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Abstract: 

Everyday thousands of tonnes of polyurethane is being discarded in landfills. Polyurethane Waste along with cement, sand, and/or 

admixtures can be used as a construction material and this can be called as “Polyurethane Foam based Cement Mortar” or “PUF -

Mortar”. This experimentationpaves way to turn this prodigious amount of waste into low-cost, high-value sustainable construction 

material. From this point of view, an experimental study has been carried out in order to determine the influence of Po lyurethane foam 

wastes, considered as lightweight aggregates which can be used as replacement to fine aggregate, on the thermal conductivity and 

mechanical strength of cement mortar.PUF-Mortar cubes were cast using Polyurethane foam waste, cement, Fly ash, sand and water 

in different proportions and the physical & mechanicalproperties of PUF mortar cubes were determined.  
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I. INTRODUCTION 

 

Year by year the production of polyurethane is increasing but 

hardly any of it is being recycled or reused. This is being 

dumped into the seas or else piled up in the dump yards. The 

need of the hour is to reuse the waste polyurethane which leads 

to the invention of light weight cement mortar, which is 20 % 

lesser in weight than the conventional mortar.  Besides this it 

imputes the low-cost and eco-friendly constructions. This paper 

deals with the behaviour of cement mortar in which sand is 

partially replaced with polyurethanes regarding strength 

parameters and its applications in low-cost constructions, 

earthquake resistant structures and eco-friendly passive houses. It 

also provides futuristic scope for floating structures. 

 

II. OVERVIEW  

 

Polyurethane Foam (PUF) is one of the larger polymer product 

groups within the plastics family. Each year, plastic industries 

generate huge volumes of PUF wastes during the fabrication and 

conditioning. The re-use of these materials promotes sustainable 

development and environmental management. In India, the total 

PUF waste is estimated to be about more than 2 million tons, 

approximately half of which is not suitable for collection and 

subsequent reuse, because of small volumes and wide 

distribution. Reusing methods have to be developed to deal with  

this problem. The incorporation of such materials into the 

lightweight mortar and concrete could also be an interesting 

alternative for the valorisation of Polyurethane Foam Wastes 

(PFW). 

 

 

 

 

III.METHODOLOGY 

 

Polyurethane Foam is a compressible material and exhib its high 

porosity, contrary to mineral aggregates such as sand or gravel. 

The water absorption and cement paste absorption by the 

aggregates and the compressibility of foam yield greater density 

than the expected theoretical one. This is different for classical 

mortar mixture whose real density is always lower than the 

theoretical density, in particular because of the trapped air during 

mixing. Moreover PUR-foam mortars will show the decrease in 

real volume of mixture than that of the expected volume. This 

could result in an overestimation of the need in cement and an 

expensive mortar composition which in turn could be recovered 

by the addition of fly ash or rice husk ash. 

 

III. EXPERIMENTATION 

 

Objective: 

1) To establish the characteristics of the mortar components . 

 

2) To set satisfactory proportions for the manufacture of 

lightweight mortar (by replacing different percentages of 

conventional fine aggregate with polyurethane foam). 

 

3) To analyze the properties of the mixtures in both fresh and 

hardened state. 

 

Materials: 

Ordinary Portland cement (43-Grade confirming to IS: 8112-

1989), River sand, Polyurethane Foam Waste (PFW), Fly ash. 
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Test Procedure: 

The test procedures adopted are referred as per Bureau of Indian 

Standards (BIS). 

  
1. Preparation of PUF waste based Artificial Light Weight 

Aggregate: 

The waste PUF is collected and is converted into fine aggregate 

confirming to be used as artificial light weight aggregate. 

Grading of light weight aggregate was done in accordance with 

the provisions given in Table III and Table IV of IS: 2386(Part  

I)-1963. 

 
2.  Aggregate for Cement Mortar cube: 

The aggregate thus formed is used in replacement to sand as fine 

aggregate in different percentage by volumes. This aggregate is 

sieved such that it’s grading and particle size distribution, 

conforming to the clause 3.1of IS: 9142-1979 based on  

 
3. Preparation of Mortar Mix: 

The mortar mix was prepared with Cement, Fly ash, Sand, 

Polyurethane Foam Waste and Water. The mortar was prepared 

based on the following mix-proportion for different mixes: 
 

Table.1. Mix proportions of Cement Mortar 

Mix 

No 

 

Sand 

replaced 

by foam 

in volume 

(%) 

 

 

w/c 

 

Mix Proportions (kg/ m
3
) 

 

Cement      

+      Fly 

Ash 

 

sand 

 

water 

 

foam 

1 0 0.6 421.6   

+      

105.1 

 

1577.2 316 0 

2 10 0.6 421.6   

+     

105.1 

 

1418 316 7.4 

3 20 0.7 421.6  +     

156.3 

 

1258.9 404.5 14.8 

4 30 0.7 421.6       

+ 

176.2 

1099.8 418.5 22.2 

 

Note: The w/c ratio is taken as 0.6 based on the claus e 3.1 of IS: 

2386(Part VI)-1963. 

