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ABSTRACT: This research paper investigates the
innovative incorporation of commercial paper
waste excess sludge into engineered concrete to
improve workability and compressive strength.
Traditional construction methods often rely on non-
renewable resources and produce significant carbon
emissions. By integrating marine mud, a common
waste material, into the concrete mix, the
environmental footprint of concrete production can
be reduced while managing and even improving the
properties of the resulting rock. The cement of the
M25 mixture is based on solid mud and ranges
from 0% (except Hypo mud), 10%, 11%, 12%,
13% and 14% by weight. The durability of
composites and concrete will be designed, tested
and compared. Measurements to evaluate materials
such as compressive strength will take up to 28
days. The engineering studies include experimental
studies on reinforced concrete and
recommendations to partially replace cement with
10%, 11%, 12%, 13% and 14% marine soil. To
summarize all these points, the aim of this study is
to understand the behavior of rocks and add the
difference between mud waves in rocks using
evaluation methods such as compressive strength
and planning cost less than normal concrete...
KEYWORDS: Compressive strength, Durability.

I. INTRODUCTION

Concrete stands as the cornerstone of
modern construction, yet its production is far from
environmentally benign. With the rising awareness
of climate change and the urgent need for
sustainable practices, the construction industry
faces mounting pressure to revolutionize its
approach. In this context, the concept of utilizing
industrial by-products, such as hypo sludge,
presents a promising avenue for transforming
concrete production into a more sustainable
process.

Hypo sludge, also known as paper mill

sludge or paper waste, is a by-product generated
from the paper industry during the pulping process.
Historically viewed as a waste material requiring
costly disposal, hypo sludge has recently garnered
attention for its potential as a supplementary
cementitious  material (SCM) in concrete
production. This shift in perspective not only
addresses the challenge of waste management but
also contributes to reducing the environmental
footprint of concrete, a material notorious for its
high carbon emissions.

The Sustainable Concrete Hypo Sludge
Revolution proposes a paradigm shift in the
construction industry by integrating hypo sludge
into concrete formulations. This revolution
encompasses technological innovations,
environmental stewardship, and economic viability.
By harnessing the latent properties of hypo sludge
as a pozzolanic material, concrete manufacturers
can enhance the performance and sustainability of
their products while simultaneously reducing
reliance on traditional cement, a major contributor
to CO2 emissions.

This paper explores the multifaceted
dimensions of the Sustainable Concrete Hypo
Sludge Revolution, delving into its environmental
benefits, technical considerations, economic
implications, and potential challenges. Through a
comprehensive analysis, it aims to elucidate the
transformative potential of hypo sludge in
revolutionizing concrete production towards a more
sustainable future.

Il. MATERIALS AND THEIR
PROPERTIES
a. Cement:

Reduction in CO2 emissions: Cement
production accounts for a significant portion of
global carbon dioxide emissions. By replacing
cement with hypo sludge, which is a waste product
with no additional carbon footprint, the overall
CO2 emissions associated with concrete production
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can be reduced.

Waste utilization: Incorporating hypo
sludge into concrete provides a beneficial outlet for
an otherwise discarded industrial by-product. This
not only reduces the environmental burden of waste
disposal but also promotes circular economy
principles by converting waste into a valuable
resource.

Conservation of natural resources: Cement
production requires substantial quantities of raw
materials, including limestone and clay. By
reducing the cement content in concrete through
the use of hypo sludge, the demand for these finite
resources can be minimized, contributing to
sustainable resource management.

Enhanced durability and performance:
Pozzolanic materials like hypo sludge can improve
the long-term durability and performance of
concrete by reducing permeability, increasing
strength, and mitigating the risk of alkali-silica
reaction and sulfate attack.

Table No.1 Physical Properties of OPC 53
Grade Cement

Property Limits as per IS
12269:2004
Normal 30-35%

Consistency
Specific Gravity | <=3.15

Initial  Setting | >30 min

Time

Final Setting | <600 min
Time

Finance of | 10%
Cement

b. Fine Aggregate

In the Sustainable Concrete Hypo Sludge
Revolution, fine aggregate selection is crucial for
optimizing concrete performance and
sustainability.  Incorporating locally  sourced,
recycled materials such as crushed glass, ceramic
waste, or industrial by-products alongside hypo
sludge can enhance environmental friendliness
while maintaining structural integrity. Utilizing fine
aggregates with low embodied energy and minimal
environmental impact reduces reliance on natural
resources and lowers carbon emissions associated
with extraction and transportation. Moreover, these
sustainable alternatives contribute to circular
economy principles by repurposing  waste
materials, aligning with the overarching goal of
revolutionizing concrete production towards a more
sustainable future.

