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Abstract— Today’s fast-growing industrialization where 

production of materials is touching the remarkably Heights, 

so it’s the need of an hour to utilize the waste which is 

produced in these factories. Paper producing industries 

generates a huge quantity of waste, it overcome these 

problems we need to tackle with alternate methods which 

will help to the reduce the impact of major environmental 

problems. This factory ash is known as Hypo Sludge Ash 

(HSA), for the assembly of paper the chemical is mixed and 

used for a numerous time for producing the paper of good 

quality but once its usefulness is achieved the staple can’t be 

again utilize and also Ground Granulated furnace slag which 

is that the by-product of ore is used for comparison and its 

usefulness is suggested. In this project work these wastes is 

used to replace the cement in various proportions and 

noticeable changes in reading are recorded. Accordingly, the 

design mix is made for M40 grade concrete and testing is 

performed by means of compression testing machine (CTM) 

and flexural testing machine. It was found that optimum 

results are obtained at 10 % a replacement of factory ash. 

The increasing amount of waste is a concerning reality that 

has arose the sustainability issues of the environment. Hypo 

plant in the paper industry generates a large volume of waste 

in the form of slurry, disposal of which causes 

environmental pollution. The production of cement also 

accounts for the global warming by releasing carbon dioxide 

in the atmosphere. Therefore, formulation of concrete with 

industrial waste can help in minimizing the environmental 

problems. In this study hypo sludge was used as a 

replacement of cement in concrete. Polypropylene fiber 

(PPF) is a synthetic hydrocarbon polymer which was added 

to augment the strength of the concrete. In present study, 

450 specimens were prepared by varying percentage of hypo 

sludge (0%, 5%, 10%, 15% & 20%) and polypropylene fiber 

(0%, 0.25%, 0.5%, 0.75%&0.10%). The workability of 

concrete was tested immediately after preparing the concrete 

whereas the compressive strength and the splitting tensile 

strength of concrete tests were tested after 7,14 and 28 days 

of curing. Results indicate that the workability of concrete 

decreases from medium to low with an increase in content 

of hypo sludge and polypropylene fiber. The addition of 

both hypo sludge and polypropylene fiber increases the 

strength of concrete for all curing ages up to sure point. 

After that, there is an abrupt reduction in strength of the 

concrete. The combination of 10% hypo sludge and 0.5% 

polypropylene fiber is suggested for the utmost strength 

with minimum coefficient of brittleness. Incorporation of 

hypo sludge decreases the cost of concrete up to 18.35%. 

Keywords: Hypo Sludge, Polypropylene Fiber, Workability, 

Compressive Strength, Splitting Tensile Strength, 

Coefficient of Brittleness, Cost Feasibility 

I. INTRODUCTION 

Energy plays an important role in the era of developing 

countries like India. Therefore, it's essential to save lots of 

energy and earn carbon credit for the betterment of 

mankind. Carbon credit can be earned by using industrial 

waste for building materials such as cement etc. Concrete 

used in  construction material composed of cement, 

aggregate (generally coarse aggregate made from gravels or 

crushed rocks like limestone or granite plus fine aggregate 

like sand), water, and/or admixtures (Pitroda and Umrigar 

2013b). By the inclusion of commercial waste in concrete, 

the energy and therefore the environment are often saved. 

The use of these by-products offers environmental 

advantages like diversion of the material from the waste 

streams, reduction of the energy used in processing virgin 

materials, usage of virgin materials and decrease in 

pollution. To produce Ordinary Portland Cement (OPC), we 

use earth resources like limestone. During manufacturing of 

one ton of OPC, an equal amount of carbon-dioxide is 

released into the atmosphere which is harmful to the 

environment. So, there is a need to choose an alternative 

(Pitroda et al 2013b). In urban cities, solid waste 

management is one of the most challenging issues, which is 

a serious pollution problem due to the generation of huge 

quantities of solid waste (Rajgor and Pitroda 2013).   

