expansion begins with the basal spacing between the TOT sheets in clay 
minerals 2:1. The thickening occurs because of the arrangement of water molecules, which 
attempts to balance the charge on the TOT surface. This condition is called crystal swelling, 
the first stage of the swelling process in expansive soil. 
 When the crystal swelling is fulfilled, the negative charge on the particle's surface will 
attract cations to balance the charge. In this condition, some cations are strongly bonded on 
the surface of the clay particles. However, if the cation is weakly bound to the particle's 
surface, the cation tends to diffuse from a higher concentration to a lower concentration. 
This movement produces repulsive forces between clay particles due to the Diffuse Double 
Layer (DDL) mechanism that occurs (Kyokawa, 2021). This mechanism is also known as 
osmotic swelling. The swelling potential produced by the specimen is the result of these 
two mechanisms, where the potential for osmotic swelling is higher than that of crystal 
swelling. The abundance of negative charges on the surface of mineral clays can be balanced 
by attracting cations. CEC is the ability of the soil to exchange cations in DDL. The CEC value 
is not fully used to bind water molecules but can also enhance existing bonds in the 
microstructure.  
 Microstructure is a factor that influences the swelling potential that occurs. Figure 4 
shows that five specimens with the same initial conditions produced different swelling 
potentials at the start of testing. Even though each specimen was forming under the same 
initial conditions, this diversity is influenced by how the weathering process occurs and the 
stress history of the rocks that form it (Kuila and Prasad, 2013) then it can effect on mineral 
content, texture, and microstructure (Peng et al., 2012, Wang and Wei, 2015). 
Microstructure is the relationship between clay particles that form a specific orientation 
and affects the interactions between particles (Wang and Wei, 2015). This condition cannot 
be avoided even with the same compaction effort. Particles with random structural 
conditions will have a higher expansion potential than structures with a specific 
orientation. This behavior can happen because, in a random structure, it will cause the DDL 
to overlap and increase the force between the particle (Kyokawa, 2021). By reviewing the 
components present in expansive soils more specifically, it is difficult to replicate the 
specimen identically (Lopez-Lara et al., 2018) because there is a micro-influence from the 
formation of the particle structure that occurs. 
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5.2.  Swelling Behavior 

 The wetting-drying cycle applied to each specimen shows differences in the swelling 
potential at the beginning and end of the observation. The results of long-term cycles show 
that the swelling potential tends to be constant after being given three wetting-drying 
cycles, as happened to specimens S4 and S5. Similar behavior is also shown by expansive 
soils in India and laboratory-prepared soils, which are mixtures of Kaolin and Bentonite 
(Tripathy and Subba Rao, 2009, Estabragh et al., 2015) and several other studies in 4 season 
countries, as seen in Table 4. Based on previous study, research on expansive soils with 
wetting-drying cycles shows the same results. The long-term behavior will produce a 
constant swelling potential value after 3-4 wetting-drying cycles. This behavior can be said 
that the specimen is in a state of equilibrium. An equilibrium condition occurs when the 
swelling potential has the same value as the shrinkage potential under the same 
physicochemical conditions (Estabragh et al., 2015).  

 
Table 4 Details of previous study 

Outhors Details of study 

(Tawfiq and 
Nalbantoglu, 2009) 

Tests were carried out on soil from the Cyprus region, where the test specimens 
were formed at maximum dry density and optimum water content based on 
standard Proctor compaction tests. Wetting-drying cycle testing using a 
modified oedometer. During the dry cycle, the temperature of the specimen is 
increased to 40 ± 3°C. Increasing the temperature uses flexible heaters placed 
around the consolidation cell. The study results show the specimens had a 
constant %S after receiving four wetting-drying cycles. 

(Basma et al., 1996) 

This research used four different types of expansive soil from Jordan. The 
specimen is a remolded form directly compacted on the consolidation ring to 
maximum density and optimum water content. The test results show that the %S 
produced tends to be constant after the specimens receive 4-5 wetting-drying 
cycles. The results of the SEM tests show that the wetting-drying cycle changes 
the microstructural condition of the specimens. 

(Bensallam et al., 2014) 

This research uses expansive soil from Morocco. The specimen is undisturbed 
soil subjected to various loads. The research results show that the greater the 
load received, the lower the %S produced. However, all test specimens showed 
constant %S values after three wetting-drying cycles. 

(Day, 1994) 

This research uses expansive soil from California and Texas. The three 
specimens were remolded and directly compacted on the consolidation ring 
following the maximum dry density and optimum water content based on the 
standard Proctor compaction curve. The results showed that the wetting-drying 
cycle was able to increase %S and produce a constant %S after receiving three 
cycles. 

(Osipov et al., 1987) 

This research uses four different types of expansive soil from Russia. The 

specimen is a UDS, with a natural water content and density that differs 

according to natural conditions. The test results show that %S is constant after 

experiencing four wetting-drying cycles. Microstructural identification shows 

that the wetting-drying cycle damaged the specimen's initial microstructural 

condition. The more cycles the specimen receives, the more irregular the 

microstructural condition becomes. 

