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ABSTRACT

      Plastic bottles are increasingly becoming a menace to the environment due to the 

chemicals used in the manufacture, improper use and disposal. As noted by Plastics In-

dustry (2011) reusing plastic bottles may seem safe , but a chemical found in reusable 

plastic bottles, known as Bisphenol A (BPA), is suspected of posing a health risk to hu-

manbeings. Hence, the safest way of disposing plastic bottles is to recycle them, particu-

larly they can be used in the construction of low cost housing. The UN Habitat for human-

ity (2007) rightly points out that the housing shortage particularly in Uganda ranges from 

33% to 90% and it is estimated that approximately 60% of  the Ugandan population lives 

in slums and  shantytowns. Building with plastic bottles masonry is a possible solution to 

provide low cost housing to the housing shortage issues in Uganda. 

 Some people around the world have demonstrated that it is possible to build houses 

XVLQJ�SODVWLF�ERWWOHV�¿OOHG�ZLWK�VRLO�DV�PDVRQU\��)RU�H[DPSOH��VRPH�HFR�IULHQGO\�SURMHFWV�

have been achieved in Honduras, Central America by a non governmental organisation, 

Eco-Tech founded by Andreas Froese.  However, there is a lack of engineering data about 

this earthen material that could  be utilised by architects and engineers to inform theirs 

design construction decisions. This research  provides a basic structural data about the 

SODVWLF�ERWWOH�PDVRQU\�QRWDEO\�WKH�FRPSUHVVLYH�VWUHQJWK�RI�WKH�3(7(�ERWWOHV�¿OOHG�ZLWK�

damp soil as well as their compressive strength in masonry, and  the type and properties 

RI�WKH�VRLO�XVHG�WR�¿OO�WKH�ERWWOHV�DORQJ�ZLWK�WKH�W\SH�DQG�SURSHUWLHV�RI�WKH�VRLO�XVHG�IRU�WKH�

PRUWDU�MRLQWV�DV�D�PDVRQU\�PDQLIHVWV�GLVWLQFW�SURSHUWLHV�GXH�WR�WKH�LQÀXHQFH�RI�WKH�PRUWDU�

joints (Kerali et al. 2007).  

Keywords: Plastic, Bottles, Earth, Masonry, Compressive, Strength, Moisture

����ɡLY
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CHAPTER 1

INTRODUCTION

1.1  INTRODUCTION

Despite the fact that soil remains one of the abundant and the oldest material with a long 

ancestral tradition in Uganda (Kerali et al, 2007), and it is also considered as being strong 

for construction, it is nevertheless not long-lasting on its own as it has little resistance 

when it is exposed to water. Duggal (2003) points out that the best  way to provide ad-

equate strength to soil is to stabilise it with stabilising agents such as lime and cement in 

low quantity. However, encapsulating damp unstabilsed soil in the plastic bottles resolves 

better its hurdle with water and moisture than stabilising agents, as the plastic bottles help 

to protect their contents, being a weather resistant material (Rajput , 2007). This reduces 

considerably the amount of stabilising agent that would have been used for the equivalent 

stabilised compressed earth blocks, hence the use of unstabilesd soil improves the PETE 

masonry low embodied energy rate.  

Adam  et al (2001) reveal the importance of mortars in bonding masonry components. 

7KH\� DUH� XWLOLVHG�PDLQO\� WR� SURYLGH� UHJXODULWLHV� LQ� VL]H�� VKDSH� DQG� VXUIDFH� ¿QLVKHV� RI�

blocks hence accommodating  uniformity and stability to a wall. In doing so,

    1
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any gaps between blocks are closed , preventing wind and rain from passing through the 

wall. He continues by saying that mortar has a further purpose in that it has some 

binding characteristics which improve both shear and compressive strength of the wall. 

For earth blocks construction there are various types of mortars that can be used for bond-

ing the blockwork such as mud, lime and sand mixes, pozzolana, cement and sand mixes, 

cement and mud mixes, pulverised fuel ashes, and gypsum plaster. 

According to Adam  et al (2001) many factors contribute to the choice of mortar notably 

the availability and the quality of the materials, the design of the building, the economic 

aspects of the project, or the issues of durability. 

In this research mud and cement-mud mix mortars are used for bonding the PETE bottles, 

and comparative analysis is made to reveal which mortar  provides the best compressive 

strength to the wall specimen. 

However, we assume that the bonding between the mortar and the PETE bottles is very 

poor because of the nature of the PETE bottles. As Rajput (2007) points out, PETE 

bottles are  thermoplastic materials, they are linear polymers and their properties such 

as a high chemical resistance quality, high resistance to deterioration by moisture give 

them a very poor adhesive properties with mud and cement. Noteworthy, Plastic Industry 

(2011) makes clear that plastic bottles offer protection from impact damage, as well as 

from water and chemicals which might contaminate the contents of the bottle. This con-

tribute considerably to the durability property of the PETE bottles, thus plastic masonry, 

should  theoretically last  for more than 1000 years before they start biodegrading (Rajput 

, 2007).

Jenkin (2006) draws attention to the fact that although earthen wall subjected to vertical 

loads responds well in compression, it still has a maximum load bearing capacity under 

which the maximum allowable stress is set. If it is  exceeded, the wall is subjected to 

    2
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a number of failure mechanisms such as plane shearing, shear cracking and particurlarly 

delamination of the compaction planes for rammed earth, that lead to the collapse of the 

wall structure. Also, a wall may not perform its intended functions due to water penetra-

WLRQ��DQG�SRRU�¿QLVKHV��-HQNLQ���������7KLV�LV�DOVR�DSSOLFDEOH�WR�3(7(�ERWWOHV�PDVRQU\�DV�

its structural behaviour should be similar to the one of a typical earth wall structure.

Hence, it is important to have data on the maximum allowable stress that the PETE ma-

VRQU\�FDQ�EHDU�DQG�WKH�W\SH�RI�VRLO�WR�EH�XVHG�IRU�D�FRQ¿GHQW�GHVLJQ��7KLV�UHVHDUFK�LQWHQGV�

to investigate the compressive strength of the PETE masonry to give engineers and ar-

chitects basic data on the maximum load that a PETE wall can carry for a safe design. To 

DFKLHYH�WKLV�REMHFWLYH��3(7(�ERWWOHV�ZHUH�¿OOHG�ZLWK�GDPS�VRLO���ERWWOHV�ZDOO�VSHFLPHQV�

were produced in laboratory environment. The bottles wall specimens were subjected to 

destructive tests, while 11 units (PETE bottles) were crushed to failure and theirs respec-

tive compressive strength was recorded. 

1.2 PROBLEM STATEMENT 

 This research has been driven by two main concerns. First, the thriving problem 

with plastic bottle environmental issues. According to ENSO Bottles (2009), in the the 

1960s  plastic bottle production has been negligible but over the years there was an alarm-

ing increase in bottles produced and sold but the rate of recycling is still very low (see 

)LJ�����7KH�3(7(�ERWWOHV�WKDW�DUH�QRW�UHF\FOHG�HQG�XS�LQ�ODQG¿OOV�RU�DV�OLWWHU��DQG�WKH\�WDNH�

approximately 1000 years to biodegrade (Rajput , 2007). This has resulted in plastic 

SROOXWLRQ�SUREOHPV�LQ�ODQG¿OOV��6HH�)LJ�����ZDWHU�ZD\V�DQG�RQ�WKH�URDGVLGH��DQG�WKLV�SURE-

lem continues to grow along with the plastic bottle industry.
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What are some of the facts about plastic PET bottles? Back to Index / Top of Page

In 1960 there wasn’t any plastic bottle production, over the past 12 years there has been a 700% increase in bottles sold but
only a 5% increase in recycling.  Recently, efforts by private advocacy groups and state/local governments have initiated
programs that are improving recycling and building consumer awareness of the growing problem with plastic bottle
environmental issues.  Recycle rates are still very low with more than 75% of PET bottles ending up in landfills or as roadside
litter.

Some interesting facts concerning PET plastic bottles:

An estimated 9,400 curbside collection programs and 10,000 drop-off programs collect PET plastic in the United
States, currently.
Cubic yards conserved in a landfill by recycling PET beverage bottles:
4,800 recycled 16-ounce bottles saves a cubic yard
4,050 recycled 20-ounce bottles saves a cubic yard
3,240 recycled 1-liter bottles saves a cubic yard
2,430 recycled 2-liter bottles saves a cubic yard
1,350 recycled 3-liter bottles saves a cubic yard
Since 1978, manufacturers have reduced the weight of a two-liter bottle by about 29%, from 68 grams to 48 grams.
Recycling a ton of PET containers saves 7.4 cubic yards of landfill space.
According to the EPA, recycling a pound of PET saves approximately 12,000 BTU's.
The average household generated 42 pounds of PET plastic bottles in the year 2005.
Custom bottles (which are bottles used for products other than carbonated soft drinks) represent 62% of all PET
bottles available for recycling.
Fourteen 20 oz. PET bottles yield enough fiber for an extra large T-shirt.
It takes 14 20 oz. PET bottles to make one square foot of carpet.
It takes 63 20 oz. PET bottles to make a sweater.
Fourteen 20 oz. PET bottles yield enough fiberfill for a ski jacket.
It takes 85 20 oz. PET bottles to make enough fiberfill for a sleeping bag.
Approximate number of PET beverage bottles per pound: 

16 oz. -- 24 bottles per pound
20 oz. -- 18 bottles per pound
1 liter -- 16 bottles per pound
2 liter -- 12 bottles per pound

 

How will ENSO Bottles help reduce the impact of plastic bottles? Back to Index / Top of Page

ENSO Bottles will be the first to market with a viable biodegradable PET product. Our desire is that biodegradable bottles
replace standard PET containers which are filling our landfills, and polluting lands and oceans.  Additionally, ENSO recognizes
that biodegradable plastics aren’t the complete answer to solving our pollution problems.  ENSO believes that biodegradable
plastic bottles when combined with a viable recycling program, is a step in the right direction toward reducing a growing
environmental problem.

ENSO was founded on the idea that we recognize a need to do something to improve our environment.  By having a more earth
friendly PET biodegradable container and becoming a partner in helping to develop effective recycling programs, we can stem
the rising tide of plastic pollution and leave our world a better place for future generations.

 

Can plastics benefit the environment? Back to Index / Top of Page

Absolutely, plastics have already significantly changed our lives and lifestyles; however we must take responsibility as
consumers and use plastic more wisely.  One recent study from The Royal Society “found that packaging beverages in PET
versus glass or metal reduces energy use by 52 percent and greenhouse gas emissions by 55 percent.  Plastics, if used
wisely, “have the potential to reduce mankind’s footprint on the Earth,” Thompson said.”

Read more - http://rstb.royalsocietypublishing.org/content/364/1526/1973.full.pdf+html
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Second, the application of PETE bottles in construction as masonry without any structural 

EHKDYLRXU�GDWD���7KLV�FDQ�SURYLGH�D�JRRG�DPRXQW�RI�FRQ¿GHQFH�LQ�VDIHW\�DQG�GXUDELOLW\�

design of structures built with PETE bottles. As a response to the PETE environmental 

FRQFHUQV�VXFK�LQGLYLGXDO��6HH�)LJ����DQG�¿UP��6HH�)LJ���DQG�)LJ����VXFK�DV� �0LFKDHO�

Reynolds (known as The garbage warrior), Echo-Tech (founded by Andrea Froese), and 

BUVAD (Butakoola Village Association for Development, a Ugandan Commmunity 

based organistion), took the innovative initiative of using PETE bottles as masonry. Un-

fortunately, none of them has done any investigation concerning the strength and struc-

tural behaviour of the PETE bottles as masonry

Figure 2: PET bottles piled up as mountain of waste in Mperere

�����������ODQGÀOO��.DPSDOD�3KRWR�E\�$XWKRU������
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Figure 3: Michael Reynolds building a structure with cans

�ERWWOHV���6RXUFH��%HUQDUG�������

Figure 4: Andrea Froeses standing near one of his PET 

bottles project.  Photo by Andrea Froese

    5
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)XUWKHUPRUH��QRW�DOO�VRLOV�DUH�VXLWDEOH�IRU�FRQVWUXFWLRQ��)LUVW�WKH�W\SH�RI�VRLO�XVHG�WR�¿OO�

WKH�ERWWOHV�PD\�KDYH�DQ�LQÀXHQFH�RQ�WKH�VWUHQJWK�RI�WKH�3(7(�ERWWOH�PDVRQU\�LQ�WKH�VDPH�

frame of reference with earthen material. For example, Adam et al (2001) clearly draw 

attention to the fact that the compressive strength of compressed stabilised earth building 

blocks depends on the soil type, the compaction pressure used to form the block, and the 

type and amount of stabiliser. Second, the types of soil for optimum combination of ce-

PHQW�VWDELOLVHG�PRUWDU�DQG�WKH�UDWLR�RI�WKH�PL[�RI�WKLV�FHPHQW�VRLO�FRPELQDWLRQ�LV�GLI¿FXOW�

to determine and predict. 

