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Abstract 
This paper provides an analytical view of the papercrete block in terms of 

waste paper composition in the country with recycling materials, by the 

method of mixing of paper, sand, and cements with mix ratio 1:6 and 

different percentages of paper; 20%,40%,60% and 80% respectively. It 

determines the effect of papercrete on the compressive strength of hardened 

blocks at 7, 14, and 21 days of curing. It was observed that the compressive 

strength of individual papercrete blocks ranges between 0.31𝑁/𝑚𝑚2 to 

0.44𝑁/𝑚𝑚2. These values fall below the standard prescribed for load 

bearing blocks (NIS 87: 2000), Which specified that the lowest compressive 

strength of individual load bearing blocks shall not be less than 

2.5𝑁/𝑚𝑚2, in a small building projects, Papercrete is being used as an in-

fill wall in conjunction with structural steel beams or other load-bearing 

elements, therefore it suitable for non-load bearing blocks.     

 

Keyword: Papercrete, Hollow blocks, Compressive Strength, In-fill wall, 

Waste management. 

 

Introduction 
Waste is unwanted for the person who 

discards it; a product or material that 

does not have value anymore for the 

first user and it is therefore throw 

away. (Oresanya, 1998) But unwanted 

is subjective and the waste could have 

value for another person in a different 

circumstance, or even in a different 

culture. There are many large 

industries that operate primarily or 

exclusively using waste materials 

such as paper and metals as their 
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industrial raw materials. In the context of Integrated Solid Waste Management 

(ISWM), waste is regarded both as valueless and as a usef ul material providing 

a potential source of income. This real value of waste in many low-and middle-

income countries (developing countries) is confirmed by the huge informal 

sector that lives on waste collection and recovery.(wei, et al,1997). 

Waste, either in solid or liquid form is being produced since the dawn of human 

existence and it is not excessive to say, waste is the first thing generated before 

people are able to contribute to the betterment of lives. Due to social and 

environmental consequences, waste reuse, recycle and recovery have become 

essentials in minimizing the environmental damage that could occur through 

indiscriminate waste disposal. The relative attribute of waste can be compared 

with the concept of resource which has also been defined as material that has 

use-value and a reflection of human appraisal (Beukering et al., 1999). Just as 

a material becomes a resource when it gains use-value, it also becomes waste 

when it loses its use-value. Like resources, waste is also a relative concept of 

human appraisal because what constitutes waste can vary from one person to 

another, one society to another and over time.    

Waste reuse and recycling as an alternative management option for waste is 

now recognized as an important approach to solving waste problem both in 

developed and developing world. Resource recovery from dumped consumer 

products is growing in significance, as waste is increasingly seen as a valuable 

resource. As human beings continuously realized that resources are finite, 

efficient use of resources and resources recovery from wastes are vital for global 

environmental sustainability. (wei, et al,1997)  

Developed countries generally rely on land filling to overcome the problem of 

waste accumulation. The landfill seems to have a special attraction for 

municipal waste managers because it offers a cheap and convenient option for 

waste disposal compared with other strategies such as reuse, recycling and 

energy recovery. In fact, with the exception of few countries like Austria, the 

Netherlands and Denmark who recycle substantial proportions of their waste, 

most countries in Europe and North America still dump the bulk of their 

municipal solid waste in landfills. (oyelola, 2008)  

Recent studies in Africa have shown that the problem of waste management has 

become intractable and threatens to undermine the efforts of most city 

authorities. Kirondi (1999) observed that the city environment in most 

developing countries is characterized by heaps of garbage, overflowing waste 

containers, chocked drains, clogged streams and stinking gutter have, therefore, 

aptly described the Third World urban environment as among the most health 
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and life threatening of all human environments. Scavenging has become a major 

feature of waste management in many cities in developing countries.  

Scavenging is now regarded as a means to reduce the amount of solid waste to 

be disposed and help to save the natural resources that leads to sustainable 

development. It creates jobs and extra income for people especially the poor. 

Scavenging makes people to sort out materials from wastes in exchange for 

money and supplies raw materials for recycling enterprises.(Agunwamba, 

1998) Nigerian Environmental Study Action Team (NEST) (1991) revealed 

that; the present harsh economic condition in the country has led to the 

emergence of interest in waste recycling. Examples include; unbroken bottles, 

rusty pots and pans, broken metal chair legs, leaking plastic containers, old car 

tyres and plastic shoes, clothes, buttons, and zip fasteners, as well as milk tins, 

among others. Despite the obvious health hazards which scavenging poses to 

both the scavengers and their customers, it must be admitted that it is helping 

the society to cope with solid waste disposal problem.  

