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ABSTRACT

One of the main disadvantages of constructing world house is high cost ofthe building.

High cost ofprimary requirements for constructing the houses in placcs where people are under

poveny line, is forming one oI the most significant problems of people. On the other hand,

urbanization go$.th will increase waste especially non-renewable oncs. A suitable approach for

this situation is using some part of urban waste as required materials for building construction

and also providing comfortable situation and suitable thcrmal for building residents- Plastic

bottlcs are considered as an urban junk with sustainability characteristic which can be used as a

matcrial instead ofsome conventional material such as brick in building construction. This work

intends to investigate the application of plastic bo(les as one of the urban wastage in buildings

construction and that how it can lead to sustainable development. It also mentions some ways for

self-standing and i-nsularing them in thermal and sound points of views and some posilive points

which this material have versus others. At the end, it is concludcd that in different factors such as

time of execution, cost, load capacity, flexibility, reducing waste and energy efficiency, plastic

bottlcs can be more effective compared to some conventional building materials such as brick,

concrcte and ceramic block.
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USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

I. INTRODUCTION

Nowadays, human apply all of its potentialily to consume more. The rcsult of this high

consumption is nothing but to deplete the initial resources and increasing the landfill. In recent

times, human liom the one hand is always seeking broader sourccs with lower price and from the

other hand is following the way to get rid of thc wastes. The waste today can be produced

wherever humans footprints be existed, aod rcmind him that lhey have not chosen the

appropriate method for application ofthe natue. Al the present timg the possibility ofutilizing

the renewable resources such as mlar, wind, geothermal has been provided lor us more than

before, and development ofthis science is making progrcss. Bul those energies can be chosen as

one of the renewable and altcmative energies instead of fossil fuels which are cheap as possible

and have fewer environmental impacts. Since tro atlention to economic issues lead to that the use

of these encrgies be just for goups dedicated to specific segments of society. Whilst many

renewable encrgy projects are large-scale, renewable technologies ate also suited to rural and

remote areas, where energy is often crucial in human developmenl. With population growth in

today's world, the need to the building has increased and to respond to this demand, the countdes

tend to use the industrial building materials and decline the use of indigenous and traditional

materials. These factors in spite of increashg the energy coNumption in the industry section;

they can also raise the cost of homes and are considered as thc barrier for uscrs to obtain the

basic needs o[ the life.

The problem of users is losing thc power and ability of design and building thcir own

homcs by themselves. Two factom that prevent aboriginal people from building their homcs are

high cosr of building matcrials and labor and also ma)te long traruportation. One of the

solutions for this problem oan be using following factors

L Use ofaffordable recyclcd materials in building

2. Using the method ofregencrating through proper education to pople.I

Dept of Civil Engg.,BRCE PaSe 1
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USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

In thc pasl, the glass was common in packing somc foods such as milk and etc. They

could be retumed to the l'actory lor using again for the same purposc. But now by changing the

human's disposal culture, glass bolllcs have been replaced by plastic bottles, as they have

increasingly become one of thc subslances of destruction of the landlills because they

decompose in a long limc. Two altcmative solutions against the plastic botllc disposal are

rccycling and reusing process.

Recycling needs additiotral energy to treat the materials for producing something usablc.

Moreover, thc recycling process produces wastcwater and air pollutants. So the best solutio[ is

reusing for which no additional energy is requircd and does not contribute to pollution. Indccd,

when we reusc junk, we are helping to save the obtained eoergy which would otherwise be

wasted. It is focused on not oDly lhe financial aspect but also the envircnmental aspect. Plastics

are produced from the oil that is considered as non-renewable resource. Because plastic has thc

insolubility about 300 years in the nature, it is considered as a sustainablo waste and

cnvirorunental pollutant. So reusing or recycling of it can be effectual irt mitigation of

environmental impacts relating to it. [t has bcen proven that the use of plastic bottles as

irnovative materials for building can be a prcpcr solution fol rcplacement oI conveDtional

matcrials. The use ofthis material has been considered not onlv for exterior walls but also for thc

ceiling of the building.

The objective of this projeci is to investigate the using of plastic bottles as mudcipal

wastes itl the buildings, the key and positive characteristics of this product and the benefits

obtained by using it in building. It also inlcnds 10 compare the charactedstics of som{.:

construction materials such as brick, cera.mic and coDcrete block with bottle panel.

Dept of Civil Engg.,BRCE PaEe 2



USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

2. LITERATURE REVIEW

Nowadays, large amount ofplastic bottles are wasted and disposed evcry day. Peoplc are

throwing away them without considering that what those plastic bottles can have impact on the

hurnans and./or enviroDment. Andreas Forese, the founder ofEco-Tcc Environmcntal Solution. in

searching for finding an invcntive solDtion to junk, estabtished the innovation ofbuilding plastic

bottle houses. The fust bottles house was built using 10000 glass beer boftles by William F. peck

in 1902 in Tonopha, Navada. After that the newer innovative concept has bee! using plastic

bottle instead ofglass bottlcs in constructing the houses. This innovative idea took to account for

some reasons such as providing a cost-efficient constuctioD method for third-world countrics,

reusing the plastic bonles dul) to their not indecomposable characteristic, ald otc.

