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ABSTRACT

ARTICLE INFO

Researchers and decision makers are continuously looking out to determine the po-
tential and effectiveness of fly-ash as a partial replacement of cement in concrete. The
current study is carried out to check the optimum or nearly optimum quantity of fly-
ash with which cement should be replaced to get most of the properties of concrete
enhanced and to give the idea about the quantities of fly-ash that can be used in a
better way and better cause so that a proper management scheme of its usage and
disposal can be implied. Further, a comparison is given between normal concrete and
fly-ash concrete to show the properties which can be enhanced by proper utilization
of fly-ash as a partial replacement of cement. After carrying out the lab experiments,
it has been seen that the replacement of fly-ash in concrete has resulted in general
increase in compressive strength, flexural strength and splitting tensile strength up
to 15% replacement and after then the strength is decreased considerably than that
of normal concrete. Addition of fly-ash in concrete has resulted in decrease in the
water absorption of concrete and hence decreases in permeability of concrete. There
is a progressive increase in workability with increase in percentage of fly-ash in con-
crete. The current study has led to a conclusion that in order to achieve best results
in use of fly-ash concrete, the fly-ash used for replacing cement in concrete should
have the required properties as specified by the standards and proper techniques of
processing fly-ash as well as mixing of fly-ash with cement must be employed.
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1. Introduction

First use of fly ash in concrete started in the United
States in the early 1930's at University of California by
Davis (1937). The major breakthrough in using fly ash in
concrete was the construction of Hungry Horse Dam in
USA in 1948, utilizing 120,000 metric tons of fly ash by
Thomas (2010). This decision by the U.S. Bureau of Rec-
lamation paved the way for using fly ash in concrete con-
structions. In India, Fly-ash was first used in the con-
struction of Rihand Dam in Uttar Pradesh in 1962, re-
placing cement up to 15% showed in literature review
by Bendapudi and Saha (2011). The Indian Standards
1S:3812-1981 define, “Fly ash as a finely divided residue
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resulting from the combustion of ground or powdered
bituminous coal or sub-bituminous coal (lignite) and
transported by the flue gases of boilers fired by pulver-
ized coal or lignite.” A pozzolana is a siliceous or sili-
ceous/ aluminous material which possesses little or no
cementitious value, but will, in finely divided form and in
the presence of moisture, chemically reacts with Calcium
Hydroxide liberated on hydration at ordinary tempera-
ture, to form compounds possessing cementitious proper-
ties explained by Gray and Lin (1972). Fly ash is best
known and one of the most commonly used pozzolans in
the world. We are using fly ash in almost all the activities
where cement is involved like cement concreting, brick
manufacturing, cement mortar for brick work & plastering.
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Fly-ash is one of the residues generated in the combus-
tion of coal. Fly ash is generally captured from the chim-
neys of coal-fired power plants and is one of two types
of ash that jointly is known as coal ash; the other bottom
ash is removed from the bottom of coal furnaces. De-
pending upon the source and makeup of the coal being
burned, the components of fly ash vary considerably
but all fly ash include substantial amounts of silicon di-
oxide (SiO2) (both amorphous and crystalline) and cal-
cium oxide (CaO). Toxic constituents include arsenic,
beryllium, boron, cadmium, chromium, chromium VI,
cobalt, lead, manganese, mercury, molybdenum, sele-
nium, strontium, thallium, and vanadium, along with di-
oxins and PAH (Poly-Aromatic Hydrocarbons) com-
pounds. Fig. 1 shows the photomicrograph showing fly-
ash particles.

Fig. 1. Photomicrograph made with a Scanning Electron

Microscope (SEM): Fly-ash particles at 3,000 x magnifi-

cation (Credit: United States Department of Transporta-
tion - Federal Highway Administration).

