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ABSTRACT 
This paper pertain results of experimental studies carried out on bottom ash based material. Bottom ash is one of the 
waste products produced during burning of coal to generate electricity in thermal power plants in India. The material 
was made by mixing bottom ash with blast furnace slag which is also a waste material produced in the steel plants, 
expanded polystyrene beads and ordinary Portland cement as a binder. Present study consists of three different mix 
ratios 0.3 %, 0.6 % and 0.9 %. The blast furnace slag was added in two different percentages 5 and 10 with respect 
to weight of bottom ash. The weight of cement to weight of bottom ash ratio was considered as 20 %. The 
compressive strength, stress-strain behavior, density and initial tangent modulus of the prepared material were 
studied for curing periods of 7 and 14 days. Cubical specimen of size 70 mm x 70 mm x 70 mm was used in the 
experimental study. For each mix ratio, compressive strength of newly developed material increased with increasing 
slag percentages and curing periods and it is in the range of 210 to 617 kPa. Non-linear relationship was observed 
between compressive stress and axial strain for all the mix ratios and curing periods. The initial tangent modulus of 
the newly developed material increased with increasing values of compressive strength. The present study results 
indicate that the industrial waste products such as bottom ash and blast furnace slag can be utilized effectively in 
geotechnical engineering applications there by reducing their amount of disposal in the environment and in the 
direction of sustainable development. 
 
 
 
1 INTRODUCTION 
 
Every year in India Industries produced huge quantities 
of by-products like coal ashes from thermal power plant 
and blast furnace slag from iron industries. Two types of 
coal ashes are produced by burning of coal as by 
product such as bottom ash and fly ash. The fine-
grained dusty material that is recovered and collected 
from furnace flue gases by electrostatic precipitators is 
fly ash. Bottom ash is unburnt coal coarser in size 
which falls through the furnace bottom to the ash 
hopper below. 

By-product of iron making process is blast furnace 
slag which is available in huge quantity. Blast furnace 
slag is used for production of cement clinker (Tsakiridis 
et al., 2008). The ground granulated blast furnace slag 
(GGBS) is useful in highways and other foundation 
layers. (Wild et al.,1998). It has closed cell structure 
which avoids absorption of water and highly 
compressible material available in different types for 
specific purpose. EPS beads can be used as 
lightweight fill material in construction of embankments, 
abutments and backfilling of retaining walls, (Horvath, 
1997). Various studies were carried out on EPS beads-
based lightweight fill material by blending them with 
bottom ash, stone dust, soil, fly ash and cement as a 
binder material as reported by (Liu et al., 2006, (Ram 
RathanLal and Badwaik, 2015) and (Marjive et al., 
2016). 

This paper mainly focuses on the compressive 
strength behavior of newly prepared bottom ash based 

material using various proportions of bottom ash, blast 
furnace slag, EPS-beads, and binder such as ordinary 
Portland cement. In the laboratory experiments were 
conducted to understand the effect of different 
compositions and different mix ratios of EPS-beads and 
bottom ash, slag and bottom ash, and cement and 
bottom ash on density, compressive strength, and initial 
tangent modulus of the proposed bottom ash based 
material. The present study’s bottom ash based 
material can provide a better solution in terms of 
strength and stiffness. 
 
 
2 CHARACTERIZATION OF MATERIALS 
 
For preparing the material Bottom ash, EPS beads, 
blast furnace slag, cement and water were used in the 
current study. 

 
2.1 Bottom Ash 
 
In the experimental study bottom ash used was 
collected in dry state from Suryalakshmi Cotton Mill, 
Nagardhan, Ramtek (Tahsil), Nagpur (Dist.), 
Maharashtra, India. The physical properties of bottom 
ash are given in Table 1. 
 
 
Table 1. Physical properties of bottom ash 
 

specific gravity 1.91 
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coefficient of uniformity Cu 3.64 

coefficient of curvature Cc 0.971 

Maximum dry unit weight ϒdmax 13.7 KN/m3 

optimum moisture content (OMC) 30 % 

 
 
2.2 Blast Furnace Slag 
 
The blast furnace slag used in the experimental was 
collected in dry state from Bhilai Steel Plant, Bhilai, 
Chhattisgarh, India. The physical properties of blast 
furnace slag are given in Table 2. 
 
 
Table 2. Physical properties of blast furnace slag 
 

specific gravity 2.24 

coefficient of uniformity Cu 2.64 

coefficient of curvature Cc 1.903 

Maximum dry unit weight ϒdmax 13.2 KN/m3 

optimum moisture content (OMC) 10 % 

 
 
2.3 EPS Beads 

 
The EPS beads were procured from Biogen India 
(Nagpur, Maharashtra, India). They are spherical in 
shape with diameters ranging from 2-4 mm. The EPS 
beads are highly compressible have a density of 22 
kg/m3. 
 
2.4 Cement 

 
The cement used in the experimental study was 
ordinary Portland cement (IS 8112, 1989). 

