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 
ABSTRACT 
 
The focus on sustainability is at its peak in the construction 
industries in the last couple of decades. That includes green 
constructions such as rammed earth construction. Due to 
media exposure and carbon emission, people are undeniably 
turning to green and sustainable buildings. Furthermore, 
there is an improper management pattern of solid waste 
management found in developing countries, such as open 
burning and dumping of solid wastes. In which paper waste is 
not handled in a good way. There are few places in developing 
countries where developing countries follow proper 
management of solid waste. Paper waste is present in each 
city because people are using it for daily life. Paper waste has 
fibre in them and has cellulose content. These components of 
paper waste are suitable for compressive strength. It has a side 
effect that it increases water absorbability. The reason for this 
research work is to reduce paper waste and reduce cement 
content. This paper also aims to find the durability and 
strength properties of rammed earth construction. 
Rammed earth construction with paper waste may help to get 
better compressive strength. But there is a need to check its 
water absorption and durability properties since these 
properties are linked. 
The soil in this research was sandy silt with clay (Therefore, 
samples for compressive testing were made, along with 
models for water absorption and accelerated erosion test, for 
shrinkage test walls were completed. The results of 
compressive strength of samples with 2-6 % paper waste were 
that 2-6 % paper waste rammed earth construction strength 
results were lesser compare to control samples. But the 8 and 
10 % paper waste samples have much more strength compare 
to the control samples. The 10 % paper waste rammed earth 
sample have a forte more in comparison with the control 
sample. The models satisfied water absorption and 
accelerated erosion test. The shrinkage test showed little 
difference compared to the control samples. 

 
 

 
Key words: Rammed earth construction, Water absorption, 
Paper waste, Shrinkage 
 
1  INTRODUCTION 
 
Construction industries are main source of income in any 
country growth but this also means more cement production 
[1]. Cement production is not good for environment. In old 
times rammed earth construction were used as construction. 
In Roman times, the elder the Pliny, a famous roman author, 
era approximately 79 AD. They were using blood as a 
stabilizer in those types of buildings. Before this rammed 
earth construction are used in Europe, China and elsewhere 
[2], hints are there. The suitability of rammed earth 
construction depends on the type of soil we are constructing 
rammed earth constructions. The practicality is that the ideal 
soil type is challenging to accomplish [3][4]. There are two 
types of rammed earth construction; this research use 
stabilized rammed earth construction [5]. Rammed earth 
construction consists of layers compacted hard with the help 
of rammer [6]. The moisture content in stabilized cement 
rammed earth construction is directly related to strength [7]. 
Researches are carried out to reduce rammed earth 
construction like fly ash used in rammed earth. Although it 
helped improve strength, it is unsuitable to use fly ash in 
developing countries due to the high-cost issue [8]. Rice husk 
ash was also used in rammed earth construction. It was found 
that using rice husk ash reduced shrinkage property [9]. 
Binod Khadha in 2016 used animal dung in rammed earth 
construction. It has diminished shrinkage in rammed earth 
construction [10]. There is a contradiction in selecting 
appropriate water content, like the Newzeland standard (NZ 
4298), which states that 4 % moisture content is acceptable 
[11]. Gypsum is recently used in rammed earth construction, 
and it counts as a stabilizer but is not suitable for developing 
countries [12]. Recently polystyrene is embedded in rammed 
earth construction [13]. Paper has fibrous nature. This fibrous 
nature is known by doing scanning electron microscopy [14]. 
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We also know that paper waste can increase strength due to 
cellulose presence, but it also increases water absorption [14]. 
Pakistan generates bundles of wastes annually. In 2018 
20million tons of garbage were generated. Each year the 
waste gets increased by an increment of 2.4 % [15]. Nearly 
more than 2.01 billion metric tons of solid waste are made in 
the world [16]. In 2018 Arooz found the durability of mud 
concrete blocks by waster absorption test. She was satisfied 
with the results. She conducted a water spray test [17]. In 
2014 Quoc-bao Bui showed that with the increase in moisture 
content, the strength of the rammed earth sample remains the 
same [18]. 