1.3 RESEARCH  OBJECTIVES

The raison d’être of this research is to investigate the physical properties (density), the 

mechanical properties (strength) of PETE bottles masonry and the type and properties 

�3ODVWLF�OLPLW��RI�WKH�VRLO�XVHG�WR�¿OO�WKH�3(7(�ERWWOHV�DV�ZHOO�DV�WKH�VRLO�XVHG�IRU�WKH�PRU-

tars. For this research, two soil samples were studied to identify the relationship between 

the soil type and the strength of the PETE bottles wall specimen produced.

,Q�WKLV�GLVVHUWDWLRQ�WKH�PDMRU�WDVN�LV�WR�¿QG�RXW��

- the type and properties of the soil used to produce the PETE bottles wall specimen to  

appreciate which soil is more suitable for the PETE bottle masonry

�� WKH�PRLVWXUH�FRQWHQW�RI�WKH�VRLO�XVHG�WR�¿OO� WKH�3(7(�ERWWOHV�LQ�RUGHU�WR�HYDOXDWH�WKH�

strength of the PETE bottles masonry in compliance with the compaction level of the soil 

in the bottle,

- the density of the PETE bottles along with the prism specimen to estimate the strength 

in comparison with rammed earth and stabilised compressed earth blocks (SCEB),  

- the compressive strength of the PETE  bottles as well as the compressive strength of the 

prisms specimen to get the allowable working stress for the PETE bottles masonry.
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1.4 SCOPE

7KH�VFRSH�RI�WKLV�UHVHDUFK�HQWDLOV��¿UVW�WKH�UHVHDUFK�RQ�WKH�HIIHFW�RI�WKH�W\SHV�RI�VRLO�XVHG��

to produce the PETE bottles masonry. Two types of soil samples were taken from two 

GLIIHUHQW�ORFDWLRQV�LQ�1NR]L��8JDQGD��6RLO�VDPSOH�$�ZDV�XWLOLVHG�DV�WKH�LQ¿OO�PDLQ�PDWH-

ULDO�IRU�WKH�3(7(�ERWWOHV�SULVP�VSHFLPHQ��7KH�LQ¿OO�VRLO�ZDV�GDPS�VRLO�ZLWK�D�PRLVWXUH�

content amounting to 10 percent. Both soil samples A and B were used for the mortar and 

the stabilised mortar was made with the ratio 1:15 for cement and soil. The quantity of 

water added into the mix was  20 percent from overall dry weight of the cement and soil 

ZDV�XVHG��$�VOXPS�WHVW�DQG�ÀRZ�WHVW�ZDV�FRQGXFWHG�WR�HYDOXDWH�WKH�FRQVLVWHQF\�RI�WKH�

fresh mortar. 
   
 

7KH�VWDQGDUG�WHVW�IRU�VRLO�FODVVL¿FDWLRQ�ZDV�SHUIRUPHG�WR�LGHQWLI\�WKH�W\SH�DQG�SURSHUWLHV�

of the soil. The tests are sedimentation test and dry sieving method. Due to the laboratory 

limitation in testing instrument, the cone penetrometer method test to determine the liquid 

limit of the soil samples was not conducted. 

The compressive strength of the PETE bottles and the compressive strength of the bottles 

wall specimen are obtained by a destructive test which was conducted by using com-

SUHVVLYH�VWUHQJWK�WHVW�RQ�WKH���WK�GD\��7KHVH�WHVWV�DUH�EDVHG�RQ�WKH�VSHFL¿FDWLRQ�RI�1=6�

4298:1998. The new Zealand standards on earth buildings was the main standard adopted 

because of limitations in building construction standards manuals. Most of them wer 

rather expensive.  
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CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

PETE bottles, plastic rope, soil, portland cement, and water are the main material com-

ponents to produce the PETE bottles masonry. Unfortunately there is no research that has 

ever been undertaken to determine structural behaviour of PETE bottles as masonry and 

that could have been an appropriate source of reference for a literature review in guiding 

this research . The few attempt that  have been performed in building structure with PETE 

bottles were made by means of ‘trial and error according to Froese (Personal communica-

tion, 2008). 

Consequently, I opted for a literature review dealing with earth materials notably rammed 

earth and stabilised compressed earth blocks to gather data on the materials used to pro-

duce earthen masonries such as soil types and properties, cement , and mechanical prop-

erties of earthen masonries. Furthermore, the literature review armed the research with a 

short history on bottles practice in construction to understand the reason why people used 

it in building their homes.    
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2.2 Application of Bottles In Construction

The application of bottles in construction is not a very recent technology. Seltzer (2000) 

UHYHDOV�WKDW�WKH�¿UVW�H[DPSOH�RI�NQRZQ�VWUXFWXUH�EXLOW�ZLWK�ERWWOHV�LV�WKH�:LOOLDP�)��3HFN¶V�

Bottle House (see Fig 5)  located in Nevada (USA). It was built around 1902, and it re-

quired  10,000 beer bottles to be built.

Seltzer (2000) points out that because of the shortage of building materials, early mining 

camp settlers in Tonopah (Nevada) constructed their home out of unexpected innumer-

able objects collected at random. This included discarded bottles, coal oil cans and bar-

rels, just to cite a few. These buildings were primarily made out of glass bottles used as 

masonry units (See Fig 6) and they were bound  using mortar made out of  adobe, sand, 

cement, clay and plaster (Krepcio, 2007).

In the course of time the phenomenon of  bottle house spread  all over North America and 

around the world especially in the region where there was an increase in housing demand 

due to population growth, and also where there was scarcity of building materials such as 

Argentina,  Australia, Brazil, Japan, Russia and Serbia (Seltzer, 2000). The most famous 

examples are the Kaleva Bottle House (see Fig 7) - it houses now the Kaleva Historical 

Museum- built by John Makinen in the 1940’s in Kaleva (Michigan) with bottles from a 

local bottling plant, and the Grandma Prisbrey’s Bottle Village (see Fig 8 an 9) built 

Figure 6: William F. Peck’s Bottle House. Source: Seltzer (2000)
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Figure 7:Bottle Brick montage. Source: Krepcio (2007)

in between 1956 and 1980 and it presents a succession of 13 sheds and other small 
VWUXFWXUHV�RQ�D�VPDOO�ORW�RI�ODQG�LQ�6LPL�9DOOH\��&DOLIRUQLD��86$�

Figure 8: Kaleva Bottle House 

Source: Krepcio (2007)
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Figure 9: Grandma Prisbrey’s Bottle Village exterior view

Source: Krepcio (2007)

Figure 10: Interior of one building of Grandma Prisbrey’s Bottle Village 

Source: Krepcio (2007)

+RZHYHU��SODVWLF�ERWWOHV�SUD[LV�LQ�FRQVWUXFWLRQ�LV�UHFHQW�DQG�LW�ZDV�DGRSWHG�E\�VXFK�LQGL-

YLGXDOV�DQG�ÀUP�VXFK�DV�Michael Reynolds, known as The garbage warrior, Echo-Tech, 

founded by Andrea Froese, and BUVAD, a Ugandan community based organisation, in 

search of possible solution to the environmental concern of plastic bottles as well as seek-

LQJ�PDWHULDO�IRU�ORZ�FRVW�KRXVLQJ�WR�LQVSLUH�FLWLHV�WKDW�VXIIHU�IURP�LQVXI¿FLHQW�DGHTXDWH��

housing. 
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2.3  RAMMED EARTH: A REVIEW

Maniatidis et al �������UHYHDO� WKDW�rammed earth (or pisé) is an ancient technique that 

dates back to at least 7000 BC in Pakistan. It has been used in many structures around the 

world , most notably in part of the great wall of China.

Rammed earth is form of soil that is just damp enough to hold together. The soil is tamped 

between shutters well supported to prevent lateral expansion with  pneumatic tamper or 

hand hammers, and the compaction is normally done in 100-150mm layers 

( Jaquin et al, 2009). 

The work of Maniatidis et al ������� UHYHDOV� WKDW� rammed earth walls are often left as 

they are ‘off form’, and they can show a natural-looking strata pattern from the ramming 

process. Consistent workmanship is critical for both the appearance and the strength of 

rammed earth walls, so they indicate that site work has to be of high quality because an 

area of wall that is not mixed or rammed correctly can ruin the whole panel.

However,  Jaquin et al��������VWDWHV�WKDW�RQH�GLI¿FXOW\�ZLWK�WKH�UDPPHG�HDUWK�PHWKRG�LV�

that strict limits have to be placed on shrinkage to eliminate cracking. He draws attention 

to the fact that many soil types need sand to be added to reduce shrinkage. He refers to 

NZS 4298 for shrinkage preconstruction tests and the appropriate limits, compression and 

durability tests, and a simple on-site test for moisture content. He concludes that often ce-

ment or hydrated lime is added to improve the compressive strength and the durability of 

rammed earth , but successful structures are built using suitable soils without such

 additives. 
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A sandy crumbly soil (with a clay content around 15-30%) is best, as it is easily worked 

and has minimal shrinkage ( Jaquin et al, 2009). 

2.3.1  Advantages and limitations

Rammed earth construction is one cheap way of providing low cost housing since earth 

is an abundant resource, and a simple mechanism is used with semiskilled labour to pro-

duce it (Odul et al, 1985) ��+RZHYHU��ZKHQ�XVLQJ�UDPPHG�HDUWK�DV�D�ORZ�FRVW�FRQVWUXFWLRQ�

material for housing it should not be assumed that all housing problems will disappear 

(Maniatidis et al, �������7KH\�UHYHDO�WKDW�WKH�DGYDQWDJHV�DQG�OLPLWDWLRQV�RI�UDPPHG�HDUWK�

construction are multiple and complementary and they are as follow:  

 

2.3.1.1 Advantages

 � Ideally, its production is made on site itself or in the nearby area. Thus, it saves 

transportation, fuel, time and money. An appropriate use of materials considerably re-

duces construction cost and hence stimulates the economy; 

 � Well-designed rammed earth houses can withstand bad weather conditions with-

out being damaged. Rammed earth walls  are strong in compression and they can also be 

made strong in shear and tension through additives and reinforcement;

 � Firewood is not needed to produce rammed earth . This saves forests, which are 

being depleted quickly particularly in Uganda, due to short view developments and mis-

management of resources. Also, rammed earth is ecologically friendly and its manufac-

WXUH�FRQVXPHV�OHVV�HQHUJ\�DQG�SROOXWHV�OHVV�WKDQ�¿UHG�EULFNV�
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 � Rammed earth walls are ideally suited for passive solar construction as they pro            

 vides the natural comforts of balanced temperatures, humidity and noise control;

 � 5DPPHG�HDUWK�LV�YHU\�JRRG�LQ�ÀUH�UHVLVWDQFH�

 � Being produced locally, it is easily adapted to various needs: technical, social  

 and cultural habits;

 � It is a simple technology requiring semi skills and it is easy to get. Simple villagers 

will be able to learn how to do it in a few weeks. It allows also unskilled and unemployed 

people to learn a skill, get a job and rise in the social scale;

 � The equipment for rammed earth is available from manual to motorized tools 

ranging from village to semi industry scale. They draw attention to the fact that the selec-

tion of the equipment is crucial, but once done properly, it will be easy to use the best 

adapted equipment for each case;

 � Rammed earth can adapt itself to various needs, from poor income groups to well 

off people or government needs. Its quality, regularity and style allow a wide range of 

¿QDO�KRXVH�SURGXFWV��Maniatidis et al ������Jaquin et al, 2009, and Odul et al, 1985�

2.3.1.2 Limitations

According to the above rammed earth construction is advantageous, but there  is some 

drawbacks of earth construction technology that makes it sometimes unpopular amongst 

professionals. According to Odul et al (1985) the two historical disadvantage of rammed 

earth has been water damage and labour intensity.

 Odul et al (1985) reveal that the Australians solved the water damage by spraying the 

wall with  a transparent plastic ideal for wall cleaning with a damp sponge, and labour 

intensity has been solved by the use of pneumatic powered tamping devices. 

Maniatidis et al �������OLVW�WKH�IROORZLQJ�ZHDNQHVVHV�RI�XQVWDELOVHG�UDPPHG�LQ�
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building construction: 

 � It has extremely low tensile strength and its low load bearing capacity makes it 

unsuitable for supporting heavy roofs from large span building.

 � It has a very high moisture absorption ratio which also contribute to its structural 

failure.

 � When proper soil is not used, unstabilised rammed earth (URE) has a low binding 

strength for its particles and this contributes to its low compression strength.

 � URE has a very high shrinkage and swelling ratio resulting in major structural 

cracks when exposed to different weather conditions.

 � It has a low social acceptance due to counter examples by unskilled people, or bad 

soil and equipment. 

2.3.2  Material for rammed earth

According to Maniatidis et al �������WKH�evaluation and selection of soil for rammed earth 

is done by means of testing its particle size distribution by sieving and sedimentation. 

However, a study by Keable (1994 cited by Maniatidis et al, 2003) acknowledge the fact 

that the effect of difference in grading the physical characteristics of rammed earth still 

remains unclear. 

