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ABSTRACT 

 

Due to rise in unleashed industrial development, our world is now engulfed by solid wastes. In that huge 

pile of wastes, plastic is one of the prime culprits for degrading our nature. The used plastics (which are 

not recycled) are either end up in oceans or landfills and continue to create environmental problems. On 

regular basis, thousands of tonnes of plastic waste is being created all around the world. In some cases, 

recycling plastic is costlier than using virgin plastic. Hence there is a necessity to create a situation in 

which adequate price for recycling plastic must come into play. Such type of situation can be created by 

using plastic as a primary construction material for small houses. The main objective of the study is to 

show how plastic as a construction material can reduce the stacks of junk plastic piles around the globe. 

Along with that how it can reduce the time and labor required for construction and also help to reduce 

the casualties during natural calamities like earthquake and to understand the ‘total plastic’ construction 

phenomenon with its advantages and disadvantages.  

 

Today there are some companies which are trying to use plastic as a primary construction material but 

none of them tried for the total plastic approach. The studies have shown that total plastic approach can 

eventually reduce the recycling and implementation costs of waste plastic, the time consumed and labor 

required for plastic recycling. Also to understand the actual practical situation of using plastic houses 

and required structure and method for shelters made out of such material were analyzed using FEA 

software. The problems like fireproofing and base development were also studied. 

 

Keywords: Cement, Concrete, Cost, Earthquake, House, Recycled Plastic Lumber (RPL),Recycling, 

Residential, Waste Plastic. 

 

Introduction 

 

OUR surrounding is all engulfed with waste plastic. According to a report published in December 2009 

by Central Pollution Control Board of India [1],per capita, plastic consumption in India was 6-7 kg per 

annum and in developed countries, per capita consumption was in the range of 15 to 22 kg/annum. The 

report also mentioned that approximately 15,722 metric ton per day (TPD) of plastic waste is generated in 

India.  

 

The recycling rates are wildly varying across the world based on countries regulations and other factors. 

Although many people are trying to make recycling figures look higher, but only 22% of plastic is being 

recycled all across the world. In 2016, the world witnessed 322 million tonnes of plastic production [2]. 

Hence, from these figures, it is clear that how much amount is being dumped either in oceans or land. 

Recycling of plastics as the same product is sometimes not effective financially. To make it effective, we 

have to use it differently for completely new application. The price of recycling increases due to sorting 

out plastics and making it chemically perfect for reuse as the same product. However, rather than sorting 

each type of thermoplastic differently, we can commingle all type of plastics together to form recycled 

plastic lumbers (RPL).These lumbers can be used as the primary construction material in place of 

concrete and wood. Also, very few chemical processes are needed in this type of recycling. Hence it 

makes recycling very easy and cheap.  
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Today, there are many working companies with working machines [3] which can effectively clean and 

form a commingled plastic lumber out of mixed garbage of plastics still none of them are using lumbers 

for construction of houses.  

 

Material 

 

Polyethylene Terephthalate (PET), Polypropylene (PP),  Poly Vinyl Acetate (PVA),  Poly Vinyl Chloride 

(PVC),  Polystyrene (PS),  Low Density Polyethylene (LDPE),  High Density Polyethylene (HDPE), etc. 

all these comes in thermoplastic category which contribute to 80% of total plastic use. Whereas Bakelite, 

Epoxy, Melamine, Polyester, Polyurethane, Urea – Formaldehyde, etc. comes under thermoset plastics 

category which contributes 20% of our plastic use. 

 

For recycling plastics into RPL, thermoplastics are used. These mixed plastic blocks are known as 

Recycled Plastic Lumbers (RPL). To form these blocks, mixed thermoplastics are not sorted out by their 

chemistry, they are properly cleaned only. After that, the mixed waste plastics are heated and compressed 

and then extruded/molded to quickly form whatever shape you want. The products made out of RPL are 

very long lasting, even companies give 50 years warranty on any RPL product.   

 

Plastic lumbers are 100% plastics. They are made up by mixing thermoplastics all together at around 400 

degree Celsius and then extruded or molded into desired shapes. Vincent et al. [4]have compared some 

plastic lumbers. The properties of lumber plastics were considered during computer-based analysis of two 

types of home structures viz., load bearing and framed structure.  

 

The mechanical properties of commingled plastic lumber are mentioned in Table I and properties of 

masonry wall (constructed using cement and bricks), cement only and, concrete only are mentioned in 

Table II for the purpose of comparison.  

