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REVIEW ON THE SHEAR STRENGTH OF CLAY  

SUBDISTRICT OF SUKODONO SRAGEN DISTRICT WITH  

THE ADDITIONAL STABILIZATION MATERIAL THE  

POWDER OF WOOD CHARCOAL 
 

Abstrak 
 

Tanah Sukodono merupakan tanah lempung dengan LL 85,73%, PL 24,69% dan 

PI 61,04% (Pasetyo 2016). Permasalahan utama pada tanah adalah kondisi tanah 

yang kurang stabil (expansive soil). Bubuk arang kayu digunakan untuk bahan 

stabilisasi. Tujuan penelitian ini adalah untuk mengetahui sifat fisis dan nilai DST 

tanah asli dari Kecamatan Sukodono Kabupaten Sragen dan tanah campuran yang 

telah distabilisasi dengan menggunakan bubuk arang kayu 10%, 15% dan 20%. 

Uji fisis tanah campuran kadar air dan batas plastis naik sedangkan batas cair, 

batas susut, indeks plastis dan lolos saringan no.200 turun. Berdasarkan sistem 

klasifikasi AASHTO tanah asli termasuk kelompok A-7-6 dan tanah campuran 

kelompok A-7-5. Berdasarkan USCS tanah asli dan campuran termasuk kelompok 

CH. Hasil uji Standard Proctor dengan penambahan persentase campuran 

menyebabkan nilai kadar air optimal naik dan nilai berat volume maksimum 

menurun. Hasil DST menunjukkan kenaikan nilai sudut gesek dalam dan 

penurunan nilai kohesi yang terjadi karena penambahan persentase bahan 

stabilisasi. Peningkatan sudut gesek dalam terbesar pada campuran 20% sebesar 

37.77
0
 dan terkecil pada campuran 10% sebesar 33.40

0
. Nilai tegangan normal 

dan geser pada tanah campuran mengalami peningkatan dari nilai tanah asli. 

Tegangan normal terbesar pada persentase 20% adalah 4,62 kg/cm
2
 dan nilai 

terkecil diperoleh 3,45 kg/cm
2
 pada tanah asli. Tegangan geser terkecil sebesar 

1,21 kg/cm
2
 pada tanah asli dan nilai terbesar pada persentase 20% adalah 1,62 

kg/cm
2
. 

 

Kata Kunci: bubuk arang kayu, kuat geser, stabilisasi, tanah lempung  

 

Abstract 
 

Soil Sukodono is clay with LL 85.73%, PL 24.69% and PI 61.04% (Pasetyo 2016) 

.The main problem on soil is the soil condition is less stable (expansive soil). 

Wood charcoal is used for stabilization materials . The objectives of the research 

were to find out the physical properties and the value of DST of the original soil 

from Sukodono Subdistrict of Sragen Regency and the stabilized soil mixture 

using wood charcoal powder 10%, 15% and 20%. The physical test of soil 

mixture of water content and plastic limit rose while the liquid limit, Shrinkage 

limit, plastic index and pass no.200 down. Based on the original AASHTO ground 

classification system including group A-7-6 and mixed soil group A-7-5. Based 

on USCS original and mixed soils including CH group. Standard Proctor test 

results with the addition of mixed percentage cause the value of optimum water 

content increased and the weight value of the maximum volume decreased. The 

result of DST shows the increase of friction angle value in and the decrease of 
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cohesion value which happened due to the addition of material percentage of 

stabilization. The highest friction angle increase in the mixture of 20% equal to 

37,77
0
 and the smallest on a 10% mixture of 33,40

0
.  Normal stress values and 

shear on mixed soil undergo an increase of the original soil value. The largest 

normal voltage at a 20% percentage is 4.62 kg/cm
2
 and the smallest value is 3.45 

kg/cm
2
 in the original soil. The smallest shear stress is 1.21 kg/cm

2
 on the original 

soil and the largest value at Percentage of 20% of 1.62 kg/cm
2
. 

