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ABSTRACT: Environmental protection involves the reuse of construction and demolition waste. In order to 
improve recycling, waste from laminated plasterboards is used in the cement and laminated gypsum boards 
manufacture.

This article analyzes the use of ground and burnt laminated plasterboard (BLG) waste mixed with thick 
gypsum (TG). Physical-mechanical characterization of superficial hardness and mechanical strength has been 
performed on different batches of plaster powder materials with different BLG waste particle sizes to determine 
its suitability. Coarse particle sizes were preferred in order to reduce the waste treatment. From all the mixtures 
studied, the one with the best results was TG + 5% BLG1.25 which forms a material of higher superficial hardness 
and strength. The results obtained in the study have proved suitable products for building use (both as renders and 
as prefabricated elements) enabling for a reduction in the consumption of natural resources.
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RESUMEN: Caracterización de la mezcla de yeso grueso con adición de residuos tratados de placas de yeso lami-
nado. La protección del medio ambiente implica la reutilización de los residuos de construcción y demolición. 
Los residuos de placas de yeso laminado se utilizan en la fabricación de cemento y de placas de yeso laminado.

En este artículo se ha estudiado la utilización de residuos de placa de yeso laminado cocido (YLC) mez-
clado con yeso grueso (YG), realizándose la caracterización físico-mecánica de dureza superficial y resistencias 
mecánicas, para determinar su idoneidad formando materiales de yeso en polvo con distintas granulometrías 
de residuos de (YLC), teniendo preferencia por granulometrías gruesas, que reducen el tratamiento del residuo. 
De las mezclas estudiadas la que mejores resultados ha ofrecido es YG + 5%YLC1,25 formando un material de 
mayor dureza superficial y resistencia. De los resultados obtenidos en el estudio se puede afirmar que se han 
conseguido productos aptos para su utilización en edificación posibilitando una reducción del consumo de 
recursos naturales.
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1. INTRODUCTION

The manufacture of  laminated gypsum boards 
began at the end of  the 19th century, although in 
Spain this manufacturing industry was delayed 
until the 1970s. These boards were applied initially, 
mainly, for the purpose of  fire protection for the 
timber structures of  buildings. However, together 
with the already known advantages of  gypsum 
products – protection against fire and hygroscopicity  
– laminated plasterboards add also other advan
tages such as: good adaptability, lightness, speed 
of  installation, good acoustic performance or even 
energy saving (1).

For this reason, the laminated plasterboards have 
become an essential material in building and interior 
decoration. In the current building construction, 
gypsum boards, together with plasterboards, have 
also applications in rehabilitation, restoration and 
decoration of interior spaces in old and emblematic 
buildings.

At the same time, the interest in the use of con-
struction and demolition waste (CDW) in new build-
ings has gradually been growing, thereby reducing 
the environmental problem waste that the disposal 
causes. This waste includes prefabricated plaster 
materials, such as laminated plaster panels, which 
are products that alter the quality of the soil where 
they are deposited or react with the cement, mortar 
and concrete, when recycled aggregates are used due 
to their high content in CaSO4.

A significant number of research works have 
been performed where different industry waste and 
even CDW are incorporated in plasters to modify 
and improve physical or mechanical properties. 
Regarding the studies to increase its mechanical 
strength, plaster has been mixed with E and AR 
glass fibers (2), with short sisal fibers (agave sisalana) 
to facilitate the use of this material in the manufac-
ture of building elements (3), with wood particles 
and recycled paper (4), or with not-combined cut 
polypropylene fibers with melamine-formaldehyde 
dispersions (5).

In relation to works focused on decreasing the 
weight of the prefabricated plaster, several stud-
ies analyzed gypsum matrix batches with various 
lightening additives used in mortar and cement or 
concrete (air-entraining agents, foaming agents, 
plasticizers and superplasticizers) (6), by adding 
crushed cork aggregates (7, 8), blending into the gyp-
sum matrix expanded polystyrene beads (9, 10), or 
incorporating cellular solids (expanded perlite, ver-
miculite, cellular glass) (11).