Jaquin et al (2009)�DGYLVHV�WKDW�LQ�VHOHFWLQJ�VRLO�IRU�UDPPHG�HDUWK�ÀUVW�organic materials 

content should be avoided as they may lead to high shrinkage and possible bio deteriora-

tion as well as increasing susceptibility to insect attack, and  they can interfere with action 

of stabilizers such as cement.
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Furthermore Jaquin et al (2009) FODVVL¿HV� HQJLQHHULQJ� VRLOV� EDVHG� RQ� WKH� UHODWLYH� VL]H�

proportion of their main elements, namely gravel, sand, silt and clay. The New Zealand 

Standard grading limits used in the work are:

- Gravel: 60 mm to 2 mm 

- Sand:  2.00mm to 0.06mm 

- Silt:  0.06mm to 0.002mm 

- Clay: less than 0.002mm

According to Maniatidis et al �������a wide variety of sub-soils have been used for natural 

rammed earth buildings, with the exception of uniform coarse sands and gravels with no 

cementing agents.  Ideally the soil should have a high sand/gravel content, with some silt 

and just enough clay to act as a binder and help soil compaction.  Any material coarser 

than 5-10mm should be sieved out (Maniatidis et al,������. They indicate that increasing 

gravel size reduces the compressive strength of rammed earth cylinders. 

Maniatidis et al �������UHFRPPHQG�WKDW�the minimum percentage of combined clay and 

silt should be between 20%-25% while the maximum between 30%-35%. Similarly, the 

minimum percentage of combined sand and gravel should be between 50%-55% while 

the maximum is between 70%-75%. They specify also VRLO�IRU�FHPHQW�VWDELOL]HG�UDPPHG�

earth.  They indicate that the soil for cement stabilised rammed earth tends to have pro-

SRUWLRQDOO\�KLJKHU�VDQG�DQG�JUDYHO�FRQWHQW�DQG�FRUUHVSRQGLQJO\�ORZHU�ÀQHV�FRQWHQW��7KH\�

VXJJHVW�WKDW��VRLO�VXLWDEOH�IRU�FHPHQW�VWDELOL]DWLRQ�VKRXOG�KDYH�D�VLJQLÀFDQW�VDQG�FRQWHQW��

DW� OHDVW�JUHDWHU� WKDQ�����DQG�SUHIHUDEO\�FORVHU� WR������DQG�DW� WKH�VDPH�WLPH�ORZ�FOD\�

FRQWHQW��W\SLFDOO\�OHVV�WKDQ������
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Moreover, Maniatidis et al ������� VSHFLI\� WKH� OLTXLG� DQG� SODVWLF� OLPLW� RI� XQVWDELOLVHG�

rammed earth. They describe soil plasticity as the ability of a soil to undergo unchange-

able deformation while resisting an increase in loading. 

According to Houben et al�������FLWHG�E\�0DQLDWLGLV et al,�������OLTXLG�OLPLW�IRU�XQVWDEL-

OL]HG�UDPPHG�HDUWK�VKRXOG�EH�EHWZHHQ�����DQG�����DQG�WKH�SODVWLF�OLPLW�EHWZHHQ�����

DQG��������Jaquin et al (2009) propose additionally a Plasticity index as low as 15%. He 

UHYHDOV�WKDW�SODVWLFLW\�LQGH[�LV�WKH�QXPHULFDO�GLIIHUHQFH�EHWZHHQ�OLTXLG�DQG�SODVWLF�OLPLWV��

The plasticity index is an indication of the clay content and characteristics of the soil. The 

higher plasticity index is indicative of higher clay content and/or active clay mineral and 

that higher shrinkage will occur when the earth dries.

2.3.3  Properties of rammed earth

2.3.3.1 Dry density

Maniatidis et al �������GUDZ�DWWHQWLRQ�WR�WKH�IDFW�WKDW�the dry density of soil in rammed 

earth applications is dependant on soil type and the moisture content during compaction. 

They indicate that knowledge of the dry density of rammed earth is important during 

design to calculate load for structural elements. A broad range of dry density values are 

provided for rammed earth, varying from 1,700 kg/m3 to 2,200 kg/m3 (Houben et al, 

1994 cited by Maniatidis et al, 2003).

In order to achieve maximum density, Jaquin et al (2009) point out that it is important that 

the optimum moisture content, appropriate to the method of compaction, is used when 

UDPPLQJ��7KH\�HQFRXUDJH�D�¿UVW�DSSUR[LPDWLRQ�RI�WKH�RSWLPXP�PRLVWXUH�FRQWHQW�E\�XV-

ing the ‘drop test’. They describe the procedure as follow: 

-a ball of moist soil, approximately 40 mm diameter, is compacted by hand. 
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�ZKHQ�SUHSDUHG�WKH�VRLO�EDOO�LV�GURSSHG�RQWR�D�KDUG�ÀDW�VXUIDFH�IURP�D�KHLJKW�RI�DSSUR[L-

mately 1.5m. 

-when the soil is too dry the ball breaks into many pieces. 

-when enough water has been added so that the ball breaks into only a few pieces, the soil 

is very close to its optimum moisture content. If the ball remains in one piece then the soil 

is too wet. 

2.3.3.2 Compressive Strength

According to  Jaquin et al(2009) the strength of rammed earth is very much dependent 

RQ�WKH�YRLGV�UDWLR�RI�WKH�VRLO�DIWHU�UDPPLQJ��FRKHVLYH�VWUHQJWK�RI�ÀQHV�FRQWHQW��DJJUHJDWH�

strength and moisture condition during testing. He points out the fact that the density of 

WKH�VRLO�LV�D�YHU\�LPSRUWDQW�IDFWRU�IRU�WKH�VWUHQJWK�RI�WKH�VRLO��7KHUHIRUH��LQ�WKH�VDPH�ZD\�

WKDW�LW�LV�GLIÀFXOW�WR�JLYH�D�VSHFLÀF�YDOXH�IRU�WKH�GHQVLW\��LW�LV�LPSRVVLEOH�WR�SUHGLFW�DQ�H[-

act value for the mechanical strength of a soil based on any kind of description with no 

laboratory testing.

The laboratory tests used for determining the compressive strength of rammed earth are 

VLPLODU�WR�WKH�RQHV�XVHG�IRU�FRQFUHWH��EULFNV�DQG�EORFNV��0DQLDWLGLV et al,��������

$�VXPPDU\�RI�WKH�UHTXLUHG�VSHFLPHQ�GHWDLOV�IRU�FRPSUHVVLRQ�VWUHQJWK�WHVWLQJ�DFFRUGLQJ�WR�

various standards around the world is presented in Table 1.

Maniatidis et al �������RXWOLQH�WKDW�WKH�FRPSUHVVLYH�VWUHQJWK�LV�XVXDOO\�H[SUHVVHG�LQ�WHUPV�

of the characteristic value and a height/width correction factor may be applied. The rec-

ommended design values for rammed earth are summarised in Table 2.

As stated previously the presence of cement increases the strength of rammed earth. 

+HQFH�WKH�YDOXHV�SURSRVHG�E\�GLIIHUHQW�DXWKRUV��DV�SUHVHQWHG�LQ�7DEOH����WHQG�WR�EH�PXFK�

higher that the ones proposed for unstabilised rammed earth.
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Bulletin 5; 
Earth-Wall 
&RQVWUXFWLRQ��
CSIRO

150 110 150 150 1.3 x h 5

Standards Aus-
WUDOLD������

150 300 N/A N/A N/A
1 sample 
for every 
25-100m2

New Mexico 
Adobe & 
Rammed Earth 
Building Code 
�7LEEHWV�������

N/A N/A 102 102 102 N/S

NZS N/A N/A N/S N/S 2xh 5

Table 1: Compressive strength test specimen details for Rammed Earth. 

Source: Maniatidis et al.,�������

                                   
             Specimen details

     Reference                     Cylinder   Prism

     Diameter            Height            Height       Length Width
        (mm)                (mm)               (mm)              (mm)              (mm)
   

Minimum 
number of
specimens 
required
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Reference  Compressive Strength

%XOOHWLQ�����0LGGOHWRQ������� 0.7 N/mm2

6WDQGDUGV�$XVWUDOLD������ 0.4 - 0.6 N/mm2

6WDQGDUGV�$XVWUDOLD������
0.5 N/mm2

Table 2: Compressive srtength for URE. Source: Maniatidis et al.,�������

Compressive Strength (N/mm2)

ACI Materials Journal 
&RPPLWWHH������

6WDQGDUGV�$XVWUDOLD��
2002 Houben et al.������

Sandy and gravely soils 2.76-6.89 - -

Silty soils 2.07-6.21 - -

Clayey soils
1.72-4.14

- -

&HPHQW�6WDELOL]HG�

Rammed Earth
- 1-15 2-5

Table 3: Compressive Strength for Cement SRE. Source: Maniatidis et al.,�������
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�$OWRJHWKHU�PDWHULDO�VHOHFWLRQ�LV�LPSRUWDQW�WR�WKH�TXDOLW\�RI�UDPPHG�HDUWK���$FFRUGLQJ�WR�

Jaquin et al (2009) the properties of soils used for rammed earth may be appraised using 

D� YDULHW\� RI� SK\VLFDO� FKDUDFWHULVWLFV�� LQFOXGLQJ� JUDGLQJ� DQG�SODVWLFLW\��Maniatidis et al 

������ point out that recommendations for soil grading vary between reference docu-

PHQWV��DOWKRXJK�WKHUH�LV�EURDG�JHQHUDO�DJUHHPHQW��1HYHUWKHOHVV��WKH\�SXW�DFURVV�WKH�IDFW�

WKDW�XQVXLWDEOH�VRLOV�FDQ�EH�UHDGLO\�LGHQWLÀHG�E\�PHDQV�RI�VWDQGDUG�VRLO�FKDUDFWHULVDWLRQ�

WHVWV��VXFK�DV�JUDGLQJ��7KH��SK\VLFDO�FKDUDFWHULVWLFV�RI�UDPPHG�HDUWK�PD\�EH�PHDVXUHG�LQ�

WHUPV�RI�LWV�GU\�GHQVLW\��VWUHQJWK��VXUIDFH�ÀQLVK�DQG�WKHUPDO�SURSHUWLHV��Jaquin et al,2009). 

7KH\�DIÀUP�WKDW�WKH�SK\VLFDO�SURSHUWLHV�DUH�VWURQJO\�UHODWHG�WR�PDWHULDO�GHQVLW\���

Odul et al (1985) rightly point out that cement stabilisation is widely used to improve 

strength and durability of rammed earth. The evidence seems to indicate that Cement 

VWDELOLVDWLRQ�LPSURYHV�WKH�SUREOHPV�DVVRFLDWHG�ZLWK�XVLQJ�VRLO��2WKHU�IRUPV�RI�VWDELOLVHUV��

VXFK�DV�OLPH�DQG�QDWXUDO�ÀEUHV��DUH�OHVV�ZLGHO\�XVHG�LQ�UDPPHG�HDUWK�(Odul et al, 1985). 

,Q�VXPPDU\��VRLOV��VXLWDEOH�IRU�UDPPHG�HDUWK�KRXVHV�DUH�EURDG�DQG�LQFOXGH�VDQGV�ZLWK�VXI-

ÀFLHQW�FOD\�DQG�VLOW��FOD\H\�VLOWV��FOD\H\�JUDYHOV�DQG�JUDYHO�VDQG�FOD\�PL[WXUHV
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2.4  STABILISED COMPRESSED EARTH BLOCKS: A REVIEW

The work of Deboucha (2011) reveals that compressed earth blocks (or bricks) is one of 

the contemporary lineage to the earth building technology more commonly known as the 

adobe block, dating from the 19th century. 

Turning to Adams et al���������RQH�¿QGV�WKDW�WKH�DSSURDFK�RI�FRPSDFWLQJ�HDUWK�WR�DPH-

liorate the quality of moulded earth blocks is, however, far from new, and it was with 

ZRRGHQ�WDPSV�WKDW�WKH�¿UVW�FRPSUHVVHG�HDUWK�EORFNV�ZHUH�SURGXFHG��Odul et al (1985) 

VLPLODUO\�SRLQW�RXW� WKDW� WKH�¿UVW�GHYLFHV�IRU�FRPSUHVVLQJ�HDUWK�SUREDEO\�GDWH� IURP�WKH�

18th century; in France, Francois Cointeraux, inventor of “New pisé” (rammed earth) 

designed the “Crecisé”, a device derived from a wine-press. 

But the turning point with the use of presses and the way in which compressed earth 

blocks were used for architectural aims surged from 1952, following the invention of the 

famous Cinva-Ram press, designed by the engineer Raul Ramirez at the CINVA Centre 

in Bogota, as a result of a research programme for affordable houses in Colombia (Maïni, 

2009)

According to Adams et al (2011) making compressed earth blocks in manual or mo-

torised operated presses is now widespread practice around the world. He makes clear 

that the soil, raw or stabilised, for compressed earth blocks is a bit moistened, poured into 

a steel press and then compressed. Obonyo et al (2010) similarly draws attention to the 

fact that the contribution of soil stabilisation made it feasible to build storied buildings 

with thinner walls, which have a much better compressive strength and water resistance. 

Obonyo et al (2010) point out that with cement stabilisation, the blocks are cured for four 

weeks after manufacturing, and after this period of time, they are dry and can be used like
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common bricks with a soil cement stabilised mortar.