 

Keywords: clay, shear strength, stabilization, wood charcoal  
 

1. INTRODUCTION 

1.1 Background 

The condition of road which is on trouble, it usually has any holes and 

also crackes and that are the example exist in the subdistrict of Sukodono 

Sragen City. The problem cause the age of the road decreased due to the less 

stable of soil itself. To overcome the problems the existed soil in the area of 

Sukodono, it needs to be done and conducted any research for the sake of 

improving the soil namely by using the the way of stabilizing the soil by 

means of additional powder of wood charcoal to know the shear strength 

especially in the area of Sukodono, Sragen. The powder of wood charcoal 

itself has the ability to improve the sirculation of water, air and string carbon, 

it is easy to be found and the economical price itself. This reasearch is hoped 

to be able to improve and increase the physical as well as mechanical 

characterisitcs on the clay soil wspecially in the area of Sukodono, Sragen. 

1.2 Problem Solving 

1. How is the physical characteristic and the value of shear strehgt DST 

the original soil from the subdistrict of Sukodono, Sragen City?  

2. How the physical characteristics and the shear strenth value DST of 

soil with the condition which has been stabilized using the powder of 

wood charcoal as much as 10 % , 15 % ,and 20 % ? 

1.3 Research Purposes 

1. Knowing the physical characteristic and the value of DST original soil 

from subdistrict of Sukodono regency of Sragen?  
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2. Knowing the physical characteristics and the values of DST the soil 

which has been stabilized using the powder of wood charcoal as much 

as 10% ,15% ,and 20% ? 

1.4 Benefits of Research 

1. Stabilizing the condition of soil in the subdistrict of Sukodono Sragen 

Regency by using the methode of stabilizing with powder of wood 

charcoal.   

2. As an alternative to clay soil improvement using stabilization method 

using charcoal powder using compaction test and DST. 

2. METHOD 

Stabilization is attempts to improve the physical characteristics of soil 

which does not qulify the qualification to become the better soil is called by soil 

stabilization. Broadly speaking, the stabilization of soil can be divided to be three 

parts namely mechanical stabilization, physical stabilization and chemical 

stabilization (Ingels and Metcalf, 1972). In this soil stabilization tests conducted 

include physical properties of the water content test, specific gravity, atterberg 

limit, grain size analysis and soil classification. For mechanical tests include 

standard proctor and DST (Direct Shear Test). 

Calculations in DST test is as follows: 

1. The early moisture content. 

2. Weight of wet and dry volume. 

3. The theory used in determining soil shear strength is generally Mohr-

Coloumb's method. Mohr and Coloumb stated that the shear strength of 

the soil (τ) is a function of the cohesion and the shear angle in the soil. The 

shear strength of the soil can be determined as follows: 

  τ = c + σ tan  

 with :  τ = Soil Shear strength (kg/cm
2
) 

      c = Soil cohesion (kg/cm
2
) 

σ = Normal stresses on collapsed fields (kg/cm
2
) 

 = Friction angle in ground or internal friction angle (degree) 



4 
 

At the time of shear strength testing, the normal and shear stresses are 

calculated by the equations: 

 σ =
A

N
 ............................... ( II.1)  

                       τ = 
A

P
 ................................ ( II.2) 

 with : σ = Normal stress (kg/cm
2
) 

  τ = Shear stress (kg/cm
2
)       

  N = Normal load (kg) 

  P = Shear load (kg) 

A = Cross section area (cm
2
) 

 

 

 

2.1 Research Stages 

1. Stages I 

It is an early stage that begins with a study of literature studies and the 

provision of materials in the form of wood charcoal powder and soil 

samples. 

2. Stages II 

Mixing soil samples with charcoal powder with variations of 10%, 

15%, and 20% of the weight of soil samples. Followed by a soil 

charcoal soil mix test, this test includes water content, specific gravity, 

atterberg limit (LL = Liquid Limit, PL = Plastic Limit, SL = 

Shrinkage Limit), and grain size analysis. Then conduct a soil density 

test with Standard Proctor which aims to find the optimum water 

content (wopt) and maximum density value. 

