
Central Europe towards Sustainable Building 2013 
Low-tech and high-tech materials and technologies for sustainable buildings 

NEW COMPOSITE GYPSUM-WASTE RUBBER FROM 
PIPE FOAM INSULATION: CHARACTERIZATION 

Ana JIMÉNEZ RIVERO 
Research Group Sustainability in Construction and Industry giSCI . Dept. Construction and Rural Roads 
Technical University of Madrid, Ciudad Universitaria s/n, 28040 Madrid, Spain, ana.jimenez@upm.es 

Ana de GUZMÁN BÁEZ 
Research Group Sustainability in Construction and Industry giSCI . Dept. Construction and Rural Roads 
Technical University of Madrid, Ciudad Universitaria s/n, 28040 Madrid, Spain, ana.deguzman@upm.es 

Justo GARCÍA NAVARRO 
Research Group Sustainability in Construction and Industry giSCI . Dept. Construction and Rural Roads 
Technical University of Madrid, Ciudad Universitaria s/n, 28040 Madrid, Spain, justo.gnavarro@upm.es 

Summary 

The aim of this research work is to study the recycling potential of waste rubber coming 
from pipe foam insulation by adding it to a gypsum matrix. 

An experimental plan has been elaborated in order to characterize its density, flexure 
strength and compression strength. Four particle size waste rubber (1–2 mm, 2–4 mm, 4–6 
mm and 20–30 mm), and different rates of waste rubber addition (1.25 %; 2.50 %; 5.00 % 
and 7.50 %) have been analyzed. 

This addition may contribute to manufacture a low density – environmentally 
friendly material. 
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1 Introduction 

Nowadays waste production is linked to technological development and although waste 
treatment infrastructures and a specialized sector to manage them have been created in the 
last years, the targets set out about recycling are far away from reality and a high rate of 
wastes are annually disposed in landfills. 

Promoting a correct waste management will minimize environmental impacts such as 
greenhouse gas emissions and efficient use of resources, helping to provide, at the same 
time, a new source of recycled materials. 

In Spain, about 400 tons of rubber coming from pipe foam insulation is yearly sent to 
landfill for only one manufacturer, meaning a great amount of waste in volume due to its 
low density. 

In recent years, there has been an extensiveresearch concerning the recycling of other 
rubber wastes such as those coming from used tyres [1–2]. However, after a deep literature 
review, no previous experience about the addition or recycling of pipe foam waste rubber 
in other materials has been found. 
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2 Materials and methods 

2.1 Materials used 

The composite constituents are:  
▪ Gypsum: E-35 plaster has been the selected, used by some producers to manufacture 

gypsum plasterboards, Type B1 according to UNE-EN 13279-2 Standard [3], and 
certified by N mark from AENOR. 

▪ Ground rubber coming from pipe foam insulation. The waste under analysis comes 
from the material rejected during the production process of pipe foam insulation in a 
Spanish manufacturing plant, and is listed in the European List of Waste (ELW) as 
07 02 13: Waste Plastic [4] (Fig. 1). 

Its initial ground size, after being shredded by the manufacturer, varies from 20 to 25 mm 
(Fig.2) being subsequently mechanically shredded in laboratory, to sizes from 25to 1 mm. 

 
Fig. 1 Pipe foam insulation 

 
Fig. 2 Waste rubber 

2.2 Specimen elaboration and methodology 

40 mm x 40 mm x 160 mm specimens were produced and 1–2 mm, 2–4 mm, 4–6 mm and 
20–25 mm sizes of crumb rubber and percentages of 1.25 %, 2.50 %, 5.00 % and 7.50 % 
by plaster weight were studied.  

The water/plaster (w/p) ratio was assessed according to UNE-EN 13279-2 Standard, 
being 0.76 the value obtained. 

Wet weight was recorded after the test pieces were unmolded, then they were kept 
for 6 days in laboratory atmosphere and later stored for 24 hours in a stove (CENTERM 
150 model), at 40 ± 2 ºC (313 ± 279 K), to reach a constant mass and in order to obtain the 
dry weight value.  

To achieve the room temperature and being subsequently mechanically and 
physically tested, 7 days later the test pieces were cooled in the desiccator. The reference 
standard for this process has been the UNE-EN 13279-2. 

Table 1 shows the requirements that composite should reach, according to UNE- 
-EN 13279-2 Standard for gypsum as a construction material. 
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Tab. 1 Physical characteristics under study and UNE-EN 13279-2 Specifications 

Physical characteristics UNE-EN 13279-2 Specifications 
Density (g/cm3) - 
Flexural strength (MPa) ≥ 1.00 
Compressive strength (MPa) ≥ 2.00 

3 Results and discussion 

3.1 Density 

Waste rubber addition entails a density decrease in the test pieces. The values obtained with 
1–2 mm, 2–4 mm and 4–6 mm particle sizes, resulted very similar varying between 0.90 
and 1.00 g/cm3.Up to 48 % of density lost is obtained in 20–25 mm test pieces, compared 
to reference plaster, turning into a highly lightweight composite (Fig. 3). 

  
Fig. 3 Waste rubber percentage –density. 

3.2 Flexural strength test 

It can be stated that the waste rubber addition increases the composite plastic period: once 
the breaking load is achieved there isn't a division between both sides, remaining strongly 
joined in most of the cases (Fig.4). However, an important strength loss is observed when 
increasing rubber addition and as larger its size is (Fig. 5). 

 
Fig. 4 Waste rubber  
percentage – density 

Fig. 5 Flexural strength –  
waste rubber addition 
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3.3 Compressive strength  

Once the breaking load is reached, the different fragments are still linked, allowing the 
material being deformed after exceeding its breaking load (Fig. 6). 
The results are much smaller than the reference ones, being under UNE-EN 13279 
standard the 20–25 size from 5.00 % percentage addition: meaning a decrease of around 
88 % under the reference results (Fig.7). 

 
Fig. 6 Test piece after  

exceeding its breaking load. 
 Fig. 7 Compressive strength –  

waste rubber content. 

4 Conclusions 

The maximum waste percentage accepted by the mixture, to make it workable, is 7.50 %. 
The higher waste sizes without compromising the composite mechanical behaviour 

are the preferred ones due to its lower energy consumption to get them. 
There is a good compatibility between the waste rubber and the plaster matrix. 

Despite the low density waste particles present, the ground rubber is distributed in a proper 
way inside the test pieces. 

Plaster-rubber composite is a lightweight construction material: 48 % weight 
reduction is reached compared to the reference samples. 

Mechanical strength decreases with an increase in waste rubber addition, 
highlighting a higher decrease with the larger size and waste amount added. All the 
flexural strength values obtained meet the UNE-EN 13279 requirements. However two 
series don’t meet the compressive requirements, 5.00 and 7.50 % (20–25 mm rubber size). 

Waste foam rubber addition could be used forming part of core plasterboards, 
meaning a low density – environmentally friendly material. 

This lightweight drywall would be easy to handle and therefore easy to install. 
Besides, an improved thermal and acoustic performance is expected too due to the main 
properties of the foam waste, being necessary future research studies in order to analyze its 
behaviour.  
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