 
4. Casting and Curing of Test Specimens: 

The mortar mix has been placed in moulds as per the procedure 

mentioned in clause 5.1 and cured as per the clause5.2 of IS: 

2386(Part VI)-1963. 

 

5. Testing of Specimens: 

The specimens are tested for compressive strength as per the 

clause 6 mentioned in IS: 2386(Part VI)-1963. 

 

6. Experimental Results: 

The cubes were cast with different percentages of PFW replaced 

with sand (10%, 20% and 30%).  

 

The variations are shown in the following table.  
Table.2. Experimental Results 

 

V. INFERENCES  

 
1. Increasing w/c ratio: 

It has been observed that increase in water cement ratio is 

essential with the increase in % of sand replaced with PFW.  

 

2. It has comparatively moderate compressive strength: 

PFW is a compressible material that has high porosity, which 

means greater water absorption in its pores and a lesser need for 

the cement–polyurethane paste mixture, which in turn results in a 

reduction of the mechanical properties of like compressive 

strength. One has to consider the addition of air, as porosity leads 

to reductions in mechanical strength. This loss of strength is 

compensated in part by diminishing the w/c ratios due to the 

plasticity effect mentioned earlier. On the other hand, PFW has a 

certain flexibility that gives the mixture good resistance to 

fissures which, in turn, makes it capable of absorbing small 

structural movements without breaking up, maintaining its 

adhesion to the supporting structure. 

 
3. It has comparatively less weight. 

As the density of the mortar decreases compared to the reference 

cube, it can be inferred that the weight of the mortar reduces. 

 

4. It has less thermal conductivity (can act as insulator):  

As the proportion of polymeric foam increases the amount of 

occluded air too increases. Since, there are greater quantities of 

pores present in the mixture. Due to their size, the air bubbles 

formed in the fresh mortar act as particles smaller than 4 mm, but 

have the advantage of being elastic and deformable, which  

allows them to slide without creatingfriction. As the entrapped 

air acts as thermal insulator, the thermal conductivity of the 

mortar thus reduces. Due to this it also has acoustic insulation 

properties, which could be of great use. 

 

IV. CONCLUS IONS: 

 

Thus based on the above inferences it can be concluded that- 

It is technically possible to use polyurethane foams from 

industrial waste materials in the manufacture of cement-based 

mortars and that these could be of use in the building industry. 

 

Description 

Results (Replacement % ) 

0 % 10%   20%   30%   

Cube weight 

(grams) 

770 727.5 702.5 692.5 

Volume of the 

cube  (cc) 

351.9 351.9 351.9 351.9 

 Fresh Density of 

the cube (Kg/m
3
) 

2419.9 2268.1 2256.1 2138.3 

Dry Density of the 

cube (Kg/m
3
) 

2293.3 2066.48 1988.64 1974.43 

Occluded air (% ) 5.23 8.89 11.85 7.67 

Compressive 

strength (N/mm
2
) 

After 3 days 

11.67 9.11 7.14 5.9 

Compressive 

strength (N/mm
2
) 

After 7 days 

17.5 15.23 14.1 11.9 
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At the same time, these are environmentally friendly materials 

that will contribute to sustainable development. The potential 

applications of polyurethane waste based light weight cement 

mortar are: 

 

1. It has less thermal conductivity hence it acts as an insulator. 

Thus using this mix as mortar in the walls makes them passive. 

Thus it provides a promising building material for sustainable 

development of Green Passive Homes. 

 

2. Weight is an effective parameter for any earthquake resistant 

structure. As the density of the mortar is expected to decrease so 

is the weight. Thus the structure is rendered light weight 

providing a futuristic scope for the construction of Earthquake 

Resistant Structures. 

 

3. As the expensive sand is replaced with the waste polyurethane 

foam, the cost of the mortar eventually decreases than the 

conventional mortar. Also by replacing the cement with fly ash 

which is comparat ively a cheaper material, cost can be reduced. 

Moreover, the same mortar can be used for making fly ash bricks 

since it has comparative strength of conventional fly ash brick. 

Hence promoting a huge scope for Low Cost Housing. 
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