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Abstract
This paper presents the experimental investigation carried out to study use of pond ash in concrete. Now a day it is important to
think about effective utilization of pond ash to preserve natural resources and to have sustainable development. The concrete was
prepared with different percentage of pond ash (15, 25, 35, 45 and 55 %) and it was tested at different ages (3,7,28,56,90, and
180 days). Results of pond ash concrete were compared with control concrete. For all proportions slump in a range of 100-120
mm was maintained. A property of pond ash concrete in fresh state and hardened state was tested. IST and FST of pond ash
concrete goes on increasing as replacement level of pond ash with cement increases this is because of less content of cement. Also
it is found that rate of increase of compressive strength at early ages mainly 3,7 and 28 days was low and during later age this
rate was faster. This shows that later age strength of pond ash concrete is very good and has a scope to use in concrete which are

of great importance in the present context of sustainability in the construction field.
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1. INTRODUCTION

Lot of research has been carried out to use alternative
material in concrete so as to satisfy various properties of
concrete. Pond ash is one such alternative material which
can be effectively used to replace the natural material. When
coal is burned mainly fly ash and bottom ash is produced.
The fly ash is collected by Electrostatic precipitator process.
The ash which is fall at the bottom of boiler is mixed with
water, and then it is carried away from plant through pipes
and finally dumped on open land. After evaporation
whatever ash remains is called pond ash. The use of pond
ash limited by technical and other concern, in structural
concrete but it can be conveniently used in geotechnical and
highway constructions, mass concrete construction, earth
fill, encouraging the use of huge amount of pond ash
generated from thermal power station. The power generation
in India is likely to go up from 1,12,090 MW to 2,12,000
MW in the year 2012 [1]. Every year about 65 to 75 million
tonnes of ash continue to remain unutilized and dumped in
ash ponds and the quantity of ash in ash ponds has increased
from about 450 million tonnes in 1999-2000 to more than
900 million tonnes in 2005-2006 [17]. For disposal of this
ash requires huge valuable land which may be agricultural
or forest. Dr. Yashpal Singh (2011) [12] state that by the
year 2015, the disposal of coal ash would require 1000
square km. area or one meter square of land per person in
India.

The disposal of Pond ash is a big challenge to all as
concerning to their quantity which is increasing day by day.
Hence worldwide investigation was performed to find
alternative use of this waste material and its use in concrete
as a partial replacement of cement is one of the effective
methods of utilization. The possibility of utilization of
thermal power plant byproduct i.e. pond ash as replacement
to cement in concrete is taken into consideration.

2. RESEARCH SIGNIFICANCE

The work carried out by Nader Ghafoori and Yuzheng Cai
(1998) [20] shows that inclusion of bottom ash increases the
demand for mixing water in obtaining the required
workability. In this study lignite based bottom ash used as a
fine aggregate in structural grade concrete. The work of
Glicerio Triches et al. [13] presents a laboratory research of
RCC mixtures with addition of bottom ash for composite
pavements. The results revealed an increase in flexural
strength levels at increasing levels of fine aggregate
replacement by bottom ash. This study also indicates that
the addition of bottom ash in RCC mixtures might lead to
lower cement contents as well as to a less demand of fine
aggregates. The investigations reported by Bapat et al.
(2006) [15] shows that the lagoon ash used to make concrete
with low strength. The development of early strength (1, 3
days) was found low. The setting time of concrete with
lagoon ash was more in comparison to that for concrete with
fly ash. The study of Bharati et al. (2011) [3] confirms that
pond ash can be used as a material for roads and
embankment works and also replace a part of cement and
sand in concrete pavements thus making them more
economical. According to Chai Jaturapitakkul and Raungrut
Cheerarot  (2003) [11], pastes with original or ground
bottom ash replacing Portland cement type | between 10 to
30 % resulted in longer initial setting time of about 9-23
minutes, depending on the fineness of the ashes, compared
to the setting time of the cement paste. Haldun Kurama ,
Mine Kaya (2008) [14] found that addition of bottom ash up
to 10% as a replacement material for Portland cement could
improve the mechanical properties of concrete and thus
could be used in the concrete industry. Sungmin Yoon et al.
(2009) [23] shows that embankment built with as ash
mixtures (60:40 by weight of fly ash:bottom ash) and
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monitored for a period of 1 year from start of construction.
By monitoring data from vertical and horizontal
inclinometers and settlement plates indicates that the ash
mixture investigated can be acceptable embankment
construction material. The research reported by Yogesh
Aggarwal, Rafat Siddique (2014) [26] shows that the
greatest increase in compressive, splitting tensile strength,
and flexural strength compared to that of the conventional
concrete was achieved by substituting 30% of the natural
fine aggregate with industrial by-product aggregate (bottom
ash and waste foundry sand).