In the literature studied, works addressing two 
features – a physical and a mechanical one– i.e. the 
decrease in density and increase in binding strength 
of gypsum by mixing it with a combination of poly-
propylene fibers and expanded polystyrene beads 

in a specific proportion to obtain adequate results 
(9), as well as the mixture of waste from expanded 
polystyrene (EPS) packaging grinding, with gypsum 
and plasters for construction use (10) have also been 
found.

However, no study has been found in the lit-
erature on the incorporation of laminated plaster-
boards waste to the gypsum matrix manufacturing 
process.

This waste, coming mainly from faulty laminated 
plasterboards of the manufacturing process and the 
subsequent quality control generates a noticeable 
waste quantity which, not being contaminated by 
other materials, allows for the recovery and recy-
cling of the following products:

•	 Wet gypsum board, which has not fulfilled the 
prior to drying quality control. 

•	 Dry gypsum boards, rejected after drying. 
•	 Gypsum powder from other manufacturing 

stages, such as the cutting process of panels to 
the desired size for sale, etc., which is sucked in 
and filtered.

Currently, recycling these products is carried out 
through a simple process of crushing and sieving 
using a horizontal mesh and other auxiliary systems 
such as a worm drive gear with gravimetric clas-
sification, obtaining a recycled plaster containing 
a slightly higher cardboard content than the 1.3% 
obtained with a 10 mm mesh screening, decreas-
ing the percentage of cardboard below 0.3% with 
smaller than 1 mm span meshes. This provides a sav-
ing of raw materials and a reduction of the environ-
mental impact (12, 13).

The resulting products are: 

•	 Dehydrate gypsum of specific granulometry. 
•	 Formation of cellulose briquettes, from paper, 

intended for reuse in the production process.

Currently in Spain, the Law 10/1998 which reg-
ulates waste management and sets guidelines for 
promoting its reduction through reuse, or reduc-
ing its disposal in landfills. It has created the need 
to develop specific plans for the different types of 
waste, being the Integrated National Plan of Waste 
for the period 2008–2015 (PNIR Spanish acro-
nym) (14) the one currently in force in the Spanish 
territory.

The policy of CDW in Spain is in rather new and 
unfortunately the percentage of building materi-
als recycled is only close to 5% of the total CDW 
produced. Currently, PYL is only recycled in the 
production processes (Knauf, Placo, Uralita…). 
However, in European countries the situation is 
quite different; mainly in Northern European coun-
tries (UK, Denmark, Norway, the Netherlands, or 
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even Switzerland, etc.), where they reach up to 80% 
of recycled waste (15, 16). 

This article, which is part of a broader research 
project where the behavior of different types of gyp-
sum with addition of crushed and burnt laminated 
plasterboard waste is studied, contributes to valo-
rize the waste from the laminated gypsum boards 
manufacture – a material used worldwide in the 
construction of internal partitions and suspended 
ceilings. This type of waste is included in the PNIR 
within the 2nd National Plan of Construction and 
Demolition Waste (II PNRCD Spanish acronym) 
when it is produced within an industrial activity and 
not being identified as hazardous in the European 
waste list (Order MAM/304/2002).

In addition, during the installation process, as 
well as during the process of building demolition, 
these waste products are classified as construction 
and demolition waste (CDW), included in chap-
ter 17 of the European List of Waste: 17 08 02 
“Gypsum-based construction materials other than 
those contaminated with dangerous substances”.

This work aims to find other uses of CDW origi-
nated from laminated plasterboards specifically by 
mixing a newly produced powder gypsum matrix 
with different proportions of this waste, previously 
treated. The study quantifies the variations suffered 
in mechanical strength and superficial hardness 
depending on the particle size and the proportion 
of the addition of crushed and burnt laminated 
gypsum board waste (BLG) in relation to the gyp-
sum matrix without additions, to identify the most 
favorable BLG-matrix mix to be used in construc-
tion works. 