In past fly ash was generally released into the atmos-
phere but pollution control equipment mandated in re-
cent decades now requires that it be captured prior to
release. In United States, fly ash is generally stored at
coal power plants or placed in landfills explained by
Subramani and Sakthivel (2016). About 43 percent is re-
cycled, often used to supplement Portland cement in

concrete production. It is increasingly finding use in the
synthesis of geo-polymers and zeolites. Fly-ash can also
be used as a supplementary material for soil stabilization
shown in literature review of Brooks (2009) and recla-
mation of saline soils shown by Ors et al. (2015). It is ex-
pected that use of fly-ash instead of lime in agriculture
can reduce net COz emission, thus reduce global warm-
ing also explained by Basu et al. (2009). High-Volume fly-
ash concrete (HVFA) concrete is more suitable for the
construction of rural, regional, and the national network
of roads in India explained by Desai (2004). Studies
show that partial replacement of concrete by fly-ash im-
proves the concrete properties by considerable percent-
age explained by Marthong and Agrawal (2012).

2. Objectives of the Current Research

In this study, quantity of cement in concrete was re-
placed by 5%, 10%, 15%, 20%, 25 and 30% by weight of
fly-ash and a comparative study was carried out:

1. To find-out the potential of fly-ash as a possible par-
tial replacement of cement in terms of its binding
property.

2. To check the optimum or nearly optimum quantity of
fly-ash with which cement should be replaced to get
most of the properties of concrete enhanced.

3. To compare the short-term and long-term strengths
of normal concrete and fly-ash concrete.

3. Materials and Methods

Materials obtained for making concrete (cement, sand
and coarse aggregate) were tested for their respective
properties according to the respective IS codes. The size
of the specimens and specifications of materials used are
shown in Tables 1 and 2 respectively.

Table 1. Size of specimens used for testing of concrete.

S.No Specimen Size

1 Cube (150 x 150 x 150) mm3

2 Beam (100 x 100 x 500) mm3

3 Cylinder (150mm g, 300 mm height)

Table 2. Specifications of materials used in testing.

S.No Material Specifications
1 Cement 43 Grade (Khyber Cement)
2 Fly-ash Class F-type obtained from JK Cements Khrew Kashmir
3 Coarse aggregate 20mm (Crushed) obtained from Crusher plant Ganderbal Kashmir
7 Fine Aggregate Grading zone-1 procured from River Sindh Ganderbal Kashmir
5 Mix of Concrete M20 (1:1.5:3) Nominal Mix

6 Water-Cement Ratio 0.38
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Fly-ash procured was sieved to remove any impuri-
ties and then pulverized in a pulverizer to increase its
fineness to make it suitable for replacing cement in con-
crete. The fly-ash was pulverized to a limit so that it
freely passes 90 um sieve. The specimens (cubes, cylin-
ders, beams) have been tested for compressive, split cyl-

inder and flexural tests. The tests were carried after cur-
ing period of 7 and 28 days with the help of UTM (Uni-
versal Testing Machine) and Compression Testing Ma-
chine (CTM) in NIT Srinagar. Tests were conducted on
the procured materials whose results are summarized in
Table 3.

Table 3. Test results of procured materials.

Test results obtained from samples

Standard values as recommended

S.No Material Test Name
(Average value) by IS codes
Should be less than 10% of wt of cement
Fineness 0.547% particles larger than 90 pm. (micron)

as per 1S:4031-1988

Standard consistency  30%

Should be about 30% by weight of cement
as per 1S:4031-1988

Initial setting time = 2 hrs. and 55 min

Should not be less than 30 minutes
as per 1S:4031-1988

Setting time
1 @ t
emen Final setting time = 5 hrs. and 35 min SOH R moe §Em A0 heus
as per 1S:4031-1988
Soundness (Average 167 Should not be more than 10mm
.67mm
expansion value) as per 1S:4031-1988
Should b than 30.1N z
7 day strength=32.38 ouid be more tiat /mm
Compressive as per 1S:4031-1988
strength 28 day Strength=45.47 N/mm? Should be more than 43 N/mm?
ay Strengti=ss.a/ K/mm as per 15:4031-1988
Gradation 3,047 Should not be more than 7
(Fineness modulus) ' as per [S:383-1970
2 Coarse aggregate
Aggregate crushing 16.08% Aggregate Crushing Value shall not exceed
value e 30% as per 15:383-1970
. . . Grading zone = Zone-1 .
3 Fine aggregates Sieve analysis Curve conforming to 1S:383-1970

