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Abstract— This experimental study presents an approach for 

the utilization of Papercrete in the construction industry. 

Eco-friendly and green building materials are now the 

favorite material for the construction activity since they are 

proficient of lighter weight, insect opposing and highly 

insulative. Based on the recent studies in this field, 

unconventional building constructional materials are the 

cost effective, light weight when dry and efficient to use. 

These environmental solutions involve the use of mainly 

waste papers and other fibrous materials to provide 

additional strength to the structural elements selected. The 

structural elements can be the interior wall of the structure, 

some of the exterior wall, floor bricks and other division that 

can contribute to a cost-effective and eco-friendly building. 

This thesis started from conceptualization and design of the 

proportion of the various materials to be used in the 

laboratory testing. Laboratory testing and analysis of the test 

result provided the sufficient data to prove whether it is 

more efficient to use alternative eco-friendly and green 

materials instead of pure commercialized building materials. 

Evaluation between the samples formulated was used to 

investigate if it may be used in the future as a construction 

element or not. The objective of this experimental study is to 

utilize papercrete prepared by waste paper, cement, sand and 

water toward attaining a sustainable development. 
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I. INTRODUCTION 

Papercrete is a mixture of cement, sand and paper. When 

combined and cured, these materials produce a product 

similar to concrete; however, it is very lightweight. 

Additionally, the cost efficiency gained by utilizing the 

sufficient supply of recycled paper reinforces the need for 

the research of this alternative material. All elements of the 

structure have different strength requirements. 

In other words the “Papercrete” is a new composite 

material using waste paper as a partial replacement of 

Portland Pozzolana Cement. This increases in the 

recognition of using environmentally friendly, low cost and 

light weight construction materials in the building 

construction industry has took out the need to examine how 

this can be achieved by benefiting the environment as well 

as maintaining the material requirements acknowledged in 

the standard. As natural sources of aggregates are becoming 

exhausted, it turns out vital to develop a new alternative 

construction material. The majority of dumped paper waste 

is accumulated from the countries all over the world causes 

certain serious environmental troubles or issues (G. V. S. 

Siva Prasad et al, 2015). 

For example- the center portion of a beam does not 

need a large compressive strength. If we can reduce the 

construction material density by adding paper and use 

material in an efficient manner, we retain a structurally 

sound building at a lower cost. It was decided to study 

papercrete to measure its compressive strength, workability, 

and other properties to determine if it could be used to 

reduce the cost of buildings. 

This research paper introduces the conception of 

“Building for Free” (C.R. Taylor, 2013), which making a 

shelter for a certain purpose. Nowadays, people are in the 

search for a simple and cost effective alternative material for 

a simple home which can last for a long period of time. 

Most of us are familiar with the rate of prices for goods and 

services, which are now rising subsequently. This severe 

inflation cannot be stopped unless solutions are introduced 

to keep the excessive growth of prices to a minimum. This 

research compete with the issue by proposing new and 

alternative ways on how to maximize construction by using 

green materials “to reach great performance and efficiency 

at practical cost”, which is an appropriate theme for the 

research. 

The use of green materials has been done for 

hundreds of years. Natural Building is a term which informs 

the accomplishment of a structure with the use of primarily 

natural materials as opposed to the use of industrial or man-

made materials. Green building materials are those which 

use the Earth’s natural resources, opting for an 

environmental and responsible approach. These green 

materials allow the consumers to reduce the limitations of 

non-renewable resources such as mountain resources and 

coal ashes. These materials are non-toxic which can reduce 

the emission of CO2 from fabrication facilities where our 

primary materials are produced. This process of alternative 

material can raise the benchmark for an easier way of 

building greener and effective structures. 

The use of Alternative Green materials became 

useful in some countries like Haiti, where practices to 

provide shelters as low cost as possible to meet zero cost 

goals are done. In the United States, they are advocating the 

use of green materials for green building works that meets 

the standard of housing that is rigid, durable, and sustainable 

for living conditions. In some other countries, green 

building materials are better appreciated to produce durable 

and long lasting housing which is cost-effective. 

Here in our country, most of our housing projects 

and small scale structures are made up of typical or standard 

construction materials. Low-cost housing projects are rising; 

informal settlers usually benefit the most from these 

methods. Transferring to different areas where the 

designated relocation areas are present is common here. 

