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ABSTRACT

The development of cement additionally represents the worldwide temperature alteration by
delivering carbon dioxide in the climate. In this manner, a concrete plan with modern waste can
help limit ecological issues. In this study hypo sludge was utilized as an alternate of cement in
concrete. Polypropylene fiber (PPF) is a manufactured hydrocarbon polymer which was added
to increase the strength of the concrete. In the present review, 250 samples were ready by
fluctuating level of hypo sludge (0%, 5%, 10%, 15% and 20%) and polypropylene fiber (0%,
0.5% & 0.10%). The workability of concrete was tried following setting up the concrete though
the compressive strength and the splitting tensile strength of concrete tests were tried following
7, 14 and 28 days of curing. The outcomes demonstrate that the workability of concrete
reductions from medium to low with an expansion in the amount of hypo sludge and
polypropylene fiber. The mixing of hypo sludge and polypropylene fiber together builds the
strength of concrete for all curing ages up to a specific point. Afterwards, there is an unexpected
decrease in strength of the concrete. The mix of 10% hypo sludge and 0.5% polypropylene fiber
is suggested for the greatest strength with the least coefficient of brittieness.

Keywords: Hypo sludge, Polypropylene fiber, Workability, Compressive strength, Splitting
tensile strength, Coefficient of brittleness, Cost feasibility.

INTRODUCTION
Energy assumes a significant part in the
period of emerging nations like India. In this
manner, it is important to save energy and
procure carbon credit for the improvement
of humanity. Carbon credit can be acquired
by involving modern waste for building

materials, for example, cement and so on.
Concrete is a composite building material
made out of cement, aggregates (usually,
abrasive aggregates made of gravels or
crushed rocks, for example, limestone),
water, as well as admixtures (Pitroda &
Umrigar, 2013b).
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The burning of sludge by few organizations in

incinerators causes air pollution issues
(Solanki & Pitroda, 2013b). Paper sludge
comprises of cellulose fibres, calcium
carbonate, china clay and remaining synthetic
compounds which combined with water. Hypo
sludge provides useful properties to the
concrete while assisting with keeping up with
the  economy.  Consequently,  various
contemporary exploration works have been
done on the utilization of hypo sludge in
cement and concrete manufacturing to achieve
sustainable development. Numerous analysts
have examined the practicality of utilizing the
paper business waste in concrete generation as
fractional replacement of cement. The
utilization of hypo sludge in concrete can
prevent the paper business disposal expenses
and delivers a green concrete for building
works (Solanki & Pitroda, 2013c). In addition,
waste produced from cellulose and paper
production is categorized as not harmful in the
Catalogue of European Residues (CER).
Polypropylene is an synthetic
hydrocarbon polymer, the fiber of which is
made utilizing expulsion processes by hot
drawing the substance across a die. Its
utilization empowers dependable and use of
inherent tensile and flexural strength of the
material alongside critical decrease of
plastic shrinkage, cracking and reducing of
thermal cracking (Ahmed et al., 2006). The
chemical neutrality of polypropylene fibers
makes it strong acidic and alkali resistant
and it have high melting point (165 °C). The
hydrophobic character of polypropylene has
no impact on how much water is required
for concrete (Kakooei et al., 2012). Since
these fibers have great chemical protection
from mineral acids, bases, and inorganic
salts, these can likewise be utilized to work
on strong  attributes of  concrete.
Consequently one of the helpful and money
saving advantage ways of enhancing
strength and corrosion resistance, and
decrease cracks augmentation is the
utilization of polypropylene fibres (PPF)
with  the  combination of concrete
(Ramezanianpour et al.,, 2013). The
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utilization of Fiber Reinforced Concrete

(FRC) has expanded in building structures
on the grounds that the reinforced fibers in
concrete  may increase the toughness,
flexural strength, tensile strength, impact
strength as well as the crash method of the
concrete.

