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Abstract - Recycled cellulosic pulp, derived from recycled
paper waste and agricultural by-products, offers an eco-
friendly alternative for concrete reinforcement. This
sustainable material leverages its natural fibrous structure to
potentially improve the overall performance of concrete while
reducing environmental waste. Its inclusion in concrete
formulations serve a dual purpose: enhancing material
properties and contributing to greener construction practices.
In this study, we developed several concrete mixes by varying
the amount of recycled cellulosic pulp and focused on
assessing three key properties: compressive strength, split
tensile strength, and water absorption. Compressive strength
measures the concrete's ability to withstand load, split tensile
strength reveals its resistance to cracking under tension, and
the water absorption test determines how much water the
concrete can soak up, an important factor in its long-term
durability.

The findings indicate that a moderate incorporation of
recycled pulp can improve split tensile strength, leading to a
more resilient concrete. However, excessive pulp tends to
increase porosity, thereby reducing compressive strength.
These results highlight the importance of optimizing the
recycled pulp content to balance strength and durability,
paving the way toward more sustainable concrete practices.

Key Words: Recycled cellulosic pulp, Compressive
strength, split tensile strength, Water absorption,
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1. INTRODUCTION

Concrete is an essential construction material, prized for
its robustness, longevity, and adaptability. Made from a
blend of cement, water, and aggregates, it plays a crucial role
in the development of buildings, bridges, roads, and various
infrastructure projects. However, with increasing emphasis
on sustainability, enhancing its characteristics has become
vital to secure its relevance in future construction efforts.

Enhancing concrete's durability resultsin longer-lasting
structures that can resist weathering, chemical attacks, and
abrasion, reducing maintenance costs over time.
Strengthening concrete also allows for taller and more
resilient structures , expanding the possibilities for
architects and engineers. Additionally, developing eco-

friendly concrete by incorporating recycled materials
significantly lowers its environmental impact, supporting
sustainable construction efforts.

A promising solution for making concrete more
sustainable is the incorporation of recycled cellulosic pulp,
obtained from used textiles and cellulose-based products .
When processed into fibres , this material can reinforce
concrete, enhancing tensile strength and crack resistance .
Not only does this improvement make concrete more
durable, but it also addresses the issue of waste
management , promoting a circular economy by
repurposing discarded materials.

To fully harness the benefits of recycled cellulosic pulp,
comprehensive analysis is necessary. This includes
characterizing fibre properties such as length, diameter,
and tensile strength to understand their influence on
concrete’s performance. Optimizing the mix design is
crucial to ensure an ideal balance between strength and
workability. Mechanical testing , including evaluations of
compressive, tensile strength, helps determine the overall
impact of fibre reinforcement. Additionally, assessing
durability in different environmental conditions ensures
long-term reliability, while conducting an environmental
impact analysis highlights the advantages of waste
reduction and resource conservation.

Integrating recycled cellulosic pulp into concrete presents
an effective strategy for achieving greener and more
sustainable construction practices. By reinforcing
mechanical properties while simultaneously supporting
eco-friendly development , this innovation plays a crucial
role in building resilient infrastructure. As the construction
industry continues to evolve, adopting innovative and
sustainable materials will contribute to a more efficientand
environmentally responsible future.

2. LITERETURE REWIEW

P. Packialakshmi and R. Aasha Jyothi conducted an
experimental investigation on concrete incorporating
Ordinary Portland Cement (OPC) alongside hypo sludge. In
their study, 10% of the OPC was consistently replaced with
hypo sludge, while wood ash was introduced in varying
proportions, ranging from 0% to 30%, as an additional
cement substitute. The objective was to evaluate the
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influence of these materials on concrete properties,
comparing the modified mixture to a standard M20 control
mix. Concrete specimens underwent testing for compressive
strength, tensile strength, and flexural strength after 28 days
of curing.