Nigeria being a developing country located in the western part of Africa with a 

population of over 150 million people, as a result of its fast growing population 

and development has encountered some notable challenges which seem to 

hinder her from advancing to the next developmental stage. One of such 

challenges is its management of waste product. With increasing number and 

volume of dump river in Nigeria, it only becomes necessary to look for 

alternative and more eco friendly ways of reducing the composition of the 

inorganic aspect of the waste, and such a way is the introduction of papercrete 

blocks. (Oyelola, 2008)There is a high level of re-use of both plastic and glass 

bottles in the country. Thus, waste pickers rummage waste dumps for bottles 

and gallons for sale to clients-producers of traditional medicines for use as 

containers. Some of the collections are sold to producers of traditional drinks 

like pito (brewed from guinea corn or maize), palm wine and Hausa beer (also 

brewed from maize) who, in the past, used calabash gourds and earthen pots as 

containers for their products.  

 

Papercrete 

The name seems to imply a mix of paper and concrete, hence papercrete. But 

more accurately, only the Portland cement part of concrete is used in the mix-if 

used at all. Papercrete may be mixed in many ways. Different types of 

papercrete contain 50-80% of wastepaper. Up till now, there are no hard and 

fast rule, but recommended standard will undoubtedly be established in feature. 



222  africanscholarpublications@gmail.com                                                                               

 2020 

 

The basic constituents are waste nearly any kind of paper, board, glossy 

magazine stock, advertising brochure, junk mail or just about any other types of 

“mixed grade” paper is acceptable. Some types of paper work better than other, 

but all types of works, newsprint are the best. Water proofed paper and card 

board, such as butcher paper, beer cartons etc, are hard to break down in water. 

Catalogs, magazines and other publication are fine in and of themselves, but 

some have a stringy, rubbery, sticky spine, which is also water resistance. 

Breaking down this kind of material in the mixing process can’t be done very 

well. Small fragments and strings of these materials are almost always in the 

final mix. 

Solid waste is used to describe non-liquid waste material arising from domestic, 

trade, commercial and public services. According to (WHO, 1984), there are 

eight major classifications of solid waste. These categories of waste comprise 

of household garbage and rubbish commercial waste, institutional waste, 

municipal waste, industrial waste, construction and demolition debris, 

agricultural waste and special waste. (Aliyu, 2010), ( Beukering,et al, 1999) 

 

Waste Management Practice in Nigeria. 

The federal government of Nigeria has promulgated various laws and 

regulations to safeguard the environment. These include federal environmental 

protection agency act of 1988. The federal ministry of environment administers 

and enforces environmental laws in Nigeria. It took over this function in 1999 

from the federal environment protection agency FEPA, which was created 

under the FEPA act. 

Pursuant to the FEPA act, each state and local government in the country set up 

its own environment protection body for the protection and improvement of the 

environment within its jurisdiction. Municipal solid waste management is a 

major responsibility of state and local government environmental agencies. The 

agencies are charged with responsibility of handling employing and disposing 

of solid waste generated. The state agencies generate fund from subvention 

from state government and internally generated revenue through sanitary levy 

and stringent regulations with heavy penalties for offenders of illegal dumping 

and littering of refuse along streets. 

Waste characteristics vary according to season, income level, population, social 

behaviour, climate and industrial production, the size of markets for waste 

materials and the extent of urbanization effectiveness of recycling, and work 

reduction.(Ogwueleka, 2009) Because of non-uniformity of collection methods, 

the environmental agencies do not provide separate solid waste management for 
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the eight classification of solid waste. The majority of substances constituting 

municipal solid waste include paper, vegetable matter plastics, metals, textile, 

rubber and glass. 

Paper consists of a mat of cellulose fibres freed from non-cellulose constituents 

and deposited from an aqueous suspension. Wood pulp, esparto and rags are the 

chief raw materials though other substances are used. During the process of 

manufacture, the fibres are reduced to the requisite length and their physical 

properties are modified by mechanical or chemical treatment. Waste paper may 

consist of junk paper, mail, newspapers, magazines, books, used exam booklets, 

cardboards, A4 papers, receipts etc. The sources may include households, 

restaurants institutions, stores, and market. (Barry,2007) 

With the continuous debate on the effect of some gases which cause global 

warming on our Climate it has been mandated on each country to try and cut its 

own emission of such dangerous gases. It’s a known fact that the major method 

used in getting rid of our paper waste here in Nigeria is through it being burnt , 

thereby releasing some gases such as carbon compounds, nitrogen, and sulphur 

gases, which are called green house gases, which is the primary cause of global 

warming.  