In this research paper, we are advocating the use of 

alternative green building materials which are suitable for 

the same comfort of living that we are experiencing, but at a 

lower cost. These green materials can be rigid, durable, easy 

to replace, long lasting, and lightweight. From this point of 

view, the process can contribute in reducing our waste. 

However, instead of disposing it in the usual manner, why 

not to dispose it in a much genuine and concrete way? By 
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using these waste products which are of fibrous materials as 

an alternative mixture to our construction materials, we can 

reduce or severely minimize the use of commercialized 

materials which causes CO2 emissions. In this manner, this 

research and design project can be a basis of future 

experiments or research on how to maximize the use of 

these alternative green materials to provide zero cost 

housing. Sooner or later, this may become a good source of 

income, a productive business in a way that we are helping 

to develop and preserve our environment for future 

generations to come. 

The concept of using “Papercrete, Papercrete 

panels, paperblocks and other fibrous materials” is only just 

recent but delivers limited information about its uses, 

compositions, and structural properties. These green 

materials are readily available, unwanted and not yet 

commercialized; thus, with no restriction on access for these 

green materials, they can serve as an improvement to both 

public and private properties in a number of areas. 

Concerns about these green concepts are increasing 

in proportion to the understanding of potential hazardous 

things which may occur in practice and implementation. 

Consumers demand for healthy and energy efficient 

structures which can be a good breaking point to discover a 

greener alternative that can sustain much loading 

capabilities and expectations. 

From these inputs, several precautions, restrictions, 

and several conditions in certain areas, the group proposed a 

localization of papercrete, papercrete panels and 

paperblocks for constructing low-cost, durable, and more 

economical residential buildings which could last for a long 

period of time. Instead of commercialized products, 

alternative green materials were used to avoid high cost, and 

minimize the production of non-renewable materials. 

Materials, most likely sand, gravel and cement are widely 

produced in crushing sites, where natural non-renewable 

resources are abundant. This research addresses this issue 

for environmental and economic reasons to avoid the 

destruction of mountains in our own town like Bhopal, 

Jabalpur etc. This project included alternative ideas which 

can minimize these environmental issues and can be used as 

a basis for future construction and more development, most 

especially in other places which are in need of these kinds of 

solutions. 

II. LITERATURE REVIEW 

Papercrete is a complicated term. The name seems to 

involve a mixture of waste paper and concrete; hence it is 

called as papercrete. Different types of papercrete contain 

50% to 60% of waste paper (K. Anandaraju et al, 2015). Up 

to this instant, there is no hard and fast rule, but 

recommended standard will unquestionably be established 

in the future. 

The India faces two important challenges 

concerning the environmental sustainability. First one is the 

energy utilization in every building every part of over the 

country. This can post a massive advantage for our 

population in the reducing energy poverty. Since buildings 

cause greenhouse gas emission, proposed energy reduction 

measures must be considered. In new building constructions, 

there should be at least an innovation to reduce this kind of 

environmental trouble that arises when there are new 

building projects. Our non-renewable resources are soon to 

disappear if construction materials mainly depend on these 

resources. Process and commercialized products raise their 

demand, philosophy that these are more capable for use in 

its place of the alternative ones. 

Earlier beginning of the laboratory studies for the 

assessment of alternative green building materials, a 

literature study was conducted to gather information about 

the strength and weaknesses of using Papercrete and 

Papercrete blocks with varying ratios of the paper to sand 

(fine aggregate) and binding material (cement). 

A. Origin of Papercrete 

Initially patented in 1928, papercrete was very complicated 

to promote because it was so easy and inexpensive (Solberg 

1999). After the creative patent, the idea of papercrete 

remained hidden until the 1980’s. Since this time, many 

people have used the material to construct houses and other 

buildings. Because the holders of these houses do the 

majority of the work themselves, the cost estimates only 

include materials, not the cost of manual labor. These 

holders or landlords shared their knowledge permitting 

others to use the same techniques to construct their own 

houses. As the knowledge was passed from one person to 

the other person, many different methods were used to 

construction of various building techniques and thoughts. 

Even the name of the material differs from one builder to the 

other, some people’s calling it papercrete whereas others 

call it fibrous cement. 

Papercrete has been used in numerous ways with a 

variety of the techniques. Over the years, papercrete has 

changed significantly. 