 
In 2019 Navarro Ferronate explained that in developing 
countries, the main issue is mismanagement of solid wastes. 
This mismanagement includes the open burning and 
dumping of various wastes [19]. Curing for rammed earth 
construction is good until 28 days. Since if we increase curing 
days more than 28, there is no effect of curing on the sample's 
strength [20]. Sugarcane bagasse ash was used in concrete by 
cement weight in 2017 by R.vignesh. He used sugar can 
bagasse ash of 2,4,6,8 and 10 % replaced by cement weight 
[21]. For rammed earth construction samples, the humidity is 
essential to consider. The laboratory humidity in where the 
cylinders are placed should be above 70 %, and the 
temperature should be controlled around 25 degrees [22]. 
Shrinkage in rammed earth construction is a concern, 
especially in sandy type soil. Therefore, to find shrinkage, 
Kariawasam has prepared a setup in research work. He 
prepared shrinkage setup because he visited 25 building, and 
some of the building has cracks of more than 5mm. Therefore, 
he performed the shrinkage test [23]. He also checks the 
durability of rammed earth samples by water absorption test 
and performed accelerated erosion test [23]. 

2       METHODOLOGY 
 
To achieve objectives, it was decided to divide work into six 
phases. In the first phase, it was decided to collect soil and 
paper waste sample. Different tests were performed, such as 
liquid limit, plastic limit and specific gravity in the second 
phase. In the third phase, control samples were made with 
different paper waste samples. In the fourth phases curing of 
samples were done, and compressive strength was calculated. 
In the fifth phase, six wall samples were made, and shrinkage 
was calculated. In the last stage, water absorption and 
accelerated erosion test were performed. The methodology 
process is shown in Figure 1. 
 
 
 
 
 
 
 
 
 

2.1     Collecting Soil Sample and Paper Waste 
In this first phase, soil was collected from Palosai Makdarzai 
as shown in Figure 2, but the specific gravity was less than 2.0, 
which means that the soil is organic and deemed unfit for 
rammed earth construction. The soil was then taken from 
Umer Jhara District Charsadh. For paper waste, different 
options were taken into consideration. The paper waste from 
Qissa Khwani Bazar as shown in Figure 3  and was selected 
since it was already in the ground state. The paper waste was 
passed from sieve # 200. 

 
 

 
Figure 3: Paper waste sample 

      
2.2     Performing different tests on soil sample 
As per standard, the soil was made artificially since the 
standard soil suitable for rammed earth construction was not 
available for constructing rammed earth sample. Sand and 
gravel part was collected from the stock and which is 68 % of 
the soil sample. The clay and silt part were taken from 
Charsada Umer Jhara. Thus 25 % of particles were less than 
sieve # 200. The hydrometer analysis is performed, and the 
clay percentage was 26.9 in the Umer Jhara Charasda soil 
sample, which is 25 % of the total soil sample. Thus, the clay 
particle percentage was 6.725, and the silt particles were 
18.275, as shown in Figure 4. 

Figure 1:  Methodology 

Figure 2:  Soil Sample 
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Figure 4: Hydrometer Analysis 

Specific gravity was performed on soil sample for classifying 
and checking the soil nature. The specific gravity was found 
to be 2.68 then the liquid limit was determined shown in 
Figure 6, which is 25 %. The plastic limit was also found out 
as shown in Figure 5, which is 21.6 %. Thus, the plasticity 
index was 3.4. 

 
 

Figure 5: Plastic limit test 
 
 

 
Figure 6: Liquid limit test result 

The rammed earth sample was prepared using proper 
compaction. The cylinder was designed using standard [11]. 
The sample for compressive strength, water absorption and 
accelerated erosion test was designed according to the 
standard as shown in Table 1.  
 
 

 

 

3       RESULTS  
3.1      Compressive strength 
The samples were cured using hessian cloth wrapping while 
the compressive strength test was performed using Universal 
Testing Machine (UTM). The compressive strength test result 
is shown in Figure 7. As we can see from the Figure, with the 
addition of admixture paper waste, the strength starts to lower 
firstly, but after adding 8 % paper waste by weight of cement, 
the compressive strength started to rise. 

