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Abstract— Portland cement is the most important ingredient
of concrete and is a versatile and relatively high cost material.
Large scale use of cement is causing environmental problems
on one hand and depletion of natural resources on other hand.
This work examines the possibility of using waste paper
sludge (hypo sludge and brine sludge) to produce a low cost
concrete by blending various ratios of cement and fine
aggregate (sand) with hypo sludge and brine sludge and to
reduce land disposal problems due to waste paper sludge. The
innovative use of hypo sludge and brine sludge in concrete as
a supplementary cementitious and fine aggregate material
was tested as an alternative to concrete. In this study hypo
sludge and brine sludge was partially replaced from 3%, 5%,
7%, 10% and 12% in cement to get optimum for M30 and
M40 grades of concrete and also hypo sludge and brine
sludge was partially replaced from 5%, 10%, 15% and 20%
in fine aggregate to get optimum point in concrete for M40
mix and tested for its compressive strength, up to 28 days of
strength and compared with conventional concrete. This
study was based on the comparison of hypo sludge concrete
and brine sludge concrete with partial replacement of cement
and fine aggregate respectively. The study results indicate
that use of waste paper sludge ash in concrete has improved
the performance of concrete in strength and economic aspect.
The optimum strength was achieved at 7% when replaced
with cement and at 15% when replaced with fine aggregate.
Keywords: Hypo Sludge, Brine sludge, Partial Replacement,
Compressive Strength

l. INTRODUCTION

Natural resources are not unlimited therefore, they must be
optimally consumed. In order to make concrete industry
sustainable, the use of waste materials in place of natural
resources is one of the best approaches. Industrial waste is
produced by industrial activity which includes any material
that is rendered useless during a manufacturing process such
as that of factories, mills and mines. This shall help not only
to control degradation of environment but conserve them also
for the use of future generation. This can be achieved by the
process of recycling and making use of industrial wastes,
disposal of which otherwise is a serious problem. Hypo
sludge is such an industrial waste produced in plenty by paper
mills and Brine sludge is the waste generated in the process
of whitening of paper. This study presents the physical and
chemical analysis of hypo sludge and brine sludge and its use
in cement concrete as a partial substitute of cement and fine
aggregate which economizes the cost of concrete [12].

Concrete is a composite construction material
composed of cement, aggregate (generally a coarse aggregate
made of gravels or crushed rocks such as limestone, or
granite, plus a fine aggregate such as sand), water, and/or
admixtures [12].

Concrete is made by mixing: Cement, water, coarse
and fine aggregates. The objectives are to mix these materials
traditionally to make concrete that is easy to: Transport,
place, compact, finish and to give a strong and durable
product. The main objective of the work is to experimentally
study the effect of the replacement of cement with Hypo
sludge and Brine sludge for M30 and M40 mixtures of
concrete to obtain the optimum percentage of replacement of
cement in concrete and also to study the effect of the
replacement of fine aggregate with Hypo sludge and Brine
sludge for M40 grade of concrete to obtain the optimum
percentage of replacement of fine aggregate in concrete. The
aim of the research is to study the effect of hypo sludge and
brine sludge on compressive strength of concrete at the age
of 14 and 28 days.

Il. METHODOLOGY

A. Raw Materials

The properties of materials used in the concrete are discussed
below:

1) Cement

Ordinary Portland cement of 43 grades conforming to
1S12269:1987 available in local market was used. The
specific gravity of cement that was taken was 3.12.

2) Fine Aggregate

The sand sieved through 4.75 mm sieve is used having
specific gravity of 2.67. The fine aggregates conforming to
IS: 383-1997 was used.

3) Coarse Aggregate

Locally available coarse aggregate having the maximum size
of 20 mm is used. The coarse aggregate conforming to IS
2386 was used. The specific gravity of coarse aggregate that
was taken was 2.73.

4) Hypo Sludge

Hypo Sludge is a paper industry waste generated at the time
formation of paper. Hypo Sludge is used as a replacement for
cement. The specific gravity of hypo sludge that was used for
cement replacement i.e., passing through 90 micron sieve was
3.10 whereas the specific gravity of hypo sludge that was
used for fine aggregate replacement i.e., passing through 4.75
mm sieve was 2.17.

5) Brine Sludge

Brine Sludge is a paper industry waste which is generated at
the time of whitening of paper. Brine Sludge was used as a
replacement for cement and fine aggregate. The specific
gravity of brine sludge that was used for cement replacement
i.e., passing through 90 micron sieve was 3.25 whereas the
specific gravity of brine sludge that was used for fine
aggregate replacement i.e., passing through 4.75 mm sieve
was 2.42.