(Well graded Sand)

Similarly physical and chemical properties of the fly-
ash concrete were obtained from the database of JK ce-
ments Khrew Kashmir and are summarized in Table 4.

4., Test Results of Normal Concrete

Ten specimens of cube, cylinder and beam were cast
with slump of normal concrete as 25 mm and compac-
tion factor as 0.893.

Five casted specimens of cube, cylinder and beam
were tested after 7 days and 28 days. The specimens
were tested for compressive strength, flexural strength
and splitting tensile strength.

Compressive strength test is conducted on cubes
casted which were loaded on their opposite faces in a
Compression Testing Machine (CTM). The load at which
first crack appears is considered as the failure load and
the compressive strength is calculated corresponding to
this particular value of load. The compressive strength is
calculated as:

Sc=Lp/Cy (1)

where Sc=compressive strength, Lp=1oad at failure, Ca =
cross sectional area.

Flexural strength test of concrete is performed on
beam specimens. The loading applied on the beam is a
two point loading in which loads are applied at (1/3)
points of the beam. The beam is placed in the testing ma-
chine in such a way that the load points are 13.3 cm apart
from each other as well as from each support. The load
is increased until the specimen fails and this load is
noted as failure load. The flexural strength is calculated
as:

Sz = 2PL/BD? (2)

where Sr = flexural strength, P = load at failure/2, L =
length of beam between supports, B = breadth of beam,
D = depth of beam.

Splitting tensile strength test is carried out by placing
a cylindrical specimen horizontally between the loading
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surfaces of a compression testing machine and the load
is applied until failure of the cylinder along the vertical
diameter. The loading condition produces a high com-
pressive stress below the two surfaces to which the load
is applied and the larger portion corresponding to depth
is subjected to a uniform tensile stress acting horizon-
tally. Itis estimated that the compressive stress is acting
for about (1/6)t depth and the remaining (5/6)th depth

is subjected to tension. The splitting tensile strength is
calculated as:

Sy = 2P/mHD (3)

where Sk =horizontal tensile stress, P = load at failure, H
= height of cylinder, D = diameter of cylinder

The test results obtained are the average results sum-
marized in Table 5.

Table 4. Properties of fly-ash.

Standard values as recommended by 1S:3812-1981

S. No Characteristic Results Obtained
Grade -1 Grade - 11
PHYSICAL PROPERTIES
1 Fineness (m?/kg) 361.3 Should not be less than 320 Should not be less than 250
2 Lime reactivity (MPa) 4.92 Should not be less than 4 Should not be less than 3
3 Compressive strength (MPa) 81 Not less than 80% of the strength of corresponding cement mortar cubes
4 Drying shrinkage (%) 0.011 Should not be more than 0.15 Should not be more than 0.10
5 Autoclave expansion (%) 0.01 Should not be more than 0.8 Should not be more than 0.8
CHEMICAL PROPERTIES
6 Si02+Al203+Fe203 % 91.95 Should not be less than 70 Should not be less than 70
7 Si02 % 58.66 Should not be less than 35 Should not be less than 35
8 Al203 % 28.76 - -
9 Fe203 % 4.53 - -
10 Ca0 % 1.58 - -
11 MgO % 0.48 Should not be more than 5 Should not be more than 5
12 S03 % 0.18 Should not be more than 2.75 Should not be more than 2.75
13 Alkalis (Naz20eq) 0.78 Should not be more than 1.5 Should not be more than 1.5
14 Naz0 % 0.14 - -
15 K20 % 0.97 - -
16 LOI (loss on ignition) % 2.00 Should not be more than 12 Should not be more than 12

Table 5. Average value of results obtained from testing of normal concrete M20.