By studying all above literature it is known that the
generation of coal ash is a very large in quantity which will
be hazardous for the environment and for human if not
utilized properly. Also it indicates that there is scope to
utilize pond ash in making concrete and achieving
sustainability in the construction field.

3. MATERIALS

3.1 Significance

The investigation reported in this paper was undertaken to
develop concrete using pond ash collected from ash ponds
of Tukum, Chandrapur Super Thermal power generating
station in Maharashtra state, India.

3.2 Materials

The materials used were as follows.

3.2.1 Cement

The Portland Cement (PC) of 53 grade was used. Cement
used conforms to IS 12269:1987 (Bureau of Indian
Standards 1987) specifications. The physical and chemical
properties of the PC are given in Table 1.

3.2.2 Ash

The pond ash used in present study has been collected from
different locations of Chandrapur Thermal Power Station,
Tukum, Chandrapur, Maharashtra, India. Fig. 1(a) and (b)
shows dumped pond ash at Chandrapur Super Thermal
Power (CSTP) Station and disposal of pond ash to open land
through pipes. Pond ash was used on as-received basis. The
physical and chemical properties of pond ash collected from
above source are given in Table 2

3.2.3 Aggregate

Naturally available sand was used as fine aggregate. Before
using in concrete, sand is properly washed and classified.
The crushed basalt obtained from a quarry was used as
coarse aggregate. This aggregate was obtained in two sizes
namely, 10 mm and 20 mm and mixed to a specific grading.
Table 3 gives the grading and the properties of the coarse
and fine aggregate.

Table 1 Physical and Chemical properties of Portland Cement

Elements Content
(@) Physical
Specific gravity 3.15
Fineness

Specific surface (m?/kg) 294
Setting time, Vicat:

Initial setting time (min) 155

Final setting time (min) 230
Soundness:

Le-Chatelier expansion (mm) 0.5

Autoclave expansion (%) 0.066
Compressive strength:

Mortar strength on 70.6 mm cubes (MPa)

3-days 39.1

7-days 52.1

28-days 70.0
(b) Chemical

Cao — 0.7 SO,

2.8 S|02 +1.2 A|203 + 0.65 Fe,04 0.88
A|203 / Fe,O3 1.23
Insoluble residue (% by mass) 1.34
Magnesia (% by mass) 0.90
Sulphuric Anhydride (% by mass) 1.92
Total loss on ignition (% by mass) 1.41
Total chlorides (% by mass) 0.013
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Table 2 Physical and Chemical properties of Pond ash

Elements Content 1S Requirement
(@) Physical

Fineness-passing 45 pum (%) 61.05 -

Specific gravity 2.02 -

(b) Chemical

Silicon dioxide, SiO, 60.60 Minimum 35.00
Aluminum oxide, Al,O5; +

Ferric oxide, Fe,0O3 31.29

(SiO+Al,O3+Fe,05) 91.89 Minimum 70.00
Calcium Oxide, CaO 1.86

Magnesium Oxide, MgO 0.58 Maximum 5.00
Sulfur Tri Oxide, SO3; 0.54 Maximum 2.75
Sodium oxide, Na,O 0.21 Maximum 1.50
Loss on ignition 2.2 Maximum 12.00

#1S 3812:1981 = Specification for fly ash for use as Pozzolana and admixture (Bureau of Indian Standards 1981) and
IS 1727:1967 = Methods of test for pozzolanic materials (Bureau of Indian Standards 1967).

b)
Fig -1: a) Dumped Pond ash  b) Disposal of pond ash through pipe
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Table 3 Grading and Properties of Coarse and Fine aggregate