 
2.5 Experimental Program 

 
A series of compressive strength tests has been carried 
out to study the effect of addition of EPS beads and 
blast furnace slag on density, compressive strength and 
initial tangent modulus of the bottom ash based material 
was investigated. Cubical specimen of size 70 mm x 70 
mm x 70 mm was used and compressive strength was 
calculated for 7 and 14 day of curing. 

 
2.6 Mix Ratios and Preparation of Specimen 

 
In this study the mix ratio is defined as ratio between 
weight of EPS beads and bottom ash. The mix ratios 
calculations are based on previous research works 
carried out by (Padade and Mandal, 2014), (Ram 
Rathan Lal and Badwaik, 2015) and (Marjive et al., 
2016). The dry weight of the bottom ash WBA required 
to make specimen was calculated using formula WBA = 
ϒdmax × VBA, where ϒdmax is maximum dry unit weight 
of bottom ash and VBA is volume of dry bottom ash. 
Volume of dry bottom ash VBA was calculated by using 
the formula VBA = V – Vb–Vs, where V is total volume of 
specimen (343 cc), Vb is volume of EPS beads and Vs 
is volume of blast furnace slag. Initially Vb and Vs was 
considered as 48 cc and 40 cc respectively so as to 
achieve the initial mix ratio value of 0.3 %. Weight of 

beads was calculated by using formula Wb = b × Vb, 

where b is density of EPS beads. The slag percentage 
(S/BA) was calculated with respect to weight of bottom 
ash and slag percentages considered in the 
experimental program were 5 % and 10 %. Weight of 
cement to bottom ash ratio (C/BA) was considered as 
20 %. Volume of water Vw to be added was calculated 
with respect to weight of bottom ash (Vw = WBA×OMC). 
Similarly, the remaining mix ratios and weight of 
materials were calculated. These ratios were selected 
based on specimen size 70 mm x 70 mm x 70 mm. 
Table 3. gives the different mix ratios used in the 
experimental program. 

 
 

Table 3. The different mix ratios used in the 
experimental program 

 

Mix Ratio  % Slag % 

 

Cement  % 

 

0.3 5 and 10 20 

0.6 5 and 10 20 

0.9 5 and 10 20 

 
 
For accurate measurements of all materials 

electronic weighing balance was used. By blending 
bottom ash, slag and cement thoroughly uniform mass 
was made. Then water was added slowly for compound 
mixer and bottom ash, slag and cement mixture was 
mixed into homogeneous mixture. Then the addition of 
EPS beads was done slowly and mixing was continued 
until the beads were evenly distributed. Then, mixture 
was casted into steel moulds with help of trowel and 
simultaneously compaction was done by tamping rod. 
All the specimens were removed from the moulds and 
kept for curing in a water tank after the setting period. 7, 
and 14 days were used as curing periods in the 
experimental program.  

 
 

3 Results and Discussion 
 

3.1 Density 
 

One of the important parameter for newly developed 
Bottom ash based material was density which 
significantly influenced by the mix ratios values, slag 
percentages. It was found that as the mix ratio values 
for different S/BA ratio increases, density of bottom ash 
based material gets decreased linearly. The linear 
relationship was found between density and mix ratio 
values for each S/BA ratio. The effect of mix ratios on 
density of bottom ash based material is shown in Figure 
1.   

For each mix ratio value the bottom ash based 
material prepared using S/BA ratio of 10 % has shown 
higher values of density compared to S/BA ratio of 5 %. 
With addition of beads the density of prepared 
geomaterial was decreased considerably. The density 
of bottom ash based material decreased from 889 to 
749 kg/m3. The density values achieved in the present 
study are in the range of light weight fill material density  

725 – 1320 kg/m3 as reported by Padade and 
Mandal (2014). 



 

3 
 

 
 

 
Figure 1. Density variation with respect to mix ratio 
values  
 
 
3.2 Compressive Strength 

 
The effect of curing period, cement content, slag 
content and mix ratio values on compressive strength of 
the prepared bottom ash based material was observed. 
The peak stress value was known as Compressive 
strength. Figure 2 show the relationship between 
compressive strength with respect to mix ratio values 
for all the S/BA ratios and curing period days when 
C/BA was 20 %. For each C/BA and S/BA ratio, the 
compressive strength was maximum when mix ratio 
was minimum (0.3 %) and decreased to its lowest value 
when mix ratio was maximum (0.9 %). 
 
 

 
Figure 2. Relationship between mix ratio values and 
compressive strength 
 
 
For particular mix ratio and each curing period the 
bottom ash based material prepared using 10 % of 
S/BA ratio has shown higher compressive strength 
values compared to bottom ash based material 
prepared using S/BA ratio of 5 %. The variation of 
compressive strength with respect to S/BA values for all 
curing days is shown in Fig. 7. For particular mix ratio 
and each S/BA the higher compressive strength value 
was shown by 14 days cured specimen of bottom ash 
based material. The compressive strength of all mix 
ratios, S/BA percentages and curing period for C/BA 
ratio 20 % are given in Table 4. 
 
