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1. Introduction

Expansive clay is one of the problems in construction work. 
This soil is formed from weathering and contains high mont-
morillonite minerals. Soil is very sensitive to moisture content, 
has a high shrinkage rate, thus interfering with construction 
work. For urban areas, the land is getting narrower so that the 
need for land under any conditions is used for construction. 
Therefore, additional materials are needed to overcome these 
problems, one of which is the need for soil stabilization. Several 
researchers have carried out the process of soil stabilization. 

Soil is the basis of building structures such as build-
ing foundations, roads, dams, embankments and others. 
Damage that occurs to roads and buildings, such as lifting 
or lowering of a foundation, cracks in building walls, and 
bumpy road surfaces is due to problems with the soil under 
the building structure. This land problem is not only limited 
to settlement, but includes shrinkage and land development. 
Therefore, the chemical, physical and mechanical properties 

related to the subgrade must be considered, so that the struc-
ture of the building above it is stable against the influence 
of the soil. One type of soil that requires stabilization before 
being used as the basis for building construction is expansive 
clay. Because this type of soil has high fluctuations in swell-
ing and shrinkage and contains minerals that have a high 
swelling potential when exposed to water. So that special 
handling is needed for this soil stabilization.

Several researchers have conducted research on the 
stabilization of expansive clay using various materials. [1] 
states that soil stabilization methods are divided into two 
categories, namely: mechanical stabilization and chemical 
stabilization. Mechanical stabilization is the process of 
improving soil properties by changing its gradation. Mean-
while, chemical stabilization changes the physico-synthetic 
makeup around and inside the clay particles. [2] stated that 
soil compaction is very effective for expansive soil stabiliza-
tion. But it can increase the swell potential of the soil due to 
the decrease in soil permeability.
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Expansive clay is one of the problems in construction 
work. The soil has the characteristics of being easy to 
expand when exposed to water, causing a decrease in 
the strength value of the soil. The can be overcome by 
stabilizing the soil. The soil is formed from weathering 
and contains the mineral montmorillonite. The soil is very 
sensitive to moisture content, has a high shrinkage rate, 
thus interfering in construction work. Therefore, additional 
materials are needed to overcome the problem, one of 
which is soil stabilization. The study aimed to stabilize the 
expansive clay soil. This is done by analyzing the physical 
and mechanical properties of expansive clay with a shell 
ash mixture. Expansive clay is taken directly (undisturbed) 
or disturbed. Undisturbed soil is taken using a tube, so that 
the soil is not disturbed by outside air, while disturbed soil 
is taken using a shovel and then put into a sack container. 
Expansive clay stabilization method lies in adding the 
percentage of shell ash mixture (5 %, 10 %, 15 %, and 20 %). 
The soil, the initial moisture content (γd) of which has been 
determined, is mixed, then molded into a cylindrical shape. 
The mold was stored in a desiccator, then watered with 5 % 
water every day until the soil became saturated. Then, using 
a Proctor test, chemical tests (soil chemical test, soil mineral 
test), physical tests (soil moisture, Atterberg limit), and 
mechanical tests (unconfined compression test, compaction 
test, swelling test) were carried out. The results showed 
that the addition of an oyster shell ash stabilizing agent 
to expansive clay affected the physical and mechanical 
properties of the soil. The addition of shell ash can reduce 
soil moisture with various plasticity indexes. While the soil 
stress value decreased, the swelling of the soil increased 
significantly above the original soil
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area and is very easy to absorb large amounts of water when 
compared to other minerals so that soils that have sensitivity 
to the influence of water are very easy to expand [12]. The 
more water that is absorbed, the more the volume of the soil 
increases. Changes in volume can damage the strength of the 
building structure that occupies the land. Expansive clay is 
also known as swelling soil, which is a great shrink-swell 
phenomenon due to changes in moisture in the clay.

Soil stabilization in general is a process to improve soil 
properties by adding materials to the soil, to increase soil 
strength and maintain shear strength. In addition, volume 
stability, strength or bearing capacity, permeability, and 
durability or durability [11].

