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ABSTRACT 

This paper presents the study on the volcanic ash as replacement of cement on compression strength of concrete. 

Preliminary study at the early stage was conducted with the specific gravity and sieve analysis of the volcanic as 

replacement of cement material of concrete. This paper presents about the influence of addition palm shells ash to 

mineralogy and physical properties of clay soil located in the subdistrict of Percut Sei Tuan, district of Deli Serdang, North 

Sumatera Province, Indonesia. This study aims to improve physical properties and to analyze mineralogical content from 

poor soils into good soil called soil stabilization. Alternative materials used are palm shells ash obtained from solid waste 

palm factory whose numbers continue to increase and not yet utilized properly. The addition of palm shells ash is useful to 

stabilize clay soil, which is expected to improve the quality of the soil. The tests performed are the original soil 

characteristics test and the soil after mixing with palm shells ash which includes mineralogical test, chemical element test, 

grain tes gradation, specific gravity test, clay soil consistency limits before and after mixed with palm shell ash. The 

addition of palm shell ash in clay soil caused a change of mineralogy in clay soil, which before stabilized the original clay 

mineralogy element for Illite 54% and after stabilized decreased to 51%, while for the original soil liquid limit (LL) of 

56.73%, after stabilization there was a decrease of liquid limit of 47.23%, and the value of plasticity index (PI) of original 

clay soil of 25.60% and after stabilization PI value decreased to 21, 60%. 

 
Keywords: mineralogical test, chemical tes, physical Tes, clay soil, palm shell. 

 

INTRODUCTION 

Generally, most of Indonesia is covered by clay 

with a considerable development (high plasticity). This 

can certainly cause damage to the construction, especially 

on the part of the foundation which is a building 

construction that connects the building with the ground. 

The soil conditions are often encountered vary widely in 

terms of the ability of the carrying capacity of the soil. 

There are soil types that do not meet the requirements ie 

soft soil. Soft soil properties are small shear forces, large 

congestion, and small permeability coefficients. When the 

loading of construction exceeds the critical carrying 

capacity there will be soil damage, especially for soil 

foundation.  

Clay soil in Percut Sei Tuan subdistrict, north 

sumatera, Indonesia is also commonly found. The soil 

conditions in the area, most of the clay soils have the 

following characteristics: high shrinkage index, high 

consistency index, low carrying capacity, so that buildings 

in the area are damaged, as: cracked wall, cracked and 

potholed roads. Therefore, the soil in the area must be 

stabilized before it is used to construct a building on the 

land. To improve the basic soil conditions, it is necessary 

to do soil improvement techniques (stabilization) by 

mixing the existing soil with the use of alternative material 

to replace the cement filler by using the ash of palm shell 

as a soil stabilization material. 

The principle of soil stabilization is through the 

addition of strength to the soil layer so that the danger of 

collapse can be minimized. Increased strength can be 

assessed from voltage changes. According to Ingels and 

Metcalf (1972), the properties of improved soil with 

stabilization include: volume stability, scarrying capacity, 

permeability, and durability. According to Ingles and 

Metcalf (1972) lime stabilization can convert soil into 

particle clumps. The method for improving soil properties 

is also very dependent on the duration of the curing time, 

this is because in the process of repairing soil properties 

occurs chemical processes which require time for chemical 

substances in the additive to react. In this research, soil 

stabilization is done by using additives such as palm shell 

ash where chemical composition contained in the ash of 

palm shell one of them silica (SiO2) which is the main 

constituent element in the manufacture of cement.  

The development of palm oil industry in 

Indonesia which continues to increase will have an impact 

on solid waste resulting from fresh fruit bunch processing. 

Solid waste in the form of shell and fiber is used as boiler 

fuel to generate mechanical and heat energy. The problem 

that arises is the remnants of combustion on the boiler that 

is ash, which continues to increase until now and still not 

utilized. Palm shell ash is a pozzolanic material, which is 

the main material of cement forming, which contains an 

active silica oxide (SiO2) compound, which when reacted 

with water will form a cement material that is calcium 

silicate hydrate (C-S-H). 

Applications in civil engineering of palm shell 

ash can also be utilized as suckers in highway pavement, 

stabilizers in clay and bottom soil mixtures on the 

highway. From the results of this study is expected to be 

useful for the development of science in geotechnical 

engineering, especially soil improvement technology, 

namely the discovery of alternative materials as a 

stabilization material of clay soil with a more economical 

price compared with other materials that have high 

economic value. 

mailto:debby.endriani123@gmail.com


                                VOL. 13, NO. 4, FEBRUARY 2018                                                                                                            ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              1519 

RESEARCH METHODS 
In this study, the method used is laboratory 

experiments. Initial research is to determine the chemical 

elements of palm shell ash and clay soil, which aims to 

determine the chemical elements contained in the ash of 

palm shells and clay soil that can be mutually binding, so 

it can be used to reduce the water content in the soil, and it 

is expected that the stabilized soft soil can be even better. 

