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Abstract
The compelling usage of left-over constituents of warm force stations, for example, �y debris and bottom
ash (BA) as halfway substitution to cement and �ne aggregate (FA) in concrete diminish transfer issues.
In this examination, the BA is exploited to supplant the normal stream sand up to 100% and in this
manner, it diminishes the practice of waterway sand and reuse of BA in concrete which is eco-friendly and
can be called green concrete (GC). The most signi�cant overseeing factor that decides the oldness of the
concrete structure is durability. BA is utilized as FA (30%, 60% and 100%) in concrete to lessen its
ecological contamination (air, land, and water) and to ration characteristic waterway sand which is
misused for development. GC comprising BA is intended for 30 MPa with �xed water to fastener
proportion and slump esteem; and is assessed for, compressive strength, and elastic modulus. elongated
term drying shrinkage (DS) was assessed for 365 days and an experimental relationship was created to
foresee 10 years of DS of GC. Test outcome shows that 30%BA came about high compressive strength
and elastic modulus than control blend at 90 days. The DS property of BA came about better and even
prevalent execution for long term durability. The test examination additionally infers that GC comprising
30% of BA for FA substitution beats control concrete for the structured strength of 30 MPa at 90 days and
anticipated DS for extended term durability provided that 10 years. 

Introduction
The long-term serviceability is straightforwardly subject to the durability of the concrete. Strength,
alongside durability, decides the phase of the structure. Concrete structure experiences physical and
synthetic decay over some stretch of while that outcomes in cracking [1]. Cracking in�uences the strength
and durability of the structure that is caused as a result of shrinkage of concrete. The cement hydration
process is an everlasting procedure in the concrete and the shrinkage happens until the �nish of the
hydration procedure of cement. As the hydration procedure is normal in concrete, so is the shrinkage
procedure. Concrete must be intended for improved durability. It is essential to pick the material that gives
the strength and durability of the structure. The originator can just plan the strength of the concrete as it
is accepted that strength and durability are legitimately relative [2]. 

The decision of nature of the material, design of the concrete is in the needles of the designer [3].
However, the act of development during blending, transportation, and execution of the venture are subject
to the workers associated with development. 

The determination of the materials has a direct effect on the strength and durability since concrete is
heterogeneous (cement, aggregates, water, and admixtures) each material goes about as reinforcement
for the chemical attack [4]. The ongoing pattern and mechanical development made ready for new
development materials for the elite in strength and durability with the signi�cant spotlight on the
supportability in development [5-6]. Decreasing the regular assets like limestone, squashed stone,
common waterway sand in concrete by supplanting modern and other waste items, for example, �y
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debris, silica fume, metakaolin, other waste results turned into achievement in the new period of
reasonable development [7-8]. 

The utilization of results cannot just for the issue of transfer and natural contamination yet additionally
upgrades the mechanical properties that can improve the durability and strength of the structures
contrast with the normal concrete [8]. This can bring about GC where lessen (normal assets) and reuse
(coal debris) guideline is transcendent in development innovation. The utilization of different results in
development picked up its signi�cance owing to its improved mechanical and strong properties in the
concrete. 

India being third in the formation of coal with 730 million tons in 2011-12, the signi�cant hotspot for the
generation of electric power is through in thermal power station by the ignition of coal (55% of the
country’s electric force need). Exponential increment in the populace, infrastructural request, and
industrialization, builds the interest for electric force. This eventually expands the consumption of coal,
actually the making of �y debris and BA from thermal power station builds each year (200 million tons in
2012). 

The coal debris contains 80% of �y debris and 20% of bottom ash [9]. Usage of �y debris picked up its
signi�cance attributable to its physical, substance and pozzolanic property that empowered it to be
utilized as cement added substances in the work of cement. The utilization of �y debris was accounted
for by numerous specialists in each part of development, the staying 20% coal debris that is
overwhelming to be conveyed by the pipe gas settles at the base of the heater and is called BA which is
coarse with size running from exceptionally �ne to rock and has the concoction properties like stream
sand. BA was restricted to be utilized as land�ll; bank �ll in street development. 

The strength and durability of the concrete enormously in�uence the conduct of the structures. The
durability property assumes an essential job as it decides the lifetime of the concrete.

  The implication of durability by using the coal debris and admixtures in the concrete are accounted for
by the accompanying analysts. 

