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ABSTRACT

This study was aimed to minimize the use of natural river sand which is being used for several years in
construction, and to utilize bottom ash from thermal power station as a partial replacement (30%, 60%,
100%) for fine aggregate. An experimental investigation has been carried out to find the compressive strength
of the replaced eco-friendly green concrete with different curing methods. An equation recommended by
ACI committee for conventional concrete was used to predict 56, 90 and 180 days compressive strength
from 28 days compressive strength of the eco-friendly green (bottom ash) concrete that resulted with the
difference between the experimental and predicted compressive strength to + 12%. To minimize the percentage
of difference, an empirical relationship was developed between the compressive strength of accelerated
curing and normal curing (28, 56, 90, 180 days). It is concluded that empirical relationship predicts later age
compressive strength with the minimum percentage of difference. This study of predicting later age
compressive strength from empirical relationship will ultimately save time, material and most importantly

assessing the quality of the design of construction.

INTRODUCTION

To createsugtainability andto conservethe natural resources,
scientists, researchers and engineersareengaged in bringing
the*“green concept” inthe cement and concreteindustry. The
green technology was started in the early 19" century asa
result of finding alternate energy system. Green concept in
the cement and concrete industry can be applied to reduce
CO, emission and conservation of natural resourcessuch as
limestone, clay, shale, natural rocksand other materialswhich
areassociated in the production of cement and concrete. The
reduction of CO, from the cement industry is done by
replacing the cement with admixtureslikefly ash, slicafume
and other pozzolan. River sand which iswidely used asfine
aggregate congtitutes nearly 40% in concrete. About 12
billiontonsof concreteisused every year inthe world (Metha
1999). The use of river sand must be minimized and an
alternate material which possessesthe propertiesof river sand
should be explored through research. Thiswill result inthe
sustainability and can prevent the depletion of river sand
whichwill resultinthe environmental problemssuch asloss
of estuaries, loss of ground water, soil erosion in river bed
and other associated problems. On the other hand coal
combustion products such asfly ash, bottom ash and boiler
dlag are produced every year in thermal power stations. In
India the total ash production is 170 million tons in 2012
(Vimal Kumar et al. 2005). This coal ash requires acres of
land for storage and disposal which on the other hand results
in air, land and water pollution. To save natural resources
and to create sustainable devel opment, the coal ash should

be utilized to the maximum. Coal bottom ash islimited to
be used asland fill and embankment. To utilize bottom ash
as fine aggregate and thereby minimizing the use of river
sand in concreteisof great importance.

In this study the bottom ash is replaced for fine aggre-
gate in concrete as 30%, 60% and 100% and is tested for
compressive strength. Two types of curing methods were
followed, accelerated curing and normal curing. In acceler-
ated curing, cubes were taken after 24 hours and cured in
boiling water as per ASTM C 684 (2003) and tested for
compressive strength. Normal curing wasdonein water tank
for 1, 7, 28, 56, 90 and 180 days.

M aterialsand mix proportions. Cement used wasASTM
C150 (2011) type | ordinary Portland cement of 53 grade
anditsphysical propertiesaregivenin Table 1. Natural sili-
ceousriver sand, which waslocally available for construc-
tion activities, conforming to ASTM C 33M-11 (2011) was
used and its physical propertiesare givenin Table 2. Parti-
cleszedistribution of sandisgiveninFig. 1. Coarse aggre-
gate used was crushed granite stone with the size ranging
between 12.5mm and 20mm. Water used for mixing and cur-
ing of concrete was ordinary potable water conforming to
ASTM C 1602 (2012). Chemical admixture used wasASTM
C 494 (2010) type F, high range water reducing admixture
whichislight brownin colour with the pH of 6 and relative
density of 1.08 at 25 degree Celsius.