[13] used bagasse ash as a soil stabilization mixture. Ba-
gasse ash is mixed with asphalt as the base material because 
the mixture is specially formulated to increase durability 
and fatigue. Serves as a foundation layer under the surface 
layer, a binder that has been compacted and placed on top of 
the sub-base layer and serves to support, spread the load and 
harden the surface layer. [14] conducted a study on the sta-
bilization of expansive clay with table salt (NaCl). A mixture 
of table salt (NaCl) as a soil stabilizer can reduce moisture, 
PI (plasticity index), and increase soil density. As well as 
react to replace and form soil grains. The addition of table 
salt (NaCl) causes a decrease in the value of soil development 
and an increase in the CBR value of the soil.

[15] investigated the effect of brick dust on the stability of 
expansive clays. The results showed that there was a decrease 
in linear shrinkage and an increase in the Atterberg limit of 
the soil. [16] used sand to stabilize expansive clay. The addition 
of sand aims to reduce the ratio of the cohesive properties of 
the clay, increase the density value, reduce the potential for 
soil development and decrease soil permeability. The results 
obtained indicate that the greater the sand content, the lower 
the plasticity, moisture content, and expansion properties of the 
soil. [17] used the deep soil mixing method by adding lime to 
increase the stabilization of the expansive clay. As a result, the 
addition of lime can increase the strength of the soil. [18] used 
industrial and agricultural wastes as additives for stabilizing 
expansive clays. The result is that the use of industrial and 
agricultural wastes can increase compatibility and compressive 
strength and reduce the plasticity index. [19] used sugarcane 
straw ash and polypropylene fibers as expansive clay stabilizers. 
This research used a compression test and a California bearing 
test, using variations in the percentage of sugarcane straw ash 
and polypropylene fibers. The use of sugarcane straw ash and 
polypropylene fiber can increase the UCS and CBR values. [13] 
conducted research on expansive clay stabilizers using quick-
lime. The study used the compressive strength test. The results 
showed that dolomite lime was more effective than calcite lime. 

[20] stated that the addition of eggshell powder to the 
expansive soil increased from 5 % to 20 %. After adding 
eggshell powder, linear shrinkage decreased by 10 % after 
28 days, the maximum dry density of the expansive soil de-
creased from 1.323 g/cm3 to 1.293 g/cm3. In addition, there 
was an increase in geotechnical characteristics after adding 
5 % eggshell powder, compressive strength at collapse and 
strain increased by 18 % and 9 %, compared to expansive 
soil without treatment. While the combination of eggshell 
flour and lime can increase the compressive strength of 
soil by 20 %, and decrease linear shrinkage by 10.7 % after 
7 days. In addition, the combination of lime (5 %) and eggshell 
powder (5 %) can induce about 15 % buildup in compressive 
strength. While the CBR value of the soil increased from 2 % 

[3] conducted an experimental study of expansive soil sta-
bilization using steel slag (SS). Experiments were conducted to 
evaluate the effect of steel slag on improving the engineering 
properties of expansive clay. A series of tests were made to 
measure the limit of consistency, free swell index, compaction 
parameters, and free compressive strength of natural and sta-
ble soils. Comparing the results obtained for natural soils and 
stable soils revealed that SS had a significant influence on the 
strength parameters and considerably increased plasticity and 
expansion properties. The addition of SS into the soil increases 
the dry density and reduces the optimum moisture content and 
increases the free compressive strength. [4] conducted a study 
on the stabilization of expansive soils by controlling adverse 
volume changes due to swell-shrink behavior. Lime, cement, 
CaCl2, fly ash, pond ash, and other chemical reagents have 
been effective in stabilizing the expansive soil and improving 
its properties. However, there is no research on soil stabilization 
using shell ash. Meanwhile, shellfish waste is very common on 
the beach. Referring to the statement above, the stability of the 
soil can be improved by adding some elements that strengthen 
the soil. Therefore, studies that are devoted to determining the 
effect of shell ash mixture on expansive clay related to chemical, 
physical and mechanical properties as a soil stabilizer are of 
scientific relevance.

