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Abstract— The waste produced by paper mill industries is
being dumped at greater extent now-a-days, so the use of
this waste for the beneficial causes could help to minimize
the risk of degradation of environment. This paper deals
with the waste produced from the paper mill industry in
terms of Hypo Sludge Ash (HSA) as a replacement to
cement. This Hypo Sludge Ash is used as a replacement to
cement in varying proportions such as
0%,5%,10%,15%,20% and very convincing results were
obtained. M-25 grade concrete is used and accordingly mix
design is prepared. Two tests are performed for testing the
efficiency of concrete. Concrete cubes of size
150*150*150mm is prepared for calculation of compressive
test using compression testing machine (CTM), with curing
at 7,14, 28 days and concrete beams of size 100*100*500
mm is prepared for Flexural testing using Flexural Testing
Machine (FTM) for curing at 28 days. It was found that
compressive strength and flexural strength increased at 5%,
10% replacement of cement with Hypo Sludge Ash.
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. INTRODUCTION

Industrialisation is key to success for every country. It helps
in strengthening of economic sector which is hence
developing the country. But to unlock this success, country
should be efficient to overcome its consequences too. The
main problem regarding industrialisation is disposal of
waste produced from industries, which is again a
challenging job. Rapid industrialization plays an important
role in polluting the environment and causes severe
degradation in hydrosphere and atmosphere. Water used in
industries creates a waste that has potential hazard for our
environment because of the introduction of various
contaminants such as heavy metals into soil and water
resources.

Environmental contamination with metals through
industrial wastes is one of the major health concern of
developing countries. Metal pollutants can easily enter the
food chain if heavy metals contaminated soils are used for
the production of crops. The accumulation of metals in an
aquatic environment has direct consequences to man and
ecosystem.

Different types of wastes are produced from
different industries such as mining waste, biomedical waste,
chromite industry waste, paper industries produce fly ash
and paper pulp, coal ash from thermal power stations, iron
manufacturing industry produce blast furnace slag, lignin
which is principle constituent of wood is the waste produced
from wood based industry, silica fume which is produced
from ferrosilicon producing country, food industries produce
different types of waste too, etc.

As enlisted above, numerous kinds of wastes are
produced from various sources. So now it is need of the
hour to overcome effect of waste on human health and

environment. As stich in time saves nine, so everyone
should think of appropriate measures to overcome its
effects. Disposal of waste should now be done in smarter
ways. The waste instead of disposing in environment which
again is hazardous, we should use them where they can be
used as raw material.

Hypo-sludge is one such industrial waste obtained
from paper industries, amount of waste produced is in
enormous quantity and proper disposal is prime duty so the
replacement of sludge with different variation of cement
could be done because of the cementicious property of
sludge with is obtained on incineration of this sludge ash.

Il. PROPERTIES OF MATERIALS USED

A. Hypo Sludge Ash (Hsa)

Hypo sludge Ash used for the project was obtained from
Ballarpur Paper Mill Industries (BILT) which is Asia’s
second largest paper industry after Thailand. Ballarpur paper
mill industry comes under AVANTHA group. The basic
properties of Hypo sludge was found and then compared
with ingredients of cement to determine the optimum
replacement of cement with hypo sludge ash. Properties of
Hypo sludge is as given in table no-1

Hypo Sludge Ash
Fig. 1: Hypo Sludge Ash

SR.NO CHEMICAL HYPC')A\SSII_'UDGE
PROPERTIES (% by Mass)
1 Silicon Dioxide 5.28%
2 Calcium Oxide 47.84%
3 Magnesium Oxide 6.41%
4 Sulphur Trioxide 0.19%
5 Aluminium Oxide 0.09%
6 Ferric Oxide 0.73%

Table 1. Properties of Hypo Sludge Ash
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B. Cement

Before preparing the mix design it is necessary to determine
the physical properties of cement so that effective mix
design can be prepared and proportioning of various
ingredients can be smoothly carried out. Cement which is
being used for the project work is ACC cement of 53 grade
conforming to 1S 8112 So various physical properties that
have been determined are given in table no-2.

Pape Coars
r Wate | Ceme Fine Paper o
slud | W/ r nt Sludge
ge C | (Kg/ | (Kg/ Ag%g'fg’ ash(Kg/ KAg %?n(g,
ash( md) md) md) )
%)
0.4 707.071 1205.
0 5 152 372 4 0.00 819
0.4 707.071 1205.
5 5 152 | 3534 4 18.6 819
0.4 707.071 1205.
10 5 152 | 334.8 4 37.2 819
0.4 707.071 1205.
15 5 152 | 316.2 4 55.8 819
0.4 707.071 1205.
20 5 152 | 297.6 4 74.4 819

Physical
properties of Requirements as
SRNO cement Results | " er 15-8112
1 Specific gravity 3.15 3.10-3.15
Standard o
2 consistency (%) 315% 30-35
Initial setting
3 time (hours, min) | 45 min 30 minimum
Final setting time 210
4 (hours, min) min 600 maximum

Table 2. Properties of Cement

C. Properties Of Fine  Aggregate And Coarse Aggregate

Fine aggregates which is being used comprised of clean
river sand with maximum size of 4.75mm conforming
1S383-1970 with specific gravity of 2.6. Coarse aggregates
used consisted of machine crushed stone angular in shape
passing through 20mm IS sieve and retained on 4.75mm IS
sieve with specific gravity of 2.7.

D. Water

Water plays a very important role for mixing of various
ingredients; adequate quantity of water should be used for
mixing because excess quantity of water may lead to many
adverse effects such as bleeding. Water helps to carry out
chemical reactions required for producing concrete and
helps in formation of gel. The Water/Cement ratio used for
M-25 grade concrete is 0.45.