S.No Test name Specimen Results
Average 7 days compressive strength = 17.23 N/mm?
1 Compressive Strength Cube
Average 28 days compressive strength = 25.21 N/mm?
Average 7 days Flexural strength = 3.87 N/mm?
2 Flexural Strength Beam
Average 28 days Flexural strength = 5.22 N/mm?
Average 7 days splitting tensile strength = 1.71 N/mm?
3 Splitting Tensile Strength Cylinder
Average 28 days splitting tensile strength = 2.43 N/mm?
Beam Average percentage weight of water absorbed = 0.79%
4 Permeability

Cylinder

Average percentage weight of water absorbed = 0.82%
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5. Test Results of Fly-Ash Concrete

Fly ash was used as 5%, 10%, 15%, 20%, 25 and 30%
replacement of cement by weight after pulverizing and
sieving it to remove any impurities. The fly ash was thor-
oughly mixed with cement manually before using for
making concrete for casting fly ash concrete specimens.

12 specimens were casted for each trial consisting of 4
cubes, 4 beams and 4 cylinders. 6 specimens, two from
each category, were cured for 7 days and rest 6 for 28
days. In-situ tests were carried out for each trial.

The test results for 5%, 10%, 15%, 20%, 25% and
30% trails are summarized in Tables 6-11, respec-
tively.

Table 6. Test results for 5% replacement trail.

S.No Test Name Specimen Compacting factor Slump(mm) Results
. _ 2
Comipiessive Average 7 days compressive strength = 23.22 N/mm
1 Strenath Cube 0.834 26mm
J Average 28 days compressive strength= 32.58 N/mm?
= 2
Flexural Average 7 days flexural strength=4.12 N/mm
2 — Beam 0.834 26mm
J Average 28 days flexural strength= 8.87 N/mm?
- . - o
Sl Temsie . Average 7 days splitting tensile strength=1.87 N/mm
3 Strength Cylinder 0.834 26mm
J Average 28 days splitting tensile strength = 2.76 N/mm?
Beam Average %age weight of water absorbed =0.68%
4 Permeability
Cylinder Average %age weight of water absorbed =0.72%
Table 7. Test results for 10% replacement trail.
S. No Test Name Specimen Compacting factor Slump(mm)  Results
. - 2
Eutiresie Average 7 days compressive strength = 23.20 N/mm
1 Strenath Cube 0.872 26mm
g Average 28 days compressive strength = 32.26 N/mm?
= 2
Flexural Average 7 days flexural strength= 4.10 N/mm
2 Strength Beam 0.872 26mm
g Average 28 days flexural strength= 8.25 N/mm?
- . - 7
Sl s Taneils . Average 7 days splitting tensile strength = 1.96 N/mm
3 Strenath Cylinder 0.872 26mm
g Average 28 days splitting tensile strength = 2.86 N/mm?
Beam Average %age weight of water absorbed =0.59%
4 Permeability
Cylinder Average %age weight of water absorbed =0.51%
Table 8. Test results for 15% replacement trail.
S.No Test Name Specimen Compacting factor Slump(mm) Results
. _ 7
Corrrmesse Average 7 days compressive strength = 21.22 N/mm
1 Streneth Cube 0.876 27mm
8 Average 28 days compressive strength = 31.90 N/mm?
= 2
Flexural Average 7 days flexural strength = 4.02 N/mm
2 Streneth Beam 0.876 27mm
5 Average 28 days flexural strength = 8.16 N/mm?
s . _ ,
Silfiee e Temsile . Average 7 days splitting tensile strength = 1.82 N/mm
3 Strensth Cylinder 0.876 27mm
5 Average 28 days splitting tensile strength = 2.69 N/mm?
Beam Average %age weight of water absorbed =0.58%
4 Permeability

Cylinder

Average %age weight of water absorbed =0.57%
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Table 9. Test results for 20% replacement trail.

