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Performance of Eggshell Powder Addition to
Clay Soil for Stabilization
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Abstract: The behavior of clay soil often becomes problematic
for the building above it. One problem is its shrinking and
swelling behavior which is affected by its water content, which
also frequently influences the soil bearing of capacity in holding
the load of the building above it. The powder from eggshell which
abbreviated as ESP is a food industry waste that is high calcium
and not often used for reprocessing. This experiment purposes is
to know the effect of adding ESP as a stabilizing material in clay.
Soil sample for laboratory testing was carried out from Cot Bagie
Village, Blang Bintang, Aceh Besar District, and Aceh Province.
From AASHTO classification system, the soil sample is A-7-5 (21)
and from USCS system, is organic clay with high plasticity (OH).
The percentages of ESP added are 0%, 3%, 6% and 9% of the dry
weight of the clay for experiment on laboratory. The Atterberg
Limit parameters commonly incline with ESP addition. Based on
the standard Proctor test, the original soil has an Optimum
Moisture Content (OMC) of 19.8% and a maximum dry unit
weight (74 max) Of 1.367 gricm®. Overall, adding ESP to the clay
sample increases the mechanical properties of soil compared to
the sample without ESP. Thus, the use of ESP for stabilization in
this experiment can improve the bearing capacity, so that it is
beneficial for construction in the field.
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I. INTRODUCTION

Soil behavior shows an important influence on the
construction above it. Soil, as a material for construction, is
applied as embankment material, which is collected from a
borrow area, which is generally as clay cohesive soil. Clay
behavior that is very sensitive to the water content addition
and has a high shrink-swell characteristic as stated by [1]. Soil
conditions that experience shrinkage can also affect the
bearing capacity of the soil. Soil improvement efforts to
increase soil bearing capacity by adding chemicals, industrial
waste, and fiber materials have been carried out so far. [2]
conducted a study on the addition of lime on clay so as to
reduce the effect of soil shrinkage.[3] studied the addition of
rubber fibers on clay which is then stabilized with cement.
Furthermore, [4] also carried out expansive soil stabilization
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on sub-grade roads using lime. [5] conducted a study of the
rice husk ash, lime and plastic fiber effect on silt soil
parameters.

Eggshell powder (ESP), which is a food industry waste, has
been considered as a material for clay mixture to increase soil
bearing capacity and strength parameter of clay (Figure 1).
The use of expensive lime requires further research to find a
more economically friendly substitute for material with
similar characteristics, which leads to the use of eggshell
powder. In general, from previous studies on ESP, it was
found to improve soil strength. With the correct mixing
method and the good characteristics of ESP, it is expected to
maximize the use of ESP in clay stabilization.

(a) (b)
Figure 1. Eggshells (a) and egshell powder (b)

Research on the application of the agricultural and
household industry wastes for geotechnics was carried out by
[6]-[9]. According to them, the use of ESP in soil stabilization
can replace the role of other lime-contained material, which
has been more commonly used, due to the similarity in
composition of the two. [10] tried to compare the effect of
ESP substitution to the soil. However, it was concluded that
with the same percentage of addition, the value of soil shear
strength with lime addition is still better than ESP.

[11] tried to compare the effect of fly ash and ESP on CL
soil for the USCS classification. Furthermore, [12] examined
the addition of ESP to lateric soils stabilized with cement. The
conclusion is that the parameter of shear strength of lateric
soils can increase up to 35% compared to the original soil.
[13] also examined the possibility of using ESP as a
stabilization material for lateric soils as a sub-grade of road
construction.
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Il. MATERIALS AND METHODS

The clay used in this study came from the Cot Bagie area,
Blang Bintang Subdistrict, Aceh Besar District, Aceh
Province. The reason for collecting the clay samples from
here is that because this location is often used for land
reclamation in building and road construction in Aceh Besar
District and Banda Aceh City. Visually, this cohesive soil is
not good to apply in road piles or buildings since cohesive
soils have high shrinkage growth and weak bearing capacity.
The condition of Aceh Province that is prone to earthquakes
and earthquake-related disasters, as mentioned [14]-[15]
require good construction materials to reduce failure
possibility of construction and the achievement of the life
expectancy of construction in accordance with the plan.
Furthermore, planning based on security risk analysis must be
applied to earthquake-prone areas [16].

The soil used in this study is A-7-5 with Group Index 21,
which is high plasticity clay based on AASHTO method, and
OH (Organic High), which is medium to high plasticity
organic clay based on USCS classification with a specific
gravity (SG) of 2.54. Visually, this soil is brownish red in
color, has an adhesive and pliant characteristic when held.
However, in a dry state, the soil feels very tough and strong,

while in a wet state the soil will weaken and expand.