Table No.2 Properties of Fine Aggregate
Property Fine Aggregate
Fineness Modulus 3.1

Specific Gravity 2.76

Water Absorption 1.2

Bulk Density 1.78

c. Coarse Aggregate

In the Sustainable Concrete Hypo Sludge
Revolution, coarse aggregates play a vital role in
enhancing the sustainability of concrete. By
prioritizing recycled materials such as crushed
concrete, reclaimed asphalt pavement, or industrial
by-products like slag or fly ash as coarse
aggregates, the environmental impact of concrete
production is significantly reduced. These
alternatives to traditional virgin aggregates
conserve natural resources, divert waste from
landfills, and lower carbon emissions associated
with extraction and processing. Additionally,
utilizing recycled coarse aggregates enhances the
structural integrity and durability of concrete,
contributing to the overarching goal of
revolutionizing the construction industry towards a
more sustainable and environmentally friendly
future.

Table No.3 Properties of Coarse Aggregate
Property Fine Aggregate
Fineness Modulus 7.05
Specific Gravity 2.88
Water Absorption 1.83
Bulk Density 1.32

d. Hypo Sludge

Hypo sludge, a by-product of the paper
industry, is a key protagonist in the Sustainable
Concrete Hypo Sludge Revolution. With its
pozzolanic properties, hypo sludge acts as a
supplementary cementitious material in concrete,
reducing reliance on traditional cement while
enhancing sustainability. By diverting this waste
material from landfills and integrating it into
concrete mixtures, the environmental impact of
both concrete production and waste management is
mitigated. Hypo sludge not only enhances the
strength and durability of concrete but also
contributes to reducing carbon emissions associated
with cement production. Its utilization represents a
significant stride towards a more sustainable and
circular construction industry.

e. Water
Water management is pivotal in the
Sustainable Concrete Hypo Sludge Revolution.
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Implementing efficient water usage practices, such
as utilizing recycled water for concrete mixing and
curing, reduces freshwater consumption and
minimizes environmental impact. Additionally,
incorporating  water-reducing  admixtures in
concrete formulations enhances workability and
reduces the water-to-cement ratio, leading to
improved strength and durability while conserving
water resources. Proper moisture control during
curing ensures optimal hydration and mitigates
shrinkage, enhancing the long-term performance of
concrete  structures. By  prioritizing  water
conservation and efficiency, the revolution aims to
minimize the ecological footprint of concrete
production and promote sustainable practices
across the construction industry.

I11. DESIGN MIX
A mix M25 grade was designed as per IS
10262:2019 method and the same was used to
prepare the test samples.

Table No. 4 Mix Design Proportions
Water | Ce Fine Coarse
men | Aggreg | Aggreg
t ate ate
By 197 395 | 1099.98 | 1142.2
Weigh 9
t, [kg]
By 0.498 1 2.78 2.89
Volum
e, [m’]

IV. EXPERIMENTAL METHODOLOGY
a. Workability Test

This test is widely used in the field. This
test can be used to determine changes in the
consistency of a mixture at nominal proportions.
This measurement indicates how thick the gravity
was after the collision; reducing stone production
stone.

Table No. 5 Degree of workability, slump value
and its suitability

DegreeofWorkab|Slumpvalue [Suitability

ility in
mm

Very low 0-25 Concrete
roads.

Low 25-50 Massconcretefou
ndations, lightly
reinforcedsection
S.

Medium 50-100 Manuallycompac
ted
flatslabs,

High 100-175  |For
sectionswithcong
ested
sections.

b. Compression Test

Among the many properties of concrete,
the compressive quality of concrete is considered
the most important and useful. It was kept as the
archive of his extensive collection. Although
sometimes the strength and impermeability of
concrete are more important, the compressive
quality is directly or indirectly related to other
properties (e.g. ductility mass, shear mass,
shrinkage resistance, Young's modulus, etc.).
Therefore, compressive quality indicates the overall
quality of concrete. The concrete and its
compressive strength are then analyzed.

il

Fig. 2 Compression Test

c. Split Tensile Strength

Split  tensile strength is a critical
mechanical property in materials engineering,
representing a material's resistance to tensile
stresses. It's determined by applying a diametrical
compressive force to a cylindrical specimen until
failure occurs. The tensile stress perpendicular to
the applied force causes the specimen to split apart.
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Split tensile strength is particularly vital in concrete
design, reflecting its ability to resist cracking and
deformation under tensile loads. It's a key
parameter in assessing the durability and structural
integrity of concrete elements, influencing their
performance in various applications such as
buildings, bridges, and pavements. Accurate
measurement and optimization of split tensile
strength enhance the longevity and safety of
structures.
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Fig. 3 Spilt Tensile Test

