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Abstract: Residual soil is soil that is often used as barrier cover soil at the closure of B3 waste storage facilities. This is 

because the shear strength of the soil is quite good. The minimum value of the soil permeability coefficient (k) for barrier hoods 

at the closure of B3 waste storage facilities is 10
-7

 cm/sec. Many residual soils have a soil permeability coefficient (k) of less than 

10
-7

 cm/sec. Because the dominant compound in coal fly ash is silica, mixing this fly ash with residual soil can reduce the value 

of the soil permeability coefficient (k) and is also expected to increase the shear strength value of the soil. In this study, residual 

soil samples were mixed with fly ash at 5%, 10%, 15%, 25% and 35% of the dry weight of the soil. This research aims to 

determine the effect of adding fly ash on the parameters of dry density, shear strength and soil permeability. The tests carried out 

were standard proctor testing, direct shear test, and Falling-Head permeability testing. The residual soil used in this research 

came from Hamlet I, Bintang Meriah Village, Pancur Batu District, Deli Serdang Regency. Based on standard proctor testing, the 

maximum density (d max) of original soil is 1,410 gr/cm
3
. The largest maximum density (d max) was obtained when adding  

15% fly ash, namely 1.471 gr/cm
3
. In the direct shear test, the original soil cohesion value was 0.024 kg/cm² with an internal 

shear angle of 37.96º. In the variation of adding 15% fly ash, the cohesion value was 0.131 kg/cm² with an internal friction angle 

of 53.08º. Based on the Falling-Head permeability test, the original soil permeability coefficient value was 1.98 x 10
-6

 cm/s. The 

permeability coefficient value for variations in adding 15% fly ash was obtained at 8.02 x 10
-8

 cm/s. 
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1. Introduction 

Soil permeability coefficient (k) is used to determine the 

amount of seepage in dams [1], irrigation canals [2], earth 

embankments [3], infiltration wells [4], closure of B3 waste 

storage facilities [5] and others. This waste problem is very 

worrying for environmental sustainability. Industrial waste is 

a very dangerous waste [6]. Hazardous and Toxic Materials, 

herein after abbreviated as B3, are substances, energy, and/or 

other components which, due to their nature, concentration, 

and/or amount, directly or indirectly, can pollute and/or 

damage the environment, and/or endanger the environment. 

Life, health, and survival of humans and other living 

creatures. Therefore, the Ministry of Environment requires 

that every industry must build B3 waste storage facilities. 

According to the Regulation of the Minister of 

Environment and Forestry of the Republic of Indonesia 

Number 6 of 2021 concerning Procedures and Requirements 

for Management of Hazardous and Toxic Waste. Closure of 

B3 waste storage facilities in the form of barrier cover land 

with the following provisions: 

1. Clay soil compacted to reach a hydraulic conductivity of 

10
-7

 cm/second (ten to the power of minus seven 

centimeters per second) [7] with a thickness of 60 cm 

(sixty centimeters); or 

2. Geosynthetic Clay Liner (GCL) layer 6 mm (six 

millimeters) thick [8]; 

The two types of barrier caps, clay is the most economical 
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choice. However, to obtain a soil permeability coefficient (k) 

of 10
-7

 cm/second only on soft clay soil whose clay minerals 

are montmorillonite and illite. This type of soil usually has 

relatively small soil shear strength. Generally, the barrier 

hood used to cover B3 waste storage facilities is in the form 

of residual soil. In residual soil, to obtain a soil permeability 

coefficient (k) of 10
-7

 cm/sec is very difficult. Silica 

compounds are the most dominant coal fly ash, so it is 

expected to reduce the value of the soil permeability 

coefficient (k). 

The problem formulations raised in this research include: 

1. What is the percentage of coal fly ash to obtain maximum 

dry density? 

2. How much does the residual soil permeability coefficient 

(k) decrease after mixing coal fly ash. 

3. What is the value of the shear strength of the residual soil 

after mixing with coal fly ash? 