3. Stages III 

 This stage is done to know the soil classification and DST of each 

variation with optimum water content (wopt) from Standard Proctor 

test result. 
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4. Stages IV 

This stage is the stage of data analysis and discussion of test results 

that have been obtained from stages II and III, so it can generate 

conclusions and provide advice if needed. 

3. RESULTS AND DISCUSSION 

Result of soil chemical element test in Sukodono, Sragen got result as follow: 

Table V.1. The result of the chemical substance test of clay soil (Prasetyo, 

2016) 

No 

Chemical 

elements Test result (%) 

1 Al2O3 16,86 

2 CaO 0,92 

3 Fe2O3 10,81 

4 MgO 1,35 

5 SiO2 63,25 

 

Table V.2. The test result of chemical element of wood charcoal powder 

(Sangeoris, 2016) 

No Chemical elements Test result (%) 

1 Al2O3 6,63 

2 CaO 0,35 

3 Fe2O3 0,93 

4 MgO 0,30 

5 SiO2 11,27 

6 P2O5 0,11 

7 C 19,53 

If the Si element of the soil is reacted with element C of wood 

charcoal powder and water it will produce carbon dioxide gas (CO2). 

SiO2 + C + H2O   Si + CO2 + H2 
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In the reaction can be concluded that the soil can react with wood charcoal 

powder, because at the time of the process of chemical reaction is produced gas or 

new compounds of the three elements are reacted. 

3.1 Specific Gravity of Wood Charcoal Powder 

Table V.3. Heavy type of charcoal (Soemeinaboedhy and Tejowulan, 

2004) 

Kind of 

Charcoal 

Specific 

Gravity(Gs) 

Wood 1,11 

Coconut shell 1,15 

Rice husk 1,23 

Sawdust 1,53 

 

In this study using specific gravity of wood charcoal according to the 

results in the table above that is equal to 1.11 

 

3.2 Original Soil Test 

Table V.4. Result of physical properties of original soil test 

Water Specific Liquid Plastic Shrinkage Plastic 
Passed  

Sieve 
Soil Classification 

Content 

(%) 
Gravity 

Limit 

(%) 

Limit 

(%) 
limit (%) 

Index 

(%) 

No. 200 

(%) 
AASHTO USCS 

18.323 2,621 91,50 27,04 11,30 64,46 91,00 A-7-6 CH 

 Based on the result of the physical properties of the soil obtained 

the water content of 18.323%, specific gravity 2,621, liquid limit 91,50%, 

plastic limit 27,04%, shrinkage limit 11,30%, plastic index 64,46%, and 

pass sieve No. 200 by 91%. Judging from the value of plasticity index that 

the land of Bendo Village, Sukodono District, Sragen Regency, is clay 

with high plasticity which is cohesive. 
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3.3 Soil Test of Wood Charcoal Powder 

Table V.5. Test results of mixed soil physical properties 

Additions Water Specific Liquid Plastic Shrinkage Plastic 
Passed  

Sieve 

Soil 

Classification 

Wood 

Charcoal 

Content 

(%) 
Gravity 

Limit 

(%) 

Limit 

(%) 
limit (%) 

Index 

(%) 

No.200 

(%) 
AASHTO USCS 

0% 18.32 2.62 91.50 27.04 11.30 64.46 91 A-7-6 CH 

10% 25.49 2.47 62.20 25.95 9.65 36.25 91 A-7-6 CH 

15% 23.27 2.43 56.70 28.31 6.35 28.39 90 A-7-6 CH 

20% 21.19 2.41 53.55 31.66 4.49 21.89 89 A-7-5 CH 

 

 The water content in the original soil was found to be 18.32% and 

the water content of the mixed soil was always higher than the original 

ground water content, but tended to decrease with the added percentage of 

wood charcoal powder. The highest yield of mixed soil water content was 

25.49% in the addition of 10% wood charcoal powder. This is due to the 

fact that wood charcoal powder has the nature of water binding in a long 

time with the influence of the percentage of wood charcoal powder. 

 

Graph V.1. The relationship between water content and the percentage of 

the addition of wood charcoal powder. 