Bottom ash: Bottom ash (BA) used in the study was obtained
from Neyveli Lignite Corporation of India Ltd. (NLC)
thermal power plant which is located in southern India.
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Bottom ash islignite based with the calorific value of 2400
cal/kg. Particle size distribution of bottom ash is given in
Fig. 1. The chemical composition, obtained by X-ray
fluorescence spectroscopy, isgivenin Table 3.

Thetotal carbon content was determined in accordance
with ASTM D 7348-08 (2008) and loss on ignition was ac-
cepted as permissiblelimit in the concrete application.

Mix proportion: Fine aggregateisreplaced by bottom ash
as 30%, 60%, and 100% in concrete and titled as BA30,
BAG0 and BA100. The water binder ratio and slump range
were kept constant for all the mixtures. In order to obtain
desired workability and to maintain fixed dump range the
dosage of superplasticizer was increased from 0.35% to
1.68%. The details of the mix proportions are listed in
Table4.

Pr epar ation of theconcr ete mixture: Materia sweremixed
in arotary concrete mixture machine; superplasticizer was
mixed withwater and added to cement and aggregates. The
concrete waswell mixed for homogeneity and cast in steel
mouldsof size 100mm x100mm x100 mm. The mouldswith
the concrete were placed on the compaction tablefor proper
compaction. The compacted concrete mould waskept inroom
for 24 hours.

Compressive strength results: The compressive strength
of the concrete mixturesisgiven in Table 5 along with the
accel erated curing and normal curing. Asthe percentage of
bottom ash increases the compressive strength decreases
compared to the reference mix throughout the ages. Con-
crete containing 30% bottom ash shows compressive strength
similar to the reference mixture.

Prediction of compressvestrength from ACI Committee
209 recommendations: An equation recommended by ACI
was used to predict later age compressive strength from 28
days compressive srength. Since this equation can be used
for conventional concrete (cement, fine aggregate, coarseag-
gregate and water), the same equation was a so used for the
concrete containing bottom ash asfine aggregate replacement.

ACI committee 209 (1993) recommends the following
relationship for the prediction of later age compressive
strength from 28 days compressive strength.

-

ch (t) = ch 28 [rg..__ll (1)

Where F__(t) isthe mean compressive strength at age t
days F__,.isthemean 28 dayscompressive strength; tisthe
agein days; a and b are the constants which are equal to 4
and 0.85 respectively. Table 6 and Fig. 2 predict the
compressive strength of 56, 90 and 180 days.

Table 7 shows the percentage of difference between

A.Arun Kumar et al.

experimental valueand predicted value. It is clearly observed
that ACI recommended equation predicts the compressive
strength with the maximum percentage of difference for
100%BA with 19.945 but for reference concrete mixture the
maximum difference is-4.96%. To minimize the percentage
of difference for ACI recommended equation with b =0.85,
the value of b is taken as 0.756 based on trial and error
method. The percentage of difference between b = 0.85and
b =0.756 for experimental value and predicted valueisgiven
in Table 7. This developed ACI equation with ¢ as 0.756
predicts the compressive strength of bottom ash replaced
concretewith the percentage of difference of -10.27 for 100%
BA whichislesser compared to ACl recommended equation
withthe b =0.85.

It can also be noted that the percentage of difference
decreases as the replacement level increases within the
minimum range of lesser than+ 12% for the developed ACI
equation. Thus, with the developed ACI recommended
equationitismadeeasy for predicting thevalueof later age
compressive strength of the concrete replaced with bottom
ashwith the available 28 days compressive strength.

But for assessing the quality, 28 days compressive
strength ismostly considered as the eval uation process. To
know the 28 days compressive strength the designer hasto
wait for 28 days which may also affect the duration of the
construction. Advancement in the technology and rapid
infrastructural development breaksthe timeline of the con-
struction practices. Thisurgesthe designer to obtain 28 days
compressive strength at the earliest possible time through
rapid and different curing methods. Moreover, the normally
cured concrete may not alwaysgive reliable resultsbecause
slight variation immediately after casting may affect
compressive strength (Neville 1973).