P. Bhargavi, S. Kavitha Karthikeyan, G. Sneha, and
A. Vinothini emphasize the significance of cement in
construction while also addressing concerns about the
depletion of natural resources such as limestone and clay
due to its production. Since industries generate substantial
waste, identifying viable alternatives for cement
replacement necessitates careful assessment of their
chemical and physical properties. The paper industry, in
particular, produces a large amount of solid waste, which, if
not properly disposed of, leads to cropland contamination
and air pollution, especially when incinerated. Paper sludge
contains silica, magnesium, and a significant amount of
lime—key components found in cement—making it a
promising substitute. By incorporating paper sludge into
concrete, both disposal challenges and environmental
pollution can be effectively reduced.

Jil Tushar Sheth and Saransh Joshi (2011) describe
Papercrete as a fibrous cement variant produced by
shredding paper materials—such as newspapers, prints, and
cardboard—into a pulp using water, then blending it with
Portland cement. In some instances, sandy soil is also added
as an additional component. The inherent strength of
Papercrete comes from hydrogen bonds within the paper’s
microstructure. This dense mixture can be poured into
molds and cast into different shapes and sizes, much like
conventional concrete. Recognized for its sustainability,
Papercrete reduces cement usage while making good use of
recycled paper. Among its many benefits, it offers a low
carbon footprint, efficient recycling of materials, minimal
embodied energy, a high strength-to-weight ratio, superior
thermal insulation, enhanced sound absorption, aesthetic
appeal, and cost-effectiveness.

Anil Kumar and Devika Rani (2016) highlight how
increasing construction demands have escalated concrete
consumption, leading to excessive use of natural resources
and making their conservation a priority. Of the total waste
generated, an estimated 10%-15% is classified as hazardous,
growing at a rate of 2%-5% annually, which contributes to
environmental pollution and affects living organisms. The
utilization of such waste as an alternative construction
material presents an effective and sustainable method of
disposal. Their study specifically examines the strength
properties, including compressive and tensile strength, of
Paper Sludge Ash when used as a partial cement
replacement.

F. S. Umrigar (2013) explored the application of hypo
sludge and fly ash as viable substitutes for cement in
concrete. The study involved replacing cement with these
materials in varying amounts, ranging from 0% to 40% by

volume, for M-25 and M-40 concrete mixes. The modified
mixtures were examined and compared with conventional
concrete to assess their performance. Additionally, a
modulus of elasticity test was conducted after 56 days to
evaluate their structural properties. The hypo sludge used in
the experiment was sourced from J.K. Papers Mill Pvt. Ltd

3. MATERIALS
3.1 Cement

Cementused is Ordinary Portland Cement (OPC 43 grade)
and acts as the primary binder in the concrete mixture,
providing the necessary strength and durability to the final
product.

OPC is known for its high compressive strength, rapid
setting time, and compatibility with various admixtures. It
conforms to standards such as IS: 8112-1989, ensuring
consistency and reliability.

Fineness 2940 cm?/gm.
Normal Consistency 295 %
Soundness 2 mm
Specific Gravity 3.10

Table -1: Physical properties of Cement
3.2 Sand (Fine Aggregate)

Locally available sand is used. Sand contributes to the
concrete's workability and helps fill the voids between
coarse aggregates, resulting in a denser and more cohesive
mixture.

The sand must be clean, devoid of organic impurities, and
exhibit a well-graded particle size distribution. The selected

sand adheres to the specifications outlined in IS 383-1970.

Table -2: Physical properties of Sand

Fineness Modulus 3.49

Water Absorption 1.62 %
Surface texture Smooth
Specific Gravity 2.67
Particle Shape Rounded

3.3 Coarse Aggregates

Coarse aggregates used are locally available. Coarse
aggregates provide bulk and strength to the concrete,
forming the skeleton of the mixture.
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The aggregates must be clean, strong, and consistent in
size. They should be free from harmful substances like clay,
silt, and organic matter. The coarse aggregates adhere to the
specifications outlined in IS 383-1970.

Table -3: Physical properties of Coarse Aggregates

Fineness Modulus 7.69

Water Absorption 0.60 %
Size 10-20 mm

Specific Gravity 2.89
Particle Shape Angular

Crushing value 17.40

Impact value 12.50

3.4 Water

The water used must be clean, potable, and free from
contaminants that could adversely affect the concrete's
properties.