 

Materials, Equipment and Experimental Procedures 

Materials and Method 

The following materials were used; waste paper procured from Ilorin, Kwara 

State Nigeria. Commercially obtained ordinary Portland cement, fine aggregate 

from Oyun River. 

The following equipment: A large drum, A pair of scissors, Mortar and pestle, 

Set of trays, Packaging bag, moulds, shovel etc 

Various tests were carried out on the constituent materials according to relevant 

standard. The grading test were carried out on the aggregate according to BS 

882:1992 &ASTMC 33-92a, specific gravity test according to ASTMC 127-93 

which specify majority of natural aggregate to be 2.6- 2.7. moisture content test 

and compressive strength test was carried out. The results are presented in 

Tables 4.1-4.9 and figure 4.1 

 

Production of Papercrete  

Batching of Materials 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 1 𝑚𝑜𝑢𝑙𝑑 = 0.15 × 0.15 × 0.45                                        

= 0.010125𝑚3 
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𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑚𝑜𝑢𝑙𝑑 𝑓𝑜𝑟 20 𝐵𝑙𝑜𝑐𝑘𝑠 = 20 × 0.010125                       

= 0.2025𝑚3 

𝐴𝑙𝑙𝑜𝑤 25% 𝑓𝑜𝑟 𝑐𝑜𝑚𝑝𝑎𝑐𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑤𝑎𝑠𝑡𝑎𝑔𝑒 =  
25

100
 × 0.2025       

= 0.0380𝑚3 

𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑛𝑒𝑒𝑑𝑒𝑑 0.0380 + 0.2025                       

= 0.2405𝑚3 

 

Material Content 

For nominal mix proportion, 1:6 papercrete, water-cement ratio of 0.45 

Cement (C) = 1 

𝑀𝑖𝑥 𝑟𝑎𝑡𝑖𝑜 1: 6 × (𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑎𝑙 %) 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑐𝑒𝑚𝑒𝑛𝑡 𝑓𝑜𝑟 20 𝑏𝑙𝑜𝑐𝑘𝑠 =  
1

10
 × 0.2405                          

= 0.02405𝑚3 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑛𝑑 𝑓𝑜𝑟 20 𝑏𝑙𝑜𝑐𝑘𝑠     =  
3

10
× 0.24   = 0.07215𝑚3  

 

Paper Replacement in Increasing Percentage (%) 

At 20%, the weight of paper replacement 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑝𝑎𝑝𝑒𝑟 (%)    =  
20

100
×  0.7215                   =  0.1443kg 

           At 4%,                       =  
40

100
 𝑋 0.7215                   =  0.2886kg 

          At 60%,                     =   
60

100
 𝑋 0.7215                  =  0.4329kg 

           At 80%,                      =
80

100
 𝑋 0.7215                    =  0.5772kg 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑐𝑒𝑚𝑒𝑛𝑡 1440𝐾𝑔/ 𝑚3,      𝑀𝑎𝑠𝑠 𝑜𝑓 𝑐𝑒𝑚𝑒𝑛𝑡 50𝐾𝑔 ,    

         𝐷𝑒𝑛𝑠𝑖𝑡𝑦 
𝑀𝑎𝑠𝑠

𝑣𝑜𝑙𝑢𝑚𝑒
,      𝑉𝑜𝑙𝑢𝑚𝑒 

𝑀𝑎𝑠𝑠

𝐷𝑒𝑛𝑠𝑖𝑡𝑦
 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑐𝑒𝑚𝑒𝑛𝑡  =
50 

1440
                                                  =  0.03472  𝑚3 

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑐𝑒𝑚𝑒𝑛𝑡 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟 20 𝐵𝑙𝑜𝑐𝑘𝑠  

0.02405 𝑥 
50

0.03472
                                                                     =  16.408𝐾𝑔 

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑛𝑑 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟 20 𝐵𝑙𝑜𝑐𝑘𝑠 

           0.07215 𝑋 
50

0.03472
                                                          =  103.9𝑘𝑔  

          𝑀𝑎𝑠𝑠 𝑜𝑓 𝑑𝑟𝑖𝑒𝑑 𝑠ℎ𝑟𝑒𝑑𝑑𝑒𝑑 𝑝𝑎𝑝𝑒𝑟 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟 20 𝐵𝑙𝑜𝑐𝑘𝑠 