 

TABLE I 

MECHANICAL PROPERTIES OF RECYCLED PLASTIC LUMBER TAKEN FOR COMPUTER-BASED SIMULATION 

Material Property Value 

Specific density 0.86 

Compressive strength 25.88 MPa 

Ultimate tensile strength  10.15 MPa 

Modulus of elasticity 965.26 MPa 

  

 

TABLE II 

MECHANICAL PROPERTIES OF CEMENT, BRICKS, AND MASONRY WALL 

Material Property Value 

Density of cement and lime 2400 kg/m
3 

Density of bricks 1920 kg/m
3 

Compressive strength of  masonry wall  1.8-2.9 MPa 

Compressive strength of residential concrete  17-28  MPa 
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Modulus of elasticity of   masonry wall 2.52-3.32 GPa 

Modulus of elasticity of residential concrete 45-85 GPa 

  

 

The text should be organized into logical parts or sections. Headings and subheadings should appear 

throughout the paper to divide the subject matter to emphasize the major elements. These headings assist 

the reader in following the trend of thought and in forming a mental picture of the points of importance. 

Parts or sections may be numbered, if desired, but paragraphs should not be numbered. 

 

Methodology 

 

A. Design and Analysis of house and living room 

To test whether the commingled plastic can sustain the loads mentioned according to IS-875 for 

residential buildings, some CAD models were made by considering the general public living area in India. 

Such housings structures were developed using two methods viz., load bearing structure and other is 

framed structure. In load bearing structures the walls of the building are subjected to transfer the load to 

ground. In framed structures, loads are supported using the outer frame. 

 

All these structures were designed only for residential dwelling houses. Load bearing capacity is designed 

according to that consideration only. According to IS-875[5], [6], [7], various loads on the building were 

implemented for computer-based analysis. The loads on the building are mentioned in Table-III.  

 

 

TABLE III 

VARIOUS LOADS ON RESIDENTIAL DWELLING HOUSES   

Residential Dwelling Houses Uniformly Distributed LoadkN/m
2
 Concentrated Load kN 

All rooms and kitchen  2.0 1.8 

Toilet and bathroom 2.0 -- 

Corridors, passages, staircases including 

fire escapes and store rooms 

3.0 4.5 

Balconies 3.0 1.5 per meter run 

concentrated at the outer 

edge 

Wind load 4.0 -- 

Snow load 2.0 -- 

   

 

The first model was considered for the complete housing of general public. According to a report in 

Times of India, the housing area for average Indian is 103 ft
2
 per person in rural areas and 117 ft

2
 per 

person in urban areas [8].Hence the area of the base was selected around 930 ft
2
 area for the base. After 

running the analysis for this load bearing structure, the analysis showed that maximum stresses were 

coming on the largest unsupported area with total deflection of 18 cm. This area was the area above living 
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room. Hence model is then reduced to small area considering it as the living room so that it will expose 

maximum unsupported area over the top.  

 

12 m x7.2 m (approx. 930 ft
2
) was the base area of the house with the same area of 1

st
-floor. In this 

design, the walls were hollow but solid at the middle section which was preferred for load bearing with 

less plastic mass. The loads applied are mentioned in the table following the Indian Standards.  

 

 

Fig. 1.  A cut section view of a two storied house with the general living area in India. 

The fixed support was given to base during analysis and contacts between the walls and slabs was the 

bonded type. According to Indian standard and safety, the load applied here was 3 kN/m
2
 with 4.5 kN 

concentrated load at the corner of the structure. Walls of small rooms underneath the first floor bore load 

effectively. But the area of the living room was large and hence no effective load bearing was being 

performed. Under that circumstance, the slab took the whole load. The static structural analysis of the 

building demonstrated in Fig. 2.  clearly shows that the total deformation in the slab between 1
st
 floor and 

the ground floor is huge i.e. 18 cm. The thickness of the 1
st
-floor base is 10cm. If the thickness is doubled 

then the total deformation will definitely reduce but a large quantity of material will need to sustain under 

applied loads. Hence then the study was reduced to living area only to try various designs of the slab.   

 

 
Fig. 2.  A cut section view of the house after doing theanalysis. On the slab between ground and first 

floor, above wide unsupported area, the red zone states that the deformation is 18 cm. 
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The area of the living room is 7.4 m x 5.6 m (445 ft
2
). To understand design effectiveness with minimal 

material, the analysis with similar loads are applied to both load bearing and frame bearing models of the 

living room. Table IV and Table V show the difference between load bearing structure and framed 

structure with computer-based analysis results. 

 

TABLE IV 

DESIGN AND ANALYSIS IMAGES & VALUES FOR LOAD BEARING STRUCTURE  

Title and Properties Images and values 

 

Cut section view of load bearing design of the living 

room. The walls are hollow but solid at middle and 

comparatively thick in this model for load bearing. 

The wall is 5 cm thick at each side with 10cm hollow 

gap and overall 20cm thick at solid sections. Slab is 

also 10 cm thick. 

