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Abstract 

In pavement construction, it consists of subgrade, foundation layer and 

overburden. In working on landfill, the quality of the landfill can be improved 

by stabilization. Stabilization is a way to improve the properties and 

parameters of the soil, so that the soil is suitable or qualified to be used 

according to its function. One of the ways to stabilize soil is by chemical 

stabilization. In this research using additives such as fly ash & matos soil 

stabilizer. The soil samples were taken from Peniraman Quarry, Mempawah 

Regency. Also, the fly ash used comes from the waste of Paiton power plant, 

Probolinggo Regency. The tests carried out were testing the physical 

properties of the soil. The results obtained were then adjusted to the lower 

foundation layer of the road with specifications based on the 2018 General 

Specifications, Road and Bridge Construction Work (Revision 2). The test 

was carried out with a mixture of 10% fly ash and variations of matos soil 

stabilizer 2 - 8%, stabilization was carried out with a curing period of 0 - 14 

days. From the results of the soil test, the plasticity index was found to be 

14.252%. From the test results of the highest mixture variation, which is a 

mixture of soil + 10% fly ash + 8% matos soil stabilizer with a curing period 

of 14 days. The test results obtained a plasticity index of 7.295%, so it can 

be concluded that the higher the percentage of matos soil stabilizer used, the 

plasticity index value of the soil decreases and has met the requirements in the 

construction of the lower foundation layer of the road (B class).  

 

Keywords: Fly ash, plasticity index, sub base course, matos soil 

stabilizer 

 

 

1. Introduction  

To obtain a good quality road, planning is 
required in accordance with the technical 
requirements of the road. In road pavement 
construction consists of subgrade, foundation 

layer and cover layer. The foundation layer and 
subgrade contribute to providing a supporting 
foundation for the flexible pavement structure and 
rigid pavement structure. The foundation layer 
plays an important role in the overall quality and 
durability of pavement construction, because the 
pavement is located on top of the foundation layer. 
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Therefore, the foundation layer as a place to put 
the pavement must be thoroughly known for its 
index properties in order to support the 
construction above it properly. 

In the construction of soil backfill, the quality 
of the landfill can be improved by stabilization. 
Stabilization is an action to improve soil 
properties and parameters so that the soil is 
suitable for its requirements and use. One of the 
ways to stabilize soil is by chemical stabilization. 
Chemical stabilization is a way to improve soil 
properties by adding an additive to the soil. one 
way of chemical stabilization is by using additives 
such as matos soil stabilizer and fly ash. 

Matos soil stabilizer is a fine powder consisting 
of additional inorganic mineral content that works 
to compact (solidifying) and stabilizing. In its 
application, matos soil stabilizer requires other 
materials as a binder so that it can be mixed with 
soil.   

 

2. Materials and Methods   

2.1 Research Location 

Soil location and research materials to be carried 

out are as follows: 

1. Soil 

Soil samples are taken from Peniraman Quarry 

which is located in Mempawah Regency. 

2. Fly Ash 

The fly ash used was C-class fly ash from the 

waste of the Paiton Power Plant, Probolinggo 

Regency, East Java. 

3. Matos Soil Stabilizer. 

Matos Soil Stabilizer which is used comes from 

PT Joglo Matos Nusantara, Yogyakarta. 

4. Water 

The water used in this study was fresh water and 

free from sediment and free from chemical. 

2.2 Theoritical Structure 

Soil stabilization is a measure to change the 
original structure or properties of soil to adjust it to 
construction requirements and to fulfill the 
requirements when using certain materials. Soil 
stabilization types are divided into three types: 
mechanical stabilization, chemical stabilization and 
hydraulic stabilization. Chemical soil stabilization 
which is currently widely used to improve subgrade 

is stabilization with the addition of fly ash, if fly ash 
mixed with soil there will be a process of 
selfcementing due to the influence of pozzolan or 
natural hardening properties of fly ash because of 
compaction and water conditions. 

 
Matos Soil Stabilizer is a fine powder consisting 

of additional inorganic mineral content that 
strengthen and stabilize the soil physically and 
chemically. Matos can also accelerate the curing 
time of the stabilization mixture. Soil index 
properties are soil characteristics based on the shape, 
color size, grain size and texture of the soil. The 
index properties tests carried out were: 

1. Water content test (ASTM D2216-80) 
2. Unit weight test (ASTM D2973-83) 
3. Specific gravity test (ASTM D854-83) 
4. Permeability test (ASTM D653) 
5. Atterberg limits test (ASTM D4318-00) 
6. Hydrometer analysis (ASTM D422-72) 
7. Soil grain gradation analysis (ASTM D422-63)  
 The results obtained were then adjusted to 

the lower foundation layer of the road with 
specifications based on the 2018 General 
Specifications, Road and Bridge Construction Work 
(Revision 2) in the following table: 

 
Table 1 Properties of aggregate foundation layers 

 
(Source: GENERAL SPECIFICATIONS 2018 

(Revision 2) DIVISION 5) 

 

Activity is the result of the ratio between the 

plasticity index and the percentage of clay size 

fraction (percentage by weight of grains smaller 

than 0.002 mm). 
 