 Many research organizations do extensive work on 

waste materials concerning the viability and environmental 

suitability. Paper mill sludge may be a major economic and 

environmental problem for the paper and board industry. 

The material is a by-product of the de-inking and re-pulping 

of paper (Solanki and Pitroda 2013a). The pulp and paper 

industry generate large volume of waste called Hypo sludge; 

which is technology-dependent. It is estimated that around 

100 tons of waste is generated for 550 tons of pulp 

production and causes the problem to the environment 

(Seyyedalipour et al 2014). Most of the paper mills in India 

prepare solution (calcium hypochlorite) using lime and 

elemental chlorine. Six mills out of eight mills are using 

ClO2 as bleach either as partial substitution of elemental 

chlorine or in end of bleaching to achieve desired 

luminosity. These mills are producing ClO2 with 

environmentally friendly process. Three mills among eight 

mills are still using calcium hypo chlorite in end for 

bleaching. Solid wastes generated during calcium hypo 

chlorite generation are called hypo sludge (Alam and Berera 

2015). The paper mill sludge consumes a large percentage 

of local landfill space for each and every year. Worse yet, a 

number of the wastes are land spread on agricultural land or 

running off into area lakes and streams. Some companies 

burn their sludge in incinerators, contributing to our serious 

air pollution problems (Solanki and Pitroda 2013b). 
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II. LITERATURE REVIEW 

Senthilkumar and Natesan (2004) described the prevention 

of plastic shrinkage cracking in cementitious composites. 

Three different concrete mixes with fine aggregate to coarse 

aggregate ratio as unity were tested for its cracking 

behavior, under four ambient conditions. Three sorts of 

fibers namely, glass, polypropylene and polyester were 

utilized in the three concrete mixes at different volume 

fractions to review its crack arrest property. The results 

demonstrate that the addition of fibers could effectively 

control the maximum extent of plastic shrinkage cracking 

and crack width in any of the concrete mixes. Also, the 

coarse fibers are less efficient in controlling the plastic 

shrinkage cracking than the finer fibers with irrespective of 

fiber type. The more the specific fiber surface, the greater is 

the plastic shrinkage crack arrest property. 

 Ahmed et al (2006) studied the effects of addition 

of various proportions of polypropylene fiber on the 

properties of concrete. An experimental program was 

administered to explore its effects on compressive, tensile, 

flexural, shear strength and plastic shrinkage cracking. A 

notable increase in extramural, tensile and shear strength 

was found. However, no change in compression strength 

was noted. Furthermore, shrinkage cracking is reduced by 

83 to 85% by addition of fibers in the range of 0.35 to 

0.50%. 

 Pitroda et al (2013c) presented the work on 

utilization of hypo sludge by eco-efficient development of 

rigid pavement in rural roads. Hypo sludge was used as 

partial replacement of cement in concrete within the range 

of 10-40% by weight of cement for development of low-cost 

rigid pavement of rural road infrastructure. Five different 

mixes of hypo sludge were tested for parameters like: 

compressive strength, flexural strength and cost. This 

research study concludes for a CBR value of 2% and Wheel 

Load (P) of 30kN; Cost of rigid pavement decreases from 

Rs 785.67 to Rs 580.12. Hence hypo sludge can be an 

innovative supplementary cementitious material useful for 

construction of rigid pavement in development of low-cost 

rural roads. 

 Solanki and Pitroda (2013a) studied the effects of 

replacing cement by hypo sludge on the flexural strength of 

beams (500 mm x 100 mm x 100 mm). Test groups were 

constituted with the replacement percentages of 0%, 10%, 

20%and 30%. The results showed the effect of hypo sludge 

on concrete beams has a considerable amount of increase in 

the flexural strength characteristic. By partially replacing 

cement with fly ash and hypo sludge, he observed that 

flexural strength of the concrete increases when the 10% 

replacement of cement by hypo sludge is increased up to 

8.91%, Environmental effects from wastes and residual 

amount of cement manufacturing can be reduced through 

this project. 