V. RESULT AND DISCUSSION:
a. workability test result
Table No. 6 Result of Workability Test

Hypo Slump Value

Sludge % mm

0% 90mm
10% 85mm
11% 75mm
12% 60mm
13% 57mm
14% 50mm

slump value [mm)

Fig. 4 slump telst for M25 partial replacemeht of
hypo sludge

b. Compressive strength result
Table No. 7 compressive strength of
concrete after 7 days

% CompressiveStren
HypoSI gth(N/mm”2)
udge

0% 20.32

10% 22.28

11% 21.80

12% 20.72

13% 19.55

14% 18.61

All 5 samples meet the compressive
strength requirements for the M25 level to limit the
target strength of the composite design. 17 MPA
after 7 days. All samples reached their compressive
strength after 7 days, the cement content reached
20.32% and the remaining small amount of mud
reached 10% as it had the highest strength.

compressive strngth

Fig. 5 compressive strength of concrete for M25

at 7 days
Table No. 8 Compressive strength of concrete
after 28 days
% Hypo Compressive
Sludge Strength(N/mm~”2)
0% 34.95
10% 35.76
11% 34.83
12% 33.78
13% 32.8
14% 31.46

All 5 samples meet the required
compressive strength within the permissible limits
of the M25 level with target strength of 31 MPA
for the composite design, and all samples achieve
the air compressive strength of 34.95% after 28
days. Maximum compression.
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1 Comgressie dength
Fig. 6 compressive strength of concrete for
M25 at 28 ayes

c. Split Tensile Strength
Table No. 9 Split Tensile Strength After 28 Days

% Split Tensile
HypoSludge [Strength(N/mm~2)
0% 3.95

10% 4.10

11% 3.90

12% 3.80

13% 3.60

14% 3.55

Split Tensile Strength|M/mm"2]

Flg 7 Spllt Tensne Strength after 28 days

VI. Economical Analysis
a. Cost of Material of 0% Partially Replaced
Concrete/M?
Table No. 10 Cost of Material Normal

Concrete/m®

Description | Quantity | Cost(Rs) | Cost of
Material
(Rs)

Cement 395 kg 7 2765

Hypo 0 0.50 0

sludge

Fine 0.633m° | 1588 /m® | 1005.20

Aggregate

Coarse 0.658 m® | 988.5 650.43
Aggregate /m®

Total Cost 4420

b. Cost of Material of 10% Partially Replaced
Concrete/M?
Table No. 11Cost of Material of 10% Partially
Replaced Concrete/M3

Description | Quantity | Cost(Rs) | Cost of
Material
(R9)

Cement 355 kg 7 2485

Hypo 39.5 0.50 19.75

sludge

Fine 0.633m° | 1588 /m° | 1005.20

Aggregate

Coarse 0.658 m*> | 988.5 650.43

Aggregate Im®

Total Cost 4160

VIl. CONCLUSION

The lower values of 0%, 10%, 11%, 12%,
13% and 14% low mud concrete are 90mm, 85mm,
75mm, 65mm, 60mm, 57mm and 55mm. Concrete
has moderate workability and is suitable for large
volumes of hand-compacted slabs.

The compressive strength of modified low
mud concrete is 20.32mpa, 22.8mpa, 21.80mpa,
20.72mpa, 19.55mpa and 18.61mpa in 7 days
respectively. The M25 concrete level increases the
strength to the permissible limit.

The compressive strength of low-grade
concrete after 28 days of replacement is 20.32mpa,
22.82mpa, 21.80mpa, 20.72mpa, 19.55mpa and
18.61mpa respectively. The strength of concrete
class M25 reaches the permissible limit.

The tensile strength of partially
replacement hypo sludge concrete after 28 days
3.95mpa,3.90mpa,4.10mpa,3.80mpa,3.60mpa,3.55
mpa with respectively achieved by comparison to
the compressive strength after 28 days with
permissible limit.

Thanks to this project, the waste and
environmental impact of maximum cement
production is reduced.

Partially replacement of hypo sludge concrete cost
is low as compared to the conventional concrete.

