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Abstract: A developing country like Bangladesh is establishing many power plants where coal is being used as a primary 

fuel. The generation of coal waste is increasing with the mining of coal, which may cause an adverse environmental effect. So, 

it is required to be managed in a proper manner, such as reuse and recycle the coal waste. The objective of this study is to 

investigate the significance of coal waste used as a road subgrade. Due to the lack of some physical and strength properties, the 

waste cannot be used directly as a subgrade. So, the investigation was done to stabilize the fresh coal waste with different 

percentages of fly ash such as 0%, 10%, 12% and 15% to justify the suitability of its intended use. It is found that with the 

increasing percentages of fly ashes, the plasticity index reduces significantly. With the addition of fly ash, the dry density 

increases, while the optimum moisture content decreases significantly. After analyzing the test result, it is found that coal waste 

with 15% fly ash having unconfined compressive strength and CBR value is 17.79 psi and 23.12% respectively which is 

sufficiently significant for use as road subgrade. 
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1. Introduction 

Electricity is the key for development of any country. Coal 

is a major source of fuel for production of electricity in many 

countries round the globe [1]. The rapid economic 

development and industrialization has created a vast demand 

of energy all over the world [2]. The reason we keep building 

coal-based power plants is because it’s so inexpensive to use 

coal as an energy source. In addition, the experts have 

announced that the amount of gas reserve in Bangladesh will 

be diminished by 10-15 years. To sort out this upcoming 

problem initially, the government of Bangladesh is 

concentrating on construction of coal fired power plants. 

Bangladesh has a three billion tons reserve of bituminous 

coal inside our five discovered coal mines— Barapukuria, 

Phulbari, Dighipara, Jamalganj, and Khalashpir. Coal from 

these coal mines are of low ash, low Sulphur, and high caloric 

value [3]. The coal-based power plants burn a vast amount of 

coal in a year and excessive amount of mining waste 

discharged in the process of coal production and large quantity 

of fly ash get produced and becomes available as a byproduct 

of coal-based power stations [4]. The only coal-based power 

plant established by Bangladesh yet is Barapukuria thermal 

power plant (BTPP) which is situated near the Barapukuria 

Coal Mine Co. Ltd. to ease the supply of coal to the power 

plant. This 525 MW power plant is consisting of two 125 MW 

units and one 275 MW [8]. Three other coal-based power 

plant, Matarbari Power Station (1200 MW), Payra Thermal 

Power Plant (1320 MW), and Rampal Power Plant (1320 MW) 

is under construction. 

In 2015-16 financial year, the Barapukuria coal mine, 

Bangladesh produced 1,021,638 metric tons coal and in 

2016-2017 financial year it was 1,160,657 metric tons which 

is 139,019 metric tons more than the production of previous 

year. As production is being increased, the amount of waste 

generated from coal mining and processing operation is also 

increasing alarmingly. To minimize the environmental impact 

of mining it requires a well-planned control measure. Most of 

this waste is disposed on the surface which is inappropriate 

[5]. 
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Now, it is high time to study the impact of power plant 

waste and coal mining waste on surrounding environment of 

Barapukuria and inhabitants [4]. In the field of civil 

engineering, use of this waste as filling materials for road 

subgrade work may be a potential way to minimize the 

detrimental effects of waste disposal [18, 19]. Subgrade soils 

are an essential component of pavement structures, and 

inadequate subgrade performance is the cause of many 

premature pavement failures. Lime and cement have been 

used successfully for many decades, and more recently fly ash 

has been used as an economical alternative to improve 

subgrade performance [16]. To evaluate the possibility of the 

coal waste material as a road subgrade, various engineering 

and mechanical properties of waste are to be investigated so as 

to ensure desired strength and durability [5]. 

This study aimed at the i) Suitability of the coal waste as a 

subgrade material instead of conventional materials. ii) 

Stabilization and strengthening of the coal waste using fly ash 

at different proportion iii) Determination of the optimum 

composition on coal waste and fly ash.  