The pH of the water should be between 6.0 and 8.0, and it
should not contain harmful levels of chlorides, sulphates, or
other impurities.

3.5 Cellulosic Pulp

Recycled Cellulosic pulp acts as an eco-friendly additive,
derived from waste paper products, aimed at enhancing the
mechanical properties of concrete, such as strength,
flexibility, and crack resistance.

The pulp is cleaned, shredded, and treated to achieve a
form suitable for concrete mixing.

4. METHODOLOGY

Concrete cubes of 150x150x150 mm and cylindrical
specimens with a diameter of 150 mm and a height of 300
mm were molded using an M20 design mix. In the
preparation process, cement was partially substituted with
cellulosic pulp derived from waste paper at replacement
levels of 5%, 10%, 15%, and 20% by weight. Compressive
strength test, Split Tensile strength test, Water Absorption
test was performed on concrete blocks containing cellulosic

pulp.

Literature Review
Material collection

Concrete cubes and
cylindrical specimen
manufacturing

Cement

Sand

Coarse
aggregates
Cellulosic pulp

Concrete cubes of size
150x150%150 mm and
cylindrical specimen of
size 150 mm diameter
and 300 mm height with
partial replacement of
cement with 5%, 10%,
15%, 20% of cellulosic
pulp.

Compressive
strength test
Split Tensile
strength test

*  Water
Absorption test

Conventional concrete
cube testing

Results and
Discussions

Conclusion

Chart -1: Flowchart of process of project

4.1 Mix Design

Concrete cubes and cylindrical specimens were prepared
by using mix design of M20 grade of concrete and after
measuring the material accurately by weight. The materials
used were cement of OPC 43 grade, sand passing through
4.75 mm sieve, coarse aggregates having size 10 mm to 20
mm. The specimens made by partially replacing the cellulosic
pulp with cement at percentages of 5%, 10%, 15%, 20%.

Table -4: Mix Proportion

Cellulo Sand Coarse
Specimen | w/C Water Cement | sic pulp Aggregat
. 3

(0 | ratio | (kg/m) | (ke/me) | Qeg/me | CEM | es
) (kg/m?)
0% 0.45 188.30 418.42 0 674.11 1283.58
5% 0.45 188.30 397.50 20.92 674.11 1283.58
10% 0.45 188.30 376.58 41.84 674.11 1283.58
15% 0.45 188.30 355.66 62.76 674.11 1283.58
20% 0.45 188.30 334.74 83.68 674.11 1283.58

4.1.2 Mixing

Place the dry ingredients (cement, sand, coarse aggregate

and cellulosic pulp) in a mixing container. Mix the dry
ingredients thoroughly to achieve a uniform distribution. Add
the measured quantity of water gradually while continuously
mixing until a homogenous and workable mix is obtained.
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4.1.3 Casting

¢ Mould preparation

Use standard steel or wooden moulds of size 150*150*150
mm and 150 mm diameter and 300 mm height. Apply a thin,
even layer of mould release agent (such as mineral oil or
grease) inside the moulds to prevent the concrete from
sticking.

« Filling the Moulds & Compaction

Position the moulds on a stable, even surface, ensuring itis
free from vibrations. Pour the freshly mixed concrete into the
moulds, then use a standard 16 mm diameter tamping rod to
compact the mixture by tamping it 25 times for even
distribution. Smooth the top surface with a straight edge or
trowel to eliminate excess concrete.

Fig -2: Casting of Cylinders
4.1.4 Curing

e Initial Curing

Cover the filled moulds immediately with a damp cloth to
prevent moisture loss from the surface. Store the mouldsina
controlled environment with a temperature of 23+2°C for 24
hours.
¢ Demoulding and Final Curing

After 24 hours, carefully demould the concrete blocks by
loosening the sides of the moulds and gently lifting the

blocks. Submerge the demoulded concrete blocks in a curing
tank to ensure proper hydration and strength development.

4.2 Tests

Concrete cubes of size 150*150*150 mm with cement
partially replaced with cellulosic pulp in certain ratios were
prepared and tested for the following:

4.2.1 Compressive strength test

¢ The compressive strength test is conducted to assess the
crushing resistance of concrete cubes.

e The cube specimens are positioned in a compressive
strength testing machine, and the load is gradually applied.
¢ The maximum load applied to the specimens is to be
recorded and the appearance of the specimen cube and any
unusual features in the type of failure is noted.