B. Previous Work in the Field of Papercrete 

H. Yun et al (2007) study the physical properties of the 

“Papercrete”. Waste paper was used as replacement of 

Portland Pozzolana Cement at 5%, 10% and 15% by their 

weight. It is well-known that the density of papercrete was 

decreased when the replacement ratio of waste paper of 

papercrete increased. The physical properties of papercrete 

were reported by Shivangni Khandelwal et al (2015). They 

reported that the density of the papercrete has a tendency of 

decrease as a higher waste paper was included and the 

compressive strength is variously to be in the range between 

140 - 160 lb/square inch. Papercrete has very good shear 

strength as a block, the R-value of papercrete is reported to 

be between 2.0 to 3.0 per inch and papercrete will not burn 

with an open flame. 

Density, compressive strength, water absorption, 

and fire resistance of papercrete were studied by Isaac I. 

Akinwumi et al (2014). Two categories of papercrete were 

produced using either waste newspaper or waste office 

paper. For each of the waste newspaper and waste office 

paper mixtures, the proportions of the cement: sand: paper-

pulp used were 1:1:0.2, 1:1:0.4, 1:1:0.6 and 1:1:0.8. 

Six different proportions of papercrete were 

utilized by Ms. S. Suganya (2012) to study the feasibility of 

using waste paper in the making of bricks. The mix 

proportion is designed as cement: rice husk ash: fly ash: 
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sand: paper. The bricks are fairly light weight, superior 

sound absorbent and more flexible but it has high of water 

absorption than conventional bricks. According to research 

of Joo Hong Chung et al (2000), there was no official or 

fixed mix design of papercrete and effects of water to 

cement ratio on papercrete were not known. The precise mix 

proportion of papercrete was not known (T. Subramani et al, 

2015), so trial proportions were used in several different 

studies. 

As previously acknowledged, many people have 

used papercrete to build houses their houses. Some 

information has been published in the research articles on 

the uses for papercrete, other information was found on how 

people made the material. However, there is a lack of 

information on the engineering properties of the material. 

The only engineering properties that had been 

published in the research articles on this material, when this 

research was started, were the compressive strength and 

thermal resistance. However, this specific information was 

not given for a particular mix of papercrete. So it was 

difficult to know what the composition of that mix was in 

order to verify the results. The methods of mixing and 

building construction techniques were systematically 

documented. Many different types of papercrete mixers 

have been used to make papercrete. These mixers ranged in 

size from 5 gallon to 2000 gallons. For the small batches of 

papercrete, a 5 gallon bucket, an electric drill and a stucco 

mixer can be used. This method of mixing is very low-costly 

and is very effective for small batches. Some larger mixers 

use electric motors mounted to 55 gallon drums, with lawn 

mower blades used for impellers. However, the most unique 

mixer is a “tow mixer.” The “tow mixer” uses a rear axle 

from an automobile to drive the impeller. The inventors 

detached the axle from the automobile, and turned the drive 

shaft to the vertical position. A hole was cut into the bottom 

of a livestock tank and the tank was mounted so that the 

drive shaft extended from side to side the hole. Then the 

hole was sealed and a lawn mover blade was mounted on the 

driving shaft. A hitch was assembled to the axle, so the 

mixer could be pulled at the rear a truck. When the mixer is 

pulled behind the truck, the wheels turn the drive shaft 

which in turn moves the blade which mixes the papercrete. 

The “tow mixer” created a very economical way to mix 

large batches of papercrete. However, this invention is 

impractical for an industrial setting. 

This research was started when very little 

information was known about the strength of papercrete. 

Several internet websites explain housing that was built 

from the material; however, most of the past research 

pertaining to the papercrete was not definite regarding its 

strength and building properties. Numerous internet 

websites have since documented information on the various 

properties of papercrete. These websites include the 

information on compressive strength and some thermal 

conductivity properties (Fuller 2004). 

C. Application of Papercrete 

The application of papercrete has been experienced mostly 

in the United States and UK (England). The construction for 

shipbuilding and concrete blocks for infrastructure are its 

main utilizations. Pumice and Foamed blast furnace slag are 

the universally used aggregates which are lighter than 

regular aggregates used for construction activity. Because of 

the development in the technology, the idea of using the 

papercrete expands as it was used in the different variety of 

construction applications. 

In conducting a detailed study for the application 

and localization of the Papercrete, compressive strength, 

flexural strength and water absorption are the most 

significant characteristics that require further information to 

evaluate its suitability as a construction material. Structural 

tests must be accomplished to actually prove that paper 

composites mixed with cement are sufficient for support and 

load bearing capabilities. 