III. MATERIALS AND PROPERTIES: 

A. Materials 

 Hypo Sludge, 

 Polypropylene 

 Cement 

 Coarse Aggregate 

 Fine Aggregate 

 Water 

B. Properties of Hypo Sludge 

Hypo sludge contains, low calcium and maximum salt and 

minimum amount of silica. Hypo sludge behaves like 

cement due to silica and magnesium properties.  And due to 

silica and magnesium improve the setting of the concrete. 

Paper sludge consists of cellulose fibers, calcium carbonate, 

china clay and residual chemicals which bound up with 

water. Hypo sludge contributes beneficial properties to the 

concrete while helping to take care of economy. Therefore, 

numerous contemporary research works have focused on the 

application of hypo sludge in cement and concrete 

production to attain sustainable development.  The use of 

hypo sludge in concrete can save the paper industry disposal 

costs and produces a green concrete for construction 

(Solanki and Pitroda 2013c). Moreover, all the generated 

residues from cellulose and paper manufacturing are 

classified as not dangerous within the Catalogue of 

European Residues (CER). The current residues produced 

within the manufacture of paper, which are utilized in the 

ceramics industry and in agricultural compost, are 

catalogued as clean (Garcia et al 2007). 

 Concrete made with OPC is relatively strong in 

compression but weak in tension and tends to be brittle. 

These two weaknesses have limited its use. Another 

fundamental weakness of concrete is that cracks start as 

soon as concrete is placed and before it hardened properly. 

These cracks are major cause of weakness in concrete 

particularly in large on-site applications leading to 

subsequent failure and effect the durability. The tension can 

be overcome by the use of primary reinforcement bars and 

to some extent by the inclusion of a sufficient volume of 

certain fibers. 

C. Properties of Polypropylene 

Polypropylene may be a synthetic hydrocarbon polymer, the 

fiber of which is formed using extrusion processes by hot 

drawing the fabric through a die. Its use enables reliable and 

effective utilization of intrinsic tensile and flexural strength 

of the fabric alongside significant reduction of plastic 

shrinkage, cracking and minimizing of thermal cracking 

(Ahmed et al 2006). Polypropylene fibers have high freezing 

point (165 °C) and its chemical neutrality makes it strong 

acidic and alkali resistant. Also, these fibers have 

hydrophobic levels, which protect them against wetting with 

cement paste. The hydrophobic nature of polypropylene has 

no effect on the quantity of water needed for concrete 

(Kakooei et al 2012). Since these fibers have high chemical 

resistance to mineral acids, bases, and inorganic salts, these 

also can be wont to improve durable characteristics of 

concrete. Therefore, one among the useful and price benefit 

ways to extend strength and corrosion resistance and reduce 

cracks extension is that the usage of polypropylene fibers 

(PPF) within the mixture of concrete (Ramezanianpour et al 

2013). the utilization of Fiber ferroconcrete (FRC) has 

increased in building structures because the reinforced fibers 

in concrete may improve the toughness, flexural strength, 
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lastingness, impact strength also because the failure mode of 

the concrete. 

IV. MIX DESIGN AND EXPERIMENTAL STUDY 

A. Mix Design 

The process of choosing suitable ingredients of concrete and 

determining their relative amounts with the target of 

manufacturing a concrete of the specified strength, 

durability and workability as economical as possible, is 

termed the concrete mix design. In present study mix design 

was done by BIS mix design method which is based on 

Bureau of Indian Standards BIS: 10262-2009. 

B. Experimental Study 

The quantity of cement, fine and coarse aggregates, hypo 

sludge and water each batch of proportion is ready as 

mentioned in mix design. Then the mixing process is carried 

out. 

1) Workability of Fresh Concrete by Slump Test: 

Slump test is used to determine the workability of fresh 

concrete. The apparatus used for doing slump test are Slump 

cone and tamping rod. 