2.3 Data 

This research tested several soil samples taken 
from the location of the soil to be studied. The 
additives used for chemical stabilization were fly ash 
and matos soil stabilizer, with curing time for 0,7 and 
14 days. The tests carried out were testing the index 
properties of disturbed soil samples and using the 
results of mechanical properties test samples with 
the same soil data and mixture variations finished by 
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taking unconfined compression strength (UCS) test 
samples, to test their index properties. 

 
 
 

Table 2 Variety of soil, fly ash and matos mixtures 

 

Table 3 The number of test samples 

 

 

 

 

 

 

 

 

 

 

 

 

2.4 Analysis Method 

The data obtained from the test results are then 

classified by the soil classification method based on 

the standards set by the USDA, USCS, and 

AASHTO, using the test analysis results. In addition, 

the results of the analysis are adjusted to the general 

specifications for road and bridge construction work 

in 2018 (revision 2) for determining the class of the 

foundation layer. 

3. Result and Data Analysis 

3.1 Fly Ash Content Test Results 

Table 4 Chemical content analysis results on fly ash 

 

 
 
Table 4 Chemical content analysis results on fly 

 

 

 

 

 

 

Chemical content analysis of fly ash: 

SiO2, Al2O3, Fe2O3 = 28,55% + 8,84% + 34,55% 
                                   = 71,94 % > 50% 

CaO                       = 19,4% > 10% 
 
Based on the test results on the chemical content 

on fly ash, in Table 5. and the test results in Table 6 
loss of ignition (LOI), and the average chemical 
composition of fly ash in Table 1, the class 
classification of fly ash according to ASTM 618-78 
is class C fly ash. 

3.2 The Results on the Index properties of Soil 

Table 3 Index properties testing result of soil     

 

 

 

 

3.3 Equations 
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Table 4 Specific gravity test result     

Table 4 Specific gravity test result (continuation) 
From the table above, it shows that the specific 

gravity value of the soil is likely to decrease with 
each time after curing, this is caused by the soil 
changes due to the addition of fly ash, which causes 
the solidification and clumping between the 
mixture of soil, fly ash and matos soil stabilizer. 

3.4 Equations 

Table 5 Specific gravity test result 

It was observed that there was a reduction in 
water content with every increasing variation of 
matos soil stabilizer into fly ash, this occurred 
because the soil voids that were previously filled 
with water were replaced by fly ash. 

3.5 Unit Weight Test Results 

Table 6 Unit Weight Test Results 

Table 6 Unit Weight Test Results (Continuation) 

 

 

 
 

 

 

 

 

 

3.6 Liquid Limit Test Result 

Table 7 Liquid limit test results  

 
 

 

 

 

 

 

 

 
Figure 3 Graph of the effect on liquid limit against curing time 
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Figure 4 Graph of the effect on liquid limit against mixture 
variation 

 

From the graph that shows the value of liquid limit 

against curing time and mixture variations 

hasreduced, the lowest reduction is located in the 

SFM- 8 variation with a curing time of 14 days, 

which is 39,421%. 

 

3.7 Plastic Limit Test Results  

Table 8 Plastic limit test results 

 
 

 

 

 

 

 

 

Figure 5 Graph of the effect on plastic limit against curing time 

Figure 6 Graph of the effect on plastic limit against mixture 

variation 
From the graph that shows the value of plastic limit 

against curing time and mixture variations has 

increased, the highest increasement is located in the 

SFM-8 variation with a curing time of 14 days, 

which is 32,126 %. 

 
3.8 Plasticity Index Test Results 

Table 9 Plasticity index test results 

 
 

 

Figure 7 Graph of the effect on plasticity index against curing 

time 

 

Figure 8 Graph of the effect on plasticity index against 
mixture variation 

 

From the graph that shows the value of plasticity 

index against curing time and mixture variations 

has reduced, the lowest reduction is located in 

the SFM- 8 variation with a curing time of 14 

days, which is 7,295 %. 

 

3.9 Permeability Test Result 
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Table 10 Permeability test results  

Figure 9 Graph of the effect on permeability coefficient 

against curing time 

 

 

 

 

 

Figure 10 Graph of the effect on permeability coefficient 

against mixture variation 

From the graph that shows the value of permeability 

coefficient against curing time and mixture 

variations has reduced, the lowest reduction is 

located in the SFM-8 variation with a curing time of 

14 days, which is 1,926 x 10-6 cm/sec. 

 

 

3.10 Hydrometer Test Results and Sieve 
Analysis 

Table 11 Hydrometer test results and sieve analysis of 0-day 

curling 

Table 12 Hydrometer test results and sieve analysis of 7-day 

curing 

Table 13 Hydrometer test results and sieve analysis of 14-day 

curing 

 

 

 

 3.11 Clay Activity  

Table 14 Activity value of clay  
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The value of clay activity (A) of soil stabilized 

with fly ash and matos soil stabilizer ranges from 

0.102 to 0.172, so the clay samples stabilized with 

fly ash and matos soil stabilizer are considered 

inactive clays. With low swelling potential and 

swelling potential as much as 1.5%.  