III. EXPERIMENTAL METHODOLOGY 

This research study conducted an experimental procedure on 

testing of the green building materials. The group targeted to 

determine a new construction material which can maximize 

the use of sand, cement, gravel and other commercialized 

products. There are several considerations, specifications 

and constraints that need to be considered in order to 

provide another type of material which can be used for the 

construction activity. Specifications to be considered include 

the rigidity, in which the material should be stiff and 

provides little loosen for inner walls for better insulation. 

Another consideration is the durability. The material should 

be durable in such a way that the structure can survive up-to 

certain living conditions as well as long lasting, in which the 

material to be localized should expect logical life 

expectancy. Lastly, having a light weight construction 

material having the same amount of strength should also be 

considered. 

Taking into consideration that the innovative 

construction materials are localized, there are certain factors 

that may influence the stability of the material. 

Consecutively to use it in, parameters should be investigated 

first before implementation takes place in any area. 

Variation in climate should also be considered; comparing 

our climate to those areas that has a much lower temperature 

possibly will cause changes and different variations which 

can’t be approximated due to its compositions and reactions 

as a result of weather changes. Constituent resistance may 

also be included because this construction material is not 

included in our National Building Codes (NBC) and other 

references so further studies should also be made in order to 

achieve a certain objective. 

A. Research Status in the Field of Papercrete 

Papercrete has not been researched for the profitable 

applications until now. Simply residences have been made 

from papercrete; consequently, increasing the size of the 

buildings to cover the piles is a challenge. The weather 

conditions will play an important role in this process. 

Papercrete loses its strength when it absorbs water; 

therefore, it must be sealed to prevent the moisture from 

reaching the papercrete. On the other hand, the papercrete 

can’t be coated with water-proof material while the 

papercrete is curing. To make best use of its strength, 

papercrete needs to dry, as well as cure. 
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Cement concrete sets during the first 24 hours after 

pouring into the desired location; the hydration process 

occurs over many years. Concrete achieves approximately 

70% - 80% of its strength in the first 7 days of curing (Fintel 

1985). If the concrete were wet for those 7 days period, it 

would still gain the same strength. However, if the 

papercrete were kept wet for 7 days period, the strength of 

the material would not increase until the moisture was 

removed and the papercrete was allowed to dry. This means 

that the sealant for the papercrete cannot be applied until 

after the papercrete is fully dried. For small structures, this 

is not much of a concern because the small wall thickness 

takes less time to dry. On the other hand, when the walls on 

the structures increase in thickness, the drying time for the 

papercrete also increases. This will increase the construction 

time; therefore, weather plays a very important role in 

industrial structures. 

The papercrete can be constructed to bear up wind 

loads; though, the walls must be thick enough. This 

produces two problems. First one, the amount of the 

material needed increases, which increases the overall cost 

of the construction. But more important, the drying time of 

the papercrete increases to the point where drying is 

becoming very difficult. Fluid transport through the wall 

delays as the wall becomes thicker; therefore, the walls will 

not be strong enough to support themselves for many 

months. This situation provides two options: 

1) Find a method to dry the walls quicker, which can be 

costly, and does not eliminate the trouble with the 

amount of material used. 

2) It reduces the amount of papercrete needed by adding a 

stronger material to the building. 

B. Papercrete and Papercrete Blocks 

Papercrete or Papercrete Blocks are newly developed 

building construction materials with limited information and 

structural properties. This building construction material is 

chiefly composed of re-pulped Paper fibers and Portland 

pozzolana cement or Clay. Portland pozzolana cement is a 

common construction material which would benefit to 

harden the paper pulp up to its maximum capacity 

depending on its mixing ratio. The papers to be used can be 

found in a diversity of sources; dumping sites, junk yards 

and other establishment bins are useful in collecting and 

gathering the sufficient volume of paper required in certain 

construction uses. Categorization from different sources is a 

useful way of collecting paper that can be used as a 

construction material. Fibers from those collected papers are 

then processed and turned into a useful material which can 

provide light weight at a very low cost. 

The mixture outcome for this re-pulps paper fibers 

is like the texture of oatmeal and is normally mixed with 

ratio to attain a certain desirable strength, after which it will 

be poured into forms to achieve the desired shape and size 

depending on where it will be used. The methodology is 

much similar to the process in making adobe to attain 

papercrete blocks for different purposes. 