 
Fig. 1: Slump test 

2) Compressive Strength Test: 

The quantities of cement, coarse aggregates (20 mm and 10 

mm), fine aggregates, hypo sludge water and polypropylene 

fiber for every batch (varying the share of polypropylene 

fiber and hypo sludge) were weighed separately. Firstly, the 

cement and hypo sludge were uniformly mixed dry. Fine 

aggregates were mixed to the present mixture in dry form. 

The coarse aggregates were mixed to urge uniform 

distribution throughout the batch. Polypropylene fiber was 

added then water was added to the combination. Then all the 

ingredients were mixed thoroughly for 3 to 4 minutes in 

mechanical mixer. Compressive strength of concrete 

decided from cubes of 150 mm × 150 × 150 mm in size. 

Cube moulds were cleaned and oil was applied and then the 

concrete was filled into the cube moulds. to make sure 

proper compaction, concrete moulds were vibrated. 

 
Fig. 2: Compressive strength testing using UTM 

3) Split Tensile Strength Test: 

Split tensile strength of concrete is usually found by testing 

plain concrete cylinders. Cylinders of size 150mm x 300 

mm were casting using M20 grade concrete. Specimen with 

OPC and OPC replaced by hypo sludge at 10%, 20% and 

30% replacement levels were cast. After 24 hours, the 

specimens were removed from the mould and subjected to 

water curing for 28 days. After curing, the specimens were 

tested. 

 
Fig. 3: Splitting tensile strength testing using UTM 

V. RESULT AND DISCUSSIONS 

A. Workability of Fresh Concrete: 

The slump value of concrete with different replacement 

levels of cement with hypo sludge and with addition of 

polypropylene fiber is also shown in Figure 4. In order to 

determine the Degree of workability. The slump for the mix 

with 0% hypo sludge was 100mm, while slump for the mix 

with 20% hypo sludge was 70mm.The slump decreases 

when a higher amount of hypo sludge was replaced with 
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cement. This is due to the fact that hypo sludge exhibits high 

water absorption capability. When higher amount of hypo 

sludge was added in the mixture, the water demand of the 

mix rises which leads to the reduction in workability of 

concrete. Further, it was observed that the addition of 

polypropylene fiber reduces the workability of concrete. The 

slump for 0% polypropylene fiber was 100mm, while slump 

for 1% polypropylene fiber was 60mm. Workability reduces 

at higher dosage of fibers compared to initial dosage. Due to 

the more addition of fiber, there is an increase in the amount 

of entrapped air voids and therefore increase in air content 

attributed in reducing workability and difficulty was 

observed in compaction of mixes. The fibers also caused the 

finishing problem. The slump for 0% and 1% of 

polypropylene fiber with 20% of hypo sludge was 70mm 

and 40mm respectively. The fall in slump was observed 

from M1 to M25. This is due to the higher water absorption 

capability of hypo sludge and increase in voids due to 

polypropylene fiber. 

 
Fig. 4: Slump value of concrete with different replacement 

levels of Cement with hypo sludge and addition of 

polypropylene (PP) fiber 

B. Compressive strength of concrete 

The compressive strength of all the mixes was determined at 

the ages of 7, 14 and 28 days for the various replacement 

levels of hypo sludge with cement and with addition of 

polypropylene fiber. The values of average compressive 

strength for different replacement levels of hypo sludge 

(0%, 5%, 10%, 15%, 20%) and the addition of 

polypropylene fiber (0%, .25%, 0.50%, 0.75% and 1.00%) 

at the end of different curing periods (7 days, 14 days & 28 

days). These values are plotted in Table 1, which show the 

variation of compressive strength due to different 

percentages of hypo sludge and polypropylene fiber. 