2. Literature review and problem statement

[5] said that soil alkalinity can improve soil stabiliza-
tion. The results of electron analysis (SEM-EDX) showed 
that the new cement compound was formed, the weak soil 
structure was dispersed into a strong flocculation structure. 
In addition, increasing the concentration of LS and NaCl 
causes the plastic limit to increase and the liquid limit to 
decrease so that the plasticity index decreases. So that the 
lime sludge activated by NaCl has a positive effect on soil 
properties. [6] stated that the addition of iron oxide to the 
expansive clay can improve the stability of the soil as a road 
base. [7] found that the combination of lime and pozzolana 
affected increasing the cohesion and internal friction of the 
soil. The combination of lime and pozzolana produces higher 
shear strength parameters than expansive clay. [8] found 
that limestone is effective in stabilizing high-plasticity clays 
and expansive clays. It is evidenced by the increase in the 
results of the unconfined compression test, and the liquid 
limit value decreased and the plastic limit value increased.

[9] studied the effect of using high-density polyethylene as 
a stabilizer on the structure and properties of geotechnical clay. 
The results show that the polymer significantly improves the 
physical properties of the expansive clay. [10] studied mixing 
of expansive clay with bagasse and lime ash. The mixture of 
bagasse ash and lime increased the CBR value of the soil, while 
the swelling value and free development value decreased.

Expansive clay is soil that has a high level of sensitivity 
and shrinkage properties that can cause damage to buildings 
that stand on it. Because it has a very high potential to ex-
pand and shrink by changes in soil moisture [11].

Clay is an aggregate with microscopic and submicrosco-
pic-sized particles that are plastic, with moderate to high 
water content. The permeability of clay is very low. The size 
of the clay minerals (0.002 mm, and finer) overlaps some-
what with the size of the silt. Clay minerals consist of three 
important components, namely montmorillonite, illite, and 
kaolinite. The mineral montmorillonite has a larger surface 
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to 56 % when combined with the optimal additive 
value. Utilization of eggshell powder for expansive 
soil stabilization without or with lime combination 
not only improves the geotechnical properties of 
expansive soils, but also helps to minimize the side 
effects of this domestic waste on the environment.

From several studies related to the stabilization 
of expansive clays, there have been no studies using 
waste materials with high calcium content (such 
as shell ash) to improve the properties of expansive 
clays, both strength and shear resistance of the soil. 
Therefore, it is necessary to conduct research on 
the chemical, physical and mechanical properties 
of shells as a stabilizer of expansive clay.

3. The aim and objectives of the study

The study aims to stabilize the bearing 
capacity and shear stress of low expansive clay 
by mixing with shell ash. It is to stabilize the 
construction ground.

To achieve the aim, the following objectives 
were set:

– to determine the effect of adding shell ash 
on the chemical composition of expansive clay;

– to determine the effect of adding shell ash 
on the physical and mechanical properties of 
expansion clay.

4. Materials and methods

Expansive clay is taken directly, located in Jombang, 
East Java-Indonesia. Undisturbed soil samples were taken 
using a sample tube, with the aim that the soil is not dis-
turbed by outside air, while disturbed soil samples were 
taken using a shovel and put into a container. 

To get clam shell ashes is to burn the clam shells at a tem-
perature of 250–300 °C for ±1–2 hours. Then the clam shells 
that have been in the oven are mashed by pounding or with a 
grinding machine until the mussels become powder and pass 
the No. 40 sieve, before that the shells are cleaned and rinsed 
with clean water.

Furthermore, the expansive clay is mixed with stabiliz-
ing material (shell ash) with the composition of the mix-
ture being: 95 % clay+5 % added material, 90 % clay+10 % 
added material, 85 % clay+15 % added material, soil 80 % 
clay+20 % added material. The soil, the initial moisture (γd) 
of which has been determined, is mixed, then molded into a 
cylindrical shape. The mold was stored in a desiccator, then 
watered with 5 % water every day until the soil became 
saturated. Then, using a Proctor test, chemical tests (soil 
chemical test, soil mineral test), physical tests (soil mois-
ture, Atterberg limit), and mechanical tests (unconfined 
compression test, compaction test, swelling test) were 
carried out. The research is carried out as shown in Fig. 1.

