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Abstract— Today’s fast growing industrialization where
production of materials are touching the remarkably heights,
so it’s the need of an hour to utilize the waste which is
produced in these factories. Paper producing industries
generates a huge quantity of waste, to overcome these
problem we need to tackle with alternate methods which will
help to the reduce the impact of major environmental
problems. This paper mill ash is named as Hypo Sludge Ash
(HSA), for the production of paper the chemical are mixed
and used for a numerous time for producing the paper of good
quality but once its usefulness is achieved the raw material
cannot be again utilize and also Ground Granulated Blast
furnace slag which is the by-product of iron ore is used for
comparison and its usefulness is suggested. In this project
work these waste is used to replace the cement in various
proportions and noticeable changes in reading are recorded.
Accordingly the design mix is made for M40 grade concrete
and testing is performed by means of compression testing
machine (CTM) and flexural testing machine. It was found
that optimum results are obtained at 10 % replacement of
paper mill ash.
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. INTRODUCTION

Industries are growing at a vital speed in India and there is no
doubt that at this growing rate of industries larger amount
waste will be produced, so the awareness regarding these
major amount of harmful waste is the prime need of today’s
leading industrial sector, even if it may India a leading
country in terms of production basis but the time has come
where we need to make plans to make utilization of these
wastes in better way so that it will be fruitful for the future.

Different categories of waste are produced for
example the rubber is the waste which may be used for tyre
production, but once these tyres are worn out they are no
longer possible for any other use. Similarly thermal power
station produces a large quantity of fly ash which at first was
termed as a waste material but in the recent years these fly
ash is used for the purpose of construction work. Fly ash
bricks are one of those inventions. In the same manner the
waste produced are biomedical waste, chromite industries
waste which are still lacking to be used in such a fashion that
which would be very useful for the individual or for the
society as a whole.

As mentioned above about the waste produced from
different industrial productions there is a lot of scope in the
field of research. Some of the industries even produce such a
material as a waste which is very hazardous and hence leading
to the greater negativity of environmental damage. So we
need to focus harder to think better ideas.

Paper producing waste ash termed as the Hypo
Sludge Ash (HSA) is one kind of material which is produced
by different paper industries in different amount. This project
work is based on using this ash as a replacement to cement in
proportions like 5%, 10 %, 15%, 20%. At first the properties

were determined and it was found that this material has good
properties so that the replacement can be done.
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Fig. 1: Dumped waste at outskirts of Ballarpur

Il. DEFINING OF PROPERTIES

A. Hypo Sludge Ash (HSA)

Hypo Sludge Ash that is the waste is obtained from Ballarpur
paper mill industry for the project work. The properties of
Hypo Sludge ash was suggested by BILT (Ballarpur
Industries Pvt. Ltd ) , from the chemical analysis of these
waste it was found that it contains a good amount of calcium
oxide content in it so it can be suggested to be used as a
replacement to cement. Properties of hypo sludge ash are
shown in table no 1.

Chemicals Percentage (%)
Calcium Oxide (Ca0) 62.81
Silica (Si0y) 19.83
Iron oxide (Fe203) 5.08
Sodium oxide (Na.0O) 0.19
Sulphur Trioxide (SO3) 2.82
Loss on Ignition (LOI) 0.86
Potassium Oxide (K;0) 0.90
Magnesium Oxide (MgQO) 2.64
Alumina (Al;,05) 3.79
Table 1: Chemical analysis of Hypo Sludge Ash
Test Conducted Test Results
Consistency (%) 43
Specific gravity (gm/cc) 2.15
Setting Time
Initial (min) 290
Final (min) 440

Table 2: Physical properties of Hypo Sludge Ash

B. Cement

Cement is the material which is required for the purpose of
binding, cement used in the Ordinary Portland cement of 53
grade (ACC cement). Cement used was confirming to IS
12269:1987. Physical properties of cement are given in table
no 3.
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Physical properties Remark
Specific gravity 3.15
Standard consistency (%) 31.5%
Initial setting time (hours, min) 45 min
Final setting time (hours, min) 430 min

Table 3: Physical analysis of cement

C. Properties of Fine Aggregate and Coarse Aggregate

Fine aggregate used a Wardha river sand which contains the
maximum size of 4.75 mm and is validated with IS 383-1970.
Specific gravity of the fine aggregate is 2.6 and the coarse

aggregate is the a bit angular in shape and is passing through
20 mm IS sieve and specific gravity is 2.7.