MATERIALS AND METHODS
2.1 Material used
211 Cement
Cement is a fine material manufactured by
calcining lime and clay, blended in with
water to shape mortar or blended in with
sand, rock, and water to create concrete.
Normal materials utilized to produce
cement incorporate limestone, shells, and
chalk or marl joined with shale, mud,
record, blast furnace slag, silica sand and
iron element. Cement mainly contains
silicates and aluminates of lime found in
limestone and clay. This cement is clearly
created in the greatest amount than different
cements. OPC is ordered into three grades
specifically 33 grade, 43 grade and 53 grade
contingent on the compressive strength of
cement at 28 days. OPC 43 grade was utilized
in this concentrate.
2.1.2 Aggregates
2.1.2.1 Coarse aggregates
Aggregates the greater part of that kept on
4.75-mm BIS Sieve are known as coarse
aggregates. The different kinds of coarse
aggregates portrayed as:
i) Uncrushed rock or stone which produces
from regular breaking down of rock.
ii) Crushed rock or stone when it occurs
because of squashing of rock or hard stone.
iii) Moderately squashed rock or stone when it
is a result of the mixing of over two

The graded coarse aggregate is
differentiated by its minimal size for example
40 mm, 20 mm, 16 mm and 10 mm. About the
attributes of various sorts of aggregates,
crushed aggregates will generally further
develop the strength in light of interlocking of
precise particles, while adjusted aggregates
further enhanced the flow due to lesser inside
resistance.
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2.1.2.2 Fine aggregates

Aggregates maximum portion of which passes
4.75-mm BIS Sieve are recognized as fine
aggregates

Natural sand - Fine aggregates obtained
because of the normal deterioration of rock
and which have been put by streams or glacial
activities

. Crushed stone sand - Fine aggregates
delivered by squashing hard stone

Crushed rock sand - Fine aggregates
delivered by squashing regular rock.

2.1.3 Hypo sludge

Hypo sludge is a waste delivered in paper
producing industry. The material is a by-

Emrg. Trnd. Clim. Chng. (2022) 1(3), 9-21

ISSN: 2583 — 4770
product of the de-inking and once again

pulping of paper. Paper making for the most
part delivers a lot of hard waste material.
Paper fibers can be reused just a few times
before they turn out to be excessively short
or frail to make superior class paper. It
implies that the messed up, inferior quality
paper fibers are detached to convert to left-
over sludge. Every one of the inks, colors,
coatings, shades, staples and stickies (tape,
plastic movies, and so forth) are likewise
washed off the reused fibers to bond with
the waste solids.

Figure 1: Hypo sludge

2.1.4 Polypropylene fiber

Polypropylene  (PP), otherwise called
polypropene, is a thermoplastic polymer
utilized in various types. They are made in
huge scope and have the fourth biggest volume
in  manufacturing  following  polyesters,
polyamides and acrylics. These fibers are
fabricated utilizing customary melt turning.
Polypropylene fibers are thermo plastics
created from Propylene gas. Propylene gas is
produced from the petrol by items or breaking
of flammable gas feed stocks. Propylene

polymerizes to frame lengthy polymer chain
below extreme temperature and pressure. Still,
polypropylene fibers using precise
arrangements of particles can be produced by
utilizing extraordinary catalysts.
Polypropylene fibers were previously known
as Stealth.

Polypropylene fibers attained from FORTA
CORPORATION (Brand name: ECONO-
NET) were utilized in this study displayed in
Figure 2.

Figure 2: Polypropylene fiber

Copyright © Sept.-Dec., 2022; ETCC
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2.1.5 Water

The water used in this analysis was fresh
and clean according to BIS: 456-2000 norms.
2.2 Methods

2.2.1 Compressive strength of cement as per
BIS: 4031 (Part 6) - 1988

The cubes (70.6 mm x 70.6 mm x70.6 mm)
made from cement sand ratio (1:3) were used
to evaluate the Compressive strength of
cement. The quantity of materials for each
cube taken as follows:-

Cement : 200 g
Standard sand : 600 g
Water : (P/4+3.0)

percent weight of cement and sand

Emrg. Trnd. Clim. Chng. (2022) 1(3), 9-21
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Where P is the percentage of water required to
produce a paste of standard consistency

2.2.2 Workability of concrete (BIS: 1199-
1959)

Workability is used to calculate the easiness
and uniformity of recently blended concrete
or mortar so that it can be blended, set,
merged, and finished properly. Workability
mainly based on the character of application,
not only on the properties of concrete. The
solidified concrete strength, durability and
work costs rely upon concrete having proper
workability.