Coarse Aggregate Fine Aggregate
(crushed basalt) (natural sand)
Sieve size (mm) Cumulative Sieve size (mm) Cumulative
percent retained percent retained
80 0 4.75 125
40 0 2.36 25.6
20 0 1.18 53
10 9.5 0.6 81
4.75 93.95 0.3 97.8
2.36 98.95 0.15 99.2
1.18 100.0
Fineness Modulus 6.018 3.59
Specific gravity 2.88 2.66
Bulk density 1765.05 kg/m3 1984.37 kg/m3
Water absorption 1.67% -

Surface moisture - -

3.2.4 Super Plasticizer

High Range Water Reducing Admixture was used. A commercially available super plasticizer - ConplastSP430SRV complies
with the requirement of ASTM C 494-80 as a Type G Retarding was used.

4. CONCRETE MIX PROPORTIONS AND MIX DESIGN

Mix was carried out as per stipulations laid down in IS 456:2000 and IS 10262:2009 (Bureau of Indian Standards). Concrete mix
design is the process of obtaining various ingredients of concrete such as cement, aggregate, water and admixtures, if any, in the
most optimal manner. The main intention is to produce a concrete at minimal cost having specified properties in fresh as well as in
hardened state.

In present study concrete mix was designed for M25 grade concrete. For selection of control concrete, the trial mixes was carried
out and finally mix with 0.49 water cement ratio was finalized. Water absorption and surface moisture of coarse and fine
aggregate were taken into account during mix design. Desired slump was maintained between 100-120 mm for all mixtures. For
getting desired slump super plasticizer was added if required.

Concrete was prepared by using laboratory pan mixer of one bag capacity. The concrete mixtures were prepared replacing cement
in different proportions with pond ash. The replacement level of pond ash with cement was started from 15%, 25%, 35%, 45%,
and 55%. Table 4 show concrete mix proportions used in present study.

Table 4 Mix Proportions of concrete
Batch quantity in kg/m®

Pond ash
Mix *whh  Water Cement Percentage Quantity FA CA
Control 049 181 368 - - 645 1271
M1 (15%) 0.49 181 313 15 55 645 1271
M2 (25%) 0.49 181 276 25 92 645 1271
M3 (35%) 0.49 181 239 35 129 645 1271
M4 (45%) 0.49 181 202 45 166 645 1271
M5 (55%) 0.49 181 166 55 202 645 1271

¥ w/b = water/binder ratio, i.e. water /(cement + pond ash), FA = Fine aggregate, CA = Coarse aggregate
Note: At 45% and 55% replacement level of pond ash, super plasticizer dose of 0.1% of cement weight was required to maintain
desired workability (i.e. 100-120mm).

Procedure given in IS 10262:2009 mix design code were followed. Initially lumps if any present in pond ash were broken and
required quantity of cement and pond ash was mixed with half the quantity of required coarse and fine aggregate till uniform color
is obtained. Then % quantities of water and remaining aggregate were mixed. After getting homogeneous mix remaining water
and super plasticizer if required was added. The total mixing procedure was completed within 4-5 minutes.
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4.1 Checking Properties Of Concrete

4.1.1 In Fresh State
The various properties of concrete in fresh state such as slump, IST and FST of concrete and density were observed and noted.

Initial and Final Setting Time (IST and FST) of Concrete

IST and FST of concrete provide guidance to site engineer regarding removal of formwork and permissible time lapse between
placements of successive layers of concrete. The test is conducted as per 1S 8142:1976 (Bureau of Indian

Standards) and ASTM C — 403. Table 5 shows IST and FST of pond ash concrete for different percentage replacement of pond
ash by cement. The setting time of pond ash concrete is more than control concrete. This is in line with the investigation reported
by Bapat et al. (2006).