The first plastic bottles house in Ali.ica was constucted in the village ofYelwa inNigeria

by Andreas Forese. Forese used the plastic botdes instead of bricks, boud lhe bottles together

with string and at the end applied the plaster- Anyway beside the Eco-Tec, various other

institutions and gmups have initiated the concept of reusing the plastic bottles for building

construction. Howevfl nowadays, the conccpt has spread to countries all over the world. Vadous

kinds of homes have been built from plastic bottles such as: ecological house constructed using

8000 bottles in Honduras, an Eco-Tec home in Bolivia constnrcted using the PET and wine

bottle, a house of waste plastic boftles built in Serbia by Tomislav Radovanic, Taiwan's plastic

bottle building, ecological bottle house built using 1200 PET plastic bottles for the walls ncar the

lquazu Falls, Misiones, Argentina etc. Thc purpose of this paper is to look into the using of
plaslic bottles as a municipal waste in thc buildings, the key ard positive characte stics ol'this

product and the benefits obtained by using it in building. It also intends to compare the

characteristics of some construction matcrials such as brick, ceramic and concrete block with

bottle panel.

Dept of Civil EnSS.,BRCE Page 3



US}.; OF WASTE PLASI'IC BOTTLES IN CONSTRUCTION

3. CASH S'tf D}'

3.1 EC()-r'ECH

Figure 3. L L First house built with plastic bottles

The followiag pictrue is ofa.n ecological house constructed in Holduras u6ing some

8,000 PET botles, in the process fteeing up an estimated l2 cubic meters (m3) in the local

tandfilL
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USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

The house also features a living roof (sometimes called a green roo0 of sod and turf.

Such roofs nol only have aesthetic appeal, bul lcnd to insulate the house better than conventional

rool:i, lowering heating and cooling costs. Thcy are also chcapcr than conventional roofs.

3.2 SA\IARPAN IiOUNDATION. CHE\:{,4I

When plastic bags and pct boltles are being banned worldwide, here is the organisatioD in

lndia which promotes it fo! a causc - building homes with pel bottles!

Samarpan Foundation, a non-govemmental and non-profit organization, has set out an

agenda to build 'green house' with pet botdes. "What we are sefting out to do is to build all entt€

housc with PET bottles at our forest nursery site in Chennai which will consume approximately

onc la.ld boftles. This is to demonstrate to the people of Chennai and world at large that though

PET boltles are considered a'necessary' evil, they can be put to good use," says Romaine SaIr

Francesco, ploject coordinator.

Explaining the reason lbr using PET bottles which are considercd to be a thrcat to

environment due to its non-bio-dcgradable nafure, Romaine said, "The reason PET bollles are a

menace is because oftheir longcvily. We at Samarpan have taken the exlreme native aspcct of a

PET bo(le, ie. Its long€vity and converted into positive. We have already built a room out of

such bottles in one ofour schools in New Delhi."

Revealing his green initiatives, Romaine added, "Besides building this house with PET

bottles, we arc also going to power it usi[g solar cells which have been modified to enhance their

output."

To help his novel effort to paint green, Romaine has been asking people to bring their

unused pet bottle frlled with mud for his housing project in Rcd Hills.

Dept of Civil Engg.,BRCE Page 5
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USE OII WAS'TE PLAS'I'IC BOTTI,ES IN CONS'TRUCTION

Samarpan Foundatio4 iB a Non-Profit, non-governmental orga[isatiorL registeEd in New

Delhi ard caEying out activities nationwide, wherever therc is a humanitarian, ecological or

envtonmqltal need. These include orphanages, aged homes, tree planting drives, raiflwater

haJvesting, eradicatiotr ofmosquitoes, food kitchens for the poor, free schoole for slum children,

housing fo victims of nahfel disasters, building ftee hospitals, rchabilil8tion of bonded

labourers, revival of trital arte end cultues, vocatiolal trai]Ling centes, among o*rm social

causes. Unique to the Foundatio& is it Waste Maragemeil Programme, where a school building

ha6 been constucted ifl New Delhi using PET e.at€r bottle6-

Samarpal Foundation was established office in Chennai in Jwre 2010. Presendy, tie

Chennai Chapter focuses certain key envimnmental irsues such as raising forest tree nusedes

and transpla ing them in the cif, building a model "Green House" made of used PET

bottles,rurming l00o/o on solal power withod the use of batteries, novel plrn to convert the

Buckingham Canal into a "freshrztef, Canal", blueprint for rain harvesting on city roads;

replanting of Margroves orr t]rc coast and back wate$, Malaria a$Ereness and eradication

campaign, village adoption programme aimed at healthcare, educatiorq (academic, comptder,

vocatioial), economic rezurgpnce and empow€r:m€nt and providing support and assista[ce to old

age homes by giving medicines, food items, clothiry etc.