There are several objectives to be achieved from this 

research, namely: 

1. To find out what percentage of fly ash is best as a mixture 

in residual soil. 

2. To find out how much the residual soil permeability 

coefficient (k) and shear strength value decrease after 

mixing coal fly ash. 

In the process of burning coal, two waste materials are 

produced. One material that comes out of the furnace 

chimney in the form of very fine dust is called fly ash. 

Meanwhile, other materials in the form of coarse dust at the 

bottom of the furnace are called bottom ash. Based on the 

general context, fly ash is a material that has a high cement 

content and has pozzolanic properties [9]. Pozzolanic 

properties are the properties of materials that contain silica 

and alumina compounds [10]. Fly ash contains Silica (SiO2), 

Iron Oxide (Fe2O3), Aluminum Oxide (Al2O3), Potassium 

Oxide (CaO), Magnesium Oxide (MgO), and Sulfate (SO4) 

[11][12]. The quality of fly ash varies depending on the 

quality of the fine grains of coal, combustion efficiency, 

dimensions of the combustion furnace and the method of 

capturing fly ash in burning coal [13][14][15].  

2. Method 

2.1 Location  

The method used in this research is a quantitative approach, 

namely an approach that allows for exact recording and 

analysis of research data. Data is collected (data collection 

technique) through direct testing in the laboratory and then 

analyzed using a certain formula. 

The location of the research was carried out at Politeknik 

Negeri Medan. By material sources taken from Hamlet I, 

Bintang Meriah Village, Pancur Batu District, Deli Serdang 

Regency. 

The implementation of this research consists of 3 stages, 

namely:  

1. Preparation 

Before field testing, preparatory steps are first carried out, 

including: 

a. Preparation of field personnel 

Field personnel must understand sampling methods in the 

field. 

b. Preparation of tools and materials 

The equipment used in carrying out the test must be in 

good condition and ready to use. Likewise, the residual 

soil material used must be prepared carefully. 

2. Laboratory testing 

Procedures for carrying out soil investigations using 

drilling equipment and referring to Indonesian National 

Standards (SNI). 

3. Data processing and analysis 

After obtaining laboratory data, it is then analyzed by 

comparing the results obtained. 

2.2 Research Subject 

The research subjects in this study were quarries in Hamlet I, 

Bintang Meriah Village, Pancur Batu District, Deliserdang 

Regency. Selecting research subjects is very important in the 

design of this research, because the quality of the data 

obtained during the laboratory is determined by the research 

subjects. 

2.3 Flow chart design  

The stages of carrying out this research from the start are 

outlined in a chart or flow chart as follows Figure 1: 

 
Figure 1 Research flow chart 
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3. RESULTS 

3.1. Measurement data 

This research will present an analysis and discussion of the 

data obtained in soil compaction tests using a standard proctor, 

direct shear and soil permeability tests. This data will later be 

presented and analyzed in such a way as to determine the 

effect of coal fly ash on density, shear strength and soil 

permeability values. 

Soil density data After conducting a soil investigation in the 

form of soil compaction testing using a standard proctor, the 

following data was obtained. 

Table 1 Standard Compaction Test Results (Standard Proctor) 

Des- 

Crip- tion 

Sam 

ple 1 

Sam 

ple 2 

Sam 

ple 3 

Sam 

ple 4 

Sam 

ple 5 

Sam 

ple 6 

Fly up to 

Ash (%) 

0 5 10 15 25 35 

Dry Con- 

tent 

Weight, 

d 

(gr/cm3) 

1.410 1.421 1.436 1.471 1.429 1.407 

Opti- 

mum 

Water 

Rate, 

wopt. (%) 

22.40 22.79 23.96 23.20 20.17 20.04 

Table 2 Direct Shear Test Results 

Des- 

Cription 

Sam 

ple 1 

Sam 

ple 2 

Sam 

ple 3 

Sam 

ple 4 

Sam 

ple 5 

Sam 

ple 6 

Fly up to 

Ash (%) 