2. Methodology and Materials 

2.1. General 

To conduct the research work coal waste and fly ash were 

used. Coal waste was collected from Barapukuria coal mine 

(Bangladesh) and fly ash was collected from Barapukuria 

Thermal Power Plant (BTPP). After collecting the sample, 

physical properties of the coal waste were determined. Then 

the coal waste was stabilized with different percentages of fly 

ashes, compressive strength of the mixes was determined and 

finally their strength was compared. California Bearing Ratio 

(CBR) was also conducted to check the adequacy of coal 

waste as a subgrade material. The coal mine waste samples to 

be tested were designated as Type I, Type II, Type III and 

Type IV as presented in Table 1. 

Table 1. Sample designation for different percentages of fly ashes. 

Mix Proportion Sample Designation 

Fresh Coal Mine Waste Type I 

Fresh Coal Mine Waste + 10% Fly Ash Type II 

Fresh Coal Mine Waste + 12% Fly Ash Type III 

Fresh Coal Mine Waste + 15% Fly Ash Type IV 

2.2. Coal Waste 

In this research work dry coal waste was collected from the 

different sites of Barapukuria Coal Mine (Bangladesh). The 

index and physical properties of the fresh coal waste is shown 

in Table 2. 

Table 2. Index properties of fresh coal waste. 

  Values 

Property 

Name 

Liquid Limit, WL (%) 33.89 

Plastic Limit, WP (%) 12.15 

Plasticity Index, IP (%) 21.74 

Specific Gravity, Gs 2.57 

Moisture Content, w (%) 46.33 

  Values 

Cu 13.33 

Cc 0.37 

Soil 

Classification 

USCS 
CL (Inorganic Fine-grained 

soil with Silts and Clays) 

AASHTO A-6 (14) 

2.3. Fly Ashes 

27% of electricity demand round the world is met up by 

coal generated electric power [1]. Burning of coal produces a 

hollow, vitrified, and spherical shaped waste materials as a 

byproduct in the chimney of the plant that burning the coal is 

termed fly ash [8]. It is found in the form of very fine powder 

which is mainly composed of silica which is produced due to 

the burning of finely crushed coal in the boiler to generate 

power. Its main constituents are silica (SiO2), alumina (Al2O3), 

ferric oxide (Fe2O3), ferrous oxide (FeO) and calcium oxide 

(CaO). It also contains small amount of Na2O, K2O, MgO, 

TiO2, SO3, MnO, P2O5 and unburned carbon [9]. For this 

research work, fly ashes were collected from Barapukuria 

thermal power plant (BTPP), Bangladesh. The chemical and 

physical properties of the fly ash sample collected are shown 

in Table 3. [8] 

Table 3. Chemical composition of fly ash sample of BTPP determined by 

X-RF analysis. 

 Composition/ Physical Properties Values (%) 

Chemical 

Composition 

SiO2 50.2 

Al2O3 40.1 

Fe2O3 3.32 

CaO 1.92 

MgO 0.20 

SO3 0.45 

ZnO 0.0078 

PbO 0.0068 

Physical 

properties 

Liquid Limit, WL (%) 47 

Plastic Limit, WP (%) 0 

Specific Gravity, Gs 2.12 

Moisture Content, w (%) 1.08 

Loss on ignition (%) 2 

2.4. Experimental Methods and Standards 

The specific gravity test was carried out using ASTM D 

854-00. Grain size analysis (sieve analysis and hydrometer 

analysis) of fresh coal waste was executed according to 

ASTM D 421 and D 422. Modified proctor test was 

performed to determine the optimum moisture content and 

maximum dry density for all the mixtures according to 

ASTM D 1557. The Atterberg’s limits were assessed 

according to ASTM D 4318. ASTM D 2166 Standard test 

method for unconfined compressive strength was adopted for 

the determination of unconfined compression strength for 

each of the mixtures. California Bearing Ratio test (CBR) 

both unsoaked and soaked condition was performed for all the 

mixtures according to ASTM D 1883. 
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3. Result and Discussion 