Figure 3. 2. I : S c ho ol built by Samarpan Fouidation us in g waste bottle s

Dept of Civil Engg.,BRCt
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USh; OF WASTE PI.AS'IIC BOTTLES IN CONS'f RII(]'IION

3.3 NIGERLA'S STEP TOWARDS ECO.CONSERVATION - PLASTIC

BOTTLE HOUSE

l
(t

I
,

I

I I I

T
I

wifi violence, hea.lth problems, povefty afld some serious environmental issues. Many non-

govemnental organizations strive hard to make the liG ofNigerians a bit better and this time

Dept of Civil Engg.,BRCE Page 7
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Figue3.3.l. Homeless people in Nigeria

On tlie western coast of Aftica lies one of the most populous cormtnes rn the world.

Nigeria - a couEy with a rich natural and cultE-al hentaEe, a fsst grovring econom): yet plagued



USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

they have hit the bull's cye by creating something unique and path breaking - A house built of

recycled plaslic bottlesl

With poor hygiene provisions, drinking tap water is considered unsafe in Nigeria and

hcnce, many people prefer consuming bottled water. This suge, in use of bottled water, has led

to a huge waste ofplastic bottles. Every year, millions ofplastic bottles are dumped into landfills

and waterways causing crosion, pollution, irrigation blockages and health problems. So, an NGO

dccided to take matter into their hands and put these environmental hazards into something

useful. Building houses of recycled plastic bottles is their initiative and it is proving very

successful and gaining lot ofpopularity amongst the Nigerians as well as globally.

The project was started in northem Nigeria, in a village named Yelwa, which is gamering

a lot of attention due to these "magic" houses. A sturdy concrete foundation is laid to make sure

that the structue will be stable and firm. After that, plastic bottles are filled with dry soil or

construction waste ard then laid in rows like bricks. The bottles are bound together with mud

and walls are constrxcted- Around 8000 bottles are used for each house, which consists of a

living room, bedroom, kitchen and a toilet. The houses are built in a rypical Nonh Nigerian

circular style and look beautiful from outside as a lovely design is created by lhe round bottoms

ofthe exposed bottles.

The best thing about the plastic bottle houses is that they arc well insuloted, sturdy and

inexpensive. The compacl dry soil filled in the bottle makes the houses almost 20 times stronger

than brick constructions, making it resistant evcn lo carthquakes. The sand alm insulates the

houses from the scorching heat by maintaining a low room temperature, ideal for the hot

Nigeriatr climate. Also, the construction of plastic bottle houses cost one third less than house

built by bricks and concrctc- Another special feature the house boasts is that it is bullet proof.

People ftom most pan ofthe world will find this amusing, but for the violence stricken Northem

Nigeri4 it can be a blessing in disguise.

Dept of Civil EnBg.,BRCE Pagc I



USE OF WASI'}.; PI.ASTIC BO'IT'LES IN CONS'I'RUC'ItON

The bottles are collected ftom hotels, restaurads, embossies ard homes and then used for

the construction. There is some criticism regarding the use ofdiscarded plastic botdes, which are

ured by many people for stoBge purpose and by steet vendors to sell ploducts li.ke peaflts.

A[60, it is said that the use of sand in bottles shall increase its demend and consequendy the

price-

Nevertheless, the project is a huge success and ha6 got more pr(x then cons. Apart fiom

tJle eco.conserv-ation; this project also aims to uplift fie etreet children from the life of povety.

lnstead ofbegging the cfuldren fillthe botrles lvifi soil and get paid foi it. Therc are also plaiN

to make houses completely enersa autolomous, i.e. fuel efficient cooking stoves, water

puriflcation tarks, uine filtration kilization systems, etc. Ofter countries should get inspiration

ftom this Afiican cormtry andtake a step forwdd towdds elvironmmt conseflration.

Fig:1.3.2 Plastic Uottle House in NigFria

Dept of Civil Engg.,BRCE Page 9
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USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

4. SUSTATNABLE DEVELOPMENT (SD)

Sustainable Development (SD) is the deveiopment which meets the needs of the prescnt

without compromising the needs of future generations. Some puposes oI SD can be as

following:

[J Resource conservation: To conserve the non-rcoewable rcsources such as fuel, minelal and etc

to ensue sufficient supply for present and future generations.

I Built development: To integrate environmeDtal considerations into planni[g and developmenl

(o respect the natural environment.

a Environmental quality: To prevent or reduce processes such as land filling which can lead to

environment degmdation and develop the culturc ofreusing and recycling process.

! Social equity: To impede developme that incrcases thc gap between the rich and the poor,

atld to encourage for reach to the social equalily.

Inhabitation [eeds of th{, sustainability are based on three aspects including envimnmental,

social and economical. Al current rime, the SD can be achieved through the partial integration of
these three aspects. But the altemative face of SD is the full integalion of thesc aspects such

that:

! Economic exists entirely within the society as all parts of the human economy are achieved

through interaction among people.