Table 1: Slump and degree of workability of concrete (Reproduced from BI1S:456-2000)

workability — |mm

Degree of lump [Use for which concrete is suitable

Very low 0-25 Mery dry mixes; used in road making. Roads vibrated by poweroperated
machines.
Low 25-50Low workability mixes; used for foundations with light reinforcement.

Roads vibrated by hand operated machines.

Medium 50

Medium workability mixes; manually compacted flat slabs using crushed
aggregates. Normal reinforced concrete manually compacted and heavily|
100reinforced sections with vibrations.

High 100-High workability concrete; for
175Not normally suitable for vibration

sections with congested reinforcement.

2.2.3 Compressive strength of
concrete as per BIS: 516 -1959
The amounts of cement, coarse aggregates (20
mm and 10 mm), fine aggregates, hypo sludge
water and polypropylene fiber for each group
(differing the level of polypropylene fiber and
hypo sludge) were weighed independently.
Initially, the cement and hypo sludge were
homogeneously mixed dry. Fine aggregates
were blended to this combination in dry
structure. The coarse aggregates were blended
to get identical spreading all through the
group. Polypropylene fiber was included and
afterward water was added with mix. Then the
whole the constituents were blended
completely for 3 to 4 minutes in the
mechanical blender.

The cube used for determining the
compressive strength were 150 mm x 150 mm
x 150 mm. Cube moulds were washed and oil

Copyright © Sept.-Dec., 2022; ETCC

was applied. Then, at that point, the concrete
was loaded into the cube moulds. To guarantee
appropriate compaction, concrete moulds were
vibrated.

2.24 Splitting Tensile Strength as per
BIS: 5816: 1999

The elements of concrete blend were estimated
for various blends. Blending all constituents in
mechanical drum, concrete was discharged
into cube molds of dimension 150mm. The
relieved sample was washed and dried. Parting
lines were being drawn on the two inverse
surfaces of the cube utilizing an appropriate
method that will guarantee that they are in a
similar axial plane. The bearing surfaces of the
testing machine and of the stacking strips were
cleared off. The test sample was set in the
centering jig with pressing strip and
additionally stacking piece cautiously situating
along the top and lower part of the plane of
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stacking of the sample. The pivot of the
example was cautiously lined up with the hub
of the loading machine. The load was
employed deprived of shock and expanded
consistently at a degree in the range 1.2N/
(mm2/min) to 2.4 N/(mm2/min). The
particular rate was kept up with, changed once.
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The load was increased till the sample
collapses and the highest load employed to the
sample thorough the trail was noted. These
samples are tried for tensile strength
following 7, 14 and 28 days relieving
displayed in Figure3.

Figure 3: Splitting tensile strength testing using UTM

RESULTS AND DISCUSSION
3.1 Properties of OPC
OPC of Grade 43 from a solo group was
utilized in the review. It was new and liberated
from any knots. Cement was cautiously put
away to avoid decay in its features because of

contact with the humidity. The actual features
of cement as calculated from different
experiments are mentioned in Table 2 and the
comparing standard for that boundary
according to BIS: 8112-2013 is additionally
mentioned in Table 2.

Table 2: Properties of OPC 43 grade cement

Sr. Characteristics Value Obtained Value specified by
No. experimentally BIS: 8112-2013
1. Specific Gravity -
2. Standard Consistency 31.6% -
3. Initial Setting Time 141 minutes 30 minutes (minimum)
4, Final Setting Time 271 minutes 600 minutes (maximum)
5. Compressive Strength
3 days 24.58 N/mm? 23 N/mm?
7 days 35.97 N/mm? 33 N/mm?
28 days 48.55 N/mm? 43 N/mm?

The values are conforming to specifications given in BIS: 8112-2013.

Copyright © Sept.-Dec., 2022; ETCC
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3.2 Properties of hypo sludge

Table 3: Properties of raw hypo sludge (Reference: Shah and Pitroda 2013, Solankiand Pitroda
2013b, Pitroda 2015, Alam and Berera 2015)

Serial No. Constituents Percentage present

1 Moisture 55 -60
2 Lime (CaO) 37-48
3 Silica (SiO,) 3-12
4 Magnesium oxide (MgO) 01-4
5 Loss on Ignescent 27 -39
6 Acid insoluble 10-12
7 R,03 2-4

Table 4: Difference of properties of hypo sludge with cement

Serial no. Constituents Cement (%0) Hypo sludge (%)

1 Lime (CaO) 60 — 67 37-48

2 Silica (SiO,) 17 - 25 3-12

3 Magnesium oxide (MgO) 01-4 01-4

4 Aluminum (Al,O3) 3-8 2-7

5 Calcium sulphate (Ca,S0,) 15-4 05-4.5
3.3 Properties of polypropylene fibers NET) was utilized in this review. Its properties
Polypropylene fibers acquired from FORTA are shown in Table 5.