Rigassi (1985) asserts that the blocks are made from dry mix , often stabilised with up to 

10% cement. The compression given by the machine compacts the soil particles together 

to make dense regular shaped bricks, usually around 300 x 300 x 130 mm in size. Adams 

et al (2011) point out that  these blocks are the nearest thing on earth to concrete blocks 

LQ�GHVLJQ��FRQVWUXFWLRQ�DQG�¿QLVK�FRQVLGHUDWLRQ� ��1RUPDOO\�� VDQG��FHPHQW�HDUWK�PL[� LV�

used for the mortar, although often a mix hydrated lime, sand and cement perform better 

(Deboucha, 2011) . 

2.4.1  Advantages and limitations
 
The advantages and limitations of SCEB are rather similar to the one of rammed earth. 

Adams et al (2011) provide a summary illustrated in table 4.-

Advantages Limitations

 � Soil is available in large quantity in most 

regions

 � Cheap and affordable: In most parts of the 

world soil is easily accesible to low income 

-groups

 � Ease of use: usually no very specialised ma-

chines is required

 � Suitable as a construction material for most 

parts of the building

 � Reduced durability if not regularly main-

tained and properly protected, particuralarly in 

areas affected by medium to high rainfall

 � Low tensile strength: poor resistance to bend-

ing moments, to be used in compression such as 

bearing walls, domes and vaults

Table 4: Advantages and limitations of  SCEB. Source: Adams et al. (2011)
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Advantages Limitations

 � Fire resistant : No combustible with excellent 

¿UH�UHVLVWDQFH�SURSHUWLHV

 � %HQH¿FLDO�FOLPDWLF�SHUIRUPDQFH�LQ�PRVW�UH-

gions due to its high thermal capacity, low thermal 

conductivity and porosity, thus it can moderate 

extreme outdoor temperatures and maintain a 

satisfactory internal temperature balance

 � Low energy input in processing an handling 

soil: only about 1% of the energy required to 

process the same volume of cement concrete. This 

aspect was investigated by the Desert Architecture 

Unit which has discovered that the energy needed 

to manufacture one cubic metre of soil is about 36 

MJ (10 kwh) while that required for the manufac-

ture of the same volume of concrete is about 3000 

MJ ( 833kwh). 

 � Environmental appropriateness

 � Low resistance to abrasion and impact if not 

VXI¿FLHQWO\�UHLQIRUFHG�RU�SURWHFWHG

 � Low acceptability among most social groups: 

considered by many to be a second class and gen-

erally inferior building materials

 � On account of these problems: Earth as a 

building materials lacks institutional acceptability 

in most countries  and as a result building codes 

and performance standards have not been fully 

developed.



            Investigating the Compressive Strength of Plastic Bottles as Masonry

    25

  

2.4.2  Materials for SCEB  

Soil, cement, sand and water are the main material components to produce Cement 

stabilised Earth Block and the quality of SCEB depends concisely on the type of soil, 

the water content in the mix, the type of press, the type and quantity of stabiliser, and the 

cure.

2.4.2.1 Soil type

According to Adams et al (2011) soil is a very complex material and knowledge about it 

LV�HVVHQWLDO�WR�SURGXFWLRQ�RI�JRRG�TXDOLW\�6&(%���7KH\�SRLQW�RXW�WKH�¿UVW�VWHS�LV�WR�EXLOG�

with raw earth which basic composition is clay, silt and sand, but it can present many 

variations due to geological characteristics of the clay. According Obonyo et al (2010), 

WKHUH�DUH�¿HOG�WHVW�PHWKRGV�XVHG�WR�FRQFOXGH�DERXW�WKH�JUDQXORPHWU\�FRPSRVLWLRQ�DQG�

plasticity of the suitable soil for SCEB. 

Obonyo et al (2010) acknowledge the fact that each construction technology with earth 

has the soil type appropriate for it. The most convenient soil for the production of adobes, 

for examples, is not good for obtaining rammed earth. They advise that in collecting the 

soil tests suitable to the production of SCEB, it should be taken without organic matter 

and other impurities and should be sieved through a 4 to 5 mm screen.  They make clear 

that it is desirable that the soil has 10 to 20% of clay, 10 to 20% of silt, 50 to 70% of sand, 

and it is convenient that the soil has a plasticity and a no high liquid limit, in general 40 

to 45%
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2.4.2.2 Stabilisation

Stabilization is necessary to achieve a lasting structure, made out of SCEB, from local 

soil with the soil properties determining the appropriate stabilisation method 

(Adams et al, 2011). 

Rigassi (1985) points out that the main objectives of stabilisation are to obtain better 

mechanical performances by increasing dry and wet compressive strength; to reduce po-

rosity and variations in volume, swelling and shrinking with moisture content variations;

and improving the ability to withstand weathering by wind and rain: reducing surface 

DEUDVLRQ�DQG�LQFUHDVLQJ�ZDWHUSURR¿QJ��

Stabilization techniques can be broken down into three categories, (Houben et al, 1994 

cited by Obonyo et al, 2010): 

 � Mechanical stabilization: This method is done by compacting the soil and changing its 

density, compressibility, permeability and porosity;

 � Physical stabilization: This approach is achieved by changing the texture properties of 

the soil. This can be done by controlling the mixture of different grain fractions, drying or 

freezing, heat treatment and electrical treatment;

 �  Chemical stabilization: This technique is attained by changing the properties of the 

soil by adding other chemicals or additives.  

The compressive strength of the soil can be improved by using the right stabilisation 

method. This will also improve its durability by increasing its resistance to erosion and 

water damage (Kerali et al, 2007). 

The main categories of binders used for SCEB construction are cement, lime, bitumen, 

QDWXUDO�¿EHUV�DQG�FKHPLFDO�VROXWLRQV�VXFK�DV�VLOLFDWHV��+RXEHQ�et al, 1994 cited by Obonyo 

et al, 2010) as also outlined in �1=6������������1HZ�=HDODQG�6WDQGDUG��
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According to Deboucha (2011), one of the best and easily available stabiliser is the ce-

ment. 4% to 10% of cement by weight can produce SCEB of excellent quality (Kerali et 

al, 2007). They reveal that the amount of stabiliser depends on the type of soil and also 

the requested strength. They assert that if the soil has a lot of clay, it will demand at least 6 

to 10%  of cement but if the soil is excessively sandy, larger rates can be requested. If the 

soil has a very good grain distrubution, 4% of cement is enough to give the SCEB blocks 

good quality. However, Oti et al (2008a, cited by Deboucha 2011) alternatively suggest 

WKDW�WKH�PRVW�HIIHFWLYH�DOWHUQDWLYHV�WR�&HPHQW�LV�WKH�JURXQG�JUDQXODWHG�EODVW�IXUQDFH�ÀDJ�

(GGBS), which has the potential to typically replace up to 80% of the Cement. They point 

out that GGBS has extremely low energy usage and CO2
 emission when compared with 

cement. The energy usage of one ton of GGBS is 1300 MJ, with a corresponding CO2 

emission of just 0.07 ton, while the equivalent energy usage of 1 ton of cement  is about 

5000, with at least 1 ton of CO2 emitted to the atmospheres  MJ Higgins (2007, cited by 

Deboucha, 2011).

2.4.2.3 Cure

 As concrete, SCEB needs to be cured to avoid the fast exit of the mixture of wa-

ter. A very effective method consists of covering the blocks so soon they are made with 

a plastic or the new bricks can be wet for at least seven days (Kerali et al, 2007).
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2.4.3  Properties of SCEB

  

                 Table 5: Properties of SCEB VS other walling materials. Source: Adams et al (2011)

Properties SCEB
Fired clay 

bricks 

Dense con-

crete blocks

Aerated con-

crete blocks

Lightweight 

concrete 

blocks

Wet compres-

sive strength 

(N/mm2)

1-40 5-60 7-50 2-6 2-20

Miosture Mou-

vement(%)
0.002-0.2 0.00-0.02 0.02-0.005 0.05-0.10 0.04-0.08

Density(Kg/

m3)
1700-2200 1600-2100 1700-2200 400-950 600-1600

Thermal con-

ductivity

(W/m°C)

0.81-1.04 0.70-1.04 1.00-1.70 0.10-0.20 O.15-0.70
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2.4.3.1  Density and thermal properties

According to Adams et al. (2011) SCEB are denser than  several concrete masonry prod-

ucts such as aerated and lightweight concrete blocks, and various types of bricks have 

densities within their same range of for example: clay, and concrete bricks The high den-

sity of SCEB may be considered as disadvantage when the blocks have to be transported 

over a long distance, however, it is too little consequence when they are produced at or 

near the construction site (Adams et al, 2011) . 

2.4.3.2 Moisture movement

Building materials with high porosity when used for wall construction may expand slight-

ly in wet and dry conditions and such movement may result in cracking and other defects 

to the building (Adams et al, 2011).  Deboucha (2011) points that  expension of SCEB 

may vary according to the properties of the soil, some soils expand or shrink more than 

others. However, Adams et al (2011) point out that the addition  of a stabiliser reduces 

this expansion. Nevertheless, there may be greater movement in structures built with 

SCEB than those using alternative construction materials. However, Proper manufacture 

and construction methods will reduce such movement (Deboucha, 2011). 

2.4.3.3 Compressive strength

The above discussion reveals that the compressive strength of stabilized compressed 

earth building blocks (that is, the amount of pressure can resist without collapsing) de-

pends upon the soil type, type and amount of stabilizer and the compaction 
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pressure used to form the block.  Furthermore, the maximum strengths are obtained by 

proper mixing of suitable materials and proper compacting and curing (Deboucha, 2011). 

In practice, Adams et al (2011)  assert that typical wet compressive strengths for com-

pressed stabilized earth building blocks may be less than 4 N/mm2. 

They reveal that some soil when stabilised with hydrated high calcium lime give wet 

compressive strengths in the range of 6 - 8 N/mm2, strength suitable for many building 

purposes. It also competes favourably, for example, with the minimum British Standard 

requirements of 2.8 N/mm2�IRU�SUHFDVW�FRQFUHWH�PDVRQU\�XQLWV�DQG�ORDG�EHDULQJ�¿UHG�FOD\�

blocks and of 5.2 N/mm2 for bricks (Deboucha, 2011). He continues by saying that where 

building loads are small (e.g. in the case of single storey constructions), a compressive 

strength of 1 - 4 N/mm2�PD\�EH�VXI¿FLHQW�
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CHAPTER 3

EXPERIMENTAL WORK

3.1  Methods And Methodology

A normative and positivism paradgim research methodology encompassing  an explora-

tory and experimental research (Olweny, 2010) was used to collect data for assessing the 

compressive strength of the PETE bottles as masonry. A background study and a literature 

review were conducted to arm the research with methods of investigating the compres-

sive strength of earthen materials with particular attention to rammed earth and stabilised 

compressed earth blocks.

PETE bottles were collected from the surrounding community. 7KH�VL]H�RI� WKH�ERWWOHV�

DPRXQWHG�WR���PP�GLDPHWHU�����PP�OHQJWK��WKH�ERWWOH�WRS�GLDPHWHU����PP��DQG����PO�

volume. 7KH�3(7(�ERWWOHV�ZHUH�¿OOHG�ZLWK� WKH� VRLO� VSHFLPHQ� �WDJJHG�DV�6,�808�$���

gathered from a site located in Nkozi as described in Appendix A.

The soil properties test of the soil specimen SI-UMU-A, SM-UMU-A and SM-UMU-B, 

were carried out to identify the type of soil and soil properties of the soil. These tests 

included
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Sedimentation test, Moisture Content Test, Dry Sieve Analysis and Plastic Limit Test. 

The liquid limit test was not carried out because of equipment limitations. These tests 

were carried out to provide information about the granulometric composition and plastic-

LW\�RI�WKH�VRLO�VSHFLPHQ��WR�LGHQWLI\�WKH�UHODWLRQVKLS�EHWZHHQ�SURSHUWLHV�RI�WKH�VRLO�DQG�WKH�

strength of the PETE bottles masonry.

Specimens of cement-soil mortar prism were constructed from plastics bottles: 350mm 

x 200mm x 700mm. The specimen prisms, having slenderness ratio i.e. height/thickness 

= 3.5 were produced in the material laboratory of Uganda Martyrs University. Saman 

(2006) points that under the American Society of Testing and Materials (ASTM) stand-

ards C1314-03b,  masonry prisms to be tested in laboratory should consist of a minimum 

of two units with height to thickness ratio between 1.3 and 5.  

For the purpose of investigation, four PETE bottle walls were built with unstabilised 

mortar while four PETE bottle prisms were built with 1:15 mix ratio of cement (CM IV/ 

32.5N)soil mortar, in order to determine whether the use of cement stabilisation provides 

more strength to PETE masonry in comparison to unstabilised earth mortar.  The PETE 

bottles were joined together, using nylon rope that were purchased from a local hardware 

shop.

$�¿UVW� FRPSUHVVLYH� VWUHQJWK� WHVWV�ZDV� FDUULHG�RXW� RQ� HOHYHQ�3(7(�ERWWOHV� VSHFLPHQV��

although I scheduled to conduct compressive tests on forty PETE bottles specimens. but, 

the bending testing machine (used as a compressive testing machine) failed during the 

tests (See Fig 11). 