Later than making of papercrete and papercrete 

block, the resulting material is much lighter than that of 

cement concrete, but has a comparable weight that can 

survive certain loading conditions and provides insulative 

properties due to its compositions and fibrous properties. 

A structural stage is conducted, in which tests are 

completed in order to attain data regarding the structural 

properties of papercrete and papercrete block which can be 

used as a basis for a certain building design. The various 

properties like its compressive strength, bending strength 

and resisting properties for certain amount of load are 

considered. These criteria are desirable to be able to 

understand what important role papercrete contributes to the 

construction matters. Is it able to be used or not? Is 

papercrete durable, strong and tough enough? Queries like 

these can now be solved. Conclusions are now then plotted 

as well as determined and from this data it will show how 

papercrete need to be considered in the design of any 

construction activity. 

C. Making of Papercrete 

In order to study the behavior and physical strength 

capabilities of Papercrete, ordinary concrete testing was 

done to determine the material and structural properties. The 

group decided to have the different specimen ratio to have a 

comparative data and evaluate to conclude how they differ 

from each ratio. Based on those data, the group can now 

conclude and simply say what proportion best fits the 

Papercrete idea and its properties as the cement concrete 

matures. 

D. Selection of the Proportion 

In order to investigate the behavior and strength capabilities 

of the Papercrete, normal concrete testing was done to 

determine the material and structural properties. We decided 

to have different specimen ratio to have the comparative 

data and evaluate to conclude how they vary from each 

ratio. Based on those data, we can now conclude and simply 

say what ratio best fits the Papercrete thought and its 

properties as the concrete established. 

E. Making of Paper Pulp 

Initially, we collected the recycled papers like newspapers, 

waste official papers old test papers and anything with 

fibrous materials most specially papers may do. Paper 

samples were weighed since it’s hard to weigh them when it 

is wet after getting soaked for 24 hrs. The next step done 

was soaking the paper samples for next 24 hrs to soften the 

fibrous composites and for the easier mixing (Grosse, C.U., 

Ohtsu, M., 2008). 

F. Making of Papercrete 

The composition or proportion of the various materials for 

making of the papercrete used for the structure is one of the 

most significant parts of the research work. To determine if 

huge structures can be constructed from papercrete, the 

material properties must be determined. Consequently, five 

different compositions of papercrete were tested to 

determine the compressive and split tensile strengths of 

each. This process reduced the number of compositions 

from five to one. The mixtures of papercrete tested used 

different compositions of paper, sand and cement. The 

amount of water used for the mixture varied to maintain the 

mixture at a consistent viscosity to ensure proper mixing. 
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G. Selection of the Composition for Papercrete 

A number of different compositions of papercrete were 

tested to determine their physical properties. The paper, 

cement and sand percentages were varied in the different 

mixture. Five different compositions were tested to 

determine the compressive strength. The accurate 

compositions were selected to create a variety of strengths, 

which would allow us to determine the most economical and 

practical mixture to be used for the building construction. 

The concrete mixture provided bonding between 

the paper fibers therefore, more concrete added increases the 

strength more than the other two components. However, 

concrete was more expensive than paper and sand; therefore, 

cost was directly related to strength. The paper was used as 

a light weight “filler material” that increased the volume, 

thus making the building material less costly. The more 

paper used, the weaker the papercrete. Sand increased the 

compressive strength of the mixed material during the 

setting period. Papercrete with a higher percentage of sand 

was more stable after the setting period. This made handling 

the “wet” papercrete less complicated, because the 

papercrete with the higher percentage of sand had more 

strength upon setting. The sand is also believed to decrease 

the amount of shrinkage that occurred in the samples. The 

reduction of shrinkage would reduce the tendency to crack 

upon drying. The amount of the water in the compositions 

played a very important role in the physical strength. More 

water was needed to pulp the paper than was needed in the 

process of heat of hydration however, surplus water 

weakened the papercrete. 

This meant that any supplementary water reduced 

the strength of the papercrete; though, the volume increased, 

which reduced the overall cost of the mix. Excess water in 

the mix also meant that the papercrete required more time to 

dry after the setting period. The papercrete became stronger 

as it dried. The papercrete required to be completely dry to 

increase the strength to a maximum level. 