Fig. 1 shows the research flow starting from the preparation 
of expansive clay samples and shell ash. In this study, variations 
in the added material of oyster shell ash started from 5 %, 10 %, 
15 % and 20 %. After that, ripening was carried out for 14 days, 
then chemical, physical and mechanical testing of the soil was 
carried out. Furthermore, the test results were analyzed and 
discussion of research results was conducted.

5. Research results of stabilization of expansive clay 
using shell ash

5. 1. Chemical test
Chemical testing includes soil chemical composition test, 

and soil minerals test.
This test was conducted to determine the composition of 

the soil and soil-forming elements:
1. Soil chemical composition. The method of testing 

the chemical composition is carried out by X-ray testing. 
The results of testing the chemical composition are given 
in Table 1.

Table	1	

Chemical	composition	of	soil

Element  
Weight percentage ( % )

Expansive clay 5 % 10 % 15 % 20 %

SiO2 33.42 33.26 36.82 40.41 42.65

Al2O3 8.3 – 5.1 5.5 4.9

Fe2O3 37.53 40.81 41.34 33.79 35.13

TiO2 2.33 2.25 2.29 2.13 2.11

CaO 2.43 8.56 8.18 8.00 8.10

K2O 0.62 1.0 1.43 1.72 2.34

V2O5 0.12 0.14 0.13 0.13 0.11

Cr2O3 0.048 0.095 0.089 0.085 0.083

MnO 1.36 1.6 1.4 1.3 1.3

NiO 1.34 1.76 1.55 1.46 1.50

CuO 0.26 0.33 0.30 0.29 0.30

Table 2 shows the test results of the chemical composi-
tion of the expansive clay sample and the soil that has been 
added to shell ash. There are some chemical elements whose 
content is getting smaller (K2O, TiO2, and Al2O3) but other 
elements are getting bigger.
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The test results of the chemical composition of shells are 
shown in Table 2.

Table	2

Chemical	composition	of	shells

Element 
Heating temperature

500 °C 700 °C

SiO2 0.24 0.15

Al2O3 0.04 0.06

Fe2O3 0.37 0.46

CaO 54.43 55.1

MgO 0.85 0.1

Na2O 0.00 0.1

K2O 0.01 0.01

TiO2 0.09 0.09

MnO 0.06 0.07

P2O5 0.02 0.02

SO3 0.08 0.00

H2O 0.04 0.21

HD 34.76 43.22

From the results of the analysis of the chemical composi-
tion, the shell ash dominantly contains CaO. So that it can 
be used as a lime substitute in soil stabilization.

2. Soil minerals. The results of soil mineral testing are 
shown in Table 3.

Table	3

Mineral	composition	of	soil

Mineral 
Mix composition

Expansive clay 5 % 10 % 15 % 20 %

Montmorilonite 40.38 38.98 35.11 36.88 33.86

Halloysite 15.71 10.41 15.32 17.18 16.09

Feldspar 11.34 24.12 24.36 25.54 26.32

Alpha quartz 9.97 15.87 13.23 10.43 12.95

Cristobalite 21.65 10.51 11.21 10.35 11.61

Table 4 shows the mineral content of the soil in the 
expansive clay with a soil sample that has been added to 
shell ash. There was a decrease in the mineral content 
of Montmorillonite, Halloysite and Cristobalite. Mean-
while, the mineral content of Feldspar and Alpha quartz 
is getting bigger.

5. 2. Physical and mechanical properties test 
Soil physical testing includes soil properties, soil water 

content, and Atterberg test. This test is to better understand 
the physical properties related to what category it belongs to 
and to determine the composition of the soil and soil-forming 
elements:

1. Properties of expansive clay. 
Test results of the physical properties of the soil used as 

research material are shown in Table 4.
From the results of the stiffened test, the results obtained 

from the results of the analysis of size analysis, consistency 
limits, specific gravity, moisture. 