0.1443 +  0.2886 +  0.4329 +  0.5772                     =  0.1443𝑘𝑔 



225  africanscholarpublications@gmail.com                                                                               

 2020 

 

  0.1443 𝑥 
50

0.03472
                                                             =  207.8𝐾𝑔 

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 0.45 𝑥 16.408 =  7.38𝐾𝑔  

 

Batching for Sandcrete (control) 

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑐𝑒𝑚𝑒𝑛𝑡 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟 20 𝐵𝑙𝑜𝑐𝑘𝑠 = 0.01365 𝑋 50/0.03472      

=  19.65𝐾𝑔 

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑛𝑑 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟 20 𝐵𝑙𝑜𝑐𝑘𝑠    =  0.1638 𝑋
50

0.03472
                

=  235.89𝐾𝑔 

𝑊𝑎𝑡𝑒𝑟: 𝑐𝑒𝑚𝑒𝑛𝑡 𝑟𝑎𝑡𝑖𝑜 =  0.45 

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 0.45 𝑋 19.65                                           =  8.84𝐾𝑔 

 

Mixing and Moulding of Blocks 

A large pile of waste paper collected and shredded into pieces of 4 inches with 

the help of a scissors. The shredded paper was then poured into a large drum, 

after which it was soaked for (48) hours. The soaked paper was then grinded 

into pulp with the aid of a mortar and pestle. The pulp paper is then poured into 

packaging bags which can allow the water in the pulp paper to drain out. The 

paper is then poured into tray where it will take 3 days to properly dry up.  

After mixing, it was placed in the mould within 3 minutes. The blocks were 

moulded manually. 

 
Plate 1: Paper after grinding         Plate 2: Mixing of sand, cement, and 

wasted paper in the laboratory 
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Plate 3: Samples of papercrete blocks   Plate 4: Crushing of Blocks using 

the compressive strength testing machine. 

 

Compressive Strength Test 

The cubes were cured by sun curing with the blocks under the sun for the ages 

of 7, 14, and 21 days respectively from the day of casting and crushed by the 

load applied by a hydraulic pressing machine. The maximum failure load for 

each cubes was taken and the average compressive strength of the cubes were 

determined and presented in Table 4.1 to 4.3 

 

Results and Discussions 

This chapter contains the results of all the tests conducted in the course of this 

work and their analysis. The result of specific gravity of dried pulp paper and 

specific gravity for sand are as presented in Table 4.1 and 4.2. The results of the 

natural moisture content and bulk density for dried pulp paper and sand are 

represented in Table 4.3 – 4.4 respectively. 

 

Table 4.1: Specific gravity for dry pulp paper 

 1 2 3 

Weight of cylinder, W1(g) 130.0 117.0 125.0 

Weight of cylinder + sample, W2(g) 151.0 141.0 151.0 

Weight of cylinder + water, W3(g) 366.0 360.0 366.0 

Weight of cylinder + sample + water, 

W4(g) 

376.0 365.0 377.0 

Specific gravity(g)= 
𝑾𝟐 –𝑾𝟏

(𝑾𝟑−𝑾𝟏)− (𝑾𝟒−𝑾𝟐)
 1.91 1.26 1.173 

Average Specific Gravity.                                                          1.63 



227  africanscholarpublications@gmail.com                                                                               

 2020 

 

Table 4.2: Specific gravity for sand 

 1 2 3 

Weight of cylinder, W1(g) 124.8 129.5 116.7 

Weight of cylinder + sample, W2(g) 237.7 277.5 233.5 

Weight of cylinder + water, W3(g) 377.2 368.0 356.8 

Weight of cylinder + sample + water, 

W4(g) 

445.7 461.7 434.0 

Specific gravity(g)= 
𝑾𝟐 –𝑾𝟏

(𝑾𝟑−𝑾𝟏)− (𝑾𝟒−𝑾𝟐)
 2.54 2.73 2.95 

Average Specific Gravity.                                                           2.74 

 

Table 4.3: Natural moisture content for dried pulp paper 

  1 2 3 

Can number A1 A2 A3 

Weight of can, W1(g) 24.0 24.0 25.0 

Weight of can + moisture sample, W2(g) 37.0 40.0 37.0 

Weight of can + dried sample , W3(g) 36.0 39.0 36.0 

Moisture content, M  = 
𝑾𝟐 –𝑾𝟏

𝑾𝟑−𝑾𝟏
 × 100 8.3 6.7 9.1 

Average moisture content (%).                                                     8.0% 

 

Table 4.4: Natural moisture content for sand 

 1 2 3 

Can number Q1 Q2 Q3 

Weight of can, W1(g) 23.8 24.1 26.2 

Weight of can + moisture sample, W2(g) 75.8 74.11 72.30 

Weight of can + dried sample , W3(g) 75.62 74.11 72.27 

Moisture content, M  = 
𝑾𝟐 –𝑾𝟏

𝑾𝟑−𝑾𝟏
 × 100 0.35 0.38 0.28 

Average moisture content (%).                                                   0.3% 

 

Table: 4.6: Bulk densities of dried pulp paper. 