Malathy and Subramanian [10] announced that huge effect on 28 days DS attributable to the pozzolanic
response and pore size re�nement instrument of the �y debris, silica fume, and metakaolin. The
expansion of these inert admixtures didn't in�uence the DS of the mortar. 

Bai et al. [11] inferred that at �xed water-cement proportion and slump, the compressive strength and DS
of 30% heater BA performed well than the control concrete. 

Watcharapong Wongkeo et al.,[12] detailed that with the half weight of cement multi-mixed with �y
debris, ground BA and silica seethe had lower DS than control concrete. 

Isa Yu ksel et al.,[13] presumed that BA and granulated blast furnace slag in�uences strength
emphatically for 20% of FA in concrete. 
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With the above research as the foundation of the examination, this exploratory work was researched to
assess BA as FA in concrete (30%, 60%, and 100%) intended for 30 MPa and to decide its crisp properties,
for example, heat of hydration and hardened properties, for example, compressive strength, elastic
modulus, and DS. 

Methodology And Investigations
Experimental Programme

The cement utilized was Ordinary Portland Cement (OPC) 53 Grade a�rming to ASTM type I and its
physical properties have appeared in Table 1 [14] . The coarse aggregate utilized was 12.5 mm and 20
mm squashed stone a�rming to ASTM C 33 M [15] . FA utilized was common stream sand a�rming to
ASTM C 33 M. Both coarse and FA were acquired from the nearby sources utilized for development. The
physical assets of �ne and coarse aggregates are recorded in Table 2. The water utilized for blending and
relieving of concrete a�rming to ASTM C 1602/C 1602M – 12 [16]. 

Superplasticizer (SP) complying with ASTM C 494 [17] sort F water decreasing high range synthetic
admixture, which is light dark coloured in shading relative thickness of 1.08 at 25 degrees Celsius with
the pH of 6 was utilized for keeping up �xed slump estimation of 20 to 60 mm. 

Bottom ash (BA) utilized in the investigation was acquired from Neyveli Lignite Corporation of India
Limited (NLC), Neyveli, with a calori�c estimation of 2400 Cal/kg. The concoction arrangement was
inspected from X-beam Fluorescence Spectroscopy and it appeared in Table 3. The absolute carbon
content was resolved as per ASTM 7348-08 [18]. The correlation of molecule size dissemination of sand
and BA is has appeared in Table 4. 

The molecule size dissemination of BA from the sieve examination and SEM picture obviously shows
that BA particles are likewise exceptionally �ne with the size from 150 to 600 micron that suit it to be
subbed as FA in concrete. 

Table 1. Physical properties of cement
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Speci�c surface area (m2/kg) 321

Consistency % 30

Speci�c gravity 3

Physical properties

Setting time  

Loss on ignition (%) 1.8

Final setting time (minutes) 330

Initial setting time (minutes) 90

Soundness  

By Autoclave 0.01

By Le-chatelier method in mm 1

 Table 2. Physical properties of FAs

Category of aggregates Fineness modulus Speci�c gravity Water absorption (%)

River sand 2.9 2.64 1.25

12 mm - 2.71 0.54

20 mm - 2.77 0.18

Bottom ash 1.78 2.38 10.54

Table 3. Chemical composition of bottom ash
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Compounds Chemical composition (%)

SiO2 80.21

Al2O3 13.84

Fe2O3 2.92

CaO 1.25

MgO 1.00

Na2O 0.14

SO3 0.26

P2O5 0.28

TiO2 0.08

LOI 1.68

Table 4. Particle dimensions dispersal of sand and bottom ash

Sieve size (mm) Cumulative % passing

Bottom Ash Sand

0.075 0 0

0.15 5 3

0.3 35 5

0.6 90 30

1.18 96 70

2.36 98 92

4.75 100 100

Blend Share

As referenced above, FA was supplanted with BA (30%, 60%, and 100%) with a �xed water fastener
proportion 0.42. The superplasticizer was shifted from 0.35% to 1.68% so as to keep up a �xed slump
estimation of 20-60mm. The low slump esteem is to keep up �xed water cover proportion that is
contributed by the expansion in the dose of the superplasticizer. This low water fastener proportion
properties the strength improvement in the concrete. Table 5 shows the subtleties of the blend extent.