A second compressive strength tests were performed on PETE bottle wall specimens at 14 

days��$FFRUGLQJ�WR�WKH�UHVXOWV�RI�WHVWV�FDUULHG��WKH�PRUWDU�MRLQW�KDV�D�PLQLPXP�LQÀXHQFH�

on the strength of PETE bottles masonry. The mortar effect on the strength of the prism 

specimen was only considered as providing stability factor
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to the walls. Since the mortar is not taken as mere binder between the PETE bottles,  its 

effect in the compressive strength is negligible. However, it was included in the research  

as it provides stability to the PETE bottles masonry.

3.2  Materials for PETE bottle masonry

Figure 11: Capacitor that failed during test: Photo by Author

3.2.1 Soil

The soil specimens (see table 8) were taken from two different sites as described in Ap-

penix A. Samples were extracted from excavated homogenous layers and below approxi-

mately two meter from the top of soil to make sure that all the organic matters were not 

included in sample. 

The weight and quantity of the samples were dependent on the number of PETE bottles 

wall specimens that was prepared for the test and with some additional soil to conduct the 

soil tests. Each prism specimen required 54 PETE bottles. 

7KH�VRLO�VDPSOH�60�808�$�FRQWDLQHG�YDULRXV�VL]HV�RI�JUDLQ��IURP�YHU\�¿QH�GXVW�XS�WR�

pieces that were too large to be used for the mortar. Thus, the oversized elements were 

manually removed (see Fig 12), using a 4mm screen. For this research, 3 types of stand-

DUG�WHVWV�IRU�VRLO�FODVVL¿FDWLRQ�ZDV�SHUIRUPHG�WR�GHWHUPLQH�WKH�SURSHUWLHV�RI�WKH�VRLO��
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Table 6: Annotation for soil specimen

These tests are sedimentation test, dry sieving method, and test for determining plastic 

limit. 

Figure 12: Sieving the soil specimen SM-UMU-A. Source: Personal collection

%HIRUH�¿OOLQJ�WKH�3(7(�ERWWOHV��WKH�VRLO�VSHFLPHQ�6,�808�$�ZHUH�WHVWHG�WR�HQVXUH�WKDW�

LW�IXO¿OOHG�WKH�UHTXLUHPHQW�RXWOLQHG�LQ�WKH�OLWHUDWXUH�UHYLHZ��HVWDEOLVKHG�IRU�HDUWKHQ�PD-

sonries. The soil test was conducted also on the soil Specimen SM-UMU-A and SM-

UMU-B. These tests were carried out in laboratory environment and they conformed the 

VSHFL¿FDWLRQV�RI�WKH�NZS 4298:1998.

Annotation Meaning

SI 6RLO�XVHG�WR�¿OO�WKH�ERWWOHV

SM Soil used for the mortar

A and B Type of soil in relation to the location
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3.2.2 PETE Bottles

Polyethylene Terephthalate Ethylene (PETE) bottles are thermosplastic materials (Ra-

jput, 2007). He asserts that this type of plastic are polymers and with or without cross-

linking and branching, and they soften on the application of heat, with or without pressure 

and require cooling to be set to a shape.

The following properties  of polyethylenes are  pointed out by Rajput (2007)

�� Wax like in appearance, translucent,  odoureless and one of the lightest plastics.

�� Flexible over a wide temperature.

�� High dialectic strength.

�� Chemically resistant.

�� Do not absorb moisture.

�� Their dielectric losses and dielectric  constant are low

Furthermore, Rajput (2007) and The Engineering ToolBox (2011) provide mechanical 

SURSHUWLHV�RI�+'3(��+LJK�'HQVLW\�SRO\HWK\OHQH��WKDW�FDQ�EH�DI¿OLDWHG�WR�3(7(�PHFKDQL-

cal properties and they are shown in table 7. 

$OWKRXJK�� WKH�3(7(�ERWWOHV�ZKHQ�¿OOHG�ZLWK�VRLO� LV�QRW� WKHRUHWLFDOO\�KRPRJHQRXV�DQG�

continuous, it will be considered as a composite material because it is made of two ma-

terials: PETE bottles and soil. According to Thomas (2008), a composite materials is  

composed of two different materials featured by their modulus of elasticity and their 

allowable working stress. But in order to engage in any structural calculation method, 

Thomas (2008) accurately draws attention to the fact that some general hypothesis should 

be set such as:
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�� A material is continuous (no gaps), homogeneous (same properties in all points) and 

isotropic (same properties in all direction) .

�� A plane section perpendicular to the centre line of the element, before loading remain 

plane and perpendicular to the centre-line after loading (Navier, 1826 and Bernoulli, 1694 

cited by Thomas, 2008).

��   It is assumed that elastic deformations are very small compared to the cross-sectional 

VL]HV� RI� WKH� HOHPHQW��7KHUHIRUH�� GHÀHFWLRQV� GR�QRW� DOWHU� WKH� KRUL]RQWDO� SRVLWLRQ�RI� WKH�

loads and the internal forces remain regular.

�� The principle of BARRE de St VENANT. It suggests that the manner the loads are op-

HUDWLQJ�KDV�RQO\�D�FRQ¿QHG�LPSDFW�DQG�WKH�GLIIHUHQFH�EHWZHHQ�WZR�ORDGLQJ�V\VWHPV�IDGH�

rather rapidly when one moves away from the point of application of the loads . 

Figure13: Distribution of stress over a vertical axially loaded element

Source: Thomas (2008) 
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Table 7: Mechanical properties of HDPE. Source (Rajput, 2007) 

Bearing in mind that mechanical properties of PETE bottles (see Fig 14), when set side by 

VLGH�ZLWK�+'3(�PHFKDQLFDO�SURSHUWLHV��PD\�KDYH�DQ�LQÀXHQFH�RQ�3(7(�ERWWOHV�PDVRQU\�

structural behaviour, the above may help in further PETE bottles masonry structural 

investigations.

Properties HDPE( High density Polyethylene) 

Density ( kg/m3) 95-140

Softening point (°C) 90-100°

Thermal Conductivity (W/mK) 0.42-0.55

Thermal expension (1/K) 120x10-6

6SHFL¿F�+HDW�&DSDFLW\��-�NJ�&� 2100-2310

Tensile strength (N/mm2) 200-300

Compressive strength (N/mm2) 20-30

&RHI¿FLHQW�RI�)ULFWLRQ� 20-25

Young’s modulus (N/mm2) 550-1050
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Figure 14: PETE bottles used in the research: Photo by author

3.2.3 Nylon Rope

Nylon rope is gotten from coal, petroleum, air and water (Rajput, 2007). It is a polyamide 

thermoplastic produced by series of condensation reaction between an amine and organic 

acides.  Rajput outlines the properties of  nylon as follow:

�� Good abrasion resistance.

�� 7RXJK�DQG�VWURQJ�EXW�ÀH[LEOH�WRR�

�� High impact strength.

�� Absorb water which causes reduction in strength and impact properties

�� Resistant to most of the solvents and chemicals

�� +LJK�VRIWHQLQJ�WHPSHUDWXUHV�DQG�WKXV�PRXOGLQJ�EHFRPHV�GLI¿FXOW�

Additionally, The Engineering Toolbox (2011) provides data about mechanical properties 

of Nylon illustrated in Table 6.
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                 Table 8: Mechanical Properties of Rylon Rope. Source: The Engineering ToolBox (2011)

Properties Nylon Rope ( 1to 5mm)

Weight (kg/m) 0.013

Safe Load (Safety Factor 12) (kN) 0.326

Minimum Breaking Strength (kN) 3.91

Density (kg/m3) 1150

Tensile Modulus  (N/mm2) 2000 - 3600

Tensile Strength (N/mm2) 82

6SHFL¿F�0RGXOXV� 2.52

6SHFL¿F�6WUHQJWK� 0.071

Maximum Service Temperature (oC) 75 - 100

Yield Strength  ( N/mm2 ) 45
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Nylon rope has a very high tensile strength. As the nylon rope is used as the main binder 

for the PETE bottles masonry, hence further research is needed to investigate its effect on 

the WKH�VKHDU�VWUHQJWK��WKH�EHQGLQJ�VWUHQJWK��WKH�WHQVLOH�VWUHQJWK��WKH�PRGXOXV�RI�HODVWLFLW\��

WKH�VKHDU�PRGXOXV�DQG��WKH�GXFWLOLW\�IDFWRU�RQ�WKH�3(7(�ERWWOHV�PDVRQU\��DV�WKHVH�SURSHU-

WLHV�DUH�GHWHUPLQDQW�IRU�LQYHVWLJDWLQJ�WKH�UHVLVWDQFH�RI�D�PDVRQU\��&XUWLQ��������

7KH�Q\ORQ�URSH��VHH�ÀJ�����WKDW�LV�XVHG�LQ�WKLV�UHVHDUFK�KDG�D�GLDPHWHU�DPRXQWLQJ�WR��PP

 Figure 15: Nylon rope used in the research

  Photo by author
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3.3 Soil Tests

3.3.1 Sedimentation test

$OWKRXJK�VHGLPHQWDWLRQ�WHVW�IRU�ÀQH�SDUWLFOHV�SUHVHQWV�VDWLVIDFWRU\�UHVXOWV�5LJDVVL��������

advises that sedimentation test with the addition of salt should not be exceptionally ad-

RSWHG�EHFDXVH�LW�RYHUHVWLPDWHV�WKH�DPRXQW�RI�ÀQH�IUDFWLRQV�DQG�GRHV�QRW�SURPRWH�HIÀFLHQW�

dispersion. 

Method

7KH�¿UVW�VWHS�FRQVLVWV�LQ�WDNLQJ�D�WUDQVSDUHQW�F\OLQGULFDO�MDU�RU�ERWWOH�RI�DW�OHDVW�����OLWUH�

FDSDFLW\�WKDW�LV�¿OOHG�ZLWK�DSSUR[LPDWHO\�����VRLO�DQG�����ZDWHU�

The second step is to seal the top of the transparent bottle using your hand and to 

3.2.4 Water

Water is in a similar way like cement, an active component in mortar. For cement-sand 

mortar, without water no hydration can be attained, hence no strength can be achieved.

Water is responsible for the workability of a fresh mortar. Although, the effect of the mor-

tar is not taken into account in this research, as soil and cement are not able to bond with 

PETE bottles due to its properties, 20 percent of the overall weight of the cement and soil 

ZDV�XVHG�WR�GHWHUPLQH�WKH�TXDQWLW\�RI�ZDWHU��WR�EH�XVHG�LQ�WKH�PL[��$�VOXPS�WHVW�DQG�D�ÀRZ�

test were conducted to evaluate the consistency of the fresh mortar.
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VKDNH�ZHOO��$IWHU����PLQXWHV��WKH�VDPH�RSHUDWLRQ�LV�UHSHDWHG��7KH�¿QDO�VWHS�LV�LQKHUHQW�LQ�

leaving the content of the bottle to settle for at least 24 hours, and afterwards the sedimen-

tation layers are measured accordingly. 

Implications

The coarse material (gravels) are set on the bottom, followed by sands, then silts, with 

clays at the top.

The depth of each layer gives an indication of the proportion of each type of material. 

These proportions are only approximate: the layer of gravel, which contains many voids, 

will seem relatively “deep” compared to that of clay, which will have very few voids.

Nevertheless, the test shows if the soil has a rather reasonable distribution of all types of 

material or if on the contrary it contains too much of one type. The relative proportions, 

and hence percentages, of each fraction can be determined by measuring approximatively 

the depth of each layer (see Fig 16 and Fig 17).The results are reported in chapter 4.
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Figure 16: Sketch of sedimentation test procedure. Source: Rigassi (1985)
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Figure 17: Sedimentation test showing organic materials, water, clay , silt, sand and 

gravel  Photo by Author

3.3.2 Dry Sieving Test

Equipment

In the Uganda Martyrs University laboratory the available sieve equipment is a R20 series 

�VHH�¿J�����ZLWK����VLHYHV�UDQJLQJ�IURP������PP�XS�WR�����PP���$V�WKH�ODUJHVW�VL]H�RI�

soil aggregate that is permissible in a typical adobe blocks amount to a 20mm, 8 sieves 

were selected to perform the test. The soil specimen SM-UMU-A was  sieved in advance 

to remove all the soil aggregate with very large size with a 4mm screen.  Additionally, an 

electromechanical sieve shaker model: Control 15-D040( see Fig 19) was used to support 

the sieve test. An electronic scale model Kern model CB12KI, range 12kg, 1 digit cor-

responding to 1g(see Fig 20), was used to weigh the soil.
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Figure 18: The sieve plates used for the dry sieving test.  Photo by Author

Figure 19: The electromechanical shaker  with sieve plates. 

Photo by Author
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Method

7KH�¿UVW�VWHS�LQ�WKH�VLHYH�DQDO\VLV�LV�WR�WKRURXJKO\�PL[�XS�WKH�VRLO�VSHFLPHQ�WKDW�ZLOO�EH�

used for testing. Prepare at least 500g for each soil specimen.

The size of the soil particles determines the maximum sieve size (8mm for SI-UMU-A 

and 4mm for SM-UMU- A and B). 

 �  Stack the sieves in decreasing order and the receiver goes on bottom

 � .Put the sample and the lid.

 �  Install  stacked sieves in electro-mechanical shaker and shake for at least 10min.

 �  Finish the operation by a manual check for the larger particles.

 �  Weighing of the individual retained refusals (weighing accuracy linked to the scales: 

1g  of total mass) The results are reported in Chapter 4.