S.No Test Name Specimen Compacting factor Slump(mm) Results
. _ 7
Compiassive Average 7 days compressive strength = 17.12 N/mm
1 S Cube 0.882 27mm
Average 28 days compressive strength = 27.18 N/mm?
= 2
Flexural Average 7 days flexural strength = 3.27 N/mm
2 Strenath Beam 0.882 27mm
J Average 28 days flexural strength = 7.46 N/mm?
- . _ 7
Sl Tareie _ Average 7 days splitting tensile strength = 1.51 N/mm
3 Stronoth Cylinder 0.882 27mm
J Average 28 days splitting tensile strength = 2.39 N/mm?
Beam Average %age weight of water absorbed =0.60%
4 Permeability
Cylinder Average %age weight of water absorbed =0.61%
Table 10. Test results for 25% replacement trail.
S.No Test Name Specimen Compacting factor Slump(mm) Results
. - o
Comipreseive Average 7 days compressive strength = 15.12 N/mm
1 Strength Cube 0.892 28mm
J Average 28 days compressive strength = 24.18 N/mm?
= 2
Flexural Average 7 days flexural strength = 2.89 N/mm
2 Streneth Beam 0.892 28mm
g Average 28 days flexural strength = 6.26 N/mm?
- . - 2
Sl s Taneils . Average 7 days splitting tensile strength = 1.23 N/mm
3 Strength Cylinder 0.892 28mm
g Average 28 days splitting tensile strength = 2.12 N/mm?
Beam Average %age weight of water absorbed = 0.62%
4 Permeability
Cylinder Average %age weight of water absorbed = 0.68%
Table 11. Test results for 30% replacement trail.
S. No Test Name Specimen Compacting factor Slump(mm)  Results
. _ .
Comarasaine Average 7 days compressive strength = 11.19 N/mm
1 Strength Cube 0.898 30mm
g Average 28 days compressive strength = 23.28 N/mm?
= 2
Flexural Average 7 days flexural strength = 2.81 N/mm:
2 Strength Beam 0.898 30mm
g Average 28 days flexural strength = 4.21 N/mm?
. . _ 7
R . Average 7 days splitting tensile strength = 1.20 N/mm
3 Strensth Cylinder 0.898 30mm
5 Average 28 days splitting tensile strength = 2.07 N/mm?
Beam Average %age weight of water absorbed =0.68%
4 Permeability
Cylinder Average %age weight of water absorbed =0.76%

6. Comparative Analysis

A comparative study was performed to check the ef-
fectiveness of different percentages of fly-ash and bar-
charts were prepared as shown in Figs 1-6.

Further Tables 12 and 13 show the strength compar-
ison of normal concrete and different trials of fly-ash
concrete.
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35

30

M 7-day Compressive
strength(N/mm2)

M 28-day Compressive
strength(N/mm?2)

Normal 5% Fly-ash 10% Fly- ash 15% Fly- ash 20% Fly- ash 25% Fly- ash 30% Fly-ash

Fig. 1. Comparison of 7 days and 28 days compressive strength of normal and fly-ash concrete.
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m 7-day Flexural strength

(N/mm?2)
M 28-day Flexural
strength(N/mm?2)

Normal 5% Fly-ash 10% Fly-ash 15% Fly-ash 20% Fly-ash 25% Fly-ash 30% Fly-ash

Fig. 2. Comparison of 7 days and 28 days flexural strength of normal and fly-ash concrete.

35

m 7-day Splitting Tensile

strength(N/mm?2)

M 28-day Splitting Tensile
strength(N/mm?2)

Normal 5% Fly-ash ~ 10% Fly-ash  15% Fly-ash  20% Fly-ash  25% Fly-ash ~ 30% Fly-ash

Fig. 3. Comparison of 7 days and 28 days splitting tensile strength of normal and fly-ash concrete.