2. Soil moisture. The moisture test showed that the 
addition of shell ash stabilizing agent reduced the moisture 
content as shown in Fig. 2.

Table	4

Properties	of	expansive	clay

Properties Content 

Granule size 

Passed No. 200 ( %) 76

Passed<0.15 mm ( %) 88.6

Passed<0.3 mm ( %) 91.2

Liquid limit ( %) 88.19

Consistency limit
Plastic limit ( %) 39.46

Plasticity index ( %) 48.73

Specific gravity (Gs) 2.65

Moisture (0 %) 39.60

Activity (A) 1.287

Fig.	2.	Moisture	content	of	mixed	expansive	clay	

Fig. 2 shows that the greater the percentage of the ash 
mixture, the lower the moisture value. When the native 
soil is mixed with shell ash by 5 %, the soil water content 
decreases to 37.09 %, then at the mixture composition of 
10 %, the water content rises back to 38.10 %, at the mixture 
composition of 15 %, the water content decreases to 35.42 %, 
then in the composition of the mixture 20 %, the water con-
tent decreases again to 28.57 %. 

3. Atterberg limit. This test aims to determine the soil 
plasticity index in the field by conducting the Atterberg limit 
test, which consists of a liquid limit test and a plastic limit 
test. The plasticity index value is obtained from the liquid lim-
it value minus the plastic limit value (PI=LL–PL), Table 5.

Table	5

Atterberg	limit	of	soil	

Composition
Liquid limit 

(%) 
Plastic limit 

(%)
Plasticity 
index (%) 

Original Soil 88.00 30.00 58.00

Mixture 5 % 77.53 31.02 46.51

Mixture 10 % 60.15 31.11 29.04

Mixture 15 % 58.18 33.33 24.85

Mixture 20 % 57.24 39.46 17.78

A mixture of shell ash on expansive soils demonstrates 
a decreasing plasticity index value as shown in Table 5. The 
more the mixture, the lower the plasticity index value. This 
shows that the addition of shell ash can reduce the swelling 
of the expansive soil.

4. Unconfined compression test. An unconfined com-
pression test is a form of test to determine the sensitivity 
and magnitude of the free compressive strength of the soil. In 
this test, the holding stress is zero. The axial stress applied to 
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the test object relatively quickly reaches failure. The results 
of the unconfined soil test are shown in Fig. 3.

Fig.	3.	Unconfined	soil	stress

Fig. 3 shows the test results for unconfined 
native soil and a mixture of shell ash above. It 
shows that the soil stress that occurs is quite 
variable up and down along with the addition of 
stabilizing material. At the point of failure, the 
total minor principal stress is zero. The original 
soil has a value of 1.287 kg/cm2. Then the origi-
nal soil was mixed with 5 % oyster shell ash and 
the soil stress value increased to 1.606 kg/cm2.  
Then for the composition of 10 %, the original 
soil and a mixture of soil stress values slightly 
decreased to 1.538 kg/cm2. Then at 15 % mixed 
soil composition, the soil stress value again 
decreased to 0.193 kg/cm2. And in the last mix-
ture composition of 20 %, soil stress becomes 
1.464 kg/cm2.

5. Compaction test. A standard compaction 
test was carried out to obtain the maximum 
dry weight (γdmax) and optimum moisture con-
tent (Wopt). Fig. 4 shows the results of the soil 
compaction test with variations in the mixture 
of shell ash.