2. EXPERIMENTAL

2.1. Materials

A gypsum matrix is used as the base to which 
crushed and burnt plasterboard (BLG) is incorpo-
rated. In particular:

Plaster. Plaster used throughout this research 
work is from PLACO Saint-Gobain company, 
Iberplas type Thick gypsum TG, designated as B1, 
according to UNE-EN 13279-1:09 standard “Yesos 
de construcción y conglomerantes a base de yeso para 
la construcción. Parte 1: Definiciones y especifica-
ciones”. Its technical features are:

Index of purity: 75% 
Particle size: 0–2 mm
Superficial hardness: 45 Uds. Shore C
Compressive strength: ≥2 N/mm2

Bending strength: ≥2 N/mm2

Bonding: >0.1 N/mm2

pH: >6
Addition. Laminated plasterboards have been 

crushed and sieved. Two sieves were used to get two 

different granulometries: a sieve of  1.25 mm open-
ings and another one of  0.32 mm, obtaining two 
products with particle sizes smaller than 1.25 mm 
and 0.32 mm. Both products were subjected to 
heat treatment at 230 °C for 24 hours, obtaining 
two types of  burnt laminated gypsum, BLG1.25 
and BLG0.32 respectively, which were the additions 
used.

2.2. Experimental process

The theoretical conditions established for the 
experimental process were:

a.	 After obtaining the burnt laminated gypsum 
additive, it was separated in two granulometric 
sizes:

-	 BLG passing through the 1.25 mm sieve, 
called BLG1.25.

-	 BLG passing through the 0.32 mm sieve, 
called BLG0.32.

Figure 1 shows the granulometric curves of the 
three products.

b.	 Setting percentages of BLG –of both sizes– to 
be mixed with the gypsum matrix. These per-
centages were set by previous tests performed, 
resulting in a range of 5 to 10%. The analyzed 
percentages (Table 1) were as follows:

c.	 Fixing a constant water/plaster correlation, 
taking the average one obtained in the test 
according to the standard UNE-EN 13279-2:06 
“Yesos de construcción y conglomerantes a base 
de yeso para la construcción. Parte 2: Métodos de 
ensayo”.

Results obtained by the method of saturation 
mixing are presented in Figure 2, resulting in an 
average of 0.67 w/p which was used for all batches.

d.	 Determining the physical-mechanical charac-
teristics of the two series; three specimens of 
40 × 40 × 160 mm for each tested batch. These 
specimens were set at room temperature for 
seven days, and later introduced in the furnace 
at 40 ± 5 °C for 24 hours, as specified by the 
standard UNE-EN 13279-2:06 “Yesos de con-
strucción y conglomerantes a base de yeso para la 
construcción. Parte 2: Métodos de ensayo”.

•	 Determination of superficial hardness of dif-
ferent mixtures with a Shore C durometer, 
according to UNE 102042:13 standard “Yesos 
y escayolas de construcción. Otros métodos 
de análisis” on the different specimen series 
performed.
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The durometer used, reference 53505/C-4 BAXLO, 
has the following characteristics:

Scale: C 
Sensitivity: 1 degree

•	 Determination of bending and compressive 
strength according to UNE-EN 13279-2:06 
standard “Yesos de construcción y conglomeran-
tes a base de yeso para la construcción. Parte 2: 
Métodos de ensayo”, with a combined machine 
for compressive and bending tests, IBERTEST, 
Autotest -200/10- SW model, with the following 
characteristics:

Compression load capacity: 200 kN 
Bending load capacity: 10 kN 
Scales: 2 (1/1 and 1/5 of the maximum load) 
Measuring system: load cell of strain bands
Measurement range in compression zone: be
tween 0.4 and 200 kN 
Measurement range in bending zone: between 
0.2 to 10 kN

Experimental quantification of the material 
properties have been carried out in the Laboratory 
of Construction Materials, of the Department 
of Architectural Constructions, at the University 
School of Building Engineering, from the Technical 
University of Madrid.