For soil sampling procedures (specimens) and 

soil sampling tests refer to the test procedures issued by 

ASTM (American Society for Testing Materials). 

Materials used as soil samples in this study is a soft clay 

soil derived from the base soil on the road construction in 

the sub district of Percut Sei Tuan. Meanwhile, as a 

stabilization material is the utilization of palm shell ash 

which is not utilized properly, and the ash of palm shell is 

derived from solid waste palm processing factory PT. 

Multi Agro Sumatera, Karang Tengah Village, Dolok 

Masihul Subdistrict, Serdang Bedagai, North Sumatera.  

The research to determine the chemical elements 

contained in the ash of palm shell conducted at the 

Laboratory of Research and Standardization Center of 

Medan, and the research to determine mineralogical 

elements in soil and palm shell ash conducted at Central 

Laboratory of Bandung geological survey. To characterize 

the basic soil conducted at the ITM Civil Engineering 

Laboratory for testing the physical properties include : test 

water content (W) ASTM-D-2216-92, Specific Gravity 

(SG) ASTM-D-8554-58, Limits of Consistency (Atterberg 

Limit) ASTM-D-423-66, ASTM-D-424-59, ASTM-D-

427-61, and Filter Analysis (Sieve Analysis) ASTM-D-

421-58. The test is divided into 2 parts: the original soil 

test and the stabilized soil with palm shell ash. 

The test material used in this study is a mixture of 

clay soil with palm shell ash which is made based on 

variation of the addition of palm shell ash with 0%, 5%, 

10%, 15%, and 20%. And made four types of mixed 

variations are: clay + 0% palm shell, clay soil + 5% ash 

palm shell, clay soil + 10% ash palm shell, clay soil + 15% 

ash palm shell, clay + 20% ash palm shell. 

 

RESULTS AND DISCUSSIONS 

 

Chemical element test 

 

Tabel-1. Test of chemical elements test. 
 

Chemical 

element 

Palm shell ash 

(%) 

Clay soil + Palm 

shell ash (%) 

SiO2 65,3 73,9 

CaO 6,48 5,32 

MgO 4,28 3,00 

Fe2O3 1,12 3,43 

Al2O3 11,3 4,01 

 

If chemical elements such as Fe2O3, CaO, and 

MgO contained in the ash of palm shells are added to the 

soil with the above conditions, the ion exchange 

immediately occurs, and the ions derived from the Fe2O3, 

CaO and MgO solutions are absorbed by the surface of the 

clay grains. Thus, the surface of the clay grain loses its 

repulsion force, and there was cohesion on the grain that 

resulted in an increase in the consistency of the soil. 

 

Mineralogy test 

In clay mineralized test through X-Ray 

Diffraction (XRD) obtained clay soil mineral content as in 

Table-2.  

 

Table-2. Test of mineralogy on clay soil. 
 

No Mineral composition Content (%) 

1 Illite 54 

2 Kaolinite 26 

3 Magnesioriebeckite 20 

 

Table-3. Test of mineralogy on clay soil + palm 

shell ash 10%. 
 

No Mineral composition Content (%) 

1 Illite 51 

2 Kaolinite 13 

3 Magnesioriebeckite 36 

 

The results of X-ray diffraction (XRD) showed 

that the mineralogy of clay soil that was used as the 

sample of this study consisting of kaolinite and illite was 

categorized clay group did not expand; this is in 

accordance with the Atterberg boundary test which shows 

the clay soil in the subdistrict of Percut Sei Tuan has 

medium plasticity. 

Illite has the chemical formula KAl2 (Si3Al) O10 

(OHF)2 by 54% and Kaolinite which also has chemical 

formula Al2Si2O5 (OH)4 of 26%, while the clay mineral 

element magnesioriebeckite with chemical formula 

Na2Mg3Fe2Si8O22 (OH)2 by 20%.  

After the addition of palm shell ash, there was a 

change of clay mineral composition which originally illite 

containing 54% after mixing to be reduced by 51%. 

Kaolinite from 26% to 13%, this is because the presence 

of clumps of clay mineral particles (flocculation), due to 

the reaction of hydration cement which can affect the 

composition of minerals from clay soil and palm shell ash. 

