
IOP Conference Series: Materials Science and Engineering

PAPER • OPEN ACCESS

Eco-Efficient False Ceiling Plates Made from
Plaster with Wood and Plastic Residues
To cite this article: Manuel Alejandro Pedreño-Rojas et al 2020 IOP Conf. Ser.: Mater. Sci. Eng. 960
032055

 

View the article online for updates and enhancements.

You may also like
Influence of the processes taking place in
the contact zone “masonry - plaster
coating” on the destruction of the wall
structure
V Paruta, I Grynyova, O Gnyp et al.

-

Hygric properties of Cement-Lime Plasters
with Incorporated Lightweight Mineral
Admixture
Lucie Zemanova, Jaroslav Pokorny,
Milena Pavlikova et al.

-

Development of a high clay content earth
plaster
M Lagouin, A Laborel-Préneron, C
Magniont et al.

-

This content was downloaded from IP address 150.214.182.234 on 14/04/2023 at 08:15

https://doi.org/10.1088/1757-899X/960/3/032055
/article/10.1088/1757-899X/1164/1/012059
/article/10.1088/1757-899X/1164/1/012059
/article/10.1088/1757-899X/1164/1/012059
/article/10.1088/1757-899X/1164/1/012059
/article/10.1088/1757-899X/603/2/022046
/article/10.1088/1757-899X/603/2/022046
/article/10.1088/1757-899X/603/2/022046
/article/10.1088/1757-899X/660/1/012068
/article/10.1088/1757-899X/660/1/012068
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvmPMnbZNfKVJ6oLFbDqHbZ3vklGMdaMUd9QIdcLYzfJ0t5rnXbh_91Bsee8b3lcG47-J8wFGtfYoppZgzNYPmP0FLYH0EwA8iVn21vgPu7DusKe--w8zXh5XuLQPx8QqUX8Uy8we0bypLJBFr7Di0vdltvjdsuLrLefpgYdZHw_Tb-yXx27-ACHNmjBgKYv2a_S2RA28xsdyL4dt96D4WhQK6O3HN_T2HTiN00dTz0viqsET4zf_63L9INVgn7RF6vFOUjkEB1trXI7R0QagAstJfd6ooy7Cftit6zX387LQ&sai=AMfl-YRM1uBB-3u7N-HsWPxRUmpFPaz8bIt85mKkmcByszPWBoWkLuwFYEDzDw3xpKpO4XOF7j7lfMGx17Oki3w&sig=Cg0ArKJSzEvLn8XnaCxp&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/244/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanners%26utm_campaign%3D244AbstractSubmit


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

WMCAUS 2020
IOP Conf. Series: Materials Science and Engineering 960 (2020) 032055

IOP Publishing
doi:10.1088/1757-899X/960/3/032055

1

 
 
 
 
 
 

Eco-Efficient False Ceiling Plates Made from Plaster with 
Wood and Plastic Residues 

Manuel Alejandro Pedreño-Rojas, María Jesús Morales-Conde, Filomena Pérez-
Gálvez, María Isabel Romero-Gómez, Paloma Rubio-de-Hita 
Departamento de Construcciones Arquitectónicas 1, Escuela Técnica Superior de 
Arquitectura, Universidad de Sevilla, Avenida Reina Mercedes, n_ 2, 41012 Sevilla, 
Spain 

mpedreno@us.es  

Abstract. Large amounts of different types of waste are generated each day in the world. Most 
of them do not receive proper management at the end of its useful life. In that sense, and trying 
to apply eco-efficiency criteria, the construction sector has recently been working on the design 
of new building materials that incorporate some types of residues. Those new construction 
materials improve some of the properties given by traditional options, such as thermal 
conductivity or lightness. However, many types of research in which new building products are 
generated do not exist. Subsequently, this paper aims at generating new gypsum plaster false 
ceiling plates by incorporating two different types of residues: wood waste from the demolition 
of traditional wooden slabs and polycarbonate (plastic) waste from crushed rejected CDs and 
DVDs. The flexural strength of the developed plates is tested using the procedure described by 
UNE-EN 14246. Furthermore, the thermal conductivity of the new pieces is obtained following 
the method defined by ASTM D5930-09. The results show that for all the scenarios under study 
when wood and plastic waste is added to the plates, the lightness and the thermal conductivity 
of the pieces improved. In addition, in some scenarios, the incorporation of polycarbonate waste 
is linked to an improvement in the mechanical behaviour of the pieces compared to the reference 
plate. On the other hand, when wood waste is added to the mixtures, the flexural behaviour of 
the plates decreases, but always achieving the minimum requirements made by the standards. 
Finally, it must be said that adding waste to the plasters, the amount of gypsum powder used to 
generate the plates decreases considerably, which represents a significant improvement in the 
eco-efficiency of new products. 