. Maximum load at failure P
Compresswe strength = —— ==
Area of Specimen A

Fig -4: Compressive strength test on cube
4.2.2 Split tensile strength test
Concrete cylinders of size 150 mm diameter & 300 mm

height were casted and tested for the split tensile strength
test.
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« Concrete cylinders were removed from the mould after 24
hours and submerged in curing tank for 28 days to cure
properly.

e After curing, cylinder specimens were taken out and let
them dried and clean off any surface moisture.

¢ The cylindrical specimens were placed in compressive
strength testing machine and the load is to be applied.

¢ The maximum load applied to the specimens is to be
recorded when the specimen cylinder gets splits.

Split tensile strength = -0

where,

P is maximum load at failure,

L is length of cylindrical specimen,

D is diameter of cylindrical specimen.

4.2.3 Water absorption test

« In this test, the specimens are weighed in their dry state
before being submerged in fresh water for 24 hours.

e After the immersion period, they are removed from the
water, wiped dry with a cloth, and weighed in their wet
condition.

e The variation in weight indicates the quantity of water
absorbed by the specimen cubes, which is then used to
compute the percentage of water absorption.

* Lower water absorption by the specimen signifies better
concrete quality.

WL—W,
——x 100
W,

Water absorption (%) =

where,
W1 = Weight of dry concrete cube (gm)
W2 = Weight of wet concrete cube (gm)

5. RESULTS

5.1Compressive strength test
5.1.1 Compressive strength of cubes at 7 days

Table -5: Compressive strength of cubes at 7 days

Load at Compressive Averagg
Specimen failure strength Compressive
(kN) (N/mm2) strength
(N/mm?2)
422 18.76
0% 432 19.20 19.11
436 19.38
420 18.69
5% 438 19.44 19.06
429 19.05
430 19.14
10% 446 19.82 19.43
436 19.34
394 17.48
15% 384 17.03 17.10
378 16.79
295 13.08
20% 305 13.52 13.46
310 13.77
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Chart -2: Compressive strength of cube at 7 days
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Chart -3: Comparison of average compressive strength of
various proportions at 7 days

5.1.2 Compressive strength of cubes at 28 days

Table -6: Compressive strength of cubes at 28 days

Load at Compressive Average_
. . Compressive
Specimen failure strength strength
(kN) (N/mm?)
(N/mm?)
635 28.18
0% 655 29.13 28.66
645 28.67
632 28.06
5% 650 28.88 28.77
659 29.37
647 28.74
10% 670 29.76 29.18
654 29.04
576 25.57
15% 568 25.21 25.68
591 26.25
457 20.30
20% 466 20.68 20.21
4472 19.64
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Chart -6: Comparison of split tensile strength of

Chart -4: Compressive strength of cube at 28 days cylindrical specimen various proportions at 28 days

35 2918 5.3 Water absorption test
o 30 28.66 2871 o 2568 5.3.1 Water absorption test on cube specimen
25 ¢ “ '
gg 2 Nﬂ Table -8: Water absorption test on cube specimen
£Z220
[=]
%Eﬂ 15 D-r y Wet Water % =
go . weight | weight e -y
5510 Specimen Absorbed -
z0 of cube | of cube (ke) Wi
5 W (kg) | W; (kg) g x 100
0 . . . . , 0% 8.364 8.460 0.096 1.15
o e A% D% 0% 5% 8330 | 8438 | 0108 | 130
Mix ratioproportions
10% 8.188 8.301 0.113 1.38
15% 8.072 8.202 0.130 1.61
Chart -5: Comparison of average compressive strength of 20% 7.954 8.093 0.139 1.75
various proportions at 28 days : ' ' :
5.2 Split tensile strength test 2
5.2.1 Split tensile strength on cylindrical specimen ig
Table -7: Split tensile strength on cylindrical specimen 2 1421
2 1
Curing Load at Split Tensile % 08
Specimen period Failure strength 8 0:6
(Days) (kN) (N/mm?) 2 04
0% 28 198 2.80 > 02
5% 28 207 2.93 0
0% 5% 10% 15% 20%
10% 28 221 312 Mix ratio proportions
15% 28 192 2.72
20% 28 175 2.48 Chart -7: Comparison of Water absorption of cube