If chemical elements such as Silica (SiO2), stages 

of chemical processes on soil stabilization using Palm 

Shell containing a lot of silica content, are as follows: 

 

SiO2 + H2O   Adsorption 

 

The reaction between SiO2 and H2O is not a 

chemical reaction, SiO2 to water causes physical 

adsorption, where water molecules will be trapped in the 

pores of SiO2. After that, the pores of SiO2 will be tightly 

closed and the water molecules will be bound in it, this 

will cause the clay soil will become dry and hard.  
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Fe2O3, CaO and MgO contained in the palm shell 

ash are added to the clay soil under the above conditions, 

the ion exchange immediately occurs, and the ions derived 

from the Fe2O3, CaO and MgO solutions are absorbed by 

the granular surface of the clay soil. Thus, the grain 

surface of the clay soil is losing its repulsion force, and 

there was cohesion on the grain, causing an increase in the 

consistency of the clay soil. 

Reacting H2O with CaO will heat up and at the 

same time, the volume of chalk becomes larger than its 

original volume causing a decrease the water content in 

the clay soil. Reacting H2O with Mg will generate heat and 

at the same time, the volume becomes larger than its 

original volume, causing a decrease in the water content in 

the clay soil. If CaO with minerals from clay or other fine 

minerals, or with pozzolan components such as SiO2 

(hydrous silica) reacts, it will form a strong and hard gel of 

calcium silicate that binds grains or soil particles 

(Diamond & Kinter, 1965 in Ingels and Metchalf, 1972). 

Silica gel reacts immediately to coat and binds clay 

particles and closes the pores of the soil. 

After the water molecule is trapped in the pores 

of SiO2, the pores of the SiO2 will be sealed and the water 

molecules will be bound therein, causing the clay soil to 

become dry and hard. And then, after absorption of 

hydrogen in the clay soil by chemical compounds 

contained in the palm shell ash such as Al2O3, CaO, MgO, 

and Fe2O3, it can be concluded that the chemical 

compounds contained in the palm shell ash can shift the 

H2O from the clay soil particles. 

 

Test of water content 

Based on the previous test has obtained the water 

content on the original soil amounted to 87.88% and after 

doing mixing the palm shells ash by 0%, 5%, 10%, 15%, 

20%. There was a decrease in the original clay soil after 

mixing with ash in the 5% variation, amounting to 7.23%.  

So it can be concluded that the original soil has large 

cavities, so it is not closed the possibility of entering water 

becomes easy. And the ash of palm shells can close the 

cavities in the original clay so that the water absorption 

capacity of the soil decreases, as shown in the Table-4 and 

picture below. 

 

Table-4. Test of water content. 
 

No Palm shell ash (%) Water content (%) 

1 0 87.88 

2 5 80.65 

3 10 78.95 

4 15 75.23 

5 20 73.48 

 

 
 

Figure-1. Relationship percentage of palm shell ash and 

water content. 

 

Test of specific gravity 

Based on the results of the specific gravity test, it 

is known that the clay soil has changed due to the addition 

of palm shell ash. This is because the density of the palm 

shell ash is lower than the specific gravity of clay soil 

tested, so that the density of the clay soil mixture with the 

palm shell ash is decreasing, and cause the pore cavities to 

shrink and attaches to the clay soil particles. 

The addition of palm shell ash to the clay soil 

indicates a tendency to decrease the value of specific 

gravity as the percentage of palm shell ash increases. The 

cementation process in the clay soil and palm shell ash, 

causing clumping to glue between particles, the partially 

existing pore cavities will be surrounded by cementation 

materials on the clay soil and palm shell ash which are 

rigid and hard to penetrate. The pore cavity isolated by an 

impermeable cementation layer will be measured as the 

grain volume and further decrease the specific gravity 

value. As in the Table-5 and picture below. 

 

Table-5. Test of specific gravity. 
 

No Palm shell ash (%) Specific gravity (%) 

1 0 2,75 

2 5 2,73 

3 10 2,72 

4 15 2,70 

5 20 2,68 
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Figure-2. Relationship percentage of palm shell ash and 

specific gravity. 

 

Test of Sieve analysis 

The result test of sieve analysis to the addition of 

palm shell ash and relationships in the graph are shown in 

Table-6 and Figure-3. Gradation of grain examination 

indicates that palm shell ash which causes changes in soil 

fraction composition is reduced fraction retained on sieve 

No. 200. 

 

Table-6. Test of Sieve analysis. 
 

