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Abstract— The use of paper-mill pulp in concrete 

formulations was investigated as an alternative to landfill 

disposal. The cement has been replaced by sludge 

accordingly in the range of 5% to 20%by weight for M-25. 

By using adequate amount of the waste paper pulp and water, 

concrete mixtures were produced and compared in terms of 

slump and strength with the conventional concrete. The 

concrete specimens were tested in three series of test as 

compression test, splitting tensile test and flexural test. These 

tests were carried out to evaluate the mechanical properties 

for 14 and 28 days. As a result, the compressive, splitting 

tensile and flexural strength increased up to 5% addition of 

waste paper pulp and further increased in waste paper pulp 

reduces the strengths gradually. 
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I. INTRODUCTION 

Pulp and paper mill residual solids also called sludge are 

composed mainly of cellulose fibers, moisture and paper 

making fillers like kaolinite clay and calcium carbonate. The 

raw dry paper sludge mainly contains silica and calcium 

oxide followed by [1] alumina and magnesium oxide. Paper 

sludge behaves like cement because of silica and magnesium 

properties which improve the setting of the concrete [1]. The 

quantity of sludge varies from mill to mill. The amount of 

sludge generated by a recycled paper mill is greatly 

dependent on the type of furnish being used and end product 

being manufactured. Paper mill sludge can be used as an 

alternative material applied as partial replacement of fine 

aggregates in manufacturing fresh concrete intended to be 

used for low cost housing projects .About 300 kg of sludge is 

produced for each tone of recycled paper. This is a relatively 

large volume of sludge produced each day that makes serious 

disposal problems as paper mill sludge is bulky. The 

utilization of waste paper sludge in concrete has a real 

possibility of significant decrease in the environment 

pollution and perceptibly economizes the price of civil 

construction. It was originally introduced as artificial 

pozzolana. When pozzolanic materials are incorporated to 

concrete, the silica present in these materials reacts with the 

calcium hydroxide released during the hydration of cement 

and forms additional calcium silicate hydrate, which 

improves mechanical properties but only up to a certain 

extent. By using adequate amount of the waste paper sludge, 

concrete mixture is produced and [2] compared in terms of 

strength with conventional concrete. In 1995, the U.S. pulp 

and paper industry generated about 5.3 million metric tons of 

mill wastewater-treatment residuals (on oven-dry basis), 

which is equivalent to about 15 million metric tons of 

dewatered (moist) residuals. About half of this was disposed 

in landfills/lagoons, a quarter was burned, one-eighth was 

applied on farmland/forest, one sixteenth was 

reused/recycled in mills, and the rest, one sixteenth, was used 

in other ways [4].  

II. PROBLEM IDENTIFICATION & OBJECTIVE 

Problem Statement 

About 300 kg of sludge is produced for each tone of recycled 

paper. This is a relatively large volume of sludge produced 

each day that makes serious disposal problems as paper mill 

sludge is bulky. The utilization of waste paper sludge in 

concrete has a real possibility of significant decrease in the 

environment pollution and perceptibly economizes the price 

of civil construction. By using adequate amount of the waste 

paper sludge, concrete mixture is produced and compared in 

terms of strength with conventional concrete. The concrete 

specimens were subjected to compression test, splitting 

tensile test and flexural test to evaluate the mechanical 

properties for up to 28 days. The test results were reported as 

the average of three tested specimens in the respective testing. 

From each concrete mixture, 150 mm3 cubes, 100 x 100 x 500 

mm beams, and 150 x 300 mm cylinders has been casted for 

the determination of compressive strength, flexural strength 

test and splitting tensile strength respectively. All test has 

been determined at 14 and 28 days in accordance with IS 516-

1959. Flexural strength test was carried out using a simple 

beam with two-point loading method conforming to IS 516-

1959. Splitting tensile-strength test was carried out according 

to IS 5816-1999. 

Objective of present work 

The objectives of the present investigation are 

 To utilize the waste materials like paper, in the process 

of manufacturing new type of eco-friendly materials, 

namely paper Crete. 

 To manufacture and study the strength and durability of 

the paper Crete in order to effectively use these paper 

Crete commercially for construction purposes. 

 To study the structural behavior of the paper Crete. 

III. METHODOLOGY 

Methodology is the systematic, theoretical analysis of the 

methods applied to a field of study and also the principle 

associated with knowledge. This is a review of research 

methodology includes methods used to get the data collection 

analysis. The methods of analysis consist of several phase 

which are material collecting, production of paper Crete 

concrete and paper Crete laboratory testing. 