Table 5 IST and FST of pond ash concrete

% replacement IST FST
(minutes) (minutes)

15 300 445

25 300 465

35 360 520

45 390 600

55 390 630

4.1.2 In Hardened State

Concrete cubes of size 15x15x15 cm (IS 516:1959, Reaffirmed in 1999) (Bureau of Indian Standards 1999) were casted and
average compressive strength of cubes was determined. Initially molds were filled with concrete in three layers with sufficient
compaction. Then concrete cubes were placed on laboratory vibrating table for proper vibration and expulsion of air. After
vibration, molds were covered with jute bags for 24 hours. The cubes were demolded after 24 hours and placed in water tanks for
curing at temperature 27+2°C (IS 516:1959) for 14 days (1S 456:2000) and then they were air dried. A minimum of three cubes
were tested at a given test age. Figs. 2(a)-(b) shows pond ash concrete cube test using digital compressive testing machine and
IST, FST of concrete cube test. Table 6. shows compressive strength of pond ash concrete.

Table 6 Compressive strength of pond ash concrete
Compressive strength (MPa) at various days

Sr Mix % Repl. Slump Density

No of PA  (mm) (kg/m®) 3 7 28 56 90 180
1 Control - 120 2460 15 24 32 38 44 46
(46.8) (75) (100) (118.7) (137.5) (143.7)
2 M1 15 116 2391 15 20.1 28 35.3 40.5 42.2
(53.6) (71.8) (100) (126.1) (144.6) (150.7)
3 M2 25 114 2380 13.6 17.8 26.2 33 38 40
(51.9) (67.9) (100) (125.9) (145.0) (152.7)
4 M3 35 114 2375 112 14.3 235 30.8 36.6 37.3
(47.7) (60.8) (100) (131.1) (155.7) (158.7)
5 M4 45 118# 2360 6.3 11.6 22.8 28.5 32.8 36.4
(27.6) (50.8) (100) (125) (143.8) (159.6)
6 M5 55 119# 2355 6 9.7 17.5 245 29.4 34
(34.3) (55.4) (100) (140) (168.0) (194.3)

Repl = Replacement; PA — pond ash, # - 0.1% Super plasticizer used

* Figure in bracket indicate percentage rise in compressive strength in relation to 28 days strength
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(b)

Fig. 2 (a) Pond ash concrete cube test (b) IST and FST of pond ash concrete

5. SUMMARY AND CONCLUSIONS

From the preceding discussions, the following conclusions can be summarized.
. It was observed from graph given in Fig. 3 that rate of increase of compressive strength at early ages mainly 3, 7 and 28
days was low but during later age this rate was faster which indicates that pond ash concrete has good later age strength.
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Fig 3: Compressive strength of pond ash concrete at different ages and for different percentage replacement
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The rate of chemical reaction of pond ash is slow at
early ages with calcium hydroxide which is
liberated during hydration of cement but when rate
of reaction increases it forms stable calcium silicate
and aluminate hydrates. This chemical reaction
improves strength and durability of concrete. The
results of compressive strength obtained by authors
Bharati (2012), Bapat (2006), Bhangale (2013),
Chai (2003) verifies with present investigations
made.

. Table 6 shows compressive strength of pond ash
concrete cubes with different percentage of pond
ash, number in bracket shows the percentage
compressive strength of cube in comparison to 28
days strength. It is also known that strength of pond
ash concrete goes on decreasing as percentage of
pond ash increases; this is mainly due to less
availability of binding material i.e. cement and
higher un-burnt carbon contents of pond ash.

) In present study workability of concrete in term of
slump was maintained between 100- 120 mm. For
first three replacement level of pond ash namely
15%, 25% and 35% the workability is obtained
within the range. But at 45% and 55% replacement
level, workability of concrete was less than 100 mm
and hence super plasticizer dose was added. This
phenomenon may be due to coarse nature of pond
ash and more carbon content. The dose of super
plasticizer was varied from 0.1%, 0.2%, and 0.3%
and finally an optimum dose of 0.1 % was selected
for getting desired workability.

. Specific gravity of pond ash is 2.02 which is less
than general value of specific gravity of cement, this
reduces density of concrete. Table 6 shows linear
decrease in density of pond ash concrete. Fineness
of pond ash passing through 45 um is 61.05% which
indicates coarseness of pond ash.

. Initial and final setting time of pond ash concrete
goes on increasing as replacement level of pond ash
with cement increases. That is perhaps due to less
content of cement.

The study carried out indicate that viability of using pond
ash in making concrete which are of great importance in the
present context of sustainability in the construction field.
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