Primarily, water was added and mixed to maintain 

a similar flowability and viscosity throughout the various 

compositions. The amount of water was then increased to 

make mixing the papercrete less complicated. After testing 

the samples, it was determined that the water content of the 

papercrete was very important. It might be beneficial to mix 

the papercrete with higher water content and then drain the 

water out of the mix to increase the physical strength of the 

papercrete, while still making it less viscous during the 

mixing. The results from the different compositions are 

shown in the next several sections. 

S. No. Sample 
Ratio 

Paper pulp Cement Sand 

1 Mix-I 1 8 1 

2 Mix-II 2 6 2 

3 Mix-III 3 5 2 

4 Mix-IV 4 4 2 

5 Mix-V 5 3 2 

Table 1: Selected composition for papercrete 

We select these five different proportions after 

various literature reviews for testing the compressive 

strength of papercrete and split tensile strength of 

papercrete. 

IV. PREPARATION OF SAMPLE AND TESTING 

A. Sample Preparation 

The sample Mix-I was set to have a 1 kg of paper pulp, 8 kg 

of cement and 1 kg of sand. Water added varied depending 

upon the required workability of the mixture. Because of the 

limited information and properties of papercrete, it was not 

safe to set the amount of water because the paper pulp 

already contains water which may vary through the mixture. 

The amount of water depended on the workability of the 

mixture. 

The cube molds and cylinder mold used in the 

experiment have the measure of 150 mm X 150 mm X 150 

mm and the cylindrical molds have the diameter 150 mm 

with height 300 mm. 

Paper pulp, cement and sand were mixed 

depending on their desired proportions. Water was added to 

the mix until it reached the better workability. Adding too 

much water resulted to a failure and the procedure was 

repeated from the starting and measures to accurately 

determine the amount of water added to each and every 

sample specimen was done. 

B. Preparation of Papercrete Cube and Cylinder 

The prepared mix was poured into molds to form cubical 

blocks and the cylindrical molds for testing later for 

compressive strength and split tensile strength. Papercrete 

mixture was placed into the metal cylinders and cubical 

mold to form into its desired shape and size. 

After 24 hours of concrete poured in to the molds, 

the specimens were removed from their mold and allowed to 

be cured by soaking them again to a bath of water in 

preparation for testing for physical strength. 

 
Fig. 1: Prepare mix of Paper pulp, cement, sand and water 

1) Testing of Prepared Samples: 

a) Compressive Strength Test 

This research paper was focused on different phases of 

Papercrete: compressive strength. For this, the Papercrete 

specimen was tested for its capacity at compression point. 

Sample Specimens are tested after 7, 14 and 28 days to have 

comparative data on how the behaviour of Papercrete 

develops as it matured with time. 

The prepared specimens were tested for 

compressive strength in the laboratory. The test was 

performed on compression testing machine (CTM) and the 

results of various specimens were noted for further analysis. 
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b) Split Tensile Strength Test 

Split tensile strength test was also performed on 

compression testing machine (CTM) in the laboratory on 

cylindrical samples of diameter 150 mm and height 300 

mm. These sample specimens are also tested after 7, 14 and 

28 days to have comparative data on how the behaviour of 

Papercrete develops as it matured with time (Mindess, 

2004). 

A cylinder splitting test was used to determine the 

split tensile strength of the papercrete. The same data and 

equipment were used to determine the tensile strength that 

was used for the compressive strength test. To determine the 

split tensile strength of the papercrete, a cylinder was placed 

in the actuator horizontally. The actuator was set to load the 

sample at a constant load per second. To perform the test, a 

force was applied to the cylindrical specimen. When 

papercrete was compressed, the material had vertical 

displacement and fractures. The force and displacement 

were automatically recorded every 2 seconds. The test was 

stopped when the sample fractured. 

When the concrete is compressed, the vertical 

displacement is smallest, and when it fails, it has an abrupt 

fracture (Hassoun 2002). In comparison, when papercrete is 

compressed, the material has extra displacement and then 

slowly fractures. 

c) Thermal Conductivity Test 

The Thermal conductivity of the papercrete was tested to 

determine its insulation value. To measure the thermal 

conductivity a cylinder approximately 2 feet long, with an 8- 

inch outside diameter and a 4-inch inside diameter, was 

made from the papercrete. Light bulbs were evenly spaced 

inside the cylinder that provided heat from the 

inside.Thermometers were placed on the inside and outside 

of the cylinder to determine the temperatures. 

d) Flammability Test 

The flammability of papercrete was briefly tested to 

determine if it would be fuel in the event of a fire. 