Table 5. Mix proportions



Page 7/14

Quantities (kg/m3) Mixture

Materials Control 30BA 60BA 100BA

Cement 333 333 333 333

FA 754 550 346 0

Coarse aggregate 1290 1290 1290 1290

Water 140 140 140 140

BA 0 204 408 680

SP 1.2 1.65 3.49 3.59

W/B ratio (%) 0.42 0.42 0.42 0.42

SP (%) 0.35 0.5 1.05 1.68

Details of the specimen

The compressive strength and elastic modulus were resolved to a�rm to ASTM C 39/C 39M-11 [19] and
ASTM C 469/C 469M-10 [20] with the dimension of 150mm width and 300 mm tallness separately. DS
was resolved in understanding to ASTM C 157/C 157 - 08 [21] with the dimension of example 285 mm X
75mm X 75mm. The heat of hydration was acted in agreement to ASTM C 186-05 [22] and the element of
the example is 250mm X 250mm X 250mm. 

Results And Discussion
Compressive strength and elastic modulus

The compressive strength and elastic modulus of concrete was tried at 28 and 90 days for barrel-shaped
examples of 150mm breadth and 300 mm tallness. The compressive strength of cylinder at 28 days and
90 days have appeared in Table 6 and shown in Figure 1. It was plainly seen that compressive strength of
the control concrete were 32.6 MPa and 42.59MPa at 28 days and 90 days separately yet for GC
comprising 30% bottom ash, the 28 days compressive strength was lesser (28.37 MPa) than the control
concrete yet at 90 days (48.9 MPa) it was 13 % more than control concrete by reason of the pozzolanic
response among concrete and BA on account of the signi�cant piece of SiO2, Al2O3, Cano in bottom ash.
Then again, the compressive strength of GC for 60% and 100%BAwas lesser than the control concrete for
both 28 and 90 days with the scope of 20 to 27 MPa. 

So also, the elastic modulus of the concrete for 30% BA at 28 and 90 days was 28.50 GPa and 36.16 GPa
which was 22.84% and 12.43% greater than the control concrete (23.20 GPa and 32.16 GPa). The elastic
modulus of the concrete for both 60% and 100% of BA came about lesser qualities than the control
concrete. 
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The consequences of compressive strength and elastic modulus of concrete demonstrated comparable
pattern which will, in general, relate the heat of hydration of cement in the concrete in the crisp state. As
the heat of hydration of the control concrete was fast owing to the pozzolanic response that took around
the structured compressive strength of 30 MPa for 28 days. In any event, for GC with 30% of bottom ash,
the pace of hydration of cement in the concrete was progressive and relentless that brought about
moderate pozzolanic response as long as 28 days and later builds the pozzolanic response that brought
about strength increase than the control concrete at 90 days. 

Table 6. Compressive strength and elastic modulus

Mix Compressive strength
(MPa)

Elastic modulus (GPa)

28 days 90 days 28 days 90 days

Secant
Modulus

Chord
Modulus

Secant
Modulus

Chord
Modulus

Control 32.68 42.60 23.21 22.59 32.17 31.20

30BA 28.38 48.92 28.51 27.13 36.17 35.36

60BA 21.08 27.83 21.05 20.01 28.01 28.21

100BA 20.34 25.09 18.13 16.88 22.95 21.41

 

Drying Shrinkage (DS)

The DS of the concrete was tried for 1, 7, 28, 56, 90, 180 and 365 days (1 year) for control and GC
comprising BA (30%, 60%, and 100%), appeared in Table 7 shows in Figure 2. Concrete comprising BA
followed the comparable pattern in DS yet lesser than control concrete. The greatest DS saw in charge
concrete was 1199.48 small scale endure 365 days. The rate of increment in DS of the control concrete
was discovered to be the same as the rate of hydration of concrete in the crisp state. It was additionally
noticed that 28 days DS for the control and GC were lesser than 750 miniaturized scale strains as
suggested limit by ASTM [21-22] for the DS. This further decides the potential utilization of BA for better
execution in strength and long-term durability as far as DS 

Table 7. Values of DS
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Mixtures DS (microstrain)

7 days 28 days 56 days 90 days 180 days 365 days

Control 426.51 676.65 881.89 979.54 1167.98 1199.50

30BA 245.39 373.24 438.32 541.70 608.37 653.08

60BA 206.54 321.48 357.51 431.46 427.64 456.45

100BA 125.10 176.19 236.49 261.43 287.40 301.33

Empirical relationships to predict DS of concrete for 10 years

The consequences of the DS of the control and BA concrete for FA substitution were associated with
experimental relationships with logarithmic capacity. The relationship can be written in a condition
referenced underneath. 

y = A ln(x) – B                         ......(1)

Where 

y is the DS in smaller scale strain; 

x is the period of restoring in days, 

A and B is consistent; 

ln is the regular logarithmic capacity. 