0 5 10 15 25 35 

Shear Angle, 

f (°) 

37.96 39.56 46.52 53.08 30.82 28.84 

Cohesion 

c (Kg/cm2) 

0.024 0.038 0.052 0.131 0.343 0.417 

Table 3 Soil Permeability Coefficient Value 

Des- 

Crip- 

tion 

Sam- 

ple 1 

Sam- 

ple 2 

Sam- 

ple 3 

Sam- 

ple 4 

Sam- 

Ple 5 

Sam- 

Ple 6 

Fly up 

to Ash 

(%) 

0 5 10 15 25 35 

Permea- 

bility 

1.98E- 

06 

9.42E- 

07 

1.07E- 

07 

8.02E- 

08 

4.49E- 

08 

1.24E- 

08 

Coeffi- 

cient 

(cm/sec) 

3.2. Analysis 

The test results data will be analyzed further, so that the 

most optimum percentage of fly ash can be used as a cover 

for waste ponds. 

1) Analysis of soil density data  

Based on data obtained from standard proctor testing, the 

maximum dry density (d d) and optimum water content 

(wopt) were obtained from various levels of fly ash in the 

soil. In the maximum dry density data (d d), data is obtained 

as shown in Figure 2 below.  

 
Figure 2 Graph of Relationship between Fly Ash Rate and Soil Maximum 

Density 

 
Figure 3 Graph of the Relationship between Fly Ash Content and Optimum 

Water Content 

From the graph above, it can be seen that the soil with a fly 

ash moisture content of 0% obtained a maximum dry density 

(d) of 1,410 gr/cm
3
, at a fly ash content of 5% it was 1,421 

gr/cm
3
, at a fly ash content of 10% it was 1,436 gr/ cm

3
, at  

15% fly ash content it is 1.471 gr/cm
3
, at 25% fly ash content 

it is 1.429 gr/cm
3
, and at 35% fly ash content it is 1.407 

gr/cm
3
. From the graph above, at a fly ash content of 15% the 

maximum dry density (d) is obtained. At a fly ash content of 

35%, the smallest maximum dry density (d) was obtained. It 
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can be interpreted that the addition of fly ash to residual soil 

is at a level of 15%, too much fly ash content also does not 

make the soil better. There was an increase in maximum dry 

density (d) of 4.33% from the original soil conditions in the 

residual soil with 15% fly ash added. 

Based on the optimum water content (wopt), at a fly ash 

content of 15% the wopt is obtained at 23.26%. From the 

graph it can be seen that adding fly ash levels of 25% to 35% 

in the soil will result in the wopt obtained being smaller. 

2) Analysis of soil shear strength data  

Based on data obtained from soil shear strength testing, 

cohesion (c) and friction angle () values were obtained. The 

cohesion (c) and friction angle () values obtained can be 

seen in figure 3 and 4 below. 

Adding fly ash content to residual soil will increase the 

cohesion value of the soil (figure 3). The largest increase in 

cohesion value at 35% fly ash content was 0.417 kg/cm
2
. 

Residual soil with a fly ash content of 15% obtained a 

cohesion value of 0.131 kg/cm
2
. 

Adding fly ash content to residual soil will also increase 

the friction angle value of the soil at a certain fly ash content 

(figure 4). At fly ash levels of 25% and 35% in the residual 

soil there was a decrease in the friction angle. The residual 

soil which had a fly ash content of 15% obtained a shear 

angle value of 53.08°. It should be mentioned that the shear 

angle and cohesion values of these samples were prepared by 

remoulding using standard compaction at optimum water 

content. After that, the soil sample was taken for direct shear 

testing. 

From the direct shear test, it was found that the maximum 

shear stress value occurred in a mixture of 15% residual soil 

and fly ash. The normal load given in this shear test is 12.80 

kg. 