In order to accomplish the aforesaid objectives, the research 

work has been divided into six major parts. They are: 

1) Material collection 

2) Study of properties of materials 



A Review on use of Waste Paper Pulp by Partial Replacement of Cement in Concrete 

 (IJSRD/Vol. 5/Issue 12/2018/272) 

 

 All rights reserved by www.ijsrd.com 1024 

3) Specimen making 

4) Preliminary tests 

5) Optimization of mix 

6) Behavioral studies on the paper Crete  

IV. MIX PROPORTIONING  

The way toward choosing appropriate elements of cement 

and deciding their relative sums with the target of delivering 

a solid of the required quality, solidness, and workability as 

monetarily as could reasonably be expected, is named the 

solid blend outline. The proportioning of element of cement 

is represented by the required execution of cement in 2 

phases, to be specific the plastic and solidified state. In the 

event that the plastic cement isn't workable, it can't be 

appropriately put and compacted. Cement is partially replace 

by paper plump up to 20%.   The compressive quality of 

solidified solid which is for the most part consider to be a file 

of different properties, depends up on many components e.g. 

quality and amount of concrete, water and total, grouping and 

blending, setting, compacting and curing. The solid blend 

plan or M25 review was proposed by utilizing IS: 10262-

2009. The outline blend extent is appeared in Table 
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Table 1: Design Mix Proportion 

V. RESULT & DISCUSSION 

Experimental Study  

M-25 Grade of concrete has been prepared from different 

types of cement and paper pulp replacement as binder mix 

and sand as fine aggregate and course aggregate. Then its 

physical properties like slump test, water absorption, 

Compressive strength, Tensile strength and Flexural Strength 

test have been investigated. These test results both in tabular 

form and graphical presentation are given below 

Slump Test 

With the addition of paper pulp, the slump loss with time is 

directly proportional to increase in the paper pulp content due 

to the introduction of large surface area in the concrete mix 

by its addition. Although the slump decreases, Slump was 

maximum for the concrete mixture containing 5% waste 

paper sludge in place of cement .Slump test values each 

proposition of paper pulp shown in table 5.1  

Waste Paper Pulp in % Slump  mm 

0 45 

5 39 

10 32 

15 27 

20 21 

Table 2: Slump Test 

 
Fig. 1: Slump Value (mm) 

 
Fig. 2: Slump Value (mm) 

2) Water Absorption Test 

The average dry weight of cube specimens after removing 

from moulds was measured and the average weight of cube 

specimens after submerging in water for curing was measured 

at 28 days of age (Table 5.2). The percentage of water 

absorption was measured for each paper Crete specimen and 

it gave indirect measure of durability. 

Water absorption test was carried out for all 

mixtures and percentage water absorption was measured. The 

percentage water absorption increased with increase in waste 

paper sludge content. The lowest value of water absorption 

was found for concrete mix with 5% waste paper sludge 

content. TABLE 5.2 & Fig.5.3 depicts the percentage water 

absorption for all mixtures 
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1 0 8397 8491 94 1.12 

2 5 8356 8461 105 1.26 

3 10 8274 8391 117 1.41 

4 15 8124 8260 136 1.68 

5 20 8010 8149 139 1.74 

Table 5.2: Water Absorption Test results for cube specimens 

of size 150mm x 150mm x 150mm 
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Fig. 3: Water Absorption in % 

Compressive Strength Test 

Compressive Strength = Load / Area 

Size of the test specimen=150mm x 150mm x 150mm 

The compressive strength tests is presented in TABLES 5.3. 

Compressive strength test was carried out at 14 and 28 days. 

An increase in compressive strength was observed at 5% 

replacement of cement by waste paper pulp and there after 

decreasing. Compressive strength for concrete mix with 10%, 

15% and 20% waste paper pulp content was found to be less 

than that 5% waste paper pulp. 

 
Fig. 4: 
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M-

25 

0 23.20 28.16 

5 26.23 31.15 

10 22.58 26.09 

15 20.81 23.92 

20 18.32 21.24 

Table 5.3: Compressive Strength 

 
Fig. 5.4 Compressive Strength (N/mm2) 

Split Tensile Test 

The size of cylinders 300 mm length and 150 mm diameter 

are placed in the machine such that load is applied on the 

opposite side of the cubes are casted. Align carefully and load 

is applied, till the specimen breaks. The formula used for 

calculation. Split tensile strength = 2P/ μdl The tensile 

strength is one of the basic and important properties of the 

concrete. The concrete is not usually expected to resist the 

direct tension because of its low tensile strength and brittle 

nature. However, the determination of tensile strength of 

concrete is necessary to determine the load at which  

The splitting tensile strength tests are presented in 

TABLES 5.4. Splitting tensile strength test was carried out at 

14 and 28 days. Splitting tensile strength was found to be 

more than that for reference mix at 5% cement replacement. 