1.  Introduction 
During the last years, many researchers in the building sector have tried to give a solution to the large 
amounts of waste that are generated each day on our planet [1, 2]. In that sense, most of them developed 
new construction materials that included different types of waste as aggregates. Thus, new eco-efficient 
materials with enhanced properties have been generated [3, 4]. 

On the one hand, some investigations have just analysed the influence of wood waste in the 
generation of new sustainable building materials. Mohammed et al. evaluated the partial replacement of 
fine aggregate by wood chips in the generation of new concretes [5]. Later, the behaviour of wood-sand 
concrete under humid and dry environments was also tested by Coatanlem et al. [6]. Other research used 
wood-ash as a partial substitute of cement in the generation of new concretes and mortars [7, 8]. 
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Recently, Corinaldesi et al. analysed the effects of adding wood waste as a sand replacement in the 
design of new cement mortars composites with enhanced thermal properties [9]. 

 
On the other hand, previous researches have just studied the usage of different types of plastic waste 

as aggregate in a gypsum plaster matrix. Most of them showed that, when the amount of residue added 
to the mixture increased, the lightness and the thermal behaviour of the new materials improved, as it 
was certified by San Antonio-Gonzalez et al. when they used EPS and XPS residues [10, 11]. PET and 
PUR wastes were also studied by other researches, obtaining a similar tendency [12, 13]. Recently, the 
effects of adding wire pellets to a gypsum matrix were evaluated by Vidales-Barriguete et al. [14]. 

 
On a previous stage of this research, the authors have just studied the influence of adding wood [15] 

and polycarbonate (PC) waste [16] to a gypsum composite. The mechanical properties of those new 
plasters have already been tested. Thus, this paper aims at generating new eco-efficient false ceiling 
plates using the wood-gypsum and PC-gypsum plasters that had already been characterised on the first 
stage. Apart from the mechanical properties of the plates, their thermal conductivity has also been 
measured. 

2.  Materials and methods 
 
2.1. Materials 
All the materials needed to generate the new gypsum plates are listed below: 

- Commercial gypsum for construction B1 according to UNE-EN 13279-1 standard [17]. 
- Water. 
- Wood Shavings (WS) that was obtained from demolished wooden slabs (beams and joists) in 

rehabilitation works. The WS were particles from 1 to 10 mm as it can be appreciated in figure 
1a. 

- Polycarbonate (PC) waste from rejected CDs and DVDs collected in different recycling points 
of our university. The discs were crushed obtaining pieces up to 4 mm (figure 1b) 

 

(a)  (b)  

Figure 1. Wood shavings (a) and polycarbonate waste (b) used as aggregate in the development of the 
new gypsum plates 

2.2. Gypsum plasters (mixtures) under study 
Apart from the reference material (the one without any type of waste), six more mixtures were generated 
using WS and PC waste as aggregate. The composition of each mixture (materials and amounts used) 
are defined in table 1. 
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Table 1. Composition of each gypsum mixture under study 

 Gypsum 
[g] 

Water 
[g] or [ml] 

W/G 
Ratio 

Wood Shavings 
[g] 

Polycarbonate 
[g] 

Reference 1000 550 0.55 - - 
 
WS10 1000 550 0.55 100 - 
WS20 1000 800 0.80 200 - 
      
PC10 1000 550 0.55 - 100 
PC20 1000 550 0.55 - 200 
PC40 1000 550 0.55 - 400 
PC60 1000 550 0.55 - 600 

 
 
2.3. Test methods 
As it was mentioned, in the first stage of this research [15, 16], the new gypsum composites were 
characterised following the procedures defined by UNE-EN 13279-2 [18]. Their dry state density, 
flexural strength and compressive strength were obtained (figure 2). To test them, three 40x40x160 mm3 
specimens for each mixture were elaborated. 