Fig. 4 shows the results of the compaction 
test. Each parameter of the mixture composition 
has various values and tends to increase. When 
compared to native soils, mixed soils increase 
the soil density. Where the increase in mixed 
soil density of 15 % is the largest compared 
to the others. The mixture of 15 % shows that 
the greater the soil moisture, the denser the 
soil mixture. This is because the larger the soil 
pores, the easier the shell ash to occupy the gaps, 
replacing groundwater. Intersection occurs be-
tween the mixture of 15 % and 5 % at 30 % mois-
ture. While the soil moisture is 25 %, the mixed 
soil density is 15 % below the 5 % mixture. This 
is because the slope of the 5 % mixture is flatter 
than the 15 % mixture. The next intersection 
occurs at the soil moisture between 30–35 %, 
between the mixture of 15 % and 20 %. In the 
mixture of 20 %, the soil compaction results are 
unstable as in the mixture of 15 %. The mixed 
soil density of 20 % is high at 30 % soil moisture 
but after that, it drops to 40 % ground moisture, 
then it rises again.  

The third interference occurs between the 
mixture of 15 % and 10 % at 35 % ground mois-

ture. The mixture of 10 % maximum soil density at 35 % 
soil moisture then decreases, while the maximum 15 % 
mixed soil density at 40 % moisture, then only decreases. 
The fourth intersection occurs at 45 % ground moisture, 
where the 15 % mixture decreases while the 20 % mix-
ture increases. This occurs due to too high soil moisture 
so that the ash from the shells needs more to replace  
groundwater. 

6. Swelling 3D soil. Fig. 5. shows the percentage of 
swelling and pressure when the soil is loaded. There was a 
significant increase between the original soil and the soil 
that had been mixed with shell ash. The shell ash mixture 
soil is almost evenly distributed, and far from the original 
soil. The increase in soil swelling depends on the curing 
time.
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Fig. 5 shows the presence of a mixture at seven days of 
treatment. This is because the shell ash has seeped into the soil 
and is bound to the soil elements. After seven days, the swelling 
of the soil increased in each mixture. Because the soil and shell 
ashes have bonded tightly. The swelling test of the original 
soil with a composition of 15 % clam shell ash on the first and 
second days increased by 0.86 % to the value of the diameter of 
the test object. On the 3rd and 4th days, the swelling decrease in 
the diameter of the samples increased to 1.14 %. On the 5th day, 
the swelling decrease in the diameter of the sample increased 
to 1.71 %. On the 6th day, the swelling decrease in the diameter 
of the sample increased to 2.57 %. On the 7th and 8th days, 
the swelling decrease in the diameter of the samples increased 
to 3.43 %. On the 9th day, the swelling decrease in the diameter 
of the sample increased to 3.45 %. On the 10th, 11th and 12th 
days, the swelling decrease value reached the maximum point 
for the diameter of the test object, which was 4.02 %.

6. Discussion of the research results of stabilization of 
expansive clay using shell ash

Based on Table 1, the liquid limit value and the plasticity 
index value using the AASTHO classification are included in 
group A-7-5. This soil belongs to the class of loamy soils with 
ordinary to poor quality as a subgrade material. Based on the 
percentage value passed the filter No. 200, the soil sample 
above has a percentage greater than 50 %. So, based on the 
USCS classification table, this soil is generally categorized 
as a fine-grained soil group. This soil belongs to CH, which is 
inorganic clay with high plasticity. The results of testing the 
chemical composition of the soil in Table 2 have the effect of 
adding shell ash. This is because shell ash contains more CaO 
elements. Thus hardening the expansive clay, thereby increas-
ing the strength of the soil and its shear stress.

Table 4 shows that the greater the mixture of shell ash can 
reduce montmorillonite. It can be seen in 20 % of shell ash, the 
content of montmorillonite is from 40.38 to 33.86. Decreasing 
montmorillonite indicates a harder soil because montmoril-
lonite is a subclass of smectite. The montmorillonite clay is not 
tightly bound so that water can intervene, causing the clay to 
swell. The water content of montmorillonite varies and its vol-
ume increases rapidly when it absorbs water. Montmorillonite 
swells with the addition of water. Montmorillonite develops 
much more than other clays because water penetrates the in-
terlayer molecular space and is adsorped simultaneously. The 
magnitude of the expansion is largely due to the type of ex-
changeable cations contained in the sample. Also, the addition 
of shell ash increased the amount of soil feldspar. The increase 
in feldspar will decrease the plasticity index (PI) and cohesion 
while the inner shear angle is higher. The mixture that adds 
the most feldspar is the 20 % mixture.