Accelerated and nor mal curing: Accelerated curing method
is to accelerate hydration process for attaining early age
compressive strength. Thismethod iswidely accepted since
it reduces number of experiments, materials and time. But
28 days of normal curing gives 100% of strength of con-
crete. In normal curing the rate of hydration takes place
gradually, whereasin the accelerated curing the rate of hy-
dration increases pozzolanic reactioni.e., formation of cal-
cium silicate hydrate. The accel erated method of curing as-
suresstandard compressi ve strength which enables the qual -
ity with respect to the strength and al so allowsthe engineer
to redesign if the designed strength is not attained or any
other issuesinthe quality of the concrete.

The following researchers clearly explained about the
relationship between accel erated curing and normal curing
and various statistical tools for prediction of compressive
strength. Tokyay (1999) derived relationship between ac-
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Table 1: Physical properties of cement.

Parameters Vaues
Specific surface are (m?/kg) 322
Specific gravity 31
Consistency % 31 ~
Soundness : ~
By Le-Chatelier method in mm 1
By Autoclave 0.01
Setting time : ~
Initial setting time( minutes) 90
Final setting time (minutes) 330
Loss on ignition (%) 19
Table 2: Physical properties of fine aggregate.
Type of Fineness Specific Water absorption
aggregate modulus gravity in (%)
River sand 29 2.64 1.25
12mm ~ 271 0.54
20 mm ~ 2,77 0.18
Bottom ash 1.78 2.38 -6.54
Table 3: Chemical composition of bottom ash.
Chemical Amount in
Compounds percentage (%)
SO, 80.23
ALO, 13.83
Fe,0, 291
Ca0 124
MgO 1.03
Na,0 0.14
SO, 0.26
P,0, 0.28
TiO, 0.08
LOI 1.68

celerated and standard curing method which depends upon
the type of the material sused (admixtures such asfly ash for
partial replacement of cement).

Resheidat et al. (1992) derived three types of relation-
shipsbetween accel erated compressive strength and 28 days
compressive strength, such aslinear function model, power
function model and exponential model to predict 28 days
compressve grength.

Tarun (1979) devel oped therel ationshi p between accel -
erated compressive strength and 28 days compressive
strength to predict the compressive strength of 28 daysim-
mediately after the day of casting using linear function.

Jui-Sheng Chou et al. (2012) devel oped combined clas-
sification and regression technique to predict compressive
strength of high performance and novel technique which
automates concrete mix design for civil infrastructure and
building construction.

Behrouz Ahmadi-Nedushan (2012) developed two
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models, non-linear regression and adaptive network-based
fuzzy inference system (ANFIS) for the estimation of elastic
modulus from the compressive strength of the concrete.

Atici (2011) studied anon-linear functional relationship
by multivariable regression analysis predicted compressive
strength for later ages.

Withthisliterature asthe background, it clearly empha-
sizesthe importance of prediction of compressive strength
at the earliest possibletime.

In this context and with the literature as the foundation,
thefollowing empirical rel ationship was devel oped between
the compressive strength of the accelerated curing and 28,
56, 90 and 180 days of normally cured concrete. Thiswill
predict the later age compressive strength of 28, 56, 90 and
180 dayswithout actually waiting for 180 days.

The generalised eguation showing the relationship be-
tween the compressive strength of accelerated and normal
curing method is given by

F._A(F_)*+B(F_)2+C(F_)+D -2

Where F_isthe compressive strength by normal curing
at t days (28, 56, 90 and 180 days in MPa); F__is the
compressive strength by accelerated curingin MPe; A, B, C,
D are constants depending on the percentage of bottom ash
used (30%, 60% and 100%) and age of curing (28, 56, 90
and 180 days).