No 
Palm shell ash  

(%) 

Passes Sieve No. 200 

(%) 

1 0 96,07 

2 5 96,10 

3 10 96.14 

4 15 96,21 

5 20 96,27 

 

 
 

Figure-3. Relationship percentage of palm shell ash and 

passes Sieves No. 200. 

 

Increasing percentage of palm shell ash 5%, 10%, 

15%, and 20% cause changes in fraction composition, 

namely increasing fraction retained filter No. 200, as well 

as reduced fraction of passes sieves No. 200. This change 

causes the gradation to vary. One of the causes is the 

occurrence of clumping due to cementation process, some 

particles change size become larger. Gradation changes 

may affect clay soil characteristics, for example in 

plasticity, density, compressive strength and carrying 

capacity. The content of fine-grained fractions influences 

the nature of soil development. Lower the content of fine-

grained fractions (0,075mm granules) on a soil, then the 

degree of activity decreases and the potential for 

development. 

 

Test of Atterberg consistency limit 

Based on results test of the atterberg limit showed 

that the liquid limit (LL), shrinkage limit (SL), plastic 

index (PI) decreased due to the addition of palm shell ash, 

while the plastic limit (PL) value showed an increase. The 

result test of consistency limit to the addition of palm shell 

ash and relationships in the graph are shown in Table-7 

and Figure-4. 

 

Table-7. Test of Atterberg consistency limit to the addition palm shell ash. 
 

No 

Palm 

Shell Ash 

(%) 

Liquid 

limit (LL) 

(%) 

Plastic 

limit (PL) 

(%) 

Shrinkag

e limit 

(SL) 

(%) 

Indeks 

plastisitas 

(PI) (%) 

1 0 56,73 31,14 69,44 25,60 

2 5 56,34 33,55 68,89 24,79 

3 10 49,64 35,76 66,22 23,88 

4 15 47,23 38,69 65,30 22,64 

5 20 46,58 40,98 64,40 21,60 
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Figure-4. Relationship percentage of palm shell ash 

and Atterberg limit. 

 

There is a change of value on the parameters of 

soil consistency limits before and after stabilization with 

palm shell ash. At the liquid limit value (LL), it shows a 

decrease in value along with the increasing percentage of 

palm shell ash. The liquid limit value for the original soil 

was 56, 73%, and the decrease occurred in the addition of 

palm shell ash 5%, 10%, 15% and 20%.  

At the plastic limit (PL), the addition of palm 

shell ash has raised the plastic limit value, which for the 

original soil is 31, 14. The value is increasing as the 

percentage of palm shell ash increased to 5%, 10% 15% 

and 20%. The increase is not so significant this is due to 

the plastic limit test, to form soil particles into 6 mm bars 

required more moisture content so that it will raise the 

plastic limit. 

At the shrinkage limit (SL), the addition of 

percentage of palm shell ash has caused a decrease in the 

value of shrinkage limit. This occurs in various variations 

in the addition of palm shell ash which starts from 69, 

44% for the original soil and continues to decrease for 

variations of 5%, 10%, 15%, and 20% due to flocculation 

accompanying the ion exchange process. This event 

produces new soil granules of a larger size, thereby 

reducing the specific surface area. A small specific surface 

will reduce the sensitivity of the soil to the influence of 

water. This situation causes the soil difficult to change its 

volume due to the influence of water, although with high 

water content. 

The Index Plasticity (PI) is the liquid limit minus 

the plastic limit (PI = LL - PL). The relationship shows 

that the PI value is highly dependent on the value of the 

liquid limit and plastic limit. The value of the plasticity 

index (PI) largely determines the classification of potential 

soil development. 

 

CONCLUSIONS 

Based on the results of the study, it can be 

concluded as follows: 

 

a) Soil samples taken from Percut Sei Tuan subdistrict, 

Deli Serdang, North Sumatera are classified as fine-

grained soil based on original soil mineralogy test 

result and original soil consistency test. 

b) The soil sample is a clay type with content: Illite 

(54%), Kaolinite (26%), and Magnesioriebeckite 

(20%) based on XRD test results. 

c) The clay soil mixture with the addition of palm shell 

ash variation has shown changes for Illite mineralogy 

(51%), Kaolinite (13%) and Magnesioriebeckite 

(36%), where for the original soil for water (W) 

content decreased from 87,88 to 73,48; Specic Grafity 

(SG) 2,75 to 2,68; Plastic Index (PI) 25,60 to 21,60, 

while the Sieve Analysis (SA) increased from 96.07 

to 96.25. 
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