Splitting tensile strength decreased with increasing waste 

paper pulp content.  

Table Tensile strength test 

Mix 

Waste 

Paper Pulp 

in % 

14-days Tensile 

Strength 

(N/mm2) 

28-days Tensile 

Strength 

(N/mm2) 

 

 

 

M-

25 

0 2.55 3.07 

5 2.68 3.30 

10 2.52 3.18 

15 2.33 2.76 

20 2.12 2.50 

Table 5.4: 

 
Fig. 6: Tensile Strength (N/mm2) 

 
Fig. 7: Days Tensile Strength (N/mm2) 
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Fig. 8: Days Tensile Strength (N/mm2) 

 

Flexural Strength Test 

During the testing, the beam specimens of size 

700mmx150mmx150mm were used. Specimens were dried 

in open air after 7 days of curing and subjected to flexural 

strength test under flexural testing assembly. The flexural 

strength tests are presented in TABLES 5.5. Flexural strength 

test was carried out at 14 and 28 days. Flexural strength was 

found to be more than that for reference mix at 5% cement 

replacement. Flexural strength decreased with increasing 

waste paper pulp content. Fig. 5.5 represent flexural strength 

of all mixtures at 14 and 28 days respectively. 

Mix 
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Paper 

Pulp in 

% 

 

14-days Flexural 

Strength (N/mm2) 

28-days Flexural 

Strength (N/mm2) 

 

 

 

M-

25 

0 10.13 13.50 

5 11.23 14.97 

10 9.67 13.84 

15 8.37 11.63 

20 6.80 9.72 

Table 5.5: Flexural Strength Test 

 
Fig. 9: Flexural Strength (N/mm2) 

 
Fig. 10: Days Flexural Strength (N/mm2) 

 
Fig. 11: Days Flexural Strength (N/mm2) 

 
Fig. 12: 

VI. CONCLUSIONS 

Summery 

To the greatest degree possible, all reasonable and proper 

mixing, sampling and testing procedures were followed to 

produce the data in this report. Since paper Crete is a new 

material, there are no written mixing and sampling standards 

so in some cases it was necessary to follow common sense 

methods rather than prescribed procedures. It is difficult to 

maintain homogeneity from mix to mix - never mind across 

the entire country or world. Stringent homogeneity may not 

even be an issue, but until more testing is done, it has to at 

least be taken into account. In the interest of absolute 

transparency, there are a few compressive test results, which 

seem anomalous to us. If you study the tables carefully, you 

will find some results, which do not seem to track well with 

others. Maybe the test results are flawed or perhaps there was 

a problem with the mix. We can't explain some of these 

results and it will take repeated tests of samples from a single 

mix to find out if the test was wrong or the mix varied. 
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Formulas and methods evolve and change as we learn more, 

and any material can be dangerous if mixed or installed 

improperly. Therefore, we must begin with this disclaimer. 

Based on the results presented above, the following 

conclusions can be drawn: 

 The slump increased up to 5% replacement of cement, 

above 5% the slump decreased as the paper pulp content 

in the concrete mixtures was increased.  

 Generally, the compressive, splitting tensile and flexural 

strength increased up to 5% addition of waste paper pulp 

and further increased in waste paper pulp reduces the 

strengths gradually.  

 The most suitable mix proportion is the 5 % replacement 

of waste paper pulp to cement.  

 There was an increase in water absorption of the concrete 

mixes as the content of the paper pulp increased. This 

phenomenon is expected since more amount of paper 

pulp in term of quantity will involve in the hydration 

process. Therefore, additional amount of water was 

required for cement hydration which is the common 

solution to this kind of problem. However, higher water 

content decreases the strength of concrete. 

 Use of waste paper pulp in concrete can save the pulp 

and paper industry disposal costs and produce a ‘greener’ 

concrete for construction. 

VII. FUTURE SCOPE 

There is a lot of scope for further research and meaningful 

work in this endeavor 

Some of these include the study of: 

 Trying to reduce the amount of concrete required to 

prepare the paper Crete with same strength and also 

ultimately reduce CO2 amount. 

 Use of different materials at the place of cement such as 

gypsum and lime. 

 The effect of supplementary cementations materials like 

meta kaolin, blast furnace slag, ground granulated blast 

furnace slag, etc., on the strength and durability of light 

weight paper Crete can be rewarding.  

 The strength and durability of other paper Crete building 

elements like wall panels, floor slabs, etc., are to be 

studied.  

 The structural behavior of reinforced paper Crete 

structural members like beams, slabs, etc., needs to be 

investigated in depth.  

 The performance of in filled frame with paper Crete 

bricks under earthquake is to be studied further with 

respect to ductility and other performances with more 

number of specimens and to be validated analytically 

also. 
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