 The weight test of the original soil type obtained a value of 2.621. 

The weight of the mixed soil type tends to decrease as the percentage of 

wood charcoal powder increases. The weight value of mixed soil type was 

found in percentage of 10% mixing of charcoal powder 2,468. The 
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smallest value of the specific gravity is 2.409 in the mixing percentage of 

20% wood charcoal powder. 

 

Graph V.2. The relationship between specific gravity and the percentage 

of the addition of wood charcoal powder.  

The results of the liquid limit test tend to decrease significantly 

from the original soil to the mixed soil along with the large percentage of 

the mixture of wood charcoal powder. The greatest liquid limit drop 

occurs in mixed soil with a percentage of 20% wood charcoal powder. 

 

Graph V.3. The relationship between the liquid limit (LL) and the 

percentage of wood charcoal powder mixture. 

Plastic limit value based on mixed soil tend test results increased 

by 28.31% at 15% percentage while in percentage 10% worth 25,95%, and 

in percentage 20% that is equal to 31.66. The plastic limit value in mixed 

soil tends to increase but not too significant and still below value plastic 

limit original soil. 
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Graph V.4. The relationship between the plastic limit (PL) and the 

percentage of wood charcoal powder mixture 

The original soil shrinkage limit value is 11.30%. The largest 

shrinkage limit value can be at 10% cake by 9.65% and the smallest 

shrinkage limit value can be in the 20% mixture of 4.49%. The value of 

the shrinkage limit tends to decrease as the percentage of the charcoal 

powder mixture increases. 

 

Graph V.5. The relationship between the shrinkage limit (SL) and the 

percentage of wood charcoal powder mixture. 

The highest plastics index (PI) value was found in the addition of 

10% wood charcoal powder percentage of 36.25%, while the lowest value 

of the plastic index (PI) was found in the addition of 20% wood charcoal 

powder percentage of 21.89%. Based on the value of the obtained PI states 

that the value of PI> 17 then the soil including the type of cohesive clay 

soil with high plasticity. 
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Graph V.6. Relation between soil plasticity index (PI) with mixed 

percentage 

 Based on the results of gradation test shows that the percentage of 

charcoal wood powder is not too influential on the composition percent 

pass sieve. The difference between the granules at each percentage is not 

too far even close to the same and no cementation occurs so passing sieve 

no. 200 change very small. 

 

Graph V.7. The relationship between the percentage of passes (%) with 

the percentage of the addition of wood charcoal powder (%) 

3.4 Standard Proctor 

Table V.6. Result of compaction test of original soil and mixed soil 

Sample Variation 
wopt γd maks 

(%) (gr/cm
3
) 

1 Original Soil 27,50 1,265 

2 Original Soil +  Wood charcoal powder 10 % 34,58 1,257 

3 Original Soil +  Wood charcoal powder 15 % 35,70 1,198 

4 Original Soil +  Wood charcoal powder 20 % 38,00 1,182 
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 Based on Table V.6. can be made the relationship between 

optimum water content with percentage addition of charcoal wood powder 

and ties between the maximum weight volume with the addition of 

charcoal wood powder percentage can be seen in Graph V.8 and V.9. 

 

Graph V.8. Relationship between optimum water content with percentage 

addition wood charcoal powder 

 

Graph V.9. Relationship between weight of the maximum volume with the 

percentage addition wood charcoal powder 

In Graph V.9. Indicates that the clay passes the No. 4 sieve with 

the added percentage of wood charcoal powder can lead to a decrease in 

the maximum dry volume weight. In the addition of 10% dry weight wood 

charcoal powder 1.257 gr/cm
3
, in addition of 15% by weight of dry 

volume 1.198 gr/cm
3
, and in the addition of 20% by weight of dry volume 

1.182 gr/cm
3
. This makes the value of 10% the most effective percentage 

of wood charcoal powder to produce a high dry weight maximum value. 
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 The above occurs because the soil mixed with heavy-duty wood 

charcoal powder is lighter than the original soil type weight, which causes 

wopt to increase as much as γd to a maximum decrease in each percentage 

increase. 