E. Admixture

Admixture is a material, other than cement, water and
aggregates that is used as an ingredient of concrete and is
added to the batch immediately before or during mixing.
One such admixture which is being going to be used is super
plasticizers, i.e. Viscoflux active. Use of super plasticizers
permits the reduction of water to the extent up to 30%
without reducing workability.

I1l. CONCRETE MIX PROPORTION

Concrete Mix Design for M-25 grade concrete was prepared
as per 1S 10262: 2009 and accordingly concrete cubes and
beams were prepared and test. Proportioning of various
ingredients for M-25 grade concrete is as shown in the table
no-3.

Table 3. Concrete Mix Design for M-25 Grade

IV. TESTING PERFORMED ON HARDENED CONCRETE

A. Compressive Test

Concrete blocks of size 150* 150* 150 mm were prepared
and the compressive test was performed on the blocks by
using compressive testing machine. The blocks were
prepared for 7,14, 28 days after allowing them to cure for
that particular days the testing was carried out accordingly
and finally the strength was compared with conventional
concrete. Compression test outcomes are tabulated in table
no-4.

Avg. Avg. Avg.
Compressi | Compressi | Compressi
SFSN HS')A‘(% ve strength | ve strength | ve strength
@ 7 days @ 14 days | @28 days
(N/mm?) (N/mm?) (N/mm?)
1 0 23.11 29.03 31.33
2 5 24.88 31.78 34.43
3 10 26.59 33.18 35.83
4 15 20.44 26. 22 28.78
5 20 19. 22 23.90 25.67

Table 4. Average Compressive Strength

B. Flexural Test

In order to determine the flexural test beams were casted of
size 100*100*500 mm and flexural test was determined
using Flexural Testing Machine.28 days flexural strength
was determined and compared with the conventional
concrete. Outcomes of flexural testing are presented in table
no-5.

Avg. Flexural strength @28 days
SR.NO | HSA(%o) (N/mm?)
1 0 14.84
2 5 15.89
3 10 16.71
4 15 13.87
5 20 11.34

Table 5. Average Flexural Strength

C. Rebound Hammer Test

Rebound Hammer test is the Non-Destructive Test which
was performed on cubes and beams before testing it for the
compressive test and flexure test. Rebound hammer test is
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conducted on horizontal and vertical surfaces of the cubes.
Table No-6 shows the outcomes of Rebound Hammer Test.

Avg Avg
% Av
SR.NO | Replacement strength stgnlg;h st(r‘;nzggh
of HSA @ 7 days days days
1 0 21 26.75 31
2 5 21.33 29.33 32.5
3 10 23.33 30.75 33.25
4 15 19.50 21.75 26.5
5 20 18.50 19.75 23.75

Table 6. Compressive Strength by Rebound Hammer Test

V. TESTING PERFORMED ON FRESH CONCRETE

A. Slump Test

The workability of all concrete mixtures was determined
through slump test utilizing a metallic slump mould. The
difference in level between the height of mould and that of
highest point of the subsided concrete was measured and
reported as slump. The slump tests were performed
according to IS 1199-1959. Slump values obtained for M-25
grade with different replacement are as shown in Tableno-7.

SR.NO | HYPO SLUDGE ASH (%) | SLUMP(mm)
1 0 69
2 5 71
3 10 74
4 15 67
5 20 63

Table 7. Slump Cone Test

VI. RESULTS AND DISCUSSION

A. Fresh Concrete

Slump values obtained from workability test are tabulated in
table no-, it was found that workability decreases with
increase in hypo sludge ash content because hypo sludge ash
has the tendency to absorb water. However slight increase in
workability was observed at 5% and 10% replacement of
HSA with cement and later the workability decreased. Fig
no-5 shows the variation in slump values.
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Fig. 5: Variation in Slump Values
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B. Hardened Concret

Results obtained by Rebound hammer test may not be
accurate but may help for approximation of data. Values
obtained by Rebound hammer test are shown in table no .
Increase in strength was obtained at 5%, 10% replacement.

Fig no 6,7,8 shows the variation obtained in the results of
compressive strength by Rebound Hammer Test.
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Fig. 6: Compressive strength by Rebound Hammer Test @ 7
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Fig. 7: Compressive strength by Rebound Hammer Test @

14 days
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Fig. 8: Compressive strength by Rebound Hammer Test @
28 days

Results obtained by Compression testing machine and
Flexural testing machine is given in table no.4 & 5, It was
found that compressive strength and flexural strength
increased at 5%,10% replacement and later there was
decrease in strength. Fig 9,10,11 & 12 shows variation in
compressive strength and Flexural strength.
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Fig. 9: Compressive Strength by CTM @ 7 Days
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Fig. 10: Compressive Strength by CTM @ 14 Days
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Fig. 11: Compressive Strength by CTM @ 28 Days
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Fig. 12: Flexural Strength by FTM @ 28 Days

VII.

Slump increased up to 10% replacement of cement with
Hypo Sludge Ash later on there was fall in the slump
value.

CONCLUSIONS

(1]

[2

(3]

(4]

(5]

(6]

[7]

Compressive strength @28 days for 5% replacement
found to be increased by 11.17%.

Compressive strength @28 days for 10% replacement
found to be increased by 14.36%.

Flexural strength @28 days for 5% replacement found to
be increased by 7.07 %.

Flexural strength @28 days for 10% replacement found
to be increased by 12.60%.

Beyond 10% replacement decrease in both compressive
strength and flexural strength was observed.

Hypo Sludge Ash would help to minimize the
degradation of environment if its consumption is made
for producing concrete.
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