V. RESULT AND DISCUSSION 

A. Compressive Strength Test Results 

Prepared samples are tested according to its specific time of 

settlement containing different ratio of mixtures from paper 

pulp, cement, sand and water. Each sample are tested up to 

its failure point to determine its capacity whether it can 

survive large amount of stress otherwise it would not be part 

of the recommended ratio to be used for structural 

construction purposes. 

S. 

No. 
Mix 

Compressive 

strength at 7 

days 

(Kg/cm2) 

Compressive 

strength at 14 

days 

(Kg/cm2) 

Compressive 

strength at 28 

days 

(Kg/cm2) 

1 
Mix-

I 
44.81 91.11 157.19 

2 
Mix-

II 
41.48 77.56 152.96 

3 
Mix-

III 
38.81 73.04 139.85 

4 
Mix-

IV 
37.04 69.26 125.04 

5 
Mix-

V 
36.81 67.56 108.59 

Table 2: Combine results of compressive strength after 7, 14 

and 28 days for all Mixes 

 
Graph 1: Combine results of compressive strength after 7, 

14 and 28 days for all Mixes 

B. Split Tensile Strength of the Cylinder 

The split tensile strength test was performed in the 

laboratory as per the specification by Indian Standard. The 

following steps were followed to complete this test. 

S. 

No. 
Mix 

Split tensile 

strength at 7 

days 

(Kg/cm2) 

Split tensile 

strength at 14 

days 

(Kg/cm2) 

Split tensile 

strength at 28 

days 

(Kg/cm2) 

1 M-I 7.24 15.44 23.48 

2 
M-

II 
6.84 11.86 18.56 

3 
M-

III 
6.18 10.07 13.86 

4 
M-

IV 
5.50 7.52 11.03 

5 
M-

V 
4.83 6.51 9.95 

Table 3: Combine results of split tensile strength after 7, 14 

and 28 days for all Mixes 

 
Graph 2: Combine results of split tensile strength after 7, 14 

and 28 days for all Mixes 
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C. Thermal Conductivity Test of Hollow Circular Cylinder 

To measure the thermal conductivity a cylinder 

approximately 2 feet long, with an 8- inch outside diameter 

and a 4-inch inside diameter, was made from the papercrete. 

 
Fig. 2: Thermal conductivity test specimen 

Light bulbs were evenly spaced inside the cylinder 

that provided heat from the inside. Thermometers were 

placed on the inside and outside of the cylinder to determine 

the temperatures. The ends of the cylinder were then sealed 

with fiberglass insulation. The light bulbs were turned on, 

and the temperatures inside and outside were allowed to 

reach steady state, which took approximately 5 hours. The 

steady state temperatures were then recorded. 

 
Fig. 3: Light bulb inside cylinder 

Knowing the power from the light bulbs, the 

cylinder dimensions, and the temperatures inside and 

outside of the cylinder, the thermal conductivity of the 

papercrete was calculated using the following equation 

(Incropera and Dewitt 2002): 

k=  

Where, 

k = Thermal conductivity (W/(m·K)) 

 = Wattage of the bulbs (W) 

l = Length of cylinder (m) 

=Inner cylinder temp (K) 

=Outer cylinder temp (K) 

=Inner radius (m) 

= Outer radius (m) 

This procedure was used to calculate the insulation 

value of the papercrete. The thermal conductivity of the  was 

tested to determine its insulation value. 

After the lights were turned on inside of the 

cylinder, it took approximately 5 hours for the temperatures 

to reach equilibrium. The lights were left on for several 

more hours to ensure the temperatures stayed constant. A 

temperature distribution (Table-4) across the cylinder was 

caused by papercrete porosity. 

 Port 1 Port 2 Port 3 Port 4 

Outside Temperature 280C 270C 270C 270C 

Inside Temperature 990C 1020C 1020C 1030C 

Table 4: Thermal Conductivity Testing 

The cylinder was made 2 feet long so that end 

effects would have minimal effects on the temperatures. The 

temperature in the middle section was constant showing that 

the temperature loss from the ends did not affect the 

calculations. The testing shows that the density of the 

papercrete affects the thermal conductivity. The temperature 

increased the most near the thermometer ports where the 

density of the cylinder was the lowest. The density effect 

was observed from the porosity of the material. A 

comparison for effect of density on the thermal conductivity 

was not thoroughly analyzed; these were merely 

observations to explain the testing results. 