Table I: Chemical composition of eggshell powder (ESP)

Chemical composition Value (%)
Real Density (gr/cm3) 247
Hygroscopic Moisture (%) '

11
pH (H.0)

) . 8.3
Cation exchange capacity, 9.52
meq/100g content of soluble salts, '
prm 12.0
Ca 50.2

12.0
Mg

0.0
Al 0.0
H+ Al 210
Na 5.36
Organic Matter (%) 3'11
Organic Carbon (%) 3'9 0
S-S0, Content (ppm) '

Details of the chemical composition of eggshell powders
can be seen in Table 1 which shows a calcium content of more
than 50%. Egg shells, as cited in [17] contain around 96%
calcium carbonate, 1% calcium phosphate, 1% magnesium
carbonate, and other organic materials as well as water.
Furthermore, [18] explained that egg shells are
environmentally friendly, inexpensive, and available in
abundance. The egg shells are then cleaned and dried in the
sun to dry (see Figure 1a). Then the egg shells are mashed by
pulverizing it into eggshell powder (ESP) which passes the
number 200 sieve (see Figure 1b).

The method of the test began by mixing the soil with
eggshell powder (ESP) evenly and adding water in
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accordance with the mix design. Then, the physical properties
of the soil for all percentage mixes were examined, measuring
the specific gravity (GS), measurement of soil water content
(w), plastic limit (PL), liquid limit (LL), and distribution of
filter analysis and hydrometer. The testing of the physical
properties of the original soil found a liquid limit value of
65.28% and a plastic limit value of 34.83%. The # 200 pass
filter analysis found a value of 96.97%. The results of the
complete physical properties test are presented in Table 2.

Table II: Physical testing and compaction test results

Mixture percentage
Test parameter

0% 3% 6% 9%

Specific gravity 246 | 279 | 221 | 232
Liquid limit (%) | 65.28 | 64.99 | 57.8 | 63.15
Plastic limit (%) | 34.83 | 36.11 | 36.02 | 32.13
Plasticity index (%) | 30.45 | 28.88 | 21.78 | 31.03
#200 pass filter (%) | 96.97 | 96.33 | 95.13 | 97.23

Group Index 37 35 31 37
Dry unit weight | 1.367 | 1.502 | 1.485 | 1.445
(griem?®)
Water content (%) | 19.8 | 17.7 | 17.7 | 18.8

I11. RESULTS AND DISCUSION

Compaction testing is done using the Standard Proctor
method in accordance with ASTM D-698. 6 samples of soil
are prepared for each percentage, with a weight of 2 kg each,
before being mixed with ESP for making compaction test
samples. The total number of samples for compaction testing
is 24 samples. Compaction test results on all percentages of
soil mixtures with ESP can be seen in Figure 2.
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Figure 2. Soil compaction test results

Based on Figure 4(a) and 4(b), the results displayed that the
addition of a mixture of various
percentages of eggshell powder
on the clay soil from Cot Bagie
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village in Blang Bintang Subdistrict affected the value of
physical properties and compaction of the soil. The physical
properties of Cot Bagie Village were reviewed based on
Table 2, resulting in increased density at a percentage of 3%
compared to original soil, but then decreased below the
original soil for percentages of 6% and 9% with soil index
values for all mixtures above 30.
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Figure 4(a). The effects of ESP addition to Compaction
Parameter at dry unit weight
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Figure 4(b). The effects of ESP addition to Compaction
Parameter at optimum moisture content

From the direct shear results of soil in Figure 5(a) and 5(b),
it can be seen that the parameter of soil cohesion increases
with the addition of ESP. Similarly, the value of soil shear
angle was also improved with ESP addition. The direct shear
test was based on ASTM D 1452-80.
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Figure 5(a). The effects of ESP addition to Soil Shear
Strength Parameter for Cohession
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(b)
Figure 5(b). The effects of ESP addition to Soil Shear
Strength Parameter for shear angle

I11. CONCLUSION

Generally, clay is stabilized with eggshell powder (ESP)
with increases in specific gravity for a low percentage of ESP
and decreases for a higher percentage. The liquid limit value
also showed a decrease with increasing ESP mixture.
Atterberg Limit parameters generally decrease with
increasing ESP. In general, the soil density of clay from Cot
Bagie Village, Blang Bintang Subdistrict, decreases with
OMC value, and the maximum dry unit weight increases at a
low percentage of ESP (3%) and decreases for 6% and 9%. In
general, with the increase of the percentage of ESP, the
maximum dry unit weight of the soil and soil shear strength
parameter were increase compared to the soil without ESP
addition. Thus, the use of ESP for soil stabilization based on
laboratory experimental research can improve soil bearing
capacity for the better so that it is useful for construction in the
field.
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