Per centage of differ encebetween the compr essivestrength
of experimental value and predicted values: The differ-
encesbetween the values of the compressive strength of the
experimental values and predicted values are expressed in
percentage asgiven in Table 9. The percentage of difference
decreasesasthe curing ageincreases. The differenceismaxi-
mum for 28 days (4.41%), and minimum for 180 days
(-0.52%). Thisclearly showsthereliability of theempirical
anaysisfor predicting later age compressive strength. With
the above relationship, it is possible to predict the value of
later age compressive strength just after 24 hours of casting
with high precision for both conventional and bottom ash
concrete.

CONCLUSION

This experimental investigation revealed the potential
utilization of bottom ash asfine aggregate that can promote
it aseco-friendly green concrete since the use of natural river
sand is minimized. From theresults, it is concluded that 30
% of bottom ash can be used as fine aggregate in concrete
without affecting the compressive strength of the concrete.
The importance of prediction of later age compressive
strength was al so made by ACI recommended equation and
empirical relationship with following conclusion.
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Table 4: Mix proportions.
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BA in % Cement in Fine Coarse Water wiB BA in SPin % SPin
kg/m? aggregate in aggregate in in kg/m® Ratio kg/m? kg/m?
kg/m? kg/m?
0 333 754 1290 140 0.42 0 0.35 1.20
30 333 550 1290 140 0.42 204 0.50 1.65
60 333 346 1290 140 0.42 408 1.05 3.49
100 333 0 1290 140 0.42 680 1.68 559
Table 5: Compressive strength results.
Mix Id  Mix Compressive strength in MPa
Accelerated 1 Day 7 Days 28 Days 56 Days 90 Days 180 Days
curing
1 Conventional 26.00 20.13 37.83 46.53 50.65 51.80 56.13
2 30BA 29.93 22.30 36.97 42.10 47.03 51.06 53.13
3 60BA 24.93 19.70 27.50 36.77 42.83 46.36 48.86
4 100BA 22.50 13.03 23.03 32.70 36.10 42.56 48.63

Table 6: Comparison of compressive strength predicted by using 28 days from the recommended ACI equation with two different values of b.

Mix b=0.85 b =0.756
Predicted compressive strength in MPa Predicted compressive strength in MPa
56 days 90 days 180 days 56 days 90 days 180 days
Conventional 50.50 52.02 53.35 56.23 58.13 59.79
30% BA 45.69 47.07 48.27 50.88 52.60 54.10
60% BA 39.91 41.11 42.16 44.44 4594 47.25
100% BA 35.49 36.56 37.49 39.52 40.85 42.02

Table 7: Comparison of percentage difference between ACI equation for conventional concrete and developed equation for bottom ash concrete.

Mix b=0.85 b=0.756

% of difference between experimental and predicted value % of difference between experimental and predicted value

56 days 90 days 180 days 56 days 90 days 180 days
Conventional -0.30 0.43 -4.96 11.03 12.22 6.52
30%BA -2.85 -7.82 -9.15 8.19 3.01 182
60%BA -6.83 -11.33 -13.72 3.76 -0.91 -3.30
100%BA -1.69 -14.10 -19.94 9.47 -4,01 -10.27

Table 8: Predicted compressive strength.
Mix Id Mix Compressive strength in MPa
Experimental Values Predicted values
Accelerated curing 28 days 56 days 90 days 180 days

1 Conventional 26.00 47.88 49.69 51.49 55.74
2 30% BA 29.93 4384 45.60 50.60 52.54
3 60% BA 24.93 38.03 41.98 46.08 4852
4 100% BA 22.50 33.77 35.47 42.35 48.38
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Table 9: Percentage of difference between the experimental compressive strength and predicted compressive strength in MPa.
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Mix Percentage of difference
28 Days 56 Days 90 days 180 days
Conventional 291 -1.89 -0.60 -0.69
30% BA 414 -3.04 -0.89 -1.11
60% BA 342 -1.98 -0.60 -0.69
100% BA 3.25 -1.75 -0.49 -0.52
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Fig. 2: Comparison between compressive strength of experimental value and predicted value for 28, 56, 90 and 180 days.
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1. ACI recommended equation holds good for predicting
later age compressive strength of conventional concrete
and for bottom ash replaced concrete by modifying the
constant b = 0.756 in ACI recommended equation to the
minimum percentage of error difference to 12%.