Figure 20: Electronic balance model Kern model CB12KI. Photo by authors

Figure 21: Sieved soil specimen on plates ready for weighing. Photo by authors
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3.3.3 Plastic limit test

Method

Samples of about 70 g soil pastes is prepared and they are placed on the mixing plate 

(see Fig 22). Each soil paste is allowed to dry partially on the plate until it become plastic 

enough to be shaped into a ball. 

 � 5ROO�WKH�EDOO�RI�WKH�VRLO�EHWZHHQ�DQ�RSHQ�ÀDW�KDQG�DQG�D�JODVV�SODWH�XQWLO�WKH�KHDW�RI�WKH�

KDQGV�GULHV�WKH�VRLO�VXI¿FLHQWO\�IRU�VOLJKW�FUDFNV�WR�DSSHDU�RQ�LWV�VXUIDFH��

 � Divide the sample  into two sub sample of about 10g each and carry out separate deter-

mination on each portion. 

 � 'LYLGH�HDFK�VXE�VDPSOH��LQWR�IRXU�PRUH�HTXDO�SDUWV�DQG�WUHDW�HDFK�SDUW�DV�VSHFL¿HG�LQ�

the process below

 � 0ROG�WKH�VRLO�LQ�WKH�¿QJHUV�WR�HTXDOL]H�WKH�GLVWULEXWLRQ�RI�PRLVWXUH��WKHQ�IRUP�WKH�VRLO��

LQWR�D�WKUHDG�DERXW��PP��VHH�¿J�����GLDPHWHU�EHWZHHQ�WKH�¿UVW�¿QJHU�DQG�WKXPE�RI�HDFK�

hand. 

 � Repeat the process until the thread shears both longitudinally and transversely when it 

is rolled to about 3mm diameter. 

 � Do not gather the pieces of soil after they crumble. In order to reform a thread and to 

FRQWLQXH�UROOLQJ��WKH�¿UVW�FUXPEOLQJ�SRLQW�LV�WKH�SODVWLF�OLPLW�

 � Gather the portion of the crumbled soil thread together. 

 � 7UDQVIHU�WKH�FUXPEOHG�VRLO�WR�D�FRQWDLQHU��VHH�¿J������DQG�GHWHUPLQH�WKH�PRLVWXUH�FRQ-

tent of the soil in the container. The results are reported in Chapter 4.
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Figure 22: Soil paste on the mixing plates

Source: Personal collection

Figure 23: Shaping the soil into a ball

Source: Personal collection

Figure 24: Soil formed into a thread of 6mm

Source: Personal collection

Figure 25: Crumbled 3mm soil thread  

Source: Personal collection
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3.3.4 Moisture content test

The test is conducted on the soil specimen SI-UMU-A and on the the soil specimen SM-

UMU-A and SM-UMU-B.

Method

A kilo of the damp soil SI-UMU-A is prepared while only 70g of the  crumbled thread of 

soil  SM-UMU-A and SM-UMU-B is used.

 � After the mass of the soil plus the container is recorded, place the soil specimens in the 

oven model CONTROL 10-D1390 (seee Fig 26) with a maximun temperature capacity of 

200°C and an accuracy of +/- 5°C. 

 � Dry the soil specimen within 24 hours at a constant temparature of 120°C. 

 � Weight the dried soil specimens and  record the respective moisture contents. The re-

sults are reported in Chapter 4.

Figure 26: Soil specimen in the oven model CONTROL 10-D1390. Photo by author
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3.3.5 Slump test

Equipment

The test device used to determine the consistency of the fresh mortar consists of a trun-

cated conical steel mould with a bottom diameter of 200mm; a top diameter of 100mm, 

and a height of 300mm; a truncated funnel with a lower diameter of 100mm; a stiff metal-

lic support and a steel tamping rod with rounded ends diameter of 16mm and a length of 

600mm

Procedure

7KH�¿UVW�VWHS�FRQVLVWV�LQ�PRLVWHQLQJ�WKH�LQVLGH�RI�WKH�WUXQFDWHG�PRXOG�DQG�WKH�PHWDOOLF�

support. 

 � &HQWUH�WKH�PRXOG�RQ�WKH�SODWH�DQG�¿OO�LW�LQ�WKUHH�OD\HUV�RI�HTXDO�KHLJKW��

 � Tamp each layer 25 times with tamping rod and truck off the top layer with the rod.

 � �-XVW�DIWHU�WKH�¿OOLQJ�RSHUDWLRQ��UHPRYH�WKH�PRXOG�FDUHIXOO\�DQG�YHUWLFDOO\��

 � Measure the settlement of the mortar cone (see Fig 27). The results are reported in 

Chapter 4.

Figure 27: Measuring the slump of the fresh mortar. Source: Personal collection



            Investigating the Compressive Strength of Plastic Bottles as Masonry

    50

3.3.6 Flow test

Equipment

7KH�WHVW�GHYLFH�XVHG�WR�GHWHUPLQH�WKH�FRQVLVWHQF\�RI�WKH�IUHVK�PRUWDU�ZLWK�WKH�ÀRZ�WHVW�

consists of a wooden square board with a side length of 700mm, covered with a steel 

plate weighing 16kg, with the board  hinged along one side to the base board and the top 

table is able to be lifted up over 40mm; a truncated conical steel mould with a bottom 

diameter of 200mm, a top diameter of 130mm, and a height of 200mm, a truncated fun-

nel with a lower diameter of 100mm; and a square wooden tamper with the side length 

of 40mm

Procedure

 7KH�¿UVW�VWHS�FRQVLVWV�LQ�PRLVWHQLQJ�WKH�LQVLGH�RI�WKH�WUXQFDWHG�PRXOG�DQG�WKH�PHWDOOLF�

support. 

 � &QHWUH�WKH�PRXOG�RQ�WKH�SODWH�DQG�¿OO�LW�LQ�WZR�OD\HUV�RI�HTXDO�KHLJKW�

 � Tamp each layer 10 times with tamping rod and truck off the top layer with the ro

 � -XVW�DIWHU�WKH�¿OOLQJ�RSHUDWLRQ��UHPRYH�WKH�PRXOG�FDUHIXOO\�DQG�YHUWLFDOO\��

 � Lift the top table to its maximum (40mm at free hand) and leave it to fall freely, and 

repeat the operation 15 times.

 �  After the fresh mortar spread over the top table, measure the two diameters parallel to 

the side of the table (see Fig 28). 

 � 7KH�DYHUDJH�YDOXH�JLYHV�WKH�ÀRZ�RI�WKH�PRUWDU��7KH�UHVXOWV�DUH�UHSRUWHG�LQ�&KDSWHU���
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Figure�����0HDVXULQJ�WKH�ÀRZ�RI�WKH�IUHVK�PRUWDU��6RXUFH��3HUVRQDO�FROOHFWLRQ

1%��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�VOXPS�WHVW�DQG�WKH�ÀRZ�WHVW�DUH�QRW�VRLO�WHVWV�EXW�FRQ-

crete test

3.4 Producing the PETE wall Specimens

The operation begins with making provision for all the materials such as PETE bottles, 

soil, sand, Cement, water and the frame to support the bottles wall specimen during con-

struction. The frame size depends on the effective size of the bottles wall specimen.

 

The bottles wall specimen size adopted amounts to 350mm length, 200mm depth and 

700mm height. This is by reason of the limitation in size of the compressive installation 

support. The volume of the prescribed bottles wall specimen required 54 PETE bottles;

Hence, the size of the wooden support frame (outside measurement)  prepared is: 20mm 

thick, 390mm long, 240mm deep and 720mm high (see Fig 29 and Fig 30);
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Figure 30: Image of the wooden frame support. Photo by author
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Figure 29: Measurements of the wooden frame support, Scale 1:10
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 � Fill the PETE bottles (see Fig 31) with the soil specimen SI-UMU-A in 4 layers by 

compaction with a steel bar at a moisture content amounting to 10.1%.

 � Place a polythene sheet on the inner face of the wooden frame support to protect it 

against moisture;

 � 7ZR�W\SHV�RI�PRUWDUV�DUH�SUHSDUHG��VHH�)LJ������7KH�¿UVW�PRUWDU��KDV���NJ�RI�VRLO�60�

UMU-A without cement  and the second has 35kg of soil SM-UMU-B with 1:15 ration 

cement CM IV/ 32.5N.

 � Addd  water amounting to 20 percent from overall dry weight of cement-soil mix;

Figure 31: Filling the PETE bottles

Source: Personal collection

Figure 32: Mixing the mortar

Source: Personal collection

 � Build the bottles wall specimens (see Fig 33) using the PETE bottles laid according to 

their longitudinal axis, and tied together with a nylon rope on their two extremity (see Fig 

34 and Fig 35) to prevent horizontal displacement. 

 � To prevent expansion, protect the bottles wall specimen using a 120x35x9 steel clamp. 

The results are reported in Chapter 4.

Figure 33: Building the bottles wall. Source: Personal collection
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Figure 35: Sewing the front ties.

Source: Personal collection

Figure 36:Rear ties.

Source: Personal collection
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Figure 34: Bottles wall specimen Drawing, Scale 

1:10
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3.5 Compressive test

According to several researchers, compressive strength is one of the most important prop-

erties of masonry in structural design. Saman �������SRLQWV�RXW�WKDW�WKH�VSHFL¿HG�FRP-

pressive strength of a masonry assemblage (f’m) , is used to determine its allowable axial 

DQG�ÀH[XUDO�FRPSUHVVLYH�VWUHVVHV�DQG�VKHDU�VWUHVVHV��

Saman (2006) additionally drew attention to the fact that the compressive strength of 

the masonry assemblage can be evaluated by the properties of each constituent material, 

called the “Unit testing method,” or by testing the properties of the entire masonry as-

semblage, termed the “Prism Testing Method” as a function of the mortar type and the 

compressive strength of the unit employed to construct the masonry. 

,Q�RUGHU�WR�KDYH�UHOLDEOH�DQG�FRQ¿GHQW�GDWD�RQ�WKH�FRPSUHVVLYH�VWUHQJWK�RI�3(7(�ERWWOH�

masonry, Thomas (2011) advised to perform both the single bottle testing method and the 

bottles wall testing method. This is also attributable to the fact that there has never been 

any structural behaviour investigation concerning the PETE bottle masonry, hence  it is 

YHU\�GLI¿FXOW�WR�SUHGLFW�LWV�FRPSUHVVLYH�VWUHQJWK�XVLQJ�RQH�PHWKRG�EHFDXVH�WKH�QDWXUH�RI�

the PETE masonry is different with other types of masonries which bottles wall compres-

sive strength depend on the strength of the type of mortar used. For instance, Mamlouk 

(2009) reveals that numerous researchers accurately correlate the brick masonry assem-

blage compressive strength with several factors such as prism height to thickness ratio, 

brick unit compressive strength, mortar type, hollow versus solid brick units,  the mortar 

joint thickness and the grout. He reveals  a rule of thumb relationship between prism 

compressive strength and unit compressive strength where the f’m is approximately 80% 

of the unit compressive strength. 
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Furthermore, Saman (2006) suggests an equation that links the unit compressive strength 

of clay masonry to its assemblage compressive strength, given as follow:

f ‘m= A(400 + Bfu)  where  A= inspected masonry; B= type of mortar ; fu = average com-

pressive strength of brick unit ; and  f’m� �VSHFL¿HG�FRPSUHVVLYH�VWUHQJWK�RI�PDVRQU\

Following the above, the two methods for determining the compressive strength of ma-

sonries were adopted. The unit testing (single bottle test) method was carried on 11 PETE 

bottle units (named PB-SA 1to 11) , using a bending testing machine 100KN capacity, 

model CONTROL 53-C0900 (See Fig 37), while the bottles wall testing method (Bottles 

wall test) was carried on 8 PETE bottle bottles wall specimens (see table 9), using  two 

hydraulic jack (RC 106 n° D5001 C and n° D 3702 C), individual capacity 101kN, stroke 

150mm, a manual operated high pressure pump (ENERPAC P392) with a maximum pres-

sure of 700 bar provided with a 250 bar dial gauge ( approximatly 33kN per jack) and a 

����EDU�GLDO�JDXJH���DSSUR[LPDWO\����N1�SHU�MDFN����$�PRGL¿HG�VWHHO�IUDPH�VXSSRUW�ZDV�

used to accommodate  the testing process (See Fig 38.)
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Figure 37: Bending testing machine

Photo by author

Figure 38: Hydraulic long ram jack machine 

LQVWDOOHG�RQ�D�PRGL¿HG�VWHHO�IUDPH�VXSSRUW�

Photo by author
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Procedure

Single Bottle test method

 � First, clean the bearing surface of the plate to remove any loose grit.  

 � Put the PETE bottle specimen in the testing machine relatively to its longitudinal axis, 

at the centre coinciding with the axis of the machine.

 � 0DNH�D�¿QDO�FKHFN�RI�WKH�FRUUHFW�SRVLWLRQLQJ��DQG�WKHQ�DSSO\�WKH�ORDG�XS�WR�IDLOXUH�

 � &RQVLGHU�WKH�¿UVW�FUDFNV�WKDW�DSSHDUV�RQ�WKH�3(7(�ERWWOH�VSHFLPHQ�DV�WKH�IDLOXUH�SRLQW

 � Stop the machine and  record the cross section area of the PETE bottle in contact with 

the platen using a vernier calliper (see Fig 39). 