6) Water

Clean water free from impurities and chemicals was used in
this study conforming to IS 456:2000.
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B. Mix Design Table 5: Slump values of different mix when cement
Mix design for this study is done by using IS 10262 and Mix replaced with Brine Sludge
Names of various concretes is given in table 100
Cement | Hypo Sludge Mix Name 80 | k
M30 M40 2 =
1900% g% CCC3?(>)O CCC%O i 60 ——M30 HS
7% % HC30A | HC40A 10 .
95% 5% HC30B | HC408B 5 MAOTS
93% 7% HC30C | HC40C 20 M30BS
90% 10% HC30D | HC40D 0 1 =——M40BS
88% 12% HC30E | HC40E SO 5o slo glo gle sle
Table 1: Mix Names when Cement replaced with hypo >
sludge % Replacement
Cement | Brine Sludge ,\'\//llgé l\':;\z:)e Graph 1 Comparison of slump values of different mix.
100% 0% CC30 | ccao 2) Test on Hardened Concrete (Compressive Strength Test)
97% 3% BC30A | BC40A In order to find the mechanical properties Compressive
95% 5% BC30B | BC40B strength tests were conducted at 7 and 28 days of cube (150
93% T BC30C | BC40C X 150 X 150 mm) specimens. For each combination, three
90% 10% BC30D | BC40D specimens were tested and the average strength values
38% 12% BC30E | BC40E reported in this paper. Compressive strength tests were
Table 2: Mix Names when Cement replaced with Brine performed on compression testing machine using cube
Sludge samples.
Fine Mix Fine Mix a) Hypo Sludge Concrete
Agg. HS Name Agg. BS Name Comp. strength Comp. strength
M40 M40 Mix Name (Nl\//lrrggz) Mix Name (NK/In;rgz)
100% 0% CC40 100% 0% CC40
95% | 5% | HF40A | 95% | 5% | BF40A £C0 ZARe CLA0 S0.00
90% | 10% | HF40B | 90% | 10% | BF40B HC30A 29.90 HAg0A 36.09
85% | 15% | HF40C | 85% | 15% | BF40C HO 30.64 HCR0B Y30
80% | 20% | HF40D | 80% | 20% | BF40D HC30C S HCROC .90
Table 3: Mix Names when Fine Aggregate replaced with GIGE0E) 32.24 HEE0D .60
Hypo and Brine Sludge HC30E 29.70 . HCA40E 36.04
Table 6: 7 Day Compressive strength of hypo sludge
concrete
I1l. RESULTS AND DISCUSSIONS Comp. strength Comp. strength
In this investigation the hardened properties of Hypo sludge Mix Name (N/mm?) Mix Name (N/mm?)
concrete and Brine sludge concrete for various Partial M30 M40
replacement percentages of Hypo sludge and brine sludge CC30 40.74 CC40 50.89
with cement and fine aggregate are determined HC30A 41.10 HC40A 51.20
A. Comparison of Hypo Sludge and Brine Sludge when HC308 41.80 HC408 51.90
Replaced with Cement HC30C 42.10 HC40C 52.70
HC30D 42.90 HC40D 53.20
1) Test on Fresh Concrete (Slump Cone test) HC30E 20.60 HC40E 50.70
M'éc':\‘?;me Slumgz\/alue Mlc):(cl:\ﬁ)me S'””‘gs\/a'“e Table 7: 28 Day Compressive strength of hypo sludge
HC30A 20 HC40A 84 o307 Dco,ncrem -
HC30B 89 HC40B 82 ays mM407 Days
HC30C 87 HC4OC 80 M30 28 days mM40 28 Days
HC30D 86 HC40D 78 60
HC30E 84 HCA40E 76 % 0
Table 4: Slump values of different mix when cement 240
replaced with Hypo Sludge Z 3
. . M40 2
Mix Name | Slump Value | Mix Name Grade % 20
CC30 70 CC40 78 £ 107
BC30A 71 BC40A 80 S 0 -
BC30B 73 BC40B 81 0% 3% 5% 7% 10% 12%
BC30C 76 BC40C 82 % Replacement
BC30D 7 BC40D 84 Graph 2 Comparison of Compressive Strength of different
BC30E 79 BC40E 85 mixes of Hypo Sludge Concrete
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For Hypo Sludge at 12 % the compressive strength of
concrete is 40.6 N/mm2 which slightly less than that of
conventional concrete i.e., 40.74 N/mm2 which shows that
the compressive strength decreases at 12% replacement for
M30 grade of Concrete. For M40 grade of concrete At 12 %
the compressive strength of concrete is 51.70 N/mm2 which
was slightly less than that of conventional concrete i.e., 51.89
N/mm2 which shows that strength will further decreased as
cement was replaced. So, on comparing results it is clear that
10% replacement of cement with Hypo sludge is optimum for
this study.

b) Brine Sludge Concrete
Comp. strength Comp. strength
Mix Name (N/mm?) Mix Name (N/mm?)

M30 M40
CC30 30.70 CC40 35.92
BC30A 32.18 BC40A 36.26
BC30B 32.38 BC40B 36.56
BC30C 33.20 BC40C 37.18
BC30D 29.36 BC40D 35.70
BC30E 26.84 BC40E 33.52

Table 8: 7 Day Compressive strength of hypo sludge

concrete
Comp. strength Comp. strength
Mix Name (N/mm?) Mix Name (N/mm?)