The reported thermal conductivity for the 

papercrete was based on the middle section of the cylinder. 

The thermal conductivity was 0.17 W/(m·K). Concrete has a 

thermal conductivity between 1.25 and 1.75 W/(m·K). 

Papercrete has a much lower thermal conductivity than 

concrete; therefore, its insulation value is much higher. The 

papercrete thermal conductivity is similar to several other 

materials (Table-5). 

Material kW/(m·K) 

Concrete 1.28 

Mortar 0.80 

Papercrete 0.17 

Fiberglass Insulation 0.044 

Timber 0.14 

Plywood 0.16 

Table 5: Thermal Conductivity of Selected Material 

Table-5 shows that papercrete has great insulating 

value. Although papercrete must be approximately 4 times 

thicker than fiberglass insulation to provide the same 

thermal resistance, concrete must be 8 times thicker than 

papercrete to provide the same thermal resistance. 

Papercrete is a very good insulating material. 

D. Flammability Test in a Cube 

A flame was applied to a papercrete sample. The flame was 

applied and the papercrete did not ignite. The papercrete 

started to smolder; however, it never ignited. When the 

flame was removed from the papercrete there were visible 

marks where the flame was applied, but itself extinguished; 

therefore, papercrete is not a flammable material. 
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Fig. 4: Flammability Test 

VI. CONCLUSION AND RECOMMENDATION FOR FUTURE 

WORK 

A. Conclusion 

This research work targeted to develop a new eco-friendly 

and green material which possibly will be better for the 

construction activities. With the use of waste and recycled 

materials that also came from our nature, discovering its 

abilities and properties can offer us new ideas for a cleaner 

and greener tomorrow. 

Investigational procedures were executed in order 

to characterize the Papercrete building blocks and panels. 

Significant possible thoughts that can support the use of this 

green and eco-friendly material made up of paper pulp can 

replace a percentage of cement and sand which are highly 

commercialized at the present time. Papercrete is an 

experimental material which is close to standardization and 

definite finalization, that could help in the developmental 

process of the architectural concepts. Even though there are 

only limited information available about this material, 

continuous research are held by different people from the 

different places which chose to localize their personal 

concepts and arithmetical values in order for them to accept 

the unique concept depending on their situation like climatic 

condition and other significant conditions. 

We conducted several different tests and samples 

were made with the different proportions and proportionality 

in order to attain and determine the most efficient mixture of 

this newly developed construction material. Physical, 

economic, environmental and construction considerations 

were also included to have an appropriate description of 

what is efficient to use from those tested ratios. 

Based on the test result of our study, it was concluded the 

following things: 

1) The making of light weight Papercrete is very easy, 

which is significantly 50% lighter than a conventional 

concrete specimen containing the same volume. 

2) Papercrete is weaker in compressive strength which 

only attained 50% of the conventional concrete mix, 

after a long curing and drying period and after 

necessary adjustments on consolidating the material to 

perfectly eliminate air voids from the specimen. 

3) When we were analysing the test results we found that 

increase in the compressive as well as split tensile 

strength with increase the cement content in the mix. 

4) The workability of the papercrete mix is visibly 

identical compared to the conventional cement concrete 

mixtures. 

5) It has a difficult standardization because the behaviors 

of paper composition or paper pulp are not that constant 

and is unpredictable. 

6) More researches are required to determine the accurate 

mixture for this challenging material that could be 

possibly feasible for development. 

7) Papercrete in general is a good construction material. 

The material has restricted application and properties 

that are not well predefined up to this instant. 

8) Papercrete has a much lower thermal conductivity than 

concrete; therefore, its insulation value is much higher. 

9) While, the waste papers and materials are used in 

making of papercrete, it will reduce the landfills and 

pollution. 

10) Using the papercrete blocks will reduce the self-weight 

of the structure. 

11) Papercrete is a non-flammable material. 

B. Recommendation for future work 

These are some recommendation for future work in this 

field. 

1) Comparative cost analysis could be done on papercrete 

and conventional concrete. 

2) The effect of superplasticizer on the various properties 

of papercrete could be analyzed. 

3) A further study should be launched to optimize the use 

of papercrete in building structures. 

4) It is suggested that a pilot project should be constructed 

from the papercrete to determine labor costs and 

material costs. 

5) The long term properties of papercrete should also be 

determined by detailed study. 
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