 � Record the maximum load at failure as well as the rate of loading (N).The results are 

reported in Chapter 4.  

The crushing strength is calculated as follow:

Compressive strength =  Maximum Load ( KN) ) 
        Cross section Area ( mm2 )

Annotation Meaning

S Bottles wall specimen with stabilised mortar

US Bottles wall specimen with unstabilised mortar

A Soil SM-UMU-A

B Soil SM-UMU-B

L 1 to 3 Lateral support are provided

N 1 to 2 No lateral support are provided

Table 9: Annotation for PETE wall 
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Bottles Wall test method

 � Clean the bearing surface of the concrete plate to remove any loose grit.

 � Put the bottles wall specimen in the testing machine and position the hydrolic cylin-

ders at an eccentricity ex= t/2= 100mm, ey= l/3= 115mm. The distance between the cylin-

ders head amounted to 120mm (See Fig 40 and Fig 41). 

 � Put thet load distribution steel sections on top of the bottles wall specimen to uni-

formly distribute the load;

 � 0DNH�D��¿QDO�FKHFN�RI�WKH�FRUUHFW�SRVLWLRQLQJ��DQG�WKHQ�DSSO\�WKH�ORDG�XS�WR�IDLOXUH��

The maximum load at failure is recorded as well as the rate of loading (N) 

The crushing strength is calculated as below:

Compressive strength =  Maximum Load ( KN) ) 
        Cross section Area ( mm2 )
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Figure 39: Recording the cross section area of the PETE bottle in contact with the platen

Source: Personal collection 
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This test was conducted with consideration of the effects of lateral supports especially 

vertical lateral on the resistance of a wall, as walls without lateral support tend to have 

less strength and stability than a wall with lateral support when subjected to horizontal or 

vertical forces (Curtin et al, 2006). Thus, 5 bottles wall specimen (see Fig 40) were tested 

without vertical lateral support while 3 bottles wall specimens (see Fig 41) were tested 

with the support.

Figure 40: Bottles wall without vertical lateral support.

 Photo by author

Figure 41: Bottles wall with vertical lateral support: 

Photo by author

Vertical lateral support
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Figure 43: Position of the hydraulic cylinder. Photo by author
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CHAPTER 4

RESULT AND ANALYSIS

4.1  Results of soil tests

4.1.1 Sedimentation test results.

Two types of soil were tested: SI-UMU-A /SM-UMU-A and SM-UMU-B. SM-UMU-A 

was sieved with a 4mm screen and yield SM-UMU-B. The sedimentation test was

FRQGXFWHG�RQ�WKH�WZR�60�VRLOV��(DFK�OD\HU�RI�WKH�VRLO�GHSRVLWHG�RQ�WKH�JODVV�ÀDVN�ZHUH�

measured as well as the water and the values got are as follow: 
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Recorded Values(mm) SM-UMU-A SM-UMU-B

Flask content 96 96

Water 38 35

Clay and silt 13 17

Sand 20 35

Gravel 25 9

Table 10: Recorded Values for Sedimentation Test
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SM-UMU-A SM-UMU-B

Clay and silt 22.4% 27.9%

Sand 34.5% 57.4%

Gravel 43.1% 14.7%

Table 11: Sedimentation test Result

Table 12: Sedimentation test result Chart
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Test sieve size SI-UMU-A SM-UMU-A SM-UMU-B

mm Cumulated Passing          

Mass(%)

Cumulated Passing          

Mass(%)

Cumulated Passing          

Mass(%)
8 100 100 100

4 89 100 100

2 61 65.72 92

1 40 40 79

0.5 34 22 64

0.25 13 10 40

0.125 5 3 11

0.063 2 1 2

Receiver - - -

Analysis and Observations

7KH�ODERUDWRU\�FODVVL¿FDWLRQ�RI�WKH�VRLOV�WDNHQ�IURP�EHORZ�WKH�WRS�VRLO�DW�DSSUR[LPDWHO\�

two metres shows that soils tested contained a range of soil particles reported as follow: 

43.1% of gravel for SM-UMU-A and 14.7% for SM-UMU-B; 34.5% of sand for SM-

UMU-A and 57.4% for SM-UMU-B; 22.4% of clay and silt for SM-UMU-A and 27.9% 

for SM-UMU-B; 

4.1.2 Sieve analysis test results

The mass retained on each individual sieve and in the receiver was determined by weigh-

ing. The individual retained mass was deducted from the total mass and yielded the cu-

mulated passing masses (see Table 13). These masses were divided by the total mass of 

the sample to get the cumulated passing percentage( see Appendix G).

Table 13: Sieve test result 
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Analysis and Observations

The results got from the dry sieve analysis revealed the following distribution of particles: 

for SI-UMU-A approximately 40% of the soil particles were gravel, over 50 % were sand 

and less than 10% were silt and clay; for SM-UMU-A around 35% of the soil particles 

were gravel, over 55 % were sand and less than 10% were silt and clay;

 for SI-UMU-B nearly 5% of the soil particles were gravel, over 85 % were sand and less 

than 10% were silt and clay.

All the three soil specimen show a great amount of sand, a relatively high amount of 

gravel for SI-UMU-A and SM-UMU-A, and a slight amount of clay and silt. Hence they 

FDQ�EH�FODVVL¿HG�DFFRUGLQJ�WR�NZS 4298:1998 as Silty or Clayey Sand for SM-UMU-B 

and slightly silty or clayey gravel and sand for SI-UMU-A and SM-UMU-A.    

From the Dry sieve analysis and the sedimentation test we can relate the relationship be-

tween the particles size of the soil specimen with the best soil specimen to be utilised to 

¿OO�WKH�ERWWOHV�IRU�D�EHWWHU�FRPSDFWLRQ�DQG�IRU�SURGXFLQJ�WKH�EHVW�&HPHQW�6WDELOLVHG�PRU-

tar. From the literature review, the proportions of particles of soils that are recommended 

for the manufacture of compacted earthen blocks (Houben et al., 1994 cited by Obonyo et 

al., 2010��DUH��*UDYHO��������6DQGV���������6LOWV��������&OD\V��������VRLO�FODVVL¿HG��

as  sandy soil (Rigassi, 1985). 

+HQFH��60�808�$�DQG�6,�808�$�ZHUH� WKH� LGHDO� VRLO� WR�XVH� WR�¿OO� WKH�3(7(�ERWWOH�

�6,�808�$�ZDV�XVHG�WR�¿OO�WKH�ERWWOHV���DQG�60�808�%�ZDV�WKH�EHVW�VRLO�WR�SURGXFH�

the cement stabilised mortar- SM-UMU-A produced 3 PETE bottles wall specimen with 

unstabilised mortar and 2 PETE bottles wall specimen with cement stabilised mortar, 

while SM-UMU-B produced 3 PETE bottles wall specimen with cement stabilised mor-

tar. 
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4.1.3 Moisture content test results

The soil specimen SI-UMU-A, SM-UMU-A and SM-UMU-B were dried at constant tem-

perature of 120°C within 24 hours, and then they were left to cool. Their respective mass 

was recored and yielded their moisture content. This test provided also data for the plastic 

limit test . The calcualtion are obtained  as follow:

        Mass of damp soil - Mass of dried soil
           Mass of dried soil 

Mass Unit SI-UMU-A SM-UMU-A SM-UMU-B

Mass of container g 513 515 517

Mass of damp soil + 

container
g 1513 589 593

Mass of damp soil g 1000 74 76

Mass of dried soil + 

container
g 1421 579 581

Mass of dried soil g 908 64 64

Moisture content % 10.1 15.6 18.7

Table 15: Moisture content results

x 100 Moisture content= 
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4.1.4 Slump test results

In order to evaluate the consistency of the fresh mortar, the test was undertaken on the 

following mix  proportions:

 � Soil= 35kg

 � cement= 2.3kg

 � water= 7.5l

Slump= 32mm

32mm

7KH�VOXPS�FRQVLVWHQF\��VHH�WDEOH�����LV�EHWZHHQޒ6ޒ�������FODVV�����

Class S1 S2 S3 S4 S5

Slump(mm) 10 to 40 50 to 90 100 to 150 160 to 210 ����

Table 17: Slump consistency classes. Source: Thomas (2008)
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Analysis and Observations

7KH�UHVXOWV�IURP�WKH�ÀRZ�WHVW�DQG�WKH�VOXPS�WHVW�UHYHDOHG�WKDW�WKH�PL[�KDG�D�FRQVLVWHQF\�

DI¿OLDWHG�WR�FODVV�6��IRU�WKH�VOXPS�WHVW�DQG�)��IRU�WKH�ÀRZ�WHVW��7KLV�LPSOLHV�WKDW�WKH�PRU-

tar had the right amount of water for workability reasons that is linked to the strength of  

the mortar (Thomas, 2008).

Table 18:  Flow consistency classes. Source: Thomas (2008)

(w- (d1+d2)) + (w-(b1+b2))
F= 

2

4.1.5 Flow test results

7KH�ÀRZ�RI�WKH�PRUWDU�ZDV�FDOFXODWHG�DV�IROORZV�

The recorded values were:

w= 700mm

d1= 195mm

d2= 219mm

b1= 198mm

b2= 210mm

) ������������������������������������� ����PP��������FODVV�)���VHH�WDEOH����  

w

w

d1

d2

b1 b2

Class F1 F2 F3 F4 F5 F6

ÀRZ�PP� ���� 350 to 410 420 to 480 490 to 550 560 to 620 ����
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4.2 Results of Compressive tests.

4.2.1 Single Bottle compressive strength test results

The following equation was used to calculate the density of the PETE unit specimen:

Density = mass/volume

           Table 19: Single bottle compressive strength Versus PETE bottles unit density Chart
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Analysis and Observations

The PETE bottles units exhibited a rather complicated state of stresses (see Fig 44) under 

the compressive force that commends further research in order to equip the PETE bottles 

PDVRQU\�WHFKQRORJ\�ZLWK�HI¿FLHQW�DQG�UHOLDEOH�VWUXFWXUDO�DQG�VWUHVV�DQDO\VLV�GDWD��+RZ-

ever, one should bear in mind that the stresses induced by the compressive force included 

WHQVLOH�VWUHVVHV�LQ�WKH�D[LV�SHUSHQGLFXODU�WR�WKH�D[LV�RI�DFWLRQ�RI�WKH�DSSOLHG�ORDG��ız), 

Density: kg/m3
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f’m
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Before loading After loading

Figure 44: Distribution of stresses in the PETE unit

FRPSUHVVLYH�VWUHVVHV� �ıx) parallel to the axis of action of the applied load and normal 

VWUHVVHV�ıc (circumferential to the spherical surface of the PETE bottles) induced by the 

SUHVVXUH�FDXVHG�E\�ıx. It was observed that these stresses caused deformations that were 

increasing as the acting force increased. The tensile stresses caused elongation (see Fig 

45) of the  PETE bottles unit (dt2 > dt1) and was the main cause of their failure (the PETE 

bottles were cracking where the tensile strength was high) with the addition of the nor-

mal stresses, while the compressive stresses and the corresponding shortening (dl2 < dl1) 

tended to increase the strength of the PETE bottles unit as the applied load increased (see 

Fig 46).

f’m

Figure 45: PETE bottle A4 unit under compres-
sion Source: Author

Figure 46: PETE bottle A4 at failure
Source: Author
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The results got from the unit compressive strength tests ranged between 10.9 N/mm2 and 

23.1N/mm2 and when compared with the unit compressive strength of some masonry 

blocks, these results fall in the same range. For example, the masonry units produced in 

Uganda have the following compressive strength: compressed earth blocks have a com-

pressive strength less than 6 N/mm2; that of adobe blocks less than 4 N/mm2, ��ZKLOH�¿UHG�

bricks compressive strength lies between 5 and 9 N/mm2 and that of concrete blocks are 

between 5 and 7 N/mm2  (Kerali et al, 2007). Also, Adams et al (2001), provided compres-

sive strength of some masonry units with rather large value intervals notably 1 to 40 N/

mm2 for stabilised compressed earth blocks, 5 to 60 N/mm2�IRU�¿UHG�EULFNV�����WR����1�

mm2 for calcium silicate bricks, 7 to 50 N/mm2 for dense concrete blocks, 2 to 6 N/mm2 

for aerated concrete blocks, and 2 to 20 for concrete blocks.

Conceivably, one of the most important observation made about the PETE bottles struc-

tural behaviour is the correlation between the density and the compressive strength of 

the PETE bottles . It was observed that the PETE bottles with the lowest density had the 

highest compressive strength, while for all others earthen materials and masonry units it 

is the direct contrary, a certainty exposed in the literature review.  For example, the data 

provided by Adams et al. (2001), showed that for stabilised compressed earth blocks with  

density ranging from 1700 to 2200 kg/m3, the compressive strength will respectively fall 

between 1 to 40 N/mm2, meaning that the compressive strength increases with an increase 

in density.