Ll Economy and society merely depend on the enviroruneot because if something is un-

envimnmental then the society will be affected.

[] When the society affected, then it will be uneconomical for thc nation to creatc sustainable

dcvclopment.

Dept of Civil Engg.,BRCg PaBe 11



I]SE OF WASTE PLASTIC BOTI'LES IN CONSI'RUCTION

Plastic bottle is corsidered as a sustainable (aterbl which can help in achieving the SD.

Using the plastic bottle can follow the objectives of SD. It can abstain &om the resotrce

depletion, sssist in lrotecting the erwiormenq prcvent or reduce t]rc envtorunental degradation

process such as land filling lfuough reusing prccess and it can assist to obtain a social equity by

avoiding t}Ie grp between the rich and the poo! peopte in the sciety.

Figure4. 1.and4.2. indicate the face ofSD at current time arld

Figure 4. L Iace ofSD at current time

Dept of Civil Engg.,BRCE

Figure 4.2. Altenrative face ofSD rn future
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USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

5. SUSTAINABLE AND GREEN BUILDING

Green building is defined as an environmentally sustainable building constructed and

operated wilh the aim ofmitigation of environrnental impacts such as natural rcsource depletion

as well as CO2 emission. It addresses sustainable site planning, energy efliciency, conservation

of material and resources by using renewable resources as well as recycling and reusing and

indoor air quality (US geen building design).

Using renewable resources and also some unusable things in building construction can

help in conserving the noffenewable resoruces and obtaining to the green building. Plastic bottle

is considered as a kind ofjunk which can be used in coNtructio[ of some pais of the building

such as wall, roof and etc- By using this kifld ofjunk as the material, we can help in saving the

cnergy consumed in the factory for baking the bricks; savinS the energy and reduciflg the CO2

emission by reducing the amount ofcement usage and so on.

Dept of Civil Engg.,BRCE Patse'13
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6. NI-.\'I'L,RIOLOGY AND TESTI\G

6,1, MATERIALS

r' BOI'TLE

r' SAND

V, EARTH

r' WOOD DUST

r' CEMENT

6I 1 RO'I]'I.ES

Waste plastic bottles ivere used for this project. Plastic botdes tlrown away a.fter use

were collected ftom the college premiBes e-e well as the loca-l area nearby the college. The botdes

used in the pioject were mainly drinkirg water bottles and coke bottles. The$e boftles were used

as Building Materials in substihdion ofbricks.

Dept of Civil Engg.,BRCE Page 14
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USE OF WAS'f E PLAS'I'IC BO'I'1'LES IN CONSTRUCTION

6,1,2, SAND

Sand used for this project wa6 the river surd. This ie fte cheapest sard alailable. Sand

was k€pt in the plastic bottles in tkes layers. Dre compaction wss giverr after prtting each layer.

Fig: 6.1.2.t S,Ird

6,I,3. EARTTI

Earth was also used in substitution of6and. Earth obtained from the college area was used

in fte botdes. Uee ofunattended erth not or y rnakee the college area clea[er bd also it made

tJIe project more economicel.

Dept of Civil Engg.,BRCE Page 15
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USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

Fis6l l l Earth

6.1.4. WOOD DUST

Wood dust obtain€d ftom the local firmihue shcp was used to fi]l the bottles. Use of
wood dust makes the structure themally rnore comfcrtable. It helps to cool tlle irderiors ofthe

building.

6,I,5, CEMENT

Ordinary Portland cemert (43 grsdes) rf,s used for the [,loj€ct. Cemenl was used to make

the mortar. Herc, rnotta, was used as the binding rnat€f,ial Minimum possible use ofcement was

done during the project. Clay csfl be used as a substitte for cement but because ofunavailability

cement was u8ed.

D€pt of Civil Engg.,BRCE Page 16
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USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

6.2. TEST CONDUCTED

/ Compression test on Bricks and Botlles

r' Flexuraltest.

/ Durability test.

A test was conducted in the compression machine to comparc the compressive strength of

bricks with boftle filled wilh sand. Tkee trials wcre perlormed to obtain the strength values for

both bricks and plastic bottles for which the results are as shown in the table below. Table I

gives the results for plastic bottles and table 2 givcs the results for conventional bricks.

Trial No. Area(mm2) Peak Load(1.{) Max.

Stress(N/mm'?)

I 2J15 142500 60

2 2175 t40125 59

3 2115 1441175 6l

Dept of Civil Engg.,BRCE Page 17
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FiglEe6.2. t .l . Compression test on bottle
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Table 2: COMPRESSION TEST ON BRICK

TrialNo Area(mm2) Peak Load(N*) Max.

Stress(N/mm'?)

l 6500 24700 tlt

2 6500 26000 4

3 65r)0 27300 4.2

Thus, the compressive strenglh of brick was found ro be 4 N./mm2and, strength ofbottle

filled with compacted sand was found lo bc 60 N/mm?.

Hence, we concluded that the plastic botdes have high compressive strength than bricks

and it can be used as building material in place ofbricks.