M30 M40
CC30 39.50 CC40 49.1
BC30A 40.65 BC40A 49.13
BC30B 40.68 BC40B 49.83
BC30C 41.19 BC40C 50.23
BC30D 39.33 BC40D 48.91
BC30E 35.42 BC40E 47.53

Table 9: 28 Day Compressive strength of hypo sludge

concrete

B M30 7Days mM40 7 Days
M30 28 Days m M40 28 Days
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% Replacement

Graph 3: Comparison of compressive strength of different
mixes of Brine Sludge Concrete

For Brine Sludge the Compressive Strength of M30
Grade of concrete reached to 41.19 N/mm? at 7% cement
replacement with Brine Sludge. At 10 % the compressive
strength of concrete is 39.33 N/mm? which nearly same to
that of conventional concrete i.e., 39.5 N/mm? the
compressive strength decreases further when 12% cement
was replaced. The Compressive Strength of M40 Grade of
concrete reached to 50.23 N/mm? at 7% cement
replacement with Brine Sludge. At 10 % the compressive
strength of concrete is 48.91 N/mm? which nearly same to

that of conventional concrete i.e., 49.1 N/mm? the
compressive strength decreases further when 12% cement
was replaced. So, on comparing results it is clear that 7%
replacement of cement with brine sludge is optimum for this
study.

B. Comparison of Hypo Sludge and Brine Sludge when
Replaced with Fine Aggregate

1) Test on Fresh Concrete (Slump Cone test)

Mix Slump Mix Slump
Name Value(mm) Name Value(mm)
CC40 90 CC40 90

BF40A 84 HF40A 81
BF40B 78 HF40B 72
BF40C 73 HF40C 65
BF40D 68 HF40D 60

Table 10: Slump values of different mix when fine
aggregate replaced with Brine Sludge and Hypo Sludge

—M40 HS ——M40BS
100
. 20 x
3 \
=
= 60
="
5 40
7
20
0 T T ‘ T 1
0% 5%  10% 155  20%
% Replacement

Graph 4: Slump Values of different mix.
2) Test on Hardened Concrete
In order to find the mechanical properties Compressive
strength tests were conducted at 7 and 28 days of cube (150
X 150 X 150 mm) specimens. For each combination, three
specimens were tested.

Comp. Comp.
Mix strength Mix strength
Name (N/mm?) Name (N/mm?)
M40 M40
CC40 36.55 CC40 36.55
HF40A 38.1 BF40A 37.09
HF40B 39.89 BF40B 38.49
HF40C 35.4 BF40C 34.4
HF40D 33.8 BF40D 34.26
Table 11: 7 Days Compressive Strength
Comp. Comp.
Mix strength Mix strength
Name (N/mm?) Name (N/mm?)
M40 M40
CC40 51.89 CC40 51.89
HF40A 53.9 BF40A 53.10
HF40B 55.5 BF40B 54.6
HF40C 50.20 BF40C 49.68
HF40D 49.15 BF40D 47.30

Table 12: 28 Days Compressive Strength
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Graph 5: Comparison of Hypo Sludge concrete and Brine

Sludge concrete
The graph shows that the strength of brine sludge concrete
cubes increases from 0% replacement to 5% and up to 10%
replacement i.e. at 0% - 51.89 N/ mm?, at 5% - 53.1 N/ mm?,
at 10% - 54.6 N/ mm?. But further increase in replacement
percentage i.e. 15% and 20% the compressive strength was
decreased i.e. at 15% - 49.68 N/ mm? and at 20% - 47.3 N/
mm?. The optimum compressive strength of brine sludge
concrete cubes was at 10% replacement and is 54.6 N/ mm?.
The graph shows that at 0 % replacement the strength of
concrete is similar to the mean target strength of M40 grade
of concrete but as fine aggregate was replaced by hypo sludge
the strength increased till 10 % replacement. But further
increase in hypo sludge content i.e. at 15% the compressive
strength was decreased and was similar to the mean target
strength but at 20% replacement of hypo sludge resulted into
further decreased compressive strength. So, the optimum
compressive strength of hypo sludge concrete was at 10%
replacement.

IV. CONCLUSIONS

The Compressive Strength of Concrete increases when the
replacement of Cement with Hypo Sludge up to 10%
replacement by weight of Cement. The Compressive Strength
of Concrete increases when the replacement of Cement with
Brine Sludge up to 7% replacement by weight of Cement.

The Compressive Strength of Concrete increases
when the replacement of Fine Aggregate with Hypo Sludge
up to 10% replacement by weight of Sand. The Compressive
Strength of Concrete increases when the replacement of Fine
Aggregate with Brine Sludge up to 10% replacement by
weight of Fine Aggregate. Comparatively Hypo Sludge give
more compressive strength till 10 % than Brine Sludge but
when replaced with fine aggregate the optimum replacement
for both sludge is 10%. Hypo Sludge and Brine Sludge are a
better innovative supplementary cementitious construction
material which is used in concrete, so it can save the paper
industries waste disposal costs and produce a greener
concrete for construction. This research concludes that hypo
sludge and brine sludge can be innovative supplementary
cementitious and fine aggregate Construction Material in
Concrete up to certain extent.
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