 
3.12 USDA Soil Classification Method  

 
Figure 11 The triangular graph of USDA soil 

classification method (0-day curing) 

 
Figure 12 The triangular graph of USDA soil 

classification method (7-day curing) 

 
Figure 13 The triangular graph of USDA soil classification 

method (14-day curing) 

 

Table 15 Recapitulation of USDA soil classification method 

 
 

From the classification results using the USDA 

method, it can be concluded that the addition of 

matos soil stabilizer to soil stabilized with fly ash in 

different curing times does not increase or decrease 

the type of granules. The grain type in all variations 

is silty clay. 

 

3.13 USCS Soil Classification Method 

 
 

 

Figure 14 The Graph of USCS soil classification method (0-
day curing) 
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Figure 15 The Graph of USCS soil classification method (7-

day curing) 

 

Figure 16 The Graph of USCS soil classification method (14-
day curing) 

 
Table 16 Recapitulation of USCS soil classification method 

 
 

It can be seen that the soil and the soil after being 

stabilized with 10% fly ash are classified as ML, 

after adding matos soil stabilizer, the soil 

classification changes due to a decrease in the liquid 

limit and plasticity index, causing the soil mixture 

with fly ash and matos soil stabilizer to be classified 

as OL. 

 

 

 

 

3.14 AAHSTO Soil Classification Method 

 
Figure 17 The Graph of AAHSTO soil classification 

method (0-day curing) 

 

 
Figure 18 The Graph of AAHSTO soil classification 

method (7-day curing) 

 

 
Figure 19 The Graph of AAHSTO soil classification 

method (14-day curing) 

 

Table 17 Recapitulation of AAHSTO soil classification 

method
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It was observed that the soil was categorized as 

A-7- 5 group. The soil with a mixture of 10% fly ash 

is categorized in the A-7-5 group, while the soil with 

a mixture of 10% fly ash and 2% matos soil stabilizer 

is categorized in the A-7-5 group, which is a clayey 

soil, and the soil with a mixture of 10% fly ash and 

4, 6, 8% matos soil stabilizer is categorized in the A- 

5 and A-4 groups, which is a silty soil. 

4. Conclusion 

From the results of the research done, several 

conclusions can be obtained as follows:  

1. Based on the results of specific gravity (Gs) 

test on soil stabilized with fly ash and matos soil 

stabilizer, it is summarized that the more the 

percentage of matos soil stabilizer increases in soil, 

the more the specific gravity value decreases.  

2. Based on the plasticity index test results, it can 

be summarized that, plasticity index (PI), the more 

variation of matos soil stabilizer, the lower the 

plasticity index value, the lowest plasticity index 

value is located in the variation of 10% fly ash and 

8% matos soil stabilizer with a curing time of 14 

days, which is 7.295%.  

3. Based on the results of permeability test on soil 

stabilized with fly ash and matos soil stabilizer, it can 

be summarized that, the higher the percentage of 

matos soil stabilizer in the soil, the smaller the value 

of permeability coefficient (k). The lowest 

permeability coefficient is located in the variation of 

10% fly ash and 8% matos soil stabilizer with a 

curing time of 14 days, which is 1.9269 x 10-6 

cm/sec. 

 4. The value of clay activity (A) of soil stabilized 

with fly ash and matos soil stabilizer ranges from 

0.102 to 0.172, so the clay samples stabilized with 

fly ash and matos soil stabilizer are considered 

inactive clays. With low swelling potential and 

swelling potential as much as 1.5%.  

5. The test results of the peniraman soil has 

plasticity index (PI) of 14.252%, then the peniraman 

soil does not meet the requirements on the plasticity 

index (PI) value for the sub-base course/ aggregate 

foundation layer B class, which is PI 4 - 10%. 

 6. The test result of soil stabilized with 10% fly 

ash with curing time of 14 days has plasticity index 

(PI) of 11.203%, then the soil stabilized with fly ash 

does not meet the requirements on the plasticity 

index (PI) value for sub-base course/ aggregate 

foundation layer B class, which is PI 4 - 10%.  

7. The addition of matos soil stabilizer to a 

mixture of soil and 10% fly ash can accelerate the 

plasticity index value for the requirements of the PI 

value in sub-base course, this can be proven in the 

variation of 88% soil + 10% fly ash and 2% matos 

soil stabilizer with a curing time of 14 days, the PI 

value is 10.403%, while the variation of 86% soil + 

10% fly ash and 4% matos soil stabilizer with a 

curing time of 7 days, the PI value is 9.943%, with 

the PI requirements for the sub-base course/ 

aggregate foundation layer B class, which is PI 4 - 

10%.  

8. It can be concluded that the addition of matos 

soil stabilizer to the foundation layer stabilized using 

fly ash on the index properties of the soil, meets the 

requirements on the plasticity index (PI) value for 

the sub-base course/ aggregate foundation layer B 

class, which is PI 4 - 10%. 
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