Dept of Civil Engg.,BRCE PaBe 19



USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

6.2.2, FLEXURAI TEST

Further, a similar test was conducted in an UTM to study the flexural behavior of the

plastic bottlcs atrd bdcks .Three trials were performed for each of the specimen, tle resul8 of
which are as below:

Table l: Flexural behavior ofconvcntional bricks

Trial No Load

(N)

Span

(mm)

width

(nrn)

Deplh

(rnrD)

(N/mm'?)

I 7l l0 190 r00 65 4.t9

2 7600 190 r00 65 5. r2

3 '7900 65 5.32

I
Dept of Civil Lngg.,BRCE Page 20
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Figure 6.2.2.1 .Flexural test on brick
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USE OF WASTE PLASTIC BOTTLES IN CONSTRUC'I'ION

'fable 2: flexmel behavior ofplastic bottles fil1ed r+ith sand

Trial

No.

Load Sp- Nlonrcnt(lU) D1 (D) | ZFnlt /32

{wy4) (mm) (mmr)

Fp=Ytz DisI)lacement

QL'mn,21 (mm)(N)

lNnmr)

13280 190 I15.r00 l: r9.l

l -1?00 190 125_1?5

3 11100 190 3l I125

(-.)

I

55 l6:133.82

55 Irr333.82

19.92

19.04

39.2

40

Dept of Civil Engg.,BRCE Page 22
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USE OF WASI'E PLASTIC BOTTLES IN CONSTRUCTION

l:jguret 2 2 : Flexural test on botde

Hence, we can conchrde that plastic bottles have good flexural behavior compared to

conventioml b,ricks.

Dept of Civil Engg.,BRCE Page 23
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'l'hus, the flexrrral shength for plastic botdes werc fomd to be 19 Mpa with a

displacement of39mm before breaking and for bricks it wa6 found to be 5 Mpa without ary

displacement.



USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

6.2.3. DURABILITY TEST

In order to know about the response of plastic bottles in adversc exposue condilions, a

dumbility test was conducled. Three samples of bottles were placed in two different acidic

solutions fior 7 da]s and 2l days period respectively.

Thus, we came to a conclusion that the plastic bottles can sustain the adverse exposure

conditions too

Dept of Civil Engg.,tsRCE Page 24

Aa acidic solution of sulphuric acid with 57o concentration was made aod lhe bottles

were kept in it for the above meotioned no. of days, for which there was no any significant

change in ils weight and strength.

Further a solution of Nitric acid was prepared wilh the same concenfatiotr and same no-

ofdays- Here also no significant changes were observed.
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USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

7. CONSTRUCTION PROCEDURE

/ coLLectlot't oF wASTE Bo'I1r.ES

r' ru,rxc tgr norrLES WITH SAND

/ EXCAVATION

/ ro(xoatIoN
/ COLI-IMNS

r' W ALL

/ ROOFINC

/ FINISHING

/ CURING OF THE STRUCTURE

Dept of Civil Engg.,BRCE Page 2 5



USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

7-1 COLLECTION OF WASTE BOTTLES

Plastic bottles were collected fiom the college premises and nearby surroundings.

The main source of waste plastic bottles r*las a cafd named POTENZA CAFt nearby the

college. We mllected nearly 1200 botdes from the cafd and about 400 bottles from the

college premises.

Fig 7.1.'l: Collection of waste bottles

7.2 FILLING THE BOTTLES WITH SA].ID

The plastic bcttles wee 6lled mostty by eand. Soil pEsent at vaiour constmction

sitB withh the college *as also ue€d .Various construction wastes present near the sites

Deptofcivil Engg.,BRCE Pege 26
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USE OF WASTE PI-AS'IIC BOTTLES IN CONS'IRUCTION

were also used But sard wes the prifie constituent Send is frlled in the bottles and

required compaction is done .It tooLnearly a week to frll all the bottle6.

Fig I ? l: lilling the botdes wilh sand

Dept ol Civil Engg,,BRCE Page 2 7
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USE OI. WAS'I'E PIASTIC BOTTI,I.;S IN CONSTRUCTION

Fig 7.2.2: Filling the bottles wifr sand

7,3 EXCAVATION

The site for the construction of plastic bottle building was fixed. The hrst step for tlrc

consb:uction was ex€r€tion at the building site.l foot aleep excevation was carried out afound

tlre diameter of 7 feet Exca!tstion was alone f(E the circular fourdation. Approximate time of 3

hours was required for one hbor to complete the as mertioned exca\€don. Some of the figDres

shorving the excavatiofl arc as shown belo iv:

Dept of Civil Engg.,lrRCE Page 28
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USI] OF WASTE PI.AS'I1C BOI"ILES IN CONSTRI](I'I'1ON

Fig 7.3.1: Excawation

7.4 FOLn{Dn l IONS

Folmdalion of stcne masory rms laid down. Stones were collected from tie college

premises for the foundation. Initial\r a layer of concrete mlx prcpared in lhe mtio t:3 was laid

dos.n on the ground as the first layer. Above lhe concrete, stone masonry was laid down.