 

 

 

Stress distribution in the living room in load bearing 

design 

 

 
Maximum stresses induced 2.32 MPa 

Total deformation 7.5 cm 

Volume 20.48 m
3 

Mass 17612.8 kg 

  

 

 

TABLE V 

DESIGN AND ANALYSIS IMAGES & VALUES FOR FRAMED STRUCTURE  

Title and Properties Images and values 

 

Cut section view of framed structure design of 

the living room. In this design the beams and 

columns are hollow. Also, the wall and slab 

are hollow with straight ribs for extra support 

(Overall thickness of the material is 1 cm for 

walls & slabs and 3 cm for beams & 

columns). 
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Stress distribution in the living room in 

framed structure design 

 
Maximum stresses induced  6.23 MPa 

Total deformation 5.5 cm 

Volume 6.694 m
3 

Mass 5756.8 kg 

  

 

B. Design and Analysis of slabs only 

Some designs of slabs were tried to get minimum deformation, but after running this analysis it was found 

that more study will need in this section. Due to low elasticity modulus, the deformations found to be 

excessive for two storied buildings. Table VI and table VII show the deformation in each design of slab.  

 

TABLE VI 

DESIGN AND ANALYSIS IMAGE & VALUES FOR SLAB WITH STRAIGHT RIBS 

Title and Properties Images and values 

 

A slab of straight ribs (rectangular hollows) 

 

 
Overall dimensions  6.4m x 4.6m x 0.12m 

Material thickness 2.00 cm (constant)
 

Total deformation  3.28 cm 

Maximum stress 3.48 MPa 

  

 

 

 

 

 

 

 

 

 

 

 

TABLE VII 
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DESIGN AND ANALYSIS IMAGE & VALUES FOR SLAB WITH TRIANGULAR PATTERN RIBS 

Title and Properties Images and values 

 

A slab of triangular ribs (triangular hollows) 

 

 
Overall dimensions  6.4 m x 4.6 m x 0.12 m 

Material thickness  2.00 cm (constant)
 

Total deformation  2.56 cm 

Maximum stress 3.32 MPa 

  

 

. 

Thermal Performance 

 

Problems regarding maintaining the temperature of residential places are huge. In many parts of the 

world, during summer season concrete in masonry structures absorb too much heat and then emit it 

continuously throughout the rest of 24-hour cycle after dusk. The result of such absorption rate causes 

irritation in the day to day living. Hence material with low solar absorptivity coefficient can keep the 

houses cool during summer. Plastic is one of them, it does not absorb radiation as that of concrete do. The 

absorptivity of the concrete is around 0.6 and absorptivity of plastics is around 0.3 (without any dye or 

color addition). 

 

Also, the thermal conductivity of plastic lumber is 0.3317 W/m·K and thermal conductivity of air is 

0.0271W/m·K at 40
o
C. Whereas, the thermal conductivity of cement and concrete is 0.72 and that of 

bricks is 1.3. Hence, from these values, it is clear that plastics can perform better to keep inside 

temperature of building lower in summer and higher in winter than surrounding in comparison to masonry 

structures.  

 

One of the main reasons that plastics generally avoided for construction is their flammability. They can 

catch flame at around 224
0
C. However, Nowadays almost every company add flame retardant to recycled 

plastic lumbers. Hence, it does not catch fire easily. But, the fire safety must be the utmost priority. To 

solve fire problem permanently, the addition of gypsum board from inside and outside of the house can 

prevent fire just like bricks with Class 1 fire spread retardingability. The cost of such boards is around 

INR 60 to 120 per m
2
. Therefore, it does not add much cost to bolt gypsum boards on to the recycled 

plastic lumber walls.  
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Earthquake Scenario 

 

The high frequency with short time span earthquakes usually destroys small houses whereas low 

frequency but long lasting earthquakes can destroy the big buildings [9]. In both cases, people do die due 

to building collapse. Ideally, our shelter should always protect us in the case of any calamities. But 

instead of protecting, our masonry constructions tend to collapse and kill thousands of people if 

earthquakes happen. For example, 1,60,000 to 3,16,000 people died in a 7 magnitude earthquake in 2010 

in Haiti region and almost all the people died in their home or working zone. Since 2001, seven such 

incidents had happened in which casualties were near 10,000 or above it. Few were totally devastating 

like Haiti region earthquake. The main reason of death was heavy slabs and walls collapsing on people.    

Although these plastics recycled lumber houses are not tested for earthquake scenario for their sustaining  

ability, but the density of wall and beam/column are around 182 kg/m3 and 195 kg/m3 respectively 

because of hollow designs. It is far lower against density of cement which is 1506 kg/m
3
, gravel mixed 

concrete = 2400 kg/m
3
 and, common red brick = 1920 kg/m

3
. Hence if RPL homes crumble during an 

earthquake, it should not hit people with totally deadly weight in comparison to masonry houses.  