The constants are subject to the substitution levels of the bottom ash. From the observational
relationship, the riskiest level of distinction between the explorers and the anticipated DS was seen to be -
9.76% as appeared in Tables 8 and 9. This proved the dependability of the relationship for the control and
green concrete.

The trial and the anticipated DS of control and green concrete didn't surpass 1300 microscale strains for
1 year, as appeared in Table 8; it was additionally stretched out to foresee the DS for a extended period
with the current exact relationship without exploratory incentive following 1 year. The consequence of
foreseeing DS for a extensive period came about with the limit of 1748.80 micro strains for the control
concrete and least of 442.69 micro strains for 100% bottom ash. These anticipated qualities are
contrasted and test 1-year DS esteem and anticipated DS of 2, 5 and 10 years. To control and green
concrete, the DS expanded in 12-18% for an extensive while, 30-37% for a lengthy time and 40-49% for a
stretched time regarding 1-year exploratory DS esteem. In any case, the pace of increment between
anticipated 1-year esteem and anticipated 2, 5- and 10-years esteem are lesser with 10-12% for a long
time, 25-27% for an extended time and 37-38% for an extensive time. The 10 years anticipated DS is
appears in Figure 3.
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Table 8. Predicted values of DS

Mixtures Predicted DS in macrostrain

7 days 28 days 56 days 90 days 180 days 365 days

Control 419.53 714.07 862.32 962.13 1109.41 1259.59

30BA 227.47 383.37 461.32 514.68 592.63 672.13

60BA 187.26 297.47 351.08 388.47 443.07 498.77

100BA 113.55 186.47 222.94 247.90 284.36 321.56

 

Table 9. Percentage of difference amongst investigational and forecast values of DS

Mixtures % Difference between investigational & forecast values of DS

7 days 28 days 56 days 90 days 180 days 365 days

Control -1.65 5.53 -2.33 -1.78 -5.02 5.01

30BA -7.32 2.72 5.25 -4.99 -2.59 2.91

60BA -9.33 7.78 -1.80 -9.76 3.61 9.51

100BA -9.24 -5.82 -5.73 -5.17 -1.06 6.72

Conclusions
The test examination on the crisp property, strength, and DS of the GC comprising BA for aggregate
substitution was completed and the accompanying conclusions are made. 

1. The incorporation of BA expanded the water demand due to its permeable nature and accordingly,
the dose of the superplasticizer was expanded to keep up �xed water to binder proportion and slump
run that ascribed strength to the concrete at a later stage.

2. The compressive strength of the GC comprising BA at 28 days was lesser than the control for all BA
substitutions however 30%BAwas13% exceeding the control concrete at 90 days.

3. The elastic modulus of the GC comprising 30%BAwas more than the control concrete at 28 and 90
days which further demonstrated the potential use of 30%BA as FA in concrete for structural
application.

4. The 28 days DS of GC is lesser than 750 microstrain which is well inside as far as possible by
Australian measures that suits BA for a tropical climatic condition in India.
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5. The examination of DS of the control and green concrete comprising BA demonstrated an
experimental association with a logarithmic capacity which was utilized to foresee 10 years DS that
brought about predominant execution of GC.

�. Green concrete comprising 30%BAindicated better and predominant execution in term of strength
and DS which commented on its application in structural concrete with the design strength of 30
MPa.

Abbreviations
A, B: consistent; B. A.: Bottom ash; D. S.: Drying Shrinkage; G. C.: Green Concrete; F.A.: Fine aggregate; ln:
regular logarithmic capacity; OPC: Ordinary Portland Cement (OPC); NLC: Neyveli Lignite Corporation of
India Limited; SP: Superplasticizer; x: period of restoring in days, y: DS in smaller scale strain.
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Figures

Figure 1

Compressive strength at 28 and 90 days

Figure 2

Experimental DS of concrete
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Figure 3

Predicted DS of concrete