I1l. PROPORTIONING BY CONCRETE MIX DESIGN

Concrete mix design is prepared according to the Indian
standard of mix design Mix design is made by using IS
10262: 2009. Proportioning of material is done and
requirements of various materials are mentioned in it. Mix
proportions are given in table no 4.

Paper Sludge Ash (%) | W/C | Cement (Kg/m®) | Fine Agg (Kg/m®) | Paper Sludge ash (Kg/m®) | Coarse Agg (Kg/m?)
0 0.38 430 637.037 0.00 1213.763
5 0.38 408.5 637.037 21.5 1213.763
10 0.38 387 637.037 43 1213.763
15 0.38 365.5 637.037 64.5 1213.763
20 0.38 344 637.037 86 1213.763

Table 4: Mix Proportion for M-40 Grade
1]

IVV. RESULTS AND DISCUSSION

A. Slump Cone Test

Workability of concrete mix is determined by using Slump
cone test, results obtained are tabulated in table no -5,
decrease in slump values are obtained as higher amount of
paper ash is used, it is due losing of binding in the concrete
mix which produces a less workable mix concrete and also it
absorbs more water. Slump is measured according to 1S 1199-
1959.
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Hypo Sludge Ash (%) SIumgS(mm) Fig. 2: Graph Slump cone values using HSA.
5 63 B. Rebound Hammer Test
10 67 Rebound hammer test is done on the concrete blocks before
15 56 testing it for the destructive test. It was found that
20 53 compressive strength increases up to 10% replacement with
Table 5: Slump cone test readings for HSA (M-40 Grade) HSA and from 15% onwards the trend is towards decrease in
GGBS (%) | SLUMP(mm) strength. Rebound hammer test is carried with help of IS
10 61 13311 (part 2):1992. Table no 7 shows values of rebound
Table 6: Slump cone test readings for GGBS (M-40 Grade) hammer test.
Replacement of | Rebound Avg. strength Rebound Avg. strength Rebound Avg. strength
HSA in (%) no. @7 days (N/mm?) No. @14 days(N/mm?) No. @28 days(N/mm?)
0 22 26 28 375 32 43
5 23 29.33 29 39.33 33.75 45.50
10 26 32.75 30.75 41.50 34.33 46.33
15 21 25 26.3 335 27 34.33
20 20 23.5 22.75 26.75 24 30.33

Table 7: Rebound Hammer Test Results

® 7 Days
= 14 Days

28 Days

Comprossive Strength (N mm?)
~

30
:
= |
15 . 4
10 '
s | |

Dl i 10% 1%% pll

Hypo Shudge Ash

Fig. 3: Graph Compressive strength at various % of
replacement of Hypo sludge Ash at different ages by
Rebound Hammer Test (M40 Grade)

C. Compression Test

Compression test in performed on cubes which are casted for
different ages of curing, cubes are made of standard size
150mm*150mm*150mm and were tested for 7, 14, 28 days
of age. Results that were obtained for various categories of
mixes for HSA and GGBS are represented in table no 8 and
10.
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HSA Average Average Average
(%) strength @ 7 | strength @ 14 | strength @28
°) | days (N/mm?) | days (N'/mm?) | days (N/mm?)
0 29.77 36.40 41.58
5 32.65 39.76 43.70
10 35.81 41.38 45.90
15 27.54 34.13 37.48
20 23.43 28.63 32.44

Table 8: Average Strength at different ages by Compression
testing machine

% Replacement | 7-Days | 14- Days | 28-Days
5 (+)9.67 | (+)5.98 | (+)4.69
10 (+)20.28 | (+)12.63 | (+)11.17
15 (-)7.49 | (1)3.22 | (-)2.36
20 (-)21.29 | (-)14.64 | (-)15.32
Table 9: Variation in Compressive strength in percentage
Sr. Average strength
No GGBS% @28 days (N/mm?)
1 0 41.58
2 10 46.10

Table 10: Average Strength at 28 days by Compression
testing machine

B (%% replacement
W 3% replacement

Comprossive Strength (Mimm?)