Alternate layer of corcrete aJld stone was laid till lhe ground level. The topmost layer ofconcrete

Dept of Civil Engg.,BRCE Pege 29
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I'SI; OF WASTE PI.ASI'IC BOTTLES IN CONSTRIJCTION

was given a smooth finish. The images offounchtiol ae as shom below

Fig 7.4.1i Corcrete Bed

Dept otCi\al Engg.,BRCts Page 30
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I

Dept of Civil Engg.,BRCE

Fig 7.4.2:Foundation
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t,SE OF WASTE PLAS'IIC BOTTI,ES IN CONS'I'RUC'[ION

7..5 COI,I II\4NS

While laying the foundation, a steel rodofl6mm dia ivEs inseted at 3 diffqent locations

to serve as Ole pillers for the structure. Abore the ground level, the bottles were laid aroutd the

rod in an aesthetic design.

Fis 7.5 1: A)ltlnrn

D€pt ol Civil Engg.,BRCE Page 32
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Dept of Civil Engg.,ERtlli

F ig 1 .5 .2: Loc ati on of Colum ns
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USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

7.6 WALLS

Walls were entirely made ofplastic bottles. The bottles l,.ere placed horizontally in layers

one above the other as in brick masoffy. Cement mortar of ratio 1:3 was used as the binding

matedal. The wall was raised up to a height of around 4 fcet so as to provide the security

pemonnel to look out.ls layeIs of plastic bottles were required to reach this height.The total

number of bottles used were around 1300 which were mostly the coca cola boftles. In order to

enhance the staength of the stlucturc, some reinforcemcnt was provided at ccrtain intervals of
layers. And, ovea the last layer ol'plastic, cement mortar was placed. Some of the figures

caphred during the wall construction are as follows:

Dept of Civil Engg.,BRCE Page 34
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Fig 7 6 Wall built up using plasrics
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I'SF; OI. WAS'I'E PLASTIC BOTTI,ES 1N CONS'IRI'CTION

7.7 RoOFING

A roofing ofFRP sheet was pro/ided zuppoded on steel bas placed in a conical shee

vrifr a base diarneter of 9 feets and slanting height of 5 feets .

Dept of Civil Engg.,BRCu

Fig 7.7.l: Roofing
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T'SE OF WASTE PLASTIC }IOI"II,ES IN CONSTRUCTION

7,8 FINISHING

Considering the aesthetic view ofthe sbucture, some finishes were given at tJre enil Tle

interior oftle walls were plastered and a layer ofgranite was placed at the top ofthe wall, above

the cement bed. Wire mesh rms provided before plast€riflg to provide better adhesion betweer

the mortar and plastic. Some ofthe finishing activities are as shown in the figure below

7 8 I I'OIN'IING

Pointing was done in order to remove the excess of cement mo(ar on the gurlbce ofthe

walls to give a beautiful design of bottles base.

Dept of Civil Engg.,BRCE

Fig7.8.l.l:Pohting
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I'SE OF WASTE PI-AS'I'IC tsO't'TLES IN CONSTRUCTION

7,8,2 WIRE MESHIIiG

The wte meshilg was prcvided in order to strorgthen the bonding between mortar and

the bottle surlace

Fig 7.8.2.1 Wire Mestung

I

Dept of Ciral Engg.,BRCE Page 42
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7,8,3 PLASTERING

The irmer suface ofthe walls and pillars were plaltered to Fovide a good look and also

to improve the dwability of the structule.

Dept of Civil Engg.,BRCE

Fig 7.8.3. I :Plastering
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USE OI' WASTE PI,ASTlC BO'I1'LES IN CONSTRUCTION

7,8.4 PLACIN(; OF GRANII'E

The broken pieces of gaxlile were placed at thetop ofwalls

Dept of Civil EngF,BRCE PaEP 44
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USE OF WASTE PI-ASTIC BOTTLES IN CONSTRI}CTION

7.8.5 FLOORIN(;

Floorilg ofconcrete was prrwided rith a smooth 6nish ofcement at the top

I

Dept of Civil Enss.,BRCE

Fig 7.8.5.1: Flooring
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7.1I.6 I'AINTING:

All the exposed steel structures and the pillars were given a pairt.At first the primer wes

given ofthe redox and then final paiflt of gieen colour was given.

I'

-r

Dept of Civil Engg.,BRCE

Fig:7.8.6.1: Painting
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I]SE OF WAS'I'E PLAS'TIC BOTTLES IN CONSTRI'CTION

7.9 CLB.IN(; ()T' T}IT STRI,TC IURE:

The struchrr€ 1las given the sufficicnt cudng at all the stage of consttuchon.