Mix 

Hypo 

sludge 

(%) 

Fiber 

(%) 

7 Days 

(N/mm2) 

14 Days 

(N/mm2) 

28Days 

(N/mm2) 

M1 0  

 

 

 

0 

15.86 22.21 26.90 

M2 5 16.01 23.75 27.11 

M3 10 18.13 24.05 27.62 

M4 15 15.48 20.96 23.40 

M5 20 12.16 16.22 20.25 

M6 0  

 

17.55 23.03 27.01 

M7 5 18.62 24.98 27.76 

M8 10  

 

0.25 

19.90 25.55 28.08 

M9 15 16.31 21.70 24.66 

M10 20 14.17 18.96 21.80 

M11 0  

 

 

 

0.50 

18.68 25.66 28.52 

M12 5 20.17 26.01 28.96 

M13 10 22.49 26.98 30.79 

M14 15 17.24 22.33 25.27 

M15 20 15.01 19.21 22.13 

M16 0  

 

 

 

0.75 

14.91 19.45 24.78 

M17 5 15.84 20.16 25.90 

M18 10 17.62 22.00 26.98 

M19 15 14.01 17.58 20.46 

M20 20 11.37 15.32 17.77 

M21 0  

 

 

 

1.00 

12.87 16.20 22.65 

M22 5 14.59 18.84 23.00 

M23 10 16.88 19.56 24.01 

M24 15 11.12 14.11 18.76 

M25 20 8.24 11.60 14.60 

Table 1: Test results for workability of concrete 

C. Split Tensile Strength of Concrete  

The splitting tensile strength of all the mixes was 

determined at the ages of 7, 14 and 28 days for the various 

replacement levels of hypo sludge and polypropylene fiber. 

The values of average strength for different replacement 

levels of hypo sludge with cement (0%, 5%, 10%, 15% and 

20%) and fiber (0%, 0.25%,0.5%, 0.75% and 1%) at the end 

of different curing periods (7 days, 14 days & 28 days) are 

given in Table 4.20. which show the variation of splitting 

tensile strength due to different percentages of hypo sludge 

and polypropylene fiber. 

Mix 

Hypo 

sludge 

(%) 

Fiber 

(%) 

7 Days 

(N/mm2) 

14 Days 

(N/mm2) 

28Days 

(N/mm2) 

M1 0 
 

 

 

0 

1.75 2.99 3.22 

M2 5 1.81 3.16 3.60 

M3 10 2.00 3.54 3.79 

M4 15 1.40 2.39 2.98 

M5 20 1.28 2.20 2.42 

M6 0 
 

 

 

0.25 

1.80 3.00 3.41 

M7 5 1.89 3.22 3.72 

M8 10 2.40 3.60 3.85 

M9 15 1.54 2.68 3.02 

M10 20 1.38 2.31 2.61 

M11 0 
 

 

 

0.50 

1.91 3.24 3.75 

M12 5 2.00 3.29 3.89 

M13 10 2.45 4.44 4.98 

M14 15 1.84 2.78 3.11 

M15 20 1.74 2.40 2.67 

M16 0 
 

 

 

0.75 

1.73 2.34 2.78 

M17 5 1.79 2.83 3.08 

M18 10 2.00 3.01 3.26 

M19 15 1.37 2.15 2.39 

M20 20 1.25 1.47 2.00 

M21 0 
 

 

 

1.00 

1.26 2.02 2.53 

M22 5 1.72 2.48 2.79 

M23 10 1.97 2.64 2.93 

M24 15 1.06 1.59 1.93 

M25 20 0.79 0.98 1.27 
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Table 2: Test results for splitting tensile strength of concrete 

D. Cost feasibility of concrete 

The cost of hypo sludge per kg is negligible as compared to 

cement shown in Table 3. There is about 18% reduction in 

the cost shown in Figure 5. Using the formulae for 

efficiency, the most economical concrete mix can be 

produced at 10% level of hypo sludge with efficiency of 

49.45%. After the conversion of slurry into dry form, hypo 

sludge can widely be used in areas near by paper mill. The 

cost analysis indicates that hypo sludge decreases the cost of 

concrete, but at the same time strength also decreases. Thus, 

it has been established that to some extent, the use of hypo 

sludge (paper industry waste) in concrete can save the 

disposal costs and can produce an efficient concrete for 

construction. Also, the environmental effects caused due to 

the production of cement can be minimized at the same 

time. 