 
Figure 7: Comparision between control sample strength and 

different percentage of paper waste 

3.2       Shrinkage test 
In 2016, Kariawasam visited 25 buildings where cracks 
primary reason was shrinkage; therefore, his team conducted 
a shrinkage test on the wall samples. In this research, six 
walls are made to check shrinkage with 10 % of paper waste 
and three control samples. The results are shown in Figure 8. 
 
 

 

 

 

 
 

Table 1: Sample composition and number of samples 

Figure 8: Shrinkage test 
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3.3       Water absorption test 
For finding the water absorbability of paper waste stabilized 
rammed earth against rammed earth samples. The rammed 
earth samples were prepared and set up according to the 
standard [10]. The dimension of the samples was 240mm x 
240mm x 140mm. Water absorption is shown in Table 2. 
 

Table 2: Water absorption test results 

Samples with the 
paper waste 

percentage by 
cement weight 

Water absorption 
(%) 

COV 
(%) 

0 6.5 1.3 

2 8.2 1.1 

4 9.2 0.3 

6 10.5 0.4 

8 12.3 2.2 

10 13.4 0.3 

 

3.4       Accelerated erosion test 
To simulate heavy rainfall and find the erosion in rammed 
earth paper waste stabilized samples accelerated erosion test 
was conducted. Water was sprayed for one hour or until the 
sample is completed for the reason of finding erosion. The 
setup was made according to the standard [11]. The result is 
shown in Table 3. 

Table 3: Erosion rate test result 
Sample designation 

by paper waste 
percentage by 
cement weight 

Erosion rate mm per 
hour 

COV 
(%) 

0 2.1 2.3 

2 2.2 3.9 

4 3.3 1.7 

6 3.53 3.4 

8 3.87 2.2 

10 4.23 4.8 

 
 
 

4       CONCLUSIONS AND RECOMMENDATIONS 
 
This research aimed to reduce the cement percent content for 
the apparent reason of reducing the global greenhouse gas 
emission. Paper waste was used as an option to replace 
cement content. It can withstand load because of its chemical 
and physical composition. It reflected in the results. 
Hypothesis testing was made on all the results and, in some 
cases, left tail t distribution, and in some cases, right tail t 
distribution was conducted. Because we wanted to know that 
the drop and the rise in compressive strength of paper waste 
stabilized rammed earth sample has sufficient probability as 
the experimental data depicts. The result was satisfying, and 
hence we can look to the critical points concluded in this 
research are as follows: 

 The higher percentage of paper waste in rammed 
earth construction showed better results than the 
lower percent rammed earth paper waste stabilizer. 

 Although the shrinkage strain was increased a little 
bit with the addition of paper waste, it is not 
significant, and this problem already existed in 
sandy soil. Therefore, future work could be done to 
rectify the strain problem which exists in rammed 
earth construction. 

 Water absorption and accelerated erosion test showed 
that paper waste had increased water absorbability 
and erosion. The water absorbability increased due 
to the presence of cellulose content in paper waste. 
But with 10 % of paper waste addition, the higher 
end of paper waste percentage addition, water 
absorption is still well below the standard limit [11]. 

 Industries may utilize rammed earth construction with 
8-10 % paper waste in sandy silt with gravel (SM) 
soil, especially in 10 % paper waste whose strength 
is more than ordinary. 

 Before using the 8 and 10 % paper waste in rammed 
earth construction, the soil should be verified as per 
standard, and other required tests should be 
performed on the samples. 

   Even though recent development and focus on 
sustainable constructions, there is a lack of building 
codes and doubts in rammed earth construction [6]. 
Therefore, more studies are required and 
recommended. 

 Future research can be applied for gravelly type soil 
(GM or GS) as this research was carried out using 
sandy silt soil with gravel (SM) 

 As the percentage of paper waste increased, it was 
noted that the strength was highest in 10 percentage 
paper waste addition. Therefore, future research 
work can be done utilizing paper waste with more 
percentage of paper waste 

 The paper waste used in this research weight was 
75gsm, and cellulose content is 70 %; therefore, 
further research can be recommended lower and 
higher end of cellulose content 
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