3.1. Grain Size Distribution 

Both sieve analysis and hydrometer analysis were 

performed for fresh coal mine waste and the result is 

illustrated in a grain size distribution curve in [Figure 1]. The 

grain size distribution curve depicts that the sample is well 

graded. Effective size (D10) is 0.0047, Coefficient of gradation 

(Cc) is 0.37, Uniformity coefficient (Cu) is 13.33, and Sorting 

coefficient (So) is 2.95. As much the D10, Cc and Cu increases 

the CBR value increases [17]. The particle size is good to be 

used as a subgrade material. 

 

Figure 1. Particle size distribution curve of fresh coal mine waste. 

3.2. Index Properties 

 

Figure 2. Variation of liquid limit and plastic limit with varying percentages 

of fly ashes. 

Atterberg’s limit is crucial for the characterization of soil in 

elaborated category. [Figure 2] shows the variation of liquid limit 

and plastic limit with increasing percentage of fly ash. It is 

observed that liquid limit is decreases with the increasing 

percentages of fly ashes. But the plastic limit increases with the 

addition of fly ash. These trends are the same as those produced 

when soils are treated with lime, rice husk ash, and cement [12–

15]. They said that these beneficial changes in engineering 

properties are mainly attributed to cation exchange, flocculation of 

the clay, agglomeration, and pozzolanic reactions. The liquid limit 

ranges 33.89% to 24.37% and the plastic ranges from 12.15% to 

18.18%. The plasticity index is also decreasing with the addition 

of fly ash gradually [Figure 3]. Due to the hydration process, 

liquid limit and plasticity index are decreased gradually. Moreover, 

fly ash chemically reacts with the particles of coal mine wastes 

which effectively changes the soil grain clay size to silt size. If 

plasticity index is less than 10%, then it can be used as road 

subgrade [5]. From the [Figure 2] it is found that the plasticity 

index for 15% of fly ash is 7 and for the other proportion on fly 

ash it is more than 10. So, addition of 15% of fly ash which is 

designated as Type IV can be used as road sub grade. 

 

Figure 3. Variation of plasticity index with varying percentages of fly ashes. 

3.3. Compaction Characteristics 

 

Figure 4. Variation of OMC and MDD with varying percentages of fly ashes. 

 “Figure 4” illustrates the effects of fly ash on OMC and 

MDD. It is seen that the OMC decreases with the increasing 

percentages of fly ashes but it is observed opposite for MDD. 

The void ratio of soils depends upon the shape of the grains, 

the uniformity of grain size, and the conditions of 

sedimentation. The addition of fly ash in soils changes the 

porosity and void ratio within the range of void ratio of fly 

ash and soils. At maximum, the void ratio and porosity are 
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free from moisture [11]. The optimum moisture content 

increases from 7.47% to 14.90% and the maximum dry 

density decreases from 18.22 kN/m
3
 to 12.10 kN/m

3
 from 

Type I to Type IV. The same output is observed during the use 

of cement with sand [5]. Also Kaniraj and Havanagi [10] 

described that the decrease in the maximum dry density is 

imputed to the agglomeration and flocculation of clay 

particles through cation exchange reaction and also leading to 

the occupation of a larger space. 

3.4. Unconfined Compression Strength (UCS) 

For observing the usefulness of fly ash in improving the 

coal waste properties unconfined compressive strength test 

were conducted. The changes in unconfined compressive 

strength for different types of mixes are shown in the 

following [Figure 4]. The fresh coal waste has a lower 

compressive strength. But after the addition of fly ash the 

strength increases rapidly. The reason for this improvement is 

the formation of cementing gels (hydrate) due to the 

reactions between CaO of ash with Al2O3 and SiO2 of soil. 