(a)            (b)  

Figure 2. Flexural strength (a) and compressive strength (b) tests 

According to the false ceiling plates, after their preparation, the plates were preserved for seven days 
in a curing chamber at 23 ± 2 °C and at a relative humidity of 50 ± 5%. After seven days, the specimens 
were placed in an oven for 24 h at 40 ± 2 °C to constant weight and tested for flexural strength. In this 
test, each plate had to bear a uniform linear load of 6 kg (0.1 kN/m) on its central fibre (figure 3a). The 
plates must withstand this stress for 30 min without visible signs of damage [19]. After this test, the 
plates were tested to breaking point to obtain the breaking load value for each one. 

Furthermore, the thermal conductivity of the plates was tested using the ISOMET-2114 device 
(figure 3b) and following the procedure defined by ASTM D5930 [20]. 
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(a)  (b)   

Figure 3. Flexural strength test for the gypsum plates (a) and thermal conductivity test (b). 

3.  Results and discussions 
 
3.1. Gypsum composites characterisation 
The dry state density, the flexural strength and the compressive strength of the new gypsum plasters had 
already been measured. The results are presented in table 2. 

 Table 2. Gypsum composites characterisation tests results 

 Density 
[g/cm3] 

Flexural Strength 
[MPa] 

Compressive Strength 
[MPa] 

Reference 1.336 3.420 6.680 
 
WS10 1.166 2.900 6.530 
WS20 0.954 2.680 5.790 
    
PC10 1.242 3.541 8.984 
PC20 1.235 3.054 8.036 
PC40 1.194 2.617 7.701 
PC60 1.138 2.328 5.590 

 

3.2. Flexural strength test results 
The flexural strength test results for all the plates are presented in figure 4. 

 

Figure 4. Flexural strength test results for the plates 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

WS10 WS20 PC10 PC20 PC40 PC60

B
re

ak
in

g 
lo

ad
 [k

N
]

Reference

Minimum
standard
requirement



WMCAUS 2020
IOP Conf. Series: Materials Science and Engineering 960 (2020) 032055

IOP Publishing
doi:10.1088/1757-899X/960/3/032055

5

 
 
 
 
 
 

As can be appreciated, for both types of waste, when the percentage of residue increased the 
resistance of the plate decreased. That drop was higher for the plates that contained wood waste, being 
the WS20 the one that achieved the lowest value (0.17 kN). On the other hand, a slight improvement 
was obtained for the PC10 plates (0.62 kN). Finally, it must be noted that all the plates passed 
satisfactorily the 0.1 kN minimum value required by the standard [19].  

3.3. Thermal conductivity test results 
The thermal conductivity test results are presented in figure 5. 

 

Figure 5. Thermal conductivity test results 

As it can be noticed, by adding both types of waste to the plates their thermal behaviour improved 
substantially. That improvement was higher for those mixtures that contained wood shavings, being the 
WS20 plates the ones that achieved the lowest conductivity value (0.15 W/mK). 

4.  Conclusions 
In this research, new eco-efficient false ceiling gypsum plates were developed using wood and plastic 
waste. According to the results, the following conclusions can be drawn: 

- In terms of mechanical behaviour, for both types of waste, when the percentage of residue 
increased the resistance of the plate decreased, passing all of them the minimum 0.1 kN value 
required by the standards. That drop was higher for the plates that contained wood waste. On 
the other hand, a slight improvement was obtained for the PC10 plates. 

- According to the thermal conductivity results, by adding both types of waste to the plates, their 
thermal behaviour improved substantially. That improvement was higher for those mixtures that 
contained wood shavings. 

- Adding waste to the plasters, the amount of gypsum powder used to generate the plates 
decreases considerably, which represents a significant improvement in the eco-efficiency of 
new products. 
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