- T-days

14-days I
Fig. 4: Graph Comparison of Compressive Strength at 5%
replacement of HSA with 0% replacement at (Age 7,14, 28 )

— Remark: Increase in compressive strength was observed
at 5% replacement

18-davs

50

45
40
3%
30
2
0
15
10

3

T-days

14days 28-days
Fig. 5: Graph Comparison of Compressive Strength at 10%
replacement of HAS with 0% replacement at (Age 7,14, 28 )
— Remark: Increase in compressive strength was observed
at 10% replacement
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Fig. 6: Graph Comparison of Compressive Strength at 15%
replacement of HSA with 0% replacement at (Age 7,14, 28)
— Remark: Decrease in compressive strength was
observed at 15% replacement
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Fig. 7: Graph Comparison of Compressive Strength at 20%
replacement of HSA with 0% replacement at
(Age 7, 14, 28 days)
— Remark: Decrease in compressive strength was
observed at 20% replacement
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Fig. 8: Graph Comparison of Compressive Strength at 10%

replacement of HSA and GGBS (28 days) M40 grade and

M25 grade

— Remark: Increase in compressive strength is observed
for GGBS with respect to HSA.

D. Flexural Strength Test

Flexural test is performed on beams which were cured for 28
days. Flexural test is carried by Flexural testing machine and
respective results and graph are tabulated as given below.

HSA | Average Flexural strength
(%) @28 days (N/mm?)

0 5.67

5 6.13

10 6.68

15 5.53

20 4.49

Table 11: Flexural Testing of Concrete for various
replacements of HSA
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Fig. 9: Graph Comparison of Flexural Strength between
plane concrete and various replacement at Age 28 days.

E. Rate Analysis

Rates are compared based on various replacements that were
made of cement with respect to Hypo sludge ash. Hypo
sludge ash which is the waste material obtained free of cost.
Cost comparison is made only for cement and Hypo Sludge
Ash as all other categories of material such as sand and
aggregates are not used as replacement so their cost will be
constant.

Rate of cement= 300 Rs /bag.

% gé)r?";[e(r)]ft Cost of | Reduction i3n
Replacement (per m%) HSA | cost (per m?)
0 2580 0.00 0
5 2451 0.00 129
10 2322 0.00 258
15 2193 0.00 387
20 2064 0.00 516

Table 12: Rate comparison

V. CONCLUSIONS

—  Slump values increased up till 5 and 10 % replacement
and then there was fall in slump values.

— Compressive strength at 28 days for 5% and 10%
replacement of HSA with cement found to be increased
by 4.69% and 11.17% and further there is a fall in the
compressive strength..

—  Compressive strength at 28 days for 10% replacement
of GGBS with cement found to be increased by 12.83%.

— As compared with Hypo sludge ash compressive
strength increased by 1.50% when GGBS was replaced
with plane concrete for M40 grade.

— Flexural strength at 28 days for 5% and 10%
replacement of HSA with cement found to be increased
by 6.81 & 11.97% and later there is fall in strength.

— Similarly increase in compressive strength was
observed by performance of rebound hammer test.

—  From the above all conclusions it was found that Hypo
sludge ash can be optimized at 10% replacement with
cement to produce greener concrete.

— As the Hypo Sludge ash is a waste material and can be
easily available where the paper industries are located,
so use of these wastes could ultimately result in saving
of cement which could reduce the cost of construction.
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