 
 As previously explained, the swelling potential is a hydration process at the level of clay 
mineral structure and particles due to wetting. When the process is complete, the swelling 
will not occur again. Shrinkage does not occur immediately when the drying process is 
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carried out; creep swelling occurs over time. Then, at some point, periodic shrinkage 
continues to occur. This condition occurs due to water being a load in the consolidation cell. 
When water is removed, the load received by the specimen is reduced so that creep swelling 
can occur. When the water content in the specimen continues to decrease, periodic 
shrinkage occurs.  
 The swelling and shrinkage behavior produced during the wetting-drying cycle affects 
the micro condition of the specimen. On the way to equilibrium, specimens can produce 
increases or decreases in swelling potential. In addition, the resulting final swelling 
potential does not have the same specific value but is close. These conditions are influenced 
by several internal factors, where the composition of the soil, clay minerals, and the type of 
structure of particles significantly affect how the equilibrium conditions will be generated 
(Basma et al., 1996, Bensallam et al., 2014).  
 This behavior shows that the same physical properties can produce different swelling 
potentials due to a wetting-drying cycle. If we look at the chemical properties, the CEC 
values tend to be the same even though each specimen receives a different number of 
wetting-drying cycles. CEC is a natural property of soil that is not influenced by changes in 
microstructure. 
 

5.3.  Microstructure 

 The number of wetting-drying cycles received resulted in microstructural evolution, as 
shown in specimens S1 to S4 and tests on marine clay and expansive soils in Jordania 
(Osipov et al., 1987, Basma et al., 1996). Meanwhile, specimens S4 and S5 showed a linear 
correlation between CEC and final swelling potential, as shown in Figure 5(b). These 
conditions indicate that CEC can represent the final swelling potential of specimens with 
certain microstructural conditions. As shown in Figure 5, specimens S4 and S5 have 
different microstructural conditions from the other specimens. The two specimens have a 
laminar microstructure, which shows that microstructure influences the resulting swelling 
potential. 
 Microstructure conditions show a layered structure with a broad cross section and 
visually in the form of thin sheets, which are the morphological type of clay minerals (She 
et al., 2020). During the wetting-drying cycle, the soil experiences energy changes from 
increasing and decreasing temperature. Not all energy stored during the dry cycle is 
released when the specimen undergoes a wet cycle. The stored energy can drive the soil 
particles through the exchangeable cations. This movement can affect the condition of the 
microstructure of the specimen during the wetting-drying cycle. The first wetting-drying 
cycle experienced by the specimen eliminates the initial conditions of its microstructure 
which is affected by the energy difference within it. Then, as the number of the wetting 
drying cycles increases, the microstructure is re-oriented and forms a new structural 
arrangement (Kalkan, 2011, Sayem and Kong, 2016) which is different from its initial state. 
 Microstructural changes affect the swelling-shrinkage potential behavior that occur      
during the wetting-drying cycle. In general, wetting-drying cycles increase the swelling 
potential and decrease the shrinkage potential. Results of the SEM conducted show that the 
microstructural conditions have changed and tend to form a laminar structure. This 
condition is the influence of microstructural evolution, where the arrangement of the 
particles affects the amount of swelling and shrinkage produced due to the resulting pore 
size (Alonso et al., 1999, Monroy et al., 2010, Azizi et al., 2020, Tang et al., 2022). The study 
results show that an increase in the wetting-drying cycle that is carried out one day will not 
impact the resulting swelling potential. Equilibrium is reached when the microstructure 
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forms a laminar structure formed by the most effective energy during wetting-drying cycle 
(Tessier, 1990). The resulting swelling behavior shows that swelling potential is strongly 
influenced by microstructural condition. Meanwhile, the character and magnitude of 
changes in each specimen depend on the initial microstructure's characteristics and the 
bond structure formed (Osipov et al., 1987). 
 

5.3.  Swelling Pressure 

 The swelling pressure increased from the specimen without a cycle (S1) to the fourth 
cycle (S4), from 125.6 kPa to 304.1 kPa. The results showed that the swelling pressure after 
the fourth (S4) to eighth cycles (S5) tends to be constant at 310 kPa, as seen in Figure 5. 
This condition is influenced by the microstructural conditions, which tend to be the same 
so that the reaction to a given load almost does not change with the addition of a given cycle. 
 Microstructural conditions with a laminar arrangement indicate the uniformity of 
structure and space between particles. There are Van der Waals attractions (Du et al., 2021) 
and repulsive forces that appear in the spaces between clay particles. Van der Waals force 
is the ability of attraction between particles, where the closer the distance between the 
particles, the strength increases. These conditions indicate that the specimen's density 
increases when the microstructural conditions form a laminar arrangement. This condition 
causes the space between the clay mineral sheets to become smaller. As a result, the same 
ions will have positions that are getting closer, thus giving a greater repulsive force between 
the mineral sheets (Pusch, 2006). Seeing the microstructural changes that occur, the 
swelling pressure is quite sensitive to microstructural changes during the hydration 
process. The increasingly compacted microstructure conditions result in a more significant 
load to return the specimen to its original state.  
 
6. Conclusions 

 Based on the research, microstructural conditions played a critical role in expansive 
soils’ swelling-shrinking behavior and mechanical properties. It is not enough to identify 
the swelling potential that occurs in expansive soils using the initial conditions of the 
specimens. The variability of microstructural conditions due to particle orientation resulted 
in different swelling potentials in the specimen, even under the same initial conditions. 
Microstructural evolution occurred because of wetting-drying cycles experienced by the 
sample. As the wetting-drying cycle increases, the initial microstructural conditions 
disappeared, reorientation occurred, and a new arrangement of particles formed into a 
laminar structure. The evolution to form a laminar structure reduced the imbalance in the 
microstructure so that the CEC value could represent the final swelling potential. Under 
these microstructural conditions, both the swelling potential and the swelling pressure 
showed values that tend to be constant, respectively 10% and 300 kPa. Therefore, it is 
proposed that the wetting-drying cycle is a factor to be considered in analyzing the long-
term behavior of swelling and shrinkage of expansive soils. 
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