 

Cost Estimation 

 

After comparing commingled plastic lumber prices on various websites, it is found that it costs around 8.9 

rupees per kg. The area of framed structure is around 445 ft
2
. Total weight for construction using RPL in 

this area came at 5757 kg. Hence it should cost around INR 51,237 without any interior or exterior 

decoration or utility added to it. Fastening agents and gypsum boards may add around INR 10,000 to 

20,000 to it.  

  

 The current prices of masonry construction in India for residential dwelling houses are INR 600 per ft
2
of 

construction without any interior or exterior decoration. The usual prices in cities are higher, near about 

INR 1000 per ft
2 

of construction. Hence for constructing 445 ft
2
 with INR 600 per ft

2
, it will cost around 

INR 2,67,000. Whereas INR 600 per ft
2
 is the cheapest rate of construction without agood quality of raw 

ingredients. The values clearly signify that the masonry construction should cost at least 4 folds than 

recycled plastic lumber construction.  

 

Wooden houses are highly used in western societies. Lot many trees are being cut every day for housing 

purpose. If RPL is used for housing purpose instead of wood, then it will benefit monetarily to the user. 

Although purchase cost of RPL is 2-3 times costlier than wood, but running cost of RPL is negligible with 

50 years manufacturer’s warranty. Hence with time wood purchase plus running cost takes over the RPL 

purchase plus running cost. 

 

It indicates that if RPL costs are cheaper than other products in market then the cost of RPL can be raised 

a bit with an adequate amount to ensure high plastic recycling rates across the world. 
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Environmental Analysis 

 

Today, in this changing world the construction is increasing very rapidly. Almost every city is expanding 

exponentially. Due to this expansion habitats are continuously changing and this change is bringing many 

problems with it. As we are growing, our infrastructural and housing needs are growing continuously. On 

a good land if we construct using cement then that land is wasted environmentally. It becomes completely 

useless for vegetation purpose. The problem stated here is not the only one, there are many. If we 

consider cement production, the CO2 released from fuel burned during the cement production and also 

from chemical reactions contribute to total 5% of global CO2 manmade release. Almost 900 kg of CO2 is 

released per tonne of cement production. 

 

On the other hand, the plastics are causing serious problem to our environment. Landfills and ocean 

dumping of plastics infiltrate the food chain and poison ecosystems. Lot many animals, fishes, birds, etc. 

fail to excrete eaten plastics and compromise their well-functioning digestive system.  

 

Hence rather than using cement, concrete, and bricks as a construction material for single storied 

buildings, if we use RPL as the construction material then recycling of plastic will maximize due to 

increase in the cost of recyclable plastics as mentioned in cost estimation section. Each small house can 

consume at least 30 to 40 thousand kilos of plastics. If designs are improved then the plastic consumption 

might reduce and a number of houses can be increased with the same quantity of available waste plastic. 

Each city can have such plants to make housing panels like jigsaw puzzles so that houses can be 

assembled easily and can be made in several days. It will also help to reduce the energy required in terms 

of fossil fuel for transportation of bricks, cement, sand and excavation of raw materials.    

 

Conclusion 

 

These plastic homes shall be very beneficial for limiting the plastic waste going up for landfilling and 

ocean dumping. It will also help to bring good prices to waste plastic collection which ultimately 

increases the waste plastic collection amount. There is also a chance of an increase in employment, as 

new industry will form out of this.  

 

Houses made up of recycled plastic have other benefits like quick housing with very low cost. Anyone 

with needs of the quick and cheap house can buy this. Further design optimization can make it cheaper 

than ever before. The complete assembly of houses can be achieved in several days. Earthquake prone 

areas should have such type of houses on priority because the density of material is low, hence if 

collapsed it will not hit people deadly. Also, if broken they can be reassembled. This will save lives as 

well as money required for rebuilding.   

 

The computer-based analysis has shown that maximum stresses came inside the structure as 2.32 MPa for 

load bearing structure and 6.32 MPa, 3.48 MPa, and 3.32 MPa for framed structure. Hence Recycled 

Plastic Lumber can sustain stresses induced due to compression (25.88 MPa) and tension (10.15 MPa) 

both. The houses were tested for imposed, the wind, and snow loading in which total deformation of a 

slab of the first floor was around 7.5 cm for load-bearing structure and 5.5cm, 3.28cm, and 2.56cm for 

framed structures. This shows that the houses will be safe for a living but due to less elasticity modulus 

large deformations are coming. Hence it implies that these houses cannot be built above the ground floor 
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without any further frame development or without using any other material for the slab. However, 

products like a Thermo-polymerised rock (TPR) [10] can be used for slab only to build further stories 

over the ground floor. TPR is a synthetic concrete manufactured from reclaimed minerals and hard 

recyclable plastics. It is 6 times as strong as equivalent (Gen 3) concrete and 30% lighter in weight. This 

will increase the cost but it will be beneficial for floor increment.  
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