Weight of mould= 1.070kg 

Dimension of 

sample 

container (m) 

Un-

compacted 

weight of 

sample (kg) 

Un-

compacted 

bulk density 

(kg/𝒎𝟑) 

Compacted 

weight of 

sample (kg) 

Compacted 

bulk density 

(kg/𝒎𝟑) 

L = 0.18 

W= 0.087 

D= 0.11 

A= 1.430 

B= 1.415 

C= 1.414 

207.01 

198.39 

197.82 

A= 1.450 

B= 1.456 

C= 1.457 

218.52 

221.97 

222.54 

Average. 201.8  221.01 



228  africanscholarpublications@gmail.com                                                                               

 2020 

 

Table: 4.7: Bulk densities for sand. 

Weight of mould= 1.070kg 

Dimension of 

sample 

container (m) 

Un-

compacted 

weight of 

sample (kg) 

Un-

compacted 

bulk density 

(kg/𝒎𝟑) 

Compacted 

weight of 

sample (kg) 

Compacted 

bulk density 

(kg/𝒎𝟑) 

L = 0.181 

W= 0.085 

D= 0.11 

A= 3.757 

B= 3.719 

C= 3.729 

1545.14 

1523.29 

1529.04 

A= 3.947 

B= 3.975 

C= 3.959 

1654.40 

1670.50 

1661.30 

Average. 1532.49  1662.07 

 

 
Fig. 4.1:  Compressive strength against the percentages of papercrete and 

sandcrete. 

  

Discussions of Results 

From the specific gravity test conducted on the samples, the specific gravity of 

paper was 1.63 which satisfies the requirement by ( Neville, 2000), who 

specified that light weight aggregate should have a specific gravity less than 

2.60, while the result of specific gravity obtained from sand was within a range 

of 2.6 - 2.7 specified by ( Neville, 2000). 

The result for the compressive strength for both papercrete block and sandcrete 

blocks are found on Figure 4.1. From the result obtained, on the 21 day of curing 

it is observed that the compressive strength of individual papercrete blocks 

ranges between 0.31N/mm2 to 0.44N/mm2. These values fall below the standard 

prescribed for load bearing blocks (NIS 87: 2000); which specified that the 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0
%

2
0

%

4
0

%

6
0

%

8
0

%

0
%

2
0

%

4
0

%

6
0

%

8
0

%

0
%

2
0

%

4
0

%

6
0

%

8
0

%

C
o

m
p

re
ss

iv
e

 
st

re
n

gt
h

 (
N

/m
m

2 )

SANDCRETE

PAPERCRETE



229  africanscholarpublications@gmail.com                                                                               

 2020 

 

lowest compressive strength of individual load bearing blocks shall not be less 

than 2.5N/mm2.(Abdullah, 2005)   papercrete block had a relative lower self-

weight in comparison to the sandcrete block (control) as seen from results 

obtained from Tables 4.8 and 4.9.  

The papercrete block has a very poor curing ability, as it takes time to 

completely cure or harden. It was observed that even at age 21 days after 

crushing, the papercrete block still looked to contain moisture on the inside; 

therefore indicating that with an additional increase of curing days, there is the 

probability that there might also be an increase in the strength of the blocks. 

 

Conclusion 

From the various research and test conducted in the course of this project work, 

the following conclusions were arrived at: 

The specific gravity of paper is lower, which shows that is a light weight 

aggregate. 

The compressive strength of both the papercrete and sandcrete blocks (control) 

increase with age of curing. 

Papercrete block is an alternative and more eco – friendly way of getting rid of 

paper waste. 

Even though from the results obtained, the papercrete block is not as strong as 

the conventional sandcrete block being used in the construction industry, but 

the papercrete block can still be used where strength is not a major 

consideration, example; partition walls. 

 

Recommendation  

Based on the test carried out, papercrete block of mix ratio 1:6 is not suitable 

for load bearing walls but further work should be carried out to determine a 

suitable ratio that will give more suitable strength result.  
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