specimen of various proportions at 28 days

6. DISSCUSSION

The concrete cubes and cylindrical specimens were
prepared while partially replacing cement with cellulosic
pulp at various percentage by weight (0%, 5%, 10%, 15%,
20%).Various tests were conducted on these cubes and
cylinders and the following results were observed.
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6.1 Compressive strength test

6.1.1 At 7 days

* The compressive strength of the specimens varied with
the percentage of the added variable.

* The 0% specimen showed strong and consistent
compressive strength at 19.11 N/mm? while the 5%
specimen had a slightly lower strength at 19.06 N/mm?.

* The 10% specimen exhibited the highest compressive
strength at 19.43 N/mm?.

* Conversely, the 15% and 20% specimens showed
significant reductions in compressive strength at 17.10
N/mm? and 13.46 N/mm? respectively.

6.1.2 At 28 days

* The 0% specimen serves as the baseline for comparing
other specimens which is 28.66 N/mmz2, and even small
additions 5% enhance the material's strength which shows
28.77 N/mm2 , although not as significantly as the 10%
addition.

* The highestaverage compressive strength is observed in
the 10% specimen, which has an average of 29.18 N/mm?.
* However, as the percentage of the variable increases to
15% and 20%, the average compressive strength decreases
significantly to 25.68 N/mm? and 20.21 N/mm? respectively.

6.2 Split Tensile strength test

* The 0% Specimen exhibited baseline split tensile strength
of 2.80 N/mm? and serves as a reference for comparing other
specimens.

* A small addition (5% cellulosic pulp) enhances the
material's strength. Split tensile strength improved to 2.93
N/mm?.

* The 10% Specimen achieved the highest split tensile
strength of 3.12 N/mm?. It suggests that a 10% mix ratio
proportion is optimal for enhancing strength.

* The results of 15% and 20% specimens are 2.72 N/mm?
and 2.48 N/mm? respectively, which indicates that adding
more than 10% negatively impacts the tensile strength.

* The higher proportions beyond 10% lead to a decline in
tensile strength.

6.3 Water absorption test

* Theresultsindicate thatas the percentage of the variable
in the specimen increases, the dry weight of the cube
decreases.

* The amount of water absorbed by the specimens
increases with the percentage, which means higher
percentage specimens tend to absorb more water.

* The percentage of water absorbed shows an increasing
trend from 1.15% for the 0% specimen to 1.75% for the 20%
specimen.

* This suggests that the material composition or structure
of the specimens with higher percentages allows for greater
water uptake, due to changes in the material's properties that
facilitate water absorption.

7. CONCLUSIONS

From the experimental investigation on concrete cubes and
cylinders created with partial replacement of cellulosic pulp
with cement, it can be concluded that,

* The 10% specimen shows the highest compressive
strength at 19.43 N/mm?, indicating optimal performance.
The 15% and 20% specimens exhibit significant reductions in
compressive strength, suggesting that higher percentages
weaken the material

* The 10% mix ratio proportion provides the highest split
tensile strength, but higher proportions beyond 10% lead to a
decline in tensile strength.

* The percentage of water absorbed shows an increasing
trend from 1.15% for the 0% specimen to 1.75% for the 20%
specimen. This suggests that the material composition or
structure of the specimens with higher percentages allows for
greater water uptake.

* Higher percentages of the variable appear to negatively
impact the material's performance, likely due to increased
porosity or other structural changes that weaken the
material.

SCOPE OF FURTHER STUDY

* The combined impact of cellulosic pulp of waste paper
and cement can be analyzed under harsh environmental
conditions.

* Therole of admixtures alongside cellulosic pulp of waste
paper can be explored to understand their effects.

* Theuse of cellulosic pulp of waste paper can be studied to
meet durability needs, such as resistance to freeze-thaw
cycles and initial surface water absorption.
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