 
Figure 4 Graph of the Relationship between Fly Ash Levels and Soil 

Cohesion 

 
Figure 5 Graph of the Relationship between Fly Ash Content and Soil Shear 

Angle 

 
Figure 6 Shear Stress Graph at Normal Load 12.80 Kg 

3) Analysis of soil permeability data  

Based on data obtained from permeability testing using the 

falling head method, the permeability coefficient value was 

obtained. The cohesion (c) and friction angle () values 

obtained can be seen in figures 3 and 4 below. 

The residual soil used has a permeability coefficient (k) of 

1.98 x 10
-6

 cm/sec. According to the Regulation of the 

Minister of Environment and Forestry of the Republic of 

Indonesia Number 6 of 2021 concerning Procedures and 

Requirements for Management of Hazardous and Toxic 

Waste, the value of the permeability coefficient (k) of clay 

soil used to cover B3 waste storage facilities in the form of 

barrier cap soil must be ≤ 10
-7

 cm/sec. This residual soil 

does not meet the requirements for use as covering material 

for B3 waste landfill facilities. After the residual soil was 

mixed with 5% fly ash, the permeability coefficient (k) value 

was 9.42 x 10
-7

 cm/sec, at 10% fly ash content the 

permeability coefficient (k) value was 1.07 x 10
-7

 cm/sec. sec, 

adding 15% fly ash content, the permeability coefficient (k) 

value is 8.02 x 10
-8

 cm/sec, adding 25% fly ash content 

permeability coefficient (k) value is 4.49 x 10
-8

 cm/sec, and 

adding 35% fly ash content, the permeability coefficient (k) 

value becomes 1.24 x 10
-8

 cm/sec. From these results 

increasing the fly ash content will reduce the permeability 

coefficient (k) of the residual soil. It should be noted that 

although from this data the greater the fly ash content, the 

smaller the permeability coefficient (k) value of the soil, but 

if the fly ash content is too high it will result in a decrease in 

the shear strength of the residual soil. Therefore, the data 

obtained must be compared comprehensively. From the 

three-test data carried out, the best level of fly ash in the 

residual soil was 15%. At this level, the soil density and soil 

shear strength values are the best, while the permeability 

coefficient (k) value is also good.  
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Figure 7 Graph of the Relationship between Fly Ash Content and 

Permeability Coefficient 

4. Conclusion 

From the data and analysis that has been carried out, several 

conclusions are made, including: the largest maximum density 

(d max) was obtained when adding 15% fly ash, amounting 

to 1.471 gr/cm
3
. By varying the addition of 15% fly ash, the 

cohesion value (c) was 0.131 kg/cm
2
, and the internal shear 

angle (d) was 53.08°. The largest maximum shear stress was 

obtained when adding 15% fly ash at 0.74 kg/cm
2
. The value 

of the permeability coefficient (k) for variations in the 

addition of 15% fly ash is 8.02 x 10
-8

 cm/s, this value meets 

the requirements as a barrier cover for the closure of B3 waste 

storage facilities.  

Acknowledgements 

The authors would like to thank you to Director of 

Politeknik Negeri Medan and P3M who have fully supported 

this research. This research has been funded by DIPA 

POLMED 2023.

 

References 

[1] Q. A. T. Bui, N. Al-Ansari, H. Van Le, I. Prakash, and B. T. 

Pham, “Hybrid Model: Teaching Learning-Based 

Optimization of Artificial Neural Network (TLBO-ANN) 

for the Prediction of Soil Permeability Coefficient,” Math. 

Probl. Eng., vol. 2022, 2022, doi: 10.1155/2022/8938836. 

[2] P. S. Minhas, R. K. Naresh, C. P. S. Chauhan, and R. K. 

Gupta, “Field determined hydraulic properties of a sandy 

loam soil irrigated with various salinity and SAR waters,” 

Agric. Water Manag., vol. 25, no. 2, 1994, doi: 

10.1016/0378-3774(94)90038-8. 