0.9

W %age of water absorption
in Beams

M %age of water absorption
in Cylinders

Normal 5% Fly-ash ~ 10% Fly-ash  15% Fly-ash  20% Fly-ash ~ 25% Fly-ash  30% Fly-ash

Fig. 4. Comparison of percentage of water absorption of normal and fly-ash concrete.
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31

30

29

28

27

26 M Slump (mm)
25 A

24 -

23 A

22 4 T T T T T T

Normal 5% Fly-ash ~ 10% Fly-ash  15% Fly-ash  20% Fly-ash  25% Fly-ash  30% Fly-ash

Fig. 5. Comparison of slump of normal and fly-ash concrete.

0.92

0.9

0.88 -

B Compacting
086 1 factor
0.84 -
0.82 +
0.8 - T T T T T T

Normal 5% Fly-ash  10% Fly-ash  15% Fly-ash  20% Fly-ash  25% Fly-ash  30% Fly-ash

Fig. 6. Comparison of compacting factor of normal and fly-ash concrete.

Table 12. 7 days strength comparison of normal and fly-ash concretes.

7 days strength (N/mm?)
T f t
ype of concrete Compressive %age increase/ Flexural %age increase/ Splitting tensile %age increase/
strength decrease strength decrease strength decrease
Normal concrete 17.23 - 3.87 - 1.71 -
5%
23.22 34.76 4.12 6.45 1.87 9.35
fly-ash concrete
0
L0 23.20 34.64 4.10 5.94 1.96 14.61
fly-ash concrete
0
1 21.22 23.15 4.02 3.87 1.82 6.43
fly-ash concrete
0
- 17.12 -0.63 3.27 -15.50 1.51 -11.69
fly-ash concrete
9
—_ 15.12 -12.24 2.89 -25.32 1.23 -28.07
fly-ash concrete
9
- 11.19 -35.05 2.81 -27.39 1.20 -29.82

fly-ash concrete
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Table 13. 28 days strength comparison of normal and fly-ash concretes.

28 days strength (N/mm?2)

Type of concrete

Compressive %age increase/ Flexural %age increase/ Splitting tensile %age increase/
strength decrease strength decrease strength decrease
Normal concrete 25.21 - 5.22 - 2.43 -
5%
32.58 29.23 8.87 69.92 2.76 13.58
fly-ash concrete
0,
A0 32.26 27.96 8.25 58.04 2.86 17.69
fly-ash concrete
0,
JEfh 31.90 26.53 8.16 56.32 2.76 13.58
fly-ash concrete
0,
AL 27.18 7.81 7.46 4291 2.39 -1.64
fly-ash concrete
0,
e 24.18 -4.08 6.26 19.92 2.12 -12.75
fly-ash concrete
0,
N 23.28 -7.65 4.21 -19.34 2.07 -14.81

fly-ash concrete

7. Economic Analysis

In this economic analysis the cost of fly-ash has been
taken as zero as it has been procured free of cost from
the JK cements factory Khrew Kashmir. Since the trans-
portation cost and the cost of sand and aggregates is
same for both normal concrete and fly-ash concrete, so
they are not taken into account. Hence this economic
analysis has been conducted on the basis of quantity of
cement used in both the cases only. Fly-ash obtained was
pulverized but its cost has been neglected for the present
economic analysis.

Normal Concrete (1:1.5:3)

Volume of one cube = 3.375 x 10-3 m3

Cement used in one cube = 1.473 kg

Cost of 1 kg of cement = Rs. 5.00

Cost of cement per cube = Rs. 7.365

Cost of cement used in 1 m3 of concrete= Rs. 2182.17

Fly-Ash Concrete

The economic analysis of fly-ash concrete for different
trails is summarized in Table 14.