CORPORATION (Brand name: ECONO-

Table 5: Properties of polypropylene fibers

1. Material Virgin homopolymer polypropylene
2. Colour White

3. Specific gravity 0.91

4. Length 38 mm

5. Acid /alkali resistance Excellent

(Source: FORTA CORPORATION)
3.4 Workability of concrete

Table 6: Test results for workability of concrete

Mix Hypo Sludge Polypropylenefiber (%) Slump| Degree of
(%) (mm) workability
M1 0 99 Medium
M2 5 94 Medium
M3 10 89 Medium
M4 15 0 79 Medium
M5 20 71 Medium
M6 0 84 Medium
M7 5 71 Medium
M8 10 71 Medium
M9 15 0.50 66 Medium
M10 20 56 Medium
M11 0 61 Medium
M12 5 56 Medium
M13 10 1.00 49 Low
M14 15 39 Low
M15 20 39 Low
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Figure 4: Impact on Slump value of concrete using hypo sludge and polypropylene
fiber at various alternate levels of cement

The increase in quantity of hypo sludge and
polypropylene fiber reduces the workability
of concrete as shown in fig.4.The slump
value for 0% and 20% hypo sludge in the
mixture was 99 and 71 mm, respectively.
With greater volume substitution of hypo
sludge with cement, the slump value for the
mix reduces. This is because of the way that
hypo sludge shows high water absorption
capacity. At the point when greater quantity
of hypo sludge was included the mixture, the
water requirement of the mix increases
which prompts the decrease in workability
of concrete. Additionally, it was seen that
the adding of polypropylene fiber decreases
the workability of concrete. The slump for
0% polypropylene fiber was 99mm, while
slump for 1% polypropylene fiber was
61mm.

Workability decreases at higher value
of fibers contrasted with starting value.
Because of the more adding up the fiber, there
is rise in the quantity of captured air voids and
subsequently rising in air quantity attributed in

Copyright © Sept.-Dec., 2022; ETCC

decreasing workability and problem was seen
in compaction of mixes. The fibers likewise
caused the finishing difficulty. The slump for
0% and 1% of polypropylene fiber with 20%
of hypo sludge was 71lmm and 39mm
individually. The fall in slump was seen from
M1 to M15. This is because of the greater
water assimilation capacity of hypo sludge and
rise in voids because of polypropylene fiber.
3.5 Compressive strength of concrete

The compressive strength of all the
mixes was calculated at the stages of 7, 14 and
28 days for the different alternate levels of
hypo sludge with cement and with adding of
polypropylene fiber. The values of average
compressive strength for various alternate
levels of hypo sludge (0%, 5%, 10%, 15%,
20%) and the adding of polypropylene fiber
(0%, 0.50% and 1.00%) toward the completion
of various curing phases (7 days, 14 days and
28 days) are provided in Table 7. These
qualities are graphed in Figure 5 to 10, which
present the variety of compressive strength.
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Table 7: Investigational Conclusions for compressive strength of concrete

Mix| Hyposludge Fiber 7 Days 14 Days 28Days
(%) (%) (N/mm2) (N/mm2) (N/mm2)

M1 0 15.96 22.31 26.91
M2 5 16.11 23.85 27.29
M3 10 18.23 24.15 27.72
M4 15 15.58 20.86 23.50
M5 20 0 12.26 16.32 20.35
M6 0 18.78 25.76 28.62
M7 5 20.27 26.11 28.86
M8 10 22.59 26.97 30.89
M9 15 17.34 22.34 25.17
M10] 20 0.50 15.11 19.31 22.23
M11 0 12.97 16.30 22.75
M12 5 14.69 18.94 23.10
M13 10 16.98 19.66 24.11
M14 15 11.22 14.21 18.86
M15] 20 1.00 8.34 11.70 14.70