 
 
 
Table 4. Compressive strength of bottom ash based 
material 
 
 

For each mix ratio, the 14 days compressive 
strength was higher as compared with 7, 14 days of 

compressive strength. The compressive strength values 
of bottom ash based material were in the range of 210 
to 480 kPa.  

The compressive strength values of present study 
are in higher range than that of lightweight fill material 
reported by Ram Rathan Lal and Badwaik (2015) and 
EPS geofoam block which lies between 44 and 220 kPa 
as reported by Horvath (1997), Stark et al. (2004) and 
Padade and Mandal (2012). 
 
3.3 Stress - Strain Pattern 

 
The compressive strength test data was used to 
determine stress-strain characteristics and stiffness of 
the bottom ash based material. The effect of mix ratio 
values on compressive stress and axial strain curves for 
all the S/BA ratios for 14 days of curing period is shown 
in Figure 3.   
 
 

 
Figure 3. Stress- strain relationship  
 
 

For each mix ratio and C/BA, the stiffness properties 
of the bottom ash based material were found to be 
increased with increasing S/BA ratio and curing period 
days. For each mix ratio and for all curing periods, the 
bottom ash based material prepared using S/BA of      
10 % has shown higher stiffness than the bottom ash 
based material prepared using S/BA of 5 % 
respectively. With the increasing mix ratio values the 
stiffness of the bottom ash based material was 
decreased for each curing period. For all the mix ratios, 
the higher stiffness was shown by 14 days cured 
bottom ash based material specimen. The compressive 
strength and stress-strain behaviour of bottom ash 
based material was affected by the S/BA ratio values. 
For all the mix ratios, non-linear relationship was 
observed between compressive stress and axial strain. 
 

 
Mix 
ratio 
(%) 

Compressive strength (kPa) 

7 Days 14 Days 

S/BA (%) S/BA (%) 

5 10 5 10 

0.3 310.20 367.76 436.94 479.18 

0.6 259.43 312.04 379.16 422.04 

0.9 210.41 261.43 318.71 368.44 
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3.4 Initial Tangent Modulus 
 

Initial tangent modulus (Ei) is the slope to the stress-
strain curve from the origin. Higher compressive 
strength results in the higher initial tangent modulus. 
The Ei values are in the range of 15 to 80 MPa, 
depending on the curing periods and mix proportions of 
BAM specimens. Figure 4 shows the correlation 
between compressive strength and initial tangent 
modulus. The initial tangent modulus of the present 
study are in higher range than that of initial tangent 
modulus of geomaterial 15 – 42 MPa as reported by 
Ram Rathan Lal and Badwaik (2015) and EPS geofoam 
block which lies between 2.2 and 11.4 MPa as reported 
by Horvath (1997), Stark et al. (2004) and Padade and 
Mandal (2012) and lower than that of light weight fill 
material initial tangent modulus 79 – 555 MPa as 
reported by Liu et al. (2006). 
The correlation between σ and Ei is well fitted by a 
polynomial relation can be expressed as, 
 
 
Ei = 0.0014σ 2 + 0.8434σ + 0.3969 
 
 
Where σ = compressive strength of the bottom ash 
based material (kPa); and Ei= Initial tangent modulus 
(MPa) 
 
 

 
Figure 4. Relationship between initial tangent modulus 
and compressive strength 
 
 
4 CONCLUSION 

 
A laboratory experimental study was performed on 
bottom ash based material containing bottom ash, blast 
furnace slag, expanded polystyrene (EPS) beads, and 
ordinary Portland cement. Different mix proportions of 
EPS beads to bottom ash and blast furnace slag to 
bottom ash were used to prepare the bottom ash based 
material. From the study, the following conclusions are 
made. 
 The newly developed bottom ash based material 
density, compressive strength, and initial tangent 
modulus were significantly influenced by the curing 
period, slag content and mix ratio values. The density of 
specimen was decreased with increasing mix ratios. 
With addition of EPS beads in the range 0.3 to 0.9 % for 
all the slag percentages, the density of specimen was 
decreased and was in the range of 889 to 749 kg/m3. 
This is significant improvement in terms of density 

values. The Compressive strength of the bottom ash 
based material increased with increasing S/BA ratios, 
curing period days and it decreased with increasing mix 
ratio values. Curing period of 14 days specimen have 
higher compressive strength with respect to curing 
period of 7 days. The 14-day cured bottom ash based 
material compressive strength values were in the range 
of 318.71 to 479.18 kPa. Stress-strain behavior was 
also significantly affected by all the mix ratios used for 
preparation of material. A non-linear stress-strain 
relationship was observed, and all the bottom ash 
based material specimens were failed in axial strain 
range 0.6 to 2.3 %. Higher compressive strength and 
stiffness were observed with increasing S/BA ratios and 
curing periods. The initial tangent modulus of the 
bottom ash based material increased with compressive 
strength and was in the range of 15 to 80 MPa. 
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