3. RESULTS AND DICUSSION

The results obtained in the laboratory, on stan-
dardized prismatic specimens of 40 × 40 × 160 mm, 
with two sets of three test specimens for each of the 
7 mixtures studied, are as follow:

3.1. Superficial hardness

Figure 3 includes the data obtained in the Shore 
C hardness test. It can be observed, that the addi-
tion in different percentages, both of BLG1.25 and 
BLG0.32 shows as a result a substantial increase in 
the material hardness, being remarkable the hard-
ness achieved by the batch TG + 7% BLG1.25, which 
represents an increase of 5% over the TG paste, as 
well as the mix TG + 5% BLG0.32 which reaches a 
4.3% increase.

3.2. Bending strength 

Figure 4 shows the bending strength values ob
tained, showing the influence of each addition in dif-
ferent proportions. The horizontal line represents the 
value of the bending strength of the specimens cor-
responding to gypsum with no addition (4.5 N/ mm2).

In general terms a decrease in strength based on 
the percentage and grain size of the additive used can 
be observed, being a 5% in gypsum weight admissi-
ble for additive contents or even the addition of 7% 

Figure 1.  Granulometric curves.

Table 1.  Batches used in the experimental process

Type of binder % BLG1.25* % BLG0.32* Batch name

Thick Gypsum 
(TG)

0 0 TG

5 0 TG + 5%BLG1.25

6 0 TG + 6%BLG1.25

7 0 TG + 7%BLG1.25

0 5 TG + 5%BLG0.32

0 6 TG + 6%BLG0.32

0 7 TG + 7%BLG0.32

(*) Percentage of BLG in relation to the binder weight used.
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Figure 2.  Water/plaster ratio.

Figure 3.  Superficial hardness (Shore C) test.

Figure 4.  Bending strength test.
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when BLG1.25 is used, since none of them exceeds a 
decrease of 10% regarding TG batch.

3.3. Compressive strength

From the compressive strength test results 
obtained (Figure 5), an increase in compressive 
strength of gypsum specimens without additions can 
be stated for all mixtures with BLG1.25. Nevertheless, 
the same does not occur when performed with 
BLG0.32 where, except with the 5% addition, there is 
a strength decrease, being up to −10% regarding the 
strength of the matrix without additions.

4. CONCLUSIONS

This research work proves that, based on the 
analyzed characteristics, the addition of different 
percentages of BLG waste, leads to an increase in 
superficial hardness of the resulting product and can 
be applied as renders and plasters, both horizontally 
and vertically. It also constitutes an improvement in 
the prefabricated elements (blocks, mouldings, etc.).

From all the tested batches, the one with most 
beneficial characteristics is TG + 5% BLG1.25, ob
taining very suitable test results on the physical-
mechanical characteristics. On the other hand, since 
it has a large particle size, savings in the process of 
obtaining the BLG waste is produced by reducing 
the grinding process.

In addition, the decreases of mechanical strength, 
both in bending and in compression, depend on 
the particle size of the addition. With fine-grained 
BLG0.32 the strength decrease is significantly higher 
than when using the large particle size BLG1.25. 
This may be due to an excessive contribution of 
“fines”, creating a certain discontinuity of sizes that 
decreases the bonding between particles in the set-
ting process.

On the other hand, the mixtures used, regardless 
of the size and percentage of the addition, allow us 
to obtain pastes and products that meet the specifica-
tions required by the standard UNE-EN 13279-1:08, 
which enable marketing and meet the requirements 
stated by AENOR and the EC standards.

The addition of this type of CDW to the thick 
gypsum matrix, allows to obtain thick gypsum pow-
der and prefabricated plaster elements, achieving 
the reuse of this waste and generating savings from 
natural raw materials.
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