The compressive strength- density relationship of PETE bottles, is explicable with the 

IDFW�WKDW�WKH�3(7(�XQLWV�¿OOHG��ZLWK�PRLVW�VRLO�LV�D�FRPSRVLWH�PDWHULDO�DQG�ERWK�PDWHULDOV�

undergo the same strain with the corresponding stresses causing the  failure to the PETE 

bottles (Thomas, 2008). 
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7KH�WHQVLOH�VWUHVVHV��LQGXFHG�E\�WKH�FRPSUHVVLYH�IRUFHV�RQ�WKH�3(7(�ERWWOHV�¿OOHG�ZLWK�

the compacted soil, tended to push the soil outward perpendicularly to the axis of ac-

tion of the applied load, and consequently caused normal stresses, circumferential to 

the spherical surface of the PETE bottles, thus an increase in the applied load caused an 

increase in the tensile stresses pushing then the soil toward the PETE bottles. 

Consequently, the circumferential normal stresses in the PETE units increased and at the 

failure point the stresses broke the PETE unitss. Therefore, if the density of the PETE 

unitss was low, the rather little amount of soil undergoing the strain caused by the tensile 

stresses would have caused small circumferential normal stresses in the PETE units and 

would have increased as a matter of fact the compressive strength of the PETE units.

However, it can also be assumed that the moisture content of soil to be loaded in the 

PETE should should be slightly high, as soil with high moisture content have a low com-

paction rate that yield a low density. The compression rate of earthen material is func-

tion of the optimum moisture content of the soil. A relatively low moisture content, as 

recommended by the literature review on earthen materials, yield the best density for the 

compressed earthen masonries ( Maniatidis et al, 2003).
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4.2.2  Bottles Wall compressive strength test results

One of the most important factor in the analysis of the compressive strength of the PETE 

bottles wall specimens that was not undertaken is the calculation of the density of the bot-

tles wall specimen. This is ascribed to the lack of balance with a capacity above 100kg 

in the laboratory in view of the fact that the  bottles wall specimen had a weight above 

100kg.  
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Analysis and Observation

The results obtained from the bottles wall compressive strength varied from 0,048 to 

0.84 N/mm2. Set side by side with the data from the literature review on the compres-

sive strength of rammed earth and stabilised compressed earth blocks, it is evident that 

WKH�3(7(�ERWWOHV�PDVRQU\�FDQ�EH�FRQ¿GHQWO\�XVHG�DV�D�ORDG�EHDULQJ�PDVRQU\��0DQLDWLGLV�

et al (2003) revealed that a typical load bearing rammed earth wall has an established 

compressive strength that lies betwenn 0.4 to 0.7 N/mm2, while load bearing stabilised 

compressed earth walls have compressive strength around 0.5 to 1.8 N/mm2 ( Felix, 2009; 

Heath et al ,2009; Maïni, 2009). 

It has been registered that the compressive test results from the bottles wall specimen 

built without lateral support showed a slight difference in between the compressive 

strength of the specimen built with stabilised mortar and  the one built without cement 

stabilised mortar. Hence, it is recommended to built PETE bottle masonry with cement 

stabilised mortar from a sandy soil, as it gives the PETE masonry a better strength than 

an unstabilised mortar. 

$OWKRXJK�WKH�LQÀXHQFH�RI�WKH�PRUWDU�MRLQW�ZDV�QRW�FRQVLGHUHG�LQ�WKLV�UHVHDUFK��LW�LV�FOHDU�

that adequate mortar may contribute to the compressive strength of the PETE bottles ma-

VRQU\��KHQFH�WKHUH�LV�D�QHHG�IRU�IXUWKHU�UHVHDUFK�WR�LQYHVWLJDWH�WKH�LQÀXHQFH�RI�WKH�FHPHQW�

stabilised mortar on the strength of PETE bottles masonry,  while bearing in mind that the 

bond in between the PETE bottles, in the masonry assemblage depends considerably also 

on the nylon rope and it should not be put aside.

Furthermore, the results on the bottles wall compressive test revealed that there was a 

very large variation in the compressive strength results of the bottles wall specimens built 

with vertical lateral support relatively to the one built without vertical support. 
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Figure 47: S-A-N1 Bond failure
Source: Author

Figure 48: US-A-N1 Bond failure
Source: Author

2QH� LPSRUWDQW� REVHUYHG� IDFWRU� WKDW� LQÀXHQFHG� WKH� FRPSUHVVLYH� VWUHQJWK�RI� WKH�ERWWOHV�

wall specimen was the mode of failure. The bottles wall specimen tested without lateral 

support failed due to bond failure (see Fig 48 and Fig 49).  Due to limitations in equip-

ment that could have measured the strain induced by the compression force on the bottles 

wall specimen ( deformations of masonry in laboratory environment are usually meas-

ured with strain gauges, available in many model), thus some properties of the PETE 

unitss masonry could not be established such as the stress-strain relationship, the modulus 

of elasticity, the shear modulus and a concise analysis of the bond failure. However, the 

bottles wall specimen built with vertical support demonstrated a large resistance against 

shear failure. While they revealed very small elastic deformation (they did not recover 

their original height after failure), the compressive forces tended to give more strength to 

WKH�PDVRQU\�DVVHPEODJH�DV�WKH�ORDG�LQFUHDVHG��VHH�¿J����DQG�)LJ������
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Figure 49: S-L-1 before failure. Source: Author Figure 50: S-L-1after failure. Source: Author
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CHAPTER 5

CONCLUSION

%DVHG�RQ�WKH�¿QGLQJV�IURP�WKH�WHVWV�FRQGXFWHG�DQG�WKH�OLWHUDWXUH�UHYLHZ��LW�FDQ�EH�FRQ-

cluded that the proportion of the soil is an important aspect in producing PETE bottles 

masonry with adequate compressive strength. 

The three soil specimen tested fell within  the ideal limit in particle size distribution, thus 

producing  PETE bottles masonry with commendatory compressive strength when com-

pared to the compressive strength of different types of earthen masonries. 

It was observed that the stabilised soil specimen  SM-UMU-B produced the highest com-

pressive strength PETE wall specimens with a provision of vertical lateral support than 

the stabilised SM-UMU-A because the PETE wall specimens built out of them did not 

have vertical lateral support. 

Moreover, all three soil specimen had  a low plastic limit with an average moisture con-

tent of 10.1% for SI-UMU-A, 15,6% for SM-UMU-A and 18.7% for SM-UMU-B, all of 

WKHP�O\LQJ�LQ�WKH�UDQJH�VSHFL¿HG�E\�NZS 4298:1998 of 2 to 30% for the suitable soil for 

FHPHQW�VWDELOL]DWLRQ. 
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The mix ratio may play an important role in determining the suitable soil-cement mortar 

for PETE units masonry, as it was noticed that though in theory the mortar have little in-

ÀXHQFH�LQ�WKH�ERQGLQJ�VWUHQJWK�RI�WKH�3(7(�ERWWOHV��WKH�FHPHQW�VWDELOLVHG�PRUWDU�SURYLG-

ed a rather better compressive strength to the bottles wall specimen than the unstabilised 

mortar. Besides, the properties of the soil can be a factor of producing the higher strength 

in Cement Stabilised mortar PETE bottles masonry.

It was noticed that  there was a clear relationship between  the density and the compres-

sive strength of the PETE bottles tested .  From the PETE bottles investigated, it was 

QRWHG�WKDW�SDUDPHWHUV�VXFK�DV�PRLVWXUH�FRQWHQW�RI�WKH�VRLO�FDQ�LQÀXHQFH�WKH�FRPSUHVVLYH�

strength of the PETE bottles in terms of the compressive effort put during compaction 

WKDW�RQ�WKH�RWKHU�HQG�LQÀXHQFHG�JUHDWO\�WKH�GHQVLW\�RI�WKH�3(7(�ERWWOHV��,W�ZDV�GLVFRYHUHG�

that to improve the PETE bottles compressive strength , the soil should have a slightly 

higher moisture content, in order to have a low compression rate that will result in a low 

density PETE bottles .

)URP�WKH�FRPSUHVVLRQ�VWUHQJWK�WHVWV�FRQGXFWHG�RQ�WKH�3(7(�XQLWV�DQG�ZDOOV��WKH�¿QGLQJV�

UHYHDOHG�WKDW�WKH�3(7(�XQLWV�FDQ�EH�FRQ¿GHQWO\�XVHG�DV�PDVRQU\�EXW�LW�LV�FRPPHQGHG�WKDW�

D�FRPSOHWH�VWUXFWXUDO�LQYHVWLJDWLRQ�LV�XQGHUWDNHQ�LQ�RUGHU�WR�DFTXLUH�VXI¿FLHQW�DQG�UHOL-

able structural behaviour data that can boost the utilisation of PETE units as masonry. It 

is recommended that the structural research to be engaged, should comprise the following 

investigations:

 � Flexural bending strength ,

 � Flexural bond strength of mortar,
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 � Shear strength,

 � Tensile strength,

 � Modulus of Elasticity,

 � Combined compression and bending, 

 � 2XW��RI�SODQH�ÀH[XUDO�FDSDFLW\�

 � Design for shear,

and Modulus of rupture to cite just a few.

Finally, this research has demonstrated that plastic bottles masonry has structural poten-

tialities and it can be recommended  in the building industry, especially in providing low 

cost housing, because its use  may reduce considerably the impact of plastic bottles on 

the environment. 
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    APPENDIX A

   

   LOCATION OF SOIL SPECIMENS

The soil specimens were gather from Nkozi, in the compound of the Uganda Martyrs 

University. Uganda Martyrs university is located approximately 3km from Kayabwe, a 

small town about 82km from Kampala along the Kampala-Masaka highway. 
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Figure 51: Location of Nkozi, Uganda 
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Figure 52: Location of  Uganda Martyrs University 
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    APPENDIX B

   

                  DATA OBTAINED FROM SIEVE ANALYSIS TESTS

Data anlysis: Specimen SI-UMU-A

Total mass of dry soil = 500g

Sieve Size
(mm)

Individual retained 
Mass (g)

Cumulated Passing 
mass (g)

Cumulated Passing 
mass (%)

Cumulated Passing 
mass (% Rounded)

8 57 496 100 100

4 137 439 88.51 89

2 102 302 60.89 61

1 81 200 40.32 40

0.5 57 119 33.99 24

0.25 35 62 12.50 13

0.125 19 27 5.44 2

0.063 6 8 1.61 2

Receiver 2 - - -

Total Mass After sieving: 496g

Error: 0.8%
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Data anlysis: Specimen SM-UMU-A

Total mass of dry soil = 500g

Sieve Size
(mm)

Individual retained 
Mass (g)

Cumulated Passing 
mass (g)

Cumulated Passing 
mass (%)

Cumulated Passing 
mass (% Rounded)

4 O 493 100 100

2 169 324 65.72 66

1 126 198 40.16 40

0.5 91 107 21.70 22

0.25 57 50 10.14 10

0.125 33 17 3.45 3

0.063 12 5 1.01 1

Receiver 5 - - -

Total Mass After sieving: 493g

Error: 1.4%
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Sieve Size
(mm)

Individual retained 
Mass (g)

Cumulated Passing 
mass (g)

Cumulated Passing 
mass (%)

Cumulated Passing 
mass (% Rounded)

4 O 495 100 100

2 38 457 92.32 92

1 65 392 79.19 79

0.5 77 315 63.63 64

0.25 116 199 40.80 40

0.125 144 55 11.11 11

0.063 44 11 2.22 2

Receiver 11 - - -

Data anlysis: Specimen SM-UMU-B

Total mass of dry soil = 500g

Total Mass After sieving: 495g

Error: 1.0%
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Sample
Diam-

eter
(mm)

Length
(mm)

Width
(mm)

Volume
(l)

Area
(mm2)

Mass
(g)

Density
(kq/m3)

Failure 
Load
(KN)

fu

(N/
mm2)

A1 60 154 25 0.5 3,850 968 1936 76 19.7

A2 60 154 25 0.5 3,850 1,014 2028 64 16.2

A3 60 154 25 0.5 3,850 986 1972 73 18.9

A4 60 154 25 0.5 3,850 939 1878 86 22.3

A5 60 154 25 0.5 3,850 1,056 2112 47 12.2

A6 60 154 25 0.5 3,850 986 1972 74 19.2

A7 60 154 25 0.5 3,850 999 1998 69 17.9

A8 60 154 25 0.5 3,850 940 1880 84 21.8

A9 60 154 25 0.5 3,850 1,045 2090 56 14.5

A10 60 154 25 0.5 3,850 929 1858 89 23.1

A11 60 154 25 0.5 3,850 1,074 2148 42 10.9

    

    APPENDIX C

               DATA OBTAINED FROM COMPRESSIVE STRENGTH TESTS

1. Unit compressive strength test results
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Sample
Length
(mm)

Height
(mm)

Depth
(mm)

Area
(mm2)

Failure load
(KN)

f’m

(N/mm2)

US-A-N1 350 700 200 70,000 3.32 0.048

US-A-N2 350 700 200 70,000 3.05 0.044

US-A-N3 350 700 200 70,000 2.78 0.039

S-A-N1 350 700 200 70,000 4.71 0.067

S-A-N2 350 700 200 70,000 5.55 0.079

S-B-L1 350 700 200 70,000 43.29 0.62

S-B-L2 350 700 200 70,000 57.45 0.82

S-B-L3 350 700 200 70,000 58.86 0.84

2. Prism compressive strength test results