Fig 7.9.1: Curing of thc struclure

Dept of Civil Engg,,BRCE PaEe 47
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Dept of Civil Engg.,BRCE

Fig : l'inished structure(S({urity sheller)
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USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

8. (:Ol\tPAIiA I',tYE St UI)}',

Table I indicate the compalison between thc wall component built by different kind of
materials such as plastic bottle, ceramic and concrete

Considerations Botllc p.nel Ceramic

block

Cotrcret€ block

l Timc and speed
of

5 persons
tearn-one
working

day

1596 laster 120 m2 Less than 100
fiA

2 Materirl and
equipmcnt costs

lmplemcntation
alld installation

of
matcrials and

equipment

Saviog in
cement,
waler,

grinder and
fttting

More weight,
more

materials

More weight,
more

materials

3

Transportation
costs

Displacement in
the building

Lighter and
highcr

volumc,
easy and

cheap
displaccmcnt

Greater
wcighl and

lcss volumc,
hard and

costly
displacemcrlt

Creater weight
and

lcss volume,
hard and

costly
displacement

4 Using
calculations

olpanel

Lcss
manpower

ond
indigcnous

Morc human
resources- the

higher

More human
resources- the

higher
cost

Exccution cost

Dept of Civil Engg.,BRCE PaBe 49

Factors

I

I

I



USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

5

Strellgth and
load

caPacit].'

Degree of

Strength

20 times more
than brick

Greater wall
thickness,

lower strength

Grcater wall
thickness,lowcr

shenglh

6 ResistsDce to
earthqu{ke

Eanhquake has

a
direct

rclationship
with thc weight

of each
structure

Low and

intcgralcd
weight
without
falling
debris

High *'eight
and loss

of material

High weight
and loss

ofmalcrial

1 Cleanness and

beauq of work

Aesthetic view

and whimsical

look

Very cleao
execution, no
constructiolr

waste

High votume
of

construction
waste

High volume of
construction

8 Flexibilit)' Degree of

flexibility

High
flexibilily

Low

flexibility

\Iaterial r\aste Construction No waslagc High and

unusable

High and

unusable

Table l: Comparison between plastic bottles, ceramic bloch and concrctc blocks
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9. SPECIFICATIONS OF THE PLASTIC BOTTLE AS A

BUILDING MATERIAL

Everyday many junks are produced in various sectors. Plastic botrles as a kind ofjunk

produced a lot everyday can be used instead ofsome constuction materials such as brick. [t is so

interesting to be stated that the plastic boftles has as same strength as b cks, ccramic block and

concrete block but with the differeDce thal the plastic bottle has gol lots ofadvantagcs loo.

As mentioned before, this innovalive idea was first introduced by Andreas Froese who

also founder of ECO-TEC established with the aim of providing advice on environmental

management and utilization of solid waste. The greeD building ECOTEC technique is used for

replacing the brick by disposal plastic bonle. As the plastic can rcmain as thejunk on rhe eardr

for a long time due to its slow disintegation process, reusing thc plastic can tle an effective

solution for lhis problem. The most impofiant benefits of these altcmative innovative materials

compared to conventional materials such as brick can include:

9.1. Good construction ability

Thc walls built by these bottles are lighter thaD the walls built by bricl and block and

that makes thesc buildings to show a good response against eaflhquake. Due lo thc compaction

of filling materials in each bottle, resistance of each botde against the load is 20 times higher

compared to brick. And these compressed hlling materials, makes the plastic bottle to be

prevented from passing the shot that makes thc building a bulletproofshelter.

The orher factor that makes the bottle wall as an ideal wall is ils self- supponing property

such that the bottles are placed on each other crinkly. A cross-shapc cable front and back ofthe

bottle will causc the conflicts among them and this makes the wholc unit that causes the cables to

create equal lbrces against each other. The figure9.l.l. Ar1d 9.1.2. dcmonstrate the shape of

Dept of Civil Engg.,BRCE Page 51
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bottleE and that how they should be plt on each otho respectively rhich wete simul,ated in 3D

Max Softwrre.

F igueg. l.l . Shape of plasbc bottles

Dept of Civil Engg.,BRCE Page 52
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IISE OF WAS'I'E PLASTIC BOI'TLES IN CONSTRUCl'ION

IrD.a
v,

Figurc9.l.2 The way ofputti$ the bottles on ea.h othLT

9,2, LOW COST

Constnrcting a house by plastic bottl€s u6ed for the rr?llq joist ceiling and co[crete

cohunn offers us 45olo diminution in the final cct. Separahon of various compolents of cost

shows that the use of local marpower il making bottle panels can lead to cost reduction up to

75% compred to building the walls using tlre brick and mncrete block. It must be noted fiat tie

sophisticated manpower can lead to reducing the construction time and the Elative cosls also

bccome lower.