2. Theimportance of curing method for quality assessment
and predicting later age compressive strength is high-
lighted regardless of the material used in the concrete
(bottom ash in this study) that will help the designer to
improvethe design of construction.

3. The empirical relationship predicts the 28, 56, 90 and
180 days compressive strength just after 28 hoursfrom
the accel erated cured compress ve strength with the maxi-
mum error of 4%. Thisultimately savesthetime, mate-
rial and also enhances rapid and quick quality assess-
ment in the construction.

4. The percentage of difference decreases as the replace-
ment level and the age of curing of bottom ash increases
for both ACI recommended equation and empirical rela-
tionship which promisesthereliability of the results.

ACKNOWLEDGEMENT

The authorswould liketothank VIT University and Neyveli
Lignite Corporation India Limited (NLC), Neyveli, for
providing necessary samples and facilities for carrying out
experiments.

REFERENCES

ACI Committee 209, 1993. Prediction of Creep, Shrinkage and Tempera-
ture Effectsin Concrete Structures (ACl 209R-92). ACIl Manual of Con-

A.Arun Kumar et al.

crete Practice, American Concrete I nstitute; Detroit, M1, Part 1, pp. 47.

ASTM C 1602/C 1602M-12, 2012. Standard Specification for Mixing
Water Used in the Hydraulic Cement Concrete; Philadelphia.

ASTM C 33/C33M 11a, 2011. Standard Specification for Concrete Ag-
gregates, Philadelphia.

ASTM C 494/C 494M-10, 2010. Standard Specification for Chemical Ad-
mixtures for Concrete; Philadel phia.

ASTM C 684-99, 2003. Standard Test Method for Making Accelerated
Curing and Testing Concrete Compression Test Specimens; Philadel -
phia.

ASTM D 7348-08, 2008. Standard Test Methodsfor Losson Ignition (LOI)
of Solid Combustion Residues; Philadelphia.

ASTM, C. 150, 2011. Standard Specification of Portland Cement, Phila-
delphia.

Atici, U. 2011. Prediction of the strength of mineral admixture concrete
using multivariableregression analysisand an artificial neural network,
Expert Systems with Applications, 38: 9609-9618.

Behrouz Ahmadi-Nedushan, 2012. Prediction of elastic modulus of nor-
mal and high strength concrete using ANFIS and optimal nonlinear
regression models. Construction and Building Materials, 36: 665-673.

Jui-Sheng Chou and Chih-Fong Tsai 2012. Concrete compressive strength
analysisusing acombined classification and regression technique. Au-
tomation in Construction, 24: 52-60.

Metha, P.K. 1999. A concrete technology for sustainable development: An
overview of essential principles. CANMET/ACI International Sym-
posium on Concrete Technology for Sustainable Development; Van-
couver.

Neville, A.M. 1973. Properties of Concrete, Halstead Press. New Y ork.

Resheidat, M.R. and Madanat, O.N. 1992. Accelerated strength and testing
of concrete in Jordan. Material and Structures, 25: 79-83.

Tarun, R. and Naik, T.R. 1979. Utilization of accelerated strength testing
methods. Cement and Concrete Research, 9: 7-18.

Tokyay, M. 1999. Strength prediction of fly ash concretes by accelerated
testing. Cement and Concrete Research, 29: 1737-1741.

Vima Kumar, Mukesh Mathur, Shaahank Shekhar Snhaand Sagar Dhatral
2005. Fly Ash: An Environment Savior, Fly Ash Utilization Program
(FAUP); TIFAC.

Vol. 12, No. 3, 2013 - Nature Environment and Pollution Technology