Table 14. Economic analysis for different trails of fly-ash concrete.

S No Fly-ash Quantity of cement Cost of cement Cost of con.crete per cube cost of cement
replacement replaced per cube replaced per cube (Rupees) replaced in 1 m3 of concrete (Rupees)
1 5% 0.07365 0.368 109.03
2 10% 0.1473 0.7365 218.21
3 15% 0.22095 1.10475 327.32
4 20% 0.2946 1.473 436.43
5 25% 0.36825 1.84125 545.54
6 30% 0.4419 2.2095 654.65

8. Conclusions

After experimentation and testing of various speci-
mens, the following conclusions were drawn:

e The short-term compressive, flexural and splitting
tensile strengths (7-day) of Fly-ash concrete in-
creased to some extent up to partial replacement of
15% and then after it considerably decreased.

e The water absorption percentage of fly-ash showed a
considerable decrease giving an idea about the de-
crease in permeability by partial replacement of ce-
ment by fly-ash. However the percentage absorption
showed an increasing trend after the trails of 25% fly-
ash replacements.

e Test comparisons show that partial replacement
of cement between 10% to 15 % show a maximum
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efficiency in increasing the strength and other prop-
erties of concrete and hence it can be concluded that
the optimum percentage of fly-ash by which cement
should be replaced lies between 10% to 15%.

e The workability showed a linear increase with an in-
creasing slump and compacting factors with increase
in percentage of fly-ash.

e Economic analysis shows that Partial replacement of
cement by fly-ash can boost the economy by reducing
the overall cost of concrete.

o Utilization of fly-ash in concrete has provided an ex-
cellent means of disposal of fly-ash which has adverse
environmental impacts.

REFERENCES

Basu M, Pande M, Bhadoria PBS, Mahapatra SC (2009). Potential fly-
ash utilization in agriculture: a global review. Progress in Natural
Science, 19(10),1173-1186.

Bendapudi SCK, Saha P (2011). Contribution of fly ash to the properties
of mortar and concrete. International Journal of Earth Sciences and
Engineering, 4(6), 1017-1023.

Brooks RM (2009). Soil stabilization with fly ash and rice husk ash. In-
ternational Journal of Research and Reviews in Applied Sciences, 1(3),
209-217.

Davis RE, Carlson RW, Kelly JW, Davis HE (1937). Properties of ce-
ments and concretes containing fly ash. Journal Proceedings, 33(5),
577-612.

Desai JP (2004). Construction and performance of high-volume fly ash
concrete roads in India. Special Publication, 221, 589-604.

Gray DH, Lin YK (1972). Engineering properties of compacted fly ash.
Journal of the Soil Mechanics and Foundations Division, 98(4), 361-
380.

1S:383-1970 (1970) Specification for coarse and fine aggregates from
natural sources for concrete. Bureau of Indian Standards, New
Delhi, India.

1S:3812-1981 (reaffirmed 1999). Specifications for fly ash for use as
pozzolana and admixture. Bureau of Indian Standards, New Delhi,
India.

1S:4031-1988 (1988). Methods of physical tests for hydraulic cement.
Bureau of Indian Standards, New Delhi, India.

Marthong C, Agrawal TP (2012). Effect of fly ash additive on concrete
properties. International Journal of Engineering Research and Appli-
cations, 2(4), 1986-1991.

Ors S, Sahin U, Khadra R (2015). Reclamation of saline sodic soils with
the use of mixed fly ash and sewage sludge. Arid Land Research and
Management, 29(1), 41-54.

Subramani T, Sakthivel P (2016). Experimental investigation on flyash
based geopolymer bricks. International Journal of Application or In-
novation in Engineering & Management, 5(5), 216-227.

Thomas MD (2010). Optimizing fly ash content for sustainability, dura-
bility, and constructability. Second International Conference on Sus-
tainable Construction Materials and Technologies, Universita
Politecnica Delle Marche, Ancona, Italy.