9,3, SUIl'AI]LE THERMAL BEIIAVIOR

For ilsulation ofthese panels against the exchange of heat, the innovative solution is

filling each bottle by duee layers. Front and back of the bottle should be filted by sand and
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USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

compact gmvel and the middle of bottle should bc filled by cork or wood particles. Cork is

considered as an impenetrable insulation that is used in cylinder pans for blocking the bottle and

glass. About 60% of the world total production of cork are used as the bottle caps, and are

discalded after being uscd that can be used as recycled product in these panels which catr bring a

good and effective work. For building the panel, the vadety of materials tailored to desied

location can be used. But the material that cause to a good result is mud. The mud call be used as

either thatch or mixturc of mud and wood particle to fill the pores between the bottles and

increase the beauty. F'igure7.3.t. demonstrates the method of filling the plastic Bottles
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Figure9.3.1 . Method offilling the plastic bottles for Dsing in the b uilding

So in tle cufent vorld economic situation, using these innovative materials can be

effrcient in rerfucing the cost of building constructio& while the thermal comfort oftie building

is also supplied and may cause protecting the environmefit-
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USE OI. WASTE PLASTIC BOTTLES ]N CONS'|RUCTION

9,4, NON.I]RI'TTLE CHARACTERISTIC

Using the non-briftle materials cafl reduce corstructior waste. Unlike bdcL plastic bottle

is non-brittle. So due to fte talgibility properry, the percentage ofprodrcing confiuchon waste

in brick is more ftan plastic bottles. Figue 9.4.1 shows a sample of troken brick used in the

walls.

Figue9.4.l . Bdftleness cha'acteriEtic of the Lricli

Page 56

T

t

Dept of Civrl Engg.,BRCE



USE OF WASTE PLASTIC BOTTI,ES IN CONSTRT)CTION

9.5 ABSORBS AI]IiIIPT SIIOCK LOADS

Flexibility is a characleristic which males the building's perlornrance higher against the

unexpected load. Since the piastic bottles are rrot Eagrle, they can bc flexible and tolerates

sudden loads pithout failure. This charactedstic caJr also increase the burlding's bead4; capacity

aSainst the earthqualie.

9 6 GREEN CoNSI-RTICTTON

Plastic boules can cause the green cushurlion by savrng erergy alld resources, rccycling

materials, minimizing the emissior4 having signilioant operational savings and increasing work

place Fodrctivity. Figure9.6.l. shows two sample6 of real greefl building built using the plastic

botdes.

Figure9.6.1. Green buildings built using plastic bottle
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I0. Er*\'IRO\NIIINTAL INIP,\(l'l'S Ol. RELSI-\G I III

BOTTLI, PANHLS lli'i BUILDING

Reusing the plastic bottle is consi&red as sustainabb corrsumptiofl pattern which has a

feedback loop after the consumption. The pattern 1,ilt not lead to tie sr"aste which means it

foltrcws the reusing and recycLing proces6. Figue 10. L demoNtrates the sustaiiable consumption

pattarn

Depr of Civil t:ng&,BRCE

Irigue 10.1 . Suslainatile consumplion pattern

Irage 5 8

Reusing process in sushirable consumption paJtem cen save substantial amouflt of

embodied energy which would otherwise be wasted. So using plastic bottles in buitdiag

conskuction can have significant role in saving high embodied energy due to thet reusing This

signifi.ant redrction in embodied energy can lead to mitigation of global nermiag reducing

resoruce consumption and redlrctiolr of triodiversrty and in the long tem mnsidemtion (an

improve built ertviorunenl and human heafth.

+ Profrrcu

II
I

t
J

Q"qmn



1
USE OF WASTE PLASTIC BOTTLES IN CONSTRUCTION

The bottle panel technology mitigates the ca6on emission emitted during the baking of

an ordinary brick. The amount of cement used for the building's wall can be reduced by tlis

technology which can reduce the heat generation from thc ccmeol factories. This Ieads to

reducing the emission of greenhouse gases which mitigates thc global warming atrd h the long-

tern prevents ozone depletion. This material can also be used lbr the building's roof which leads

to a better insulation comparcd to the colventional roofs. lt can cause to lowering heating and

cooling cost. Therefore it can be dcduced that the bonle brick is much more energy-efficient than

the clay brick.
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1I CONCLUSION

Plastic bottles are considered as a kind of indecomposable junk whioh oan havc

substantial dangerous impact on environment. On the other hand using thc non-rcncwablc

resource cannot lead to sustainable development abd causes to the resourcc dcpletion which can

bdng a destructive concem for the future genemtion. It has been demonstmted that lhc plastic

boftles can be used in some parts of building construclion such as walls, roof and etc. Reusing

the plastic bottles as the building materals can have sub$antial effects on saving thc building

embodied energy by using them instead of bricks in walls and reducing the CO2 emission in

manufacturing the cement by reducing the percentage ofcement used- I1 is counled as onc ofthe

foundation's $een project and has caught the attention of the architecturc and construction

industry. Cenerally the bottle houses are bioclimatic in design, which mcans that when it is cold

outside is warm inside and vice versa-

Use of innovative materials with sustainable application such as plastic bottles can have

considerable benefrts including finding the best optimization in energy coNumption of the

region, reducing environmental degradation, establishment of the appropriate sructural bchavior

in building such as causing to the light weight structue and can also be applied in a projecl to

construct buildings considered temporary.
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