80
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S~
£
< 50 _
s
o A
g 40 ?-.> 28 days
(%]
g \.\ =—14 days
o —9—7 days
g 20

10

O T T T 1

0% 5% 10% 15% 20%

Hypo Sludge

Figure 5: Impact on compressive strength of concrete using 0% of polypropylene
fiber at various alternate quantity of cement
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Figure 6: Impact on compressive strength of concrete using 0.50% of polypropylene
fiber at various alternate quantity of cement
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Figure 7: Impact on compressive strength of concrete using 1.00% of polypropylene
fiber at various alternate quantity of cement

3.6 Splitting tensile strength of concrete

The splitting tensile strength of mixes was
calculated at the stages of 7, 14 and 28 days
for the different alternate levels of hypo sludge
and polypropylene fiber. The quantity of
normal strength for various replacement levels

Copyright © Sept.-Dec., 2022; ETCC

of hypo sludge with cement (0%, 5%, 10%,
15% and 20%) and fiber (0%, ,0.5%, and 1%)
toward the finishing of various curing phases
(7 days, 14 days and 28 days) are presented in
Table 8.
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Table 8: Investigational Conclusions for splitting tensile strength of concrete
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Mix| Hypo sludge Fiber (%)| 7 Days 14 Days 28Days
(%) (N/mm?) | (N/mm?)|  (N/mm?)
M1 0 1.73 2.98 3.23
M2 5 1.84 3.15 3.59
M3 10 2.01 3.53 3.79
M4 15 0 1.42 2.38 2.96
M5 20 1.29 2.21 241
M6 0 1.92 3.23 3.76
M7 5 2.02 3.28 3.88
M8 10 2.47 443 4.99
M9 15 0.50 1.86 2.77 3.10
M10 20 1.76 2.41 2.66
M11 0 1.28 2.03 2.52
M12 5 1.74 2.49 2.80
M13 10 1.98 2.65 2.94
M14 15 1.00 1.08 1.58 1.92
M15 20 0.80 0.99 1.26
10
3.79
L 3.59
323
2.96
M-Q’ 241
e 15 28 days

\H‘“\. == 14 days
) 2.21

== 7 days

&—r73 ——T8a 4‘.‘.‘\“\0—1-4&—-‘
: 1.29

0% 5% 10% 15% 20%
Hypo Sludge

Spilting Tensile Strength (N/mm?)
O P N W b U1 O N 00 L

Figure 8: Splitting tensile strength of concrete with 0% addition of PPF at differentcuring ages
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Figure 9: Splitting tensile strength of concrete with 0.50% addition of PPF atdifferent curing ages
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Figure 10: Splitting tensile strength of concrete with 1% addition of PPF at differentcuring ages

The splitting tensile strength of the mixes
with the different alternative amounts of
fibers and hypo sludge with cement was
calculated with intervals of 7, 14 and 28
days. The importance of normal strength for
various alternative amounts of hypo sludge
with cement (0%, 5%, 10% and 20%) and
adding of fiber (0%, 0.5% and 1%) toward
the finish of various restoring periods (7
days, 14 days and 28 days) are presented in

Copyright © Sept.-Dec., 2022; ETCC

Table 8. These data are charted in figure 5 to
10 separately, which express the variety of
splitting tensile strength because of various
rates of hypo sludge and polypropylene
fiber.

CONCLUSIONS
With the increase in proportion of hypo
sludge and polypropylene fiber, the
workability drops down from medium to
low.
19
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With the addition of hypo sludge at proportion
from 0 to 10 % there is gradual increase in
strength properties such as compressive and
split tensile strength whereas above the 10% to
20% addition of hypo sludge there is decrease
in compressive and split tensile strength

With the addition of polypropylene
fiber at a proportion from 0 to 0.5 %, there is
an increase in strength properties such as
compressive and split tensile strength.
Whereas above 0.5% to 1% content of
polypropylene fiber in mixture of concrete,
there is decrease in strength properties such as
compressive and split tensile strength

With addition 15% or more of hypo
sludge and 0.5% or more of polypropylene
fiber results in a decrease in strength.
Therefore, the higher proportion of these
materials is not feasible. Probably, this can be
happened because of the improper binding
ingredients which results in cracks and initial
stages.
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