Mix 

Cement 

Rate 

(Rs/m3) 

Hypo 

sludge Rate 

(Rs/m3) 

Fine 

aggregates 

(Rs/kg) 

Coarse 

aggregates 

(Rs/kg) 

Total 

Cost 

(Rs/kg) 

% 

Change 

in Cost 

28Days 

Compressive 

strength 

(N/mm2) 

Efficiency 

(%) 

M1 2194.0 0 0.20 0.14 61.432 0 26.90 43.79 

M2 2087.15 8.45 0.20 0.14 58.677 -4.48 27.11 46.20 

M3 1977.30 16.90 0.20 0.14 55.838 -9.11 27.62 49.45 

M4 1867.45 25.35 0.20 0.14 52.998 -13.73 23.40 44.15 

M5 1757.60 33.80 02.0 0.14 50.159 -18.35 20.25 40.37 

Table 4.25: Cost analysis and efficiency of the mixes blended with hypo sludge (waste material) 

Negative sign indicates the decrease in cost 

 

 
Fig. 5: Efficiency of the concrete mixes 

VI. CONCLUSIONS 

The present study was undertaken to investigate the 

workability, compressive strength and splitting tensile 

strength of concrete containing hypo sludge and 

polypropylene fiber. The objectives of the study were to 

study the effect of partial replacement of hypo sludge with 

cement, with polypropylene fibers used as additive in 

concrete. 450 concrete specimens were prepared by partial 

replacement of cement with hypo sludge 0% to 20% and 

with polypropylene fiber 0% to 1%. From the experimental 

investigations, it is concluded that: 

 The workability of concrete decreases from medium to 

low with an increase in content of hypo sludge and 

polypropylene fiber. 

 The gradual increase was seen in compressive strength 

and splitting tensile strength of concrete blended with 

0% to 10% of hypo sludge content for all curing ages. 

Beyond that there is significant reduction in strength. 

This is due to water absorbing capability of hypo sludge 

which disturbed the water-cement ratio. 

 The gradual increase was seen in compressive strength 

and splitting tensile strength of concrete blended with 

0% to 0.5% polypropylene fiber for all curing ages. 

Beyond that there is significant reduction in 

compressive strength. Because at higher dosage of fiber 

due to the formation of air voids, the concrete becomes 

stiff and difficult to compact which tend to decrease the 

strength. 

 The addition of both hypo sludge and polypropylene 

fiber increases the strength of concrete for all curing 

ages up to certain point. After that there is an abrupt 

reduction in strength of the concrete. Because at higher 

dosage, concrete loses its ability to form a correct bond. 

 The combinations with or beyond 15% hypo sludge and 

with or beyond 0.75% polypropylene fiber has shown 

decrease in the strength. Therefore, the higher dosage of 

hypo sludge and polypropylene fiber is not 

recommended. This is because of the fact that at higher 

dosage, the concrete does not adhere properly which 

leads to early age cracks. 

 The mix M13 with combination 10% hypo sludge and 

0.5% polypropylene fiber has shown the highest 

compressive as well as splitting tensile strength. 

Therefore, M13 is recommended for maximum 

strength. 

 The cost feasibility indicates that with incorporation of 

hypo sludge decreases the cost of concrete, but at the 

same time strength also decreases. In general, use of the 

hypo sludge (waste material) in concrete can save the 

paper industry disposal costs and produce an efficient 

concrete for construction. Also, the environmental 

effects caused due to the production of cement can be 

minimized at the same time. 
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 Statistical analysis shows that the addition of hypo 

sludge and polypropylene fiber significantly affect the 

7, 14- and 28-days compressive strength and splitting 

tensile strength. The effect of hypo sludge is more on 

compressive strength as well as on splitting tensile 

strength as compared to polypropylene fiber. 

Experimental results also show same trend. Hence, the 

results of statistical analysis are corresponding to the 

experimental results. 
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