3.5 Direct Shear Test 

Table V.7. The result of direct shear test of original soil and mixed soil 

No Soil samples 
Cohesion Internal Friction Angle 

(kg/m
2
) (...

o
) 

1 Original Soil 0.656 18.89 

2 Original Soil +  Wood charcoal powder 10 % 0.410 33.40 

3 Original Soil +  Wood charcoal powder 15 % 0.369 35.53 

4 Original Soil +  Wood charcoal powder 20 % 0.282 37.77 

The relationship between adding the percentage of wood charcoal powder 

to the internal angle and cohesion can be seen in Figures V.10 and V.11. 

 

Graph V.10. The relationship of internal friction angle (degree) with the 

percentage of the addition of wood charcoal powder 

The increase of friction angle value in due to the addition of wood 

charcoal stabilization material. An increase in internal friction angle is due 

to the addition of wood charcoal powder resulting in a larger and more 

uniform soil mass that enlarges the contact between the granules. The 

highest increase in internal friction angle occurred in a 20% mixture of 

37.77
0
 and the least friction angle occurred in a 10% mixture of 33,40

0
. 
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Graph V.11. The relationship between cohesion (kg/cm
2
) and the 

percentage of wood charcoal powder mixture 

 The decline in cohesion values occurred since the addition of wood 

charcoal powder with a percentage of 10%. In the direct shear strength test 

after the cohesion parameters and internal friction angle are obtained, the 

normal stresses and shear stresses on the soil can be calculated.  

Table V.8. Result of normal stress and shear stress of original soil and 

mixed soil 

No Soil samples 

Normal Shear 

Stress (σ) Stress (τ) 

(kg/cm
2
) (kg/cm

2
) 

1 Original Soil 3.45 1.21 

2 Original Soil +  Wood charcoal powder 10 % 4.27 1.50 

3 Original Soil +  Wood charcoal powder 15 % 4.50 1.58 

4 Original Soil +  Wood charcoal powder 20 % 4.62 1.62 

The largest shear stress value is in percentage of 20% wood 

charcoal powder of 1.62 kg/cm
2
 while the smallest shear stress value is in 

the original soil of 1.21 kg/cm
2
. Normal and shear stress values on mixed 

soil tend to increase, this is because the cohesion on the mixed soil is 

smaller as the percentage of the charcoal powder mixture increases. 
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4. CONCLUSION AND SUGGESTIONS 

4.1 Conclusion 

Based on the results of research in the laboratory and the results of 

data analysis it can be concluded as follows : 

1. The original soil physical test result showed that the soil was included 

in clay soil with high plasticity that was cohesive with original soil PI 

value of 64,46%, LL 91,0%, PL 27,04%, SL 11,30%, and specific 

grafity of 2,621. In the AASHTO system, the Sukodoo belongs to the 

A-7-6 clusters which are clay soils are bad and not well used as 

plywood and building pavement layers. In the USCS system, the 

soukodono belongs to the CH group which means clay soil with high 

plasticity. 

2. Standard proctor test result show the maximum dry volume weight has 

decreased and the optimum water content has increased while in DST, 

mixed soil cohesion values tend to decrease significantly, the decrease 

occurred since the addition of wood charcoal powder with 10% 

percentage. While friction angle values tend to increase from the largest 

occurred in the mixture of 20% by 37.77
0
 and the smallest friction angle 

occurred in the mixture of 10% of 33,40
0
. Normal stress values and 

shear stress tend to increase in mixed soil. Normal stress values and the 

greatest shear stress are found in mixed soil with 20% percentage, 

where as the normal stress and the smallest shear stress are found on the 

original soil. 

4.2 Suggestions 

Based on the results of research conducted, then for further 

research there are some suggestions that must be considered : 

1. Pay more attention to the condition of the equipment used, in order to 

get valid test results. 

2. Use more samples to get more accurate results. 

3. Make sure that the sample to be tested is in dry air condition. 
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4. There should be treatment because chemical testing is 

necessary for chemical processes. 
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