REFERENCES
[1]. Kumbhare, P.P., Kale, S.M., Katkar,
M.B., Nemade, P.D. (2020). Monitoring
and Evaluation of Water Quality of
BHIMA River Based on Physico-chemical
Data. In: Pawar, P., Ronge, B.,

DOI: 10.35629/5252-0604675680

[Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal Page 679



International Journal of Advances in Engineering and Management (IJAEM)

= Volume 6, Issue 04 Apr. 2024, pp: 675-680 www.ijaem.net
JAEM
Balasubramaniam, R., Vibhute, A., Apte, (LX), Feb 1,2010
S. (eds) Techno-Societal 2018 . Springer, [9]. Prof.  Jayesh kumar Pitroda,
Cham. https://doi.org/10.1007/978-3-030- Dr.L.B.Zala, Dr.F.S.Umrigar Innovative
16848-3 68 use of paper industry waste (hypo Sludge)
[2]. Kale Sandip Maruti, Kumbhare Pooja E-ISSN0976-3945
Pramod, and Dr. P.D. Nemade, IJAET/Vol.IV/Issuel/Jan.-
“PHYSICO-CHEMICAL ANALYSIS OF March.,2013/31-35.
GROUND WATER A [10]. Eva Vejmel kova, Martin Keppert, Pavlaz
REVIEW?”, JournalNX, pp. 39-40, Feb. Rovnanikova, Michal Ondracek, Zbynek
2021. Ker$ner/ “Properties of high performance
[3].  Prof. Kale Sandip Maruti. “Feasibility of concrete containing fine ground ceramics
Concrete Containing Pond Ash and Micro as supplementary cementitious material”;
Silica” Journal of Emerging Technologies Cement & Concrete Composites,34,55—
and Innovative Research  (JETIR) 61,(2012).
www.jetir.org February 2018, Volume 5, [11]. Prof.M.A.Jamnu,Prof.R.A.Patel,“Experim
Issue 2 ental study of concrete made with
[4]. Kale Sandip Maruti, Ghogare Ram, hyposludge*.ImpactFactor1.393,ISSN:232
“Feasibility of Concrete Containing Pond 0-5083,Volume2,Issue2, March 2014
Ash and Micro Silica,” Journal of [12]. Seyyedeh Fatemeh Seyyedalipour,
Emerging Technologies and Innovative Daryosh Yousefi Kebria “Study of
Research (JETIR) www.jetir.org Volume Utilization of Pulp and Paper Industry
5, Issue 2 Feb. 2018. Wastes in  Production of Concrete
[5]. Kale Sandip Maruti."A Study of Tensile “ISSN:22489622,Vol.4,Issuel(Version3),
Strength of Concrete Containing Pond January2014, pp.115-122
Ash and Micro-Silica”, International [13]. Sumit A Balwaik, S P Raut “Utilization of
Journal of Emerging Technologies and Waste Paper Pulp by Partial Replacement
Innovative Research (www.jetir.org | of Cement in Concrete”; International
UGC and issn Approved), ISSN:2349- Journal of Engineering Research and
5162, Vol.3, Issue 12, page no. ppl72- Applications (IJERA)Vol. 1, Issue 2, pp.
176, December-2016, Available at 300-309 ( March2003).
: http://www.jetir.org/papers/JETIR16120 [14]. Krishna raju Mix Design, ISBN : 81-239-
25.pdf. 0218-2, fourth edition: 2002, CBS
[6]. Sandip Kale “Comparative Study of Rapid publishers & distributers
Chloride Penetration Test (RPCT) on Self
Compacting Concrete (SCC)”
International Journal for Research in
Applied Science &  Engineering
Technology (IJRASET) ISSN: 2321-9653;
IC Value: 45.98; SJ Impact Factor: 7.538
https://doi.org/10.22214/ijraset.2023.5306
3
[71. Kale, Sandip Maruti, et al. "Assessing
Rapid Chloride Penetration in Concrete
with Aluminium Powder: Effects of Saline
Water Curing." International Journal of
Advances in Engineering and
Management (IJAEM) Volume 5, Issue 5
May 2023, pp: 1081-1085 www.ijaem.net
ISSN: 2395-5252
[8]. R.Srinivasan, K.Sathiya and
M.Palanisamy, Experimental investigation
in developing low cost concrete from
paper industry waste, The Bulletin of the
Polytechnic Institute of Jassy,
Construction. Architecture Section
(Romania), Bul.Inst. Polit.Iasi, t. LVI
DOI: 10.35629/5252-0604675680 [Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal Page 680


https://doi.org/10.1007/978-3-030-16848-3_68
https://doi.org/10.1007/978-3-030-16848-3_68
http://www.jetir.org/
http://www.jetir.org/
http://www.jetir.org/papers/JETIR1612025.pdf
http://www.jetir.org/papers/JETIR1612025.pdf
http://www.jetir.org/papers/JETIR1612025.pdf
https://doi.org/10.22214/ijraset.2023.53063
https://doi.org/10.22214/ijraset.2023.53063
https://doi.org/10.22214/ijraset.2023.53063