Fig. 2 shows that the more the mixture of shell ash, the 
soil moisture decreases. This is due to the more mixture of 
oyster shell ash, it can shift the moisture of the expansive 
clay. Thus, the surface of the clay grains loses repulsion force, 
and cohesion occurs in the grains, increasing the strength of 
the soil consistency. When CaO elements with clay minerals 
or with pozzolanic components such as SiO2 (hydrous silica) 
react, a strong and hard gel is formed, namely calcium sili-
cate, which binds grains or soil particles. Silica gel reacts by 
coating and binding clay particles and closing the soil pores. 
Then water molecules are trapped in the pores of SiO2, the 
pores of SiO2 will be tightly closed and water molecules will 

be bound in it. This causes the clay to become dry and hard. 
With the absorption of clay hydrogen by chemical com-
pounds contained in the shell ash, such as CaO, Al2O3, MgO, 
and Fe2O3, it can shift H2O from the clay particles.

Meanwhile, related to the Atterberg limit test, with the 
increase in the percentage of shell ash, the soil classification 
group changed based on the plastic limit and the plasticity 
index decreased. Along with the increase in the percentage of 
addition of clam shell ash, the liquid limit increases. While the 
plastic limit, with the addition of clam shell ash can increase the 
value of the plastic limit. The PI value depends on the liquid 
limit value and the plastic limit value. The addition of shell ash 
mixture lowers the liquid limit and increases the plastic limit, 
so the plasticity index will decrease. The value of the plasticity 
index (PI) greatly determines the classification of the potential 
for soil development. The greater the plasticity index of the soil 
and shell ash mixture, the greater the soil development poten-
tial. The lower the plasticity index (PI) of the soil and shell ash 
mixture, the lower the development potential.

The level of soil density is measured from the value of dry 
volume weight (γd). The dry volume weight does not change 
with the increase in moisture. Thus, the soil that has been 
compacted in the field, and then changes its moisture, then 
the dry volume weight remains unchanged, as long as the 
total volume of the soil remains the same. The degree of soil 
density is measured by its dry volume weight.

Due to dynamic loads, the soil grains are closer to each 
other as a result of reduced air voids. Clay soil compacted 
in the right way will be able to provide high shear strength. 
Because expansive clays containing montmorillonite tend to 
change in volume. Solid clays have low permeability and these 
soils do not compact well when they are very wet. When the 
clay is compacted, it is difficult for water to flow out of the clay 
pores. The water that does not want to come out of the soil 
pores makes it difficult for the grains to stick together when 
compacted. The 15 % shell ash mixture had the highest level 
of soil compaction. This was related to the ability of the shell 
ash element to substitute for expansive clay water.

Meanwhile, the limitation of this research is that the 
mixture used is a maximum of 20 %, then the mixture ratio is 
increased to 50 %. In addition, as a stabilizing agent, the lev-
el of ash powder is only 40 mesh. Therefore, further research 
uses a smaller mesh level or a larger mesh size, in order to get 
an effective mixture for soil stabilization.

7. Conclusions

1. Chemical properties of soil. A large increase in shell 
ash mixture can reduce montmorillonite, a decrease in mont-
morillonite indicates an increase in soil hardness. Also, the 
addition of shell ash increased the amount of soil feldspar. 
Feldspar will decrease the increase in plasticity index (PI).

2. Physical properties of soil. The more the shell ash mix-
ture, the lower the soil moisture, the grain surface loses re-
pulsion, and cohesion occurs in the grains, increasing the soil 
consistency. In addition, increasing the percentage of shell ash 
lowers the plasticity index. The lower the plasticity index (PI), 
the smaller the development potential. While related to soil me-
chanical properties, the level of soil density is a measure of the 
value of dry volume weight (γd). The dry volume weight does 
not change with humidity. The 15 % shell ash mixture had the 
highest level of soil compaction. This was related to the ability 
of the shell elements to substitute for expansive clay water. 
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