This results in the agglomeration of large size particles and 

causes the increase in compressive strength [9]. The 

unconfined compressive strength increased from 17.54 kPa 

(Type I) to 122.75 kPa (Type IV) in this study. When the 

UCS value less than 25 kPa then the quality of subgrade is 

very low. When the UCS value lies between 50 kPa to 100 

kpa then the subgrade is medium and when the UCS value 

lies 100 to 200 kPa then the subgrade is stiff [5]. The result 

indicates that fresh coal mine is very soft. Therefore, it is not 

suitable to be used as road subgrade. The UCS value for Type 

IV for is 122.75 kPa, so it can be used as road subgrade. 

 

Figure 5. Variation of UCS with varying percentages of fly ashes. 

3.5. California Bearing Ration (CBR) 

The results of CBR test for both unsoaked and soaked 

condition are shown in “Figure 6” & “Figure 7”. It shows 

that the addition of fly ash has greatly influenced the CBR 

value. The similar trend is found from Prabakar J. [11]. It is 

observed from the figure that in case of Type I the unsoaked 

sample has a larger CBR value than soaked sample. But the 

CBR value is reversed after addition of fly ash for Type II, 

Type III and Type IV. This is happened due to the binding 

property of fly ash which has added with coal mine waste 

along with water. As a result, the sample mass has hardened 

considerably than that of unsoaked condition and hence it 

possessed comparatively more strength preventing the 

penetration in CBR test. Un-soaked CBR value increases 

from 1.08% (Type I) to 28.16% (Type IV) and soaked CBR 

value increases from 0.58% (Type I) to 42.87% (Type IV). 

This indicates the improvement in strength of the mixes after 

adding fly ash gradually. The expansion ratio decreases from 

1.51 to (Type I) to 0.26 (Type IV) with the addition of fly ash. 

These values indicate that the improved coal waste sample 

have more acceptable values than fresh coal waste sample. 

The soil to be used as subgrade should have an expansion 

ratio less than 1 [5]. After improvement every mix has shown 

an expansion ratio below 1 and hence any of the improved 

samples is suitable as road subgrade. Besides, the CBR value 

in between 3% to 5% denotes a subgrade material with 

normal strength and that in between 5% to 15% indicates a 

subgrade with good strength [5]. Therefore, any of the three 

improved coal mine waste mixes can be considered as a 

subgrade with good strength and can be accepted as road 

subgrade material. 

 

Figure 6. Variation of CBR with varying percentages of fly ashes for 

Unsoaked Condition. 

 

Figure 7. Variation of CBR with varying percentages of fly ashes for soaked 

Condition. 

4. Conclusion 

The objective of this study was to determine the suitability of 

coal mine waste as a road subgrade. Improvement of the 

strength of soil by using binding material is very common in 
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Bangladesh. Tests were conducted by stabilizing the coal waste 

with fly ash at four different percentages (0%, 10%, 12% and 

15%). The following conclusions are drawn from the study. 

Incorporation of fly ash into the waste material reduces the 

moisture content and increases the dry density gradually. 

From the Atterberg test result it is observed that the liquid 

limit decreases and the plastic limit increases and hence the 

plasticity index decreases with the increasing percentages of 

fly ash content. 

Incorporation of fly ash into the waste material significantly 

increase the compressive strength very quickly. This 

advantage is particularly important because the larger loads to 

be superimposed on the subgrade frequently occur during 

construction of the road and improvement of the associated 

properties. 

Increase in the CBR value for both soaked and un-soaked 

condition due to the addition of fly ash are substantial. 

Un-soaked CBR value increases from 1.08% to 28.16% and 

soaked CBR value increases from 0.58% to 42.87%. 

Improved coal waste contributes to the strength of the road 

pavement system and it may protect the surrounding 

environment of Barapukuria, Bangladesh and its inhabitants 

from detrimental effect. 

Finally, it can be concluded that the properties of coal waste 

can be improved by adding fly ash and the improved waste 

material can be used as a road subgrade. Further study is 

required to analyse the water that will infiltrate through the 

subgrade material will contaminate the ground water or not. 
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