[3] K. Prakash, A. Sridharan, and H. S. Prasanna, “Dominant 

Parameters Controlling the Permeability of Compacted 

Fine-Grained Soils,” Indian Geotech. J., vol. 46, no. 4, 

2016, doi: 10.1007/s40098-016-0186-6. 

[4] B. T. Pham et al., “A Comparative Study of Soft 

Computing Models for Prediction of Permeability 

Coefficient of Soil,” Math. Probl. Eng., vol. 2021, 2021, 

doi: 10.1155/2021/7631493. 

[5] D. G. D. G. D. G. Toll et al., “Soils for civil engineering 

purposes,” Exp. Unsaturated Soil Mech., vol. 112, no. 2, 

2007. 

[6] P. Pusung, F. Warouw, and S. Lumeno, “Mapping of Waste 

Bank Management Area in Manado City,” J. Sustain. Eng. 

Proc. Ser., vol. 1, no. 1, 2019, doi: 10.35793/joseps.v1i1.6. 

[7] G. H. Omidi, J. C. Thomas, and K. W. Brown, “Effect of 

desiccation cracking on the hydraulic conductivity of a 

compacted clay liner,” Water. Air. Soil Pollut., vol. 89, no. 

1–2, 1996, doi: 10.1007/BF00300424. 

[8] R. J. Petrov and R. K. Rowe, “Geosynthetic clay liner 

(GCL) - Chemical compatibility by hydraulic conductivity 

testing and factors impacting its performance,” Can. 

Geotech. J., vol. 34, no. 6, 1997, doi: 10.1139/t97-055. 

[9] N. Abdelmelek and E. Lubloy, “Flexural strength of silica 

fume, fly ash, and metakaolin of hardened cement paste 

after exposure to elevated temperatures,” J. Therm. Anal. 

Calorim., vol. 147, no. 13, 2022, doi: 

10.1007/s10973-021-11035-3. 

[10] M. Verma, N. Dev, I. Rahman, M. Nigam, M. Ahmed, and 

J. Mallick, “Geopolymer Concrete: A Material for 

Sustainable Development in Indian Construction 

Industries,” Crystals, vol. 12, no. 4. 2022. doi: 

10.3390/cryst12040514. 

[11] H. M. Lankapati, D. R. Lathiya, L. Choudhary, A. K. Dalai, 

and K. C. Maheria, “Mordenite-Type Zeolite from Waste 

Coal Fly Ash: Synthesis, Characterization and Its 

Application as a Sorbent in Metal Ions Removal,” 

ChemistrySelect, vol. 5, no. 3, 2020, doi: 

10.1002/slct.201903715. 

[12] R. M. Iqbal, A. Damsyik, R. Agnestisia, and S. Siswo, 

“Characteristics and Chemical Composition of Fly Ash 

From Pulang Pisau’s Power Plant as A Potential Material 

for Synthesis of Aluminosilicate Materials,” J. Sains dan 

Terap. Kim., vol. 16, no. 2, 2022, doi: 

10.20527/jstk.v16i2.12191. 

[13] Triwulan, K. A. Priadana, and J. J. Ekaputri, “Methods to 

characterize fly ash quality in the field,” Int. J. Adv. Sci. 

Eng. Inf. Technol., vol. 8, no. 3, 2018, doi: 

10.18517/ijaseit.8.3.4312. 

[14] S. Liu, Q. Li, M. Rao, and L. Wang, “Properties and 



164 Tarigan, Rasdinanta, et al.: Study of Residual Soil Permeability Coefficient Post Addition of Coal Fly Ash 

 

microstructure of roller compacted concrete with high 

volume low quality fly ash,” Medziagotyra, vol. 23, no. 3, 

2017, doi: 10.5755/j01.ms.23.3.16318. 

[15] L. Jiang, Z. Liu, and Y. Ye, “Durability of concrete 

incorporating large volumes of low-quality fly ash,” Cem. 

Concr. Res., vol. 34, no. 8, 2004, doi: 

10.1016/j.cemconres.2003.12.029. 

 

 


