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Abstract
The objective of this work is to study the compatibility of expanded cork with a cement matrix 
based on limestone sand. This involves analyzing the effect of cork on the microstructure of the 
produced concrete and on its physicochemical characteristics. Moreover, the elastic compatibility 
between the cork aggregates with the matrix is studied by comparing the concretes lightened by 
the cork aggregates with the control concrete. The results obtained show that structurally the cork 
aggregates have perfect adhesion with the matrix. The incorporation of cork aggregates does not 
affect the hydration except for a high volume dosage above 70%. The mechanical behavior of 
the concrete produced shows a considerable difference in compressive strengths and elastic 
modulus between the control concrete and the lightweight concrete.
Keywords: cork aggregates, microstructure, spectroscopy, compressive strength, modulus of 
elasticity, compatibility
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1. Introduction 
With the development of new design and construction 

technologies, it’s time for the light-weight structures housing. 
This is why, for several years, concretes based on lightweight 
aggregates have experienced a real increase in interest 
throughout the world. In addition to their lightness, they 
have quite interesting performances [1]. Several studies have 
been carried out for the elaboration and development of these 
materials [2–6]. Lightweight aggregates are used in concrete, 
mortars and screeds to replace conventional mineral aggregates, 
in order to reduce their weight and improve their thermal 
and acoustic performance [7–10]. Among these, we must 
particularly mention lignocellulosic waste which constitutes a 
major environmental problem because of its abundance. Using 
this waste as raw material substituted for mineral aggregates 
could reduce the scale of the problem. [11.12]. This is why 
the use of renewable lignocellulosic resources, resulting from 
agriculture or agro-forestry for the development of construction 
materials has experienced an undeniable resurgence of renewed 
interest since the end of the 20th century [13]. They are used 
either as fibers for the reinforcement of building materials, 
this is the case of hemp, straw, etc, or as aggregates for the 
manufacture of lightweight insulating concrete to ensure 
the thermal comfort of the premises. We can cite by way of 
example wood, cork, etc. Cork is a raw material obtained from 
the bark of the oak, Quercus Suber, which grows mainly in the 
Mediterranean basin, especially in the southern regions of the 

Iberian Peninsula. Portugal is still the world’s main producer of 
cork. The cork is a low density material and provides excellent 
thermal and acoustic insulation. It is a renewable material, the 
harvest of which preserves the tree by improving its health and 
prolonging its lifespan. Cork has low stiffness, low strength 
and high compressive stresses [1, 14-16]. The oak bark tissue 
of Quercus Suber used for the production of cork consists of 
microcells, the shape of which resembles a hexagonal structure 
connected by capillaries. The interior of these polyhedral is 
filled with a gas characterized by properties similar to those 
of air. The solid constituents of cork are approximately 45% 
lignins - 27% cellulose and polysaccharides - 12% tannin - 6% 
wax - 5% other substances - 5% [17,18].

Some studies have already been published on materials 
containing cork granules with cement or gypsum as a binder 
[1, 14, 19]. The authors presented an experimental study on the 
use of expanded cork granules with cement-based mixtures to 
produce lightweight concretes for screeds. The results obtained 
show that the compressive strength of these materials varies 
from 0.2 to 2.23 MPa; depending on the cork content and 
thermal conductivity between 0.194 and 0.318 W m-1 K-1. 
Moreira et al [19] developed a lightweight concrete screed, 
based on cork aggregates incorporated into a cement matrix, 
composed of cement and alluvial sand. For this purpose, two-
particle sizes of expanded cork were used 3-5 mm and 5-10 
mm. Three dosages of cement are used 150, 250 and 400 kg/m3. 
In this study, 80% of the volume of sand is replaced by 3-5 mm 
and 5-10 cork aggregates in equal volume proportions. The 
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results obtained show a reduction in density of more than 50% 
relative to that of the control concrete. The maximum value 
of the compressive strength is 2.23 MPa for the maximum 
cement dosage of 400 kg/m3, while that of the control concrete 
is 18.36 MPa. The incorporation of cork aggregates made it 
possible to lower thermal conductivity by 71%. It can, therefore, 
be seen that the incorporation of lignocellulosic materials, in 
particular cork in cement matrices, provides very interesting 
thermal performance. However, these by-products are not 
completely compatible with cement matrices, because of the 
cellulose present in their composition and their very complex 
physical.and chemical structure. The various soluble organic 
compounds, such as carbohydrates, glycosides and phenolic 
compounds, present in cork lead to significant dimensional 
variations and low mechanical strengths. In addition, the plant 
material inhibits the setting of cement due to the release of 
sugars, carboxylic acids and other phytochemicals [20, 21]. On 
the other hand, lime-based binders are more compatible with 
bio-sourced aggregates or plant material due to the formation of 
“secondary” hydration products instead of primary hydration.   
For cementitious binders, several researchers believe that 
organic extracts are drawn from the cement solution where 
they form complexes with the metal ions present. This decreases 
the concentration of Ca2+ ions in the solution and eventually 
disrupts the equilibrium of the solution which delays the onset 
of nucleation of Ca (OH)2 and Calcium Silicate Hydrate (C - S 
- H) gel. Cork contains less hemicellulosic wood. Furthermore; 
the main chemical component of cork is “suberine” which is 
a polymeric compound of long-chain aliphatic alcohols and 
fatty acids that make cork relatively impermeable [22]. These 
two aspects should be beneficial from the point of view of 
cork-cement compatibility [23]. It has also been shown that 
Mortars with the addition of cork granules are much more 
stable and less subject to temperature changes, so they are 
considered more durable [17]. According to several authors, 
the compatibility of lignocellulosic particles with cementitious 
matrices can be evaluated according to three criteria, namely: 
the rate of the heat of hydration, and the delay in the setting of 
the cement; compressive strength and obviously the aggregate 
bonding matrix established by the microstructure elaborated 
concretes [11, 12, 23, 24]. According to Karad et al [25] these 
three criteria depend closely on the nature of the particles, 
their size, their density and obviously their dosage. In fact, in 
his study, Karade showed that the smaller the aggregates, the 
more they have a negative effect on the hydration of the cement 
and therefore less compatible. On the other hand, he notices 
that the more the dosage of cork aggregates increases, the more 
the compatibility decreases [25].

2. Materials and experimentation 
2.1 The raw materials used and their characteristics

The materials used in this study are: calcareous sand 0/3 from 
crushing waste, the compound cement CPJ - CEM II / B 42.5 R NA 442 
and cork aggregates of particle size class 3/8 from cork board 
industry. The physical characteristics of sand and cork aggregates 
are presented in Table 1. The granulometry of cork forms 
continuity with that of limestone sand (Fig. 1).

Apparent  
density  
(kg/m3)

Absolute  
density  
(kg/m3)

Sand  
equivalent  

(%)

Water  
absorption  

(%)

Fineness 
modulus

Porosity
%

calcareous 
sand

1530 2670 83.1 7.780 2.66 43

cork granules 71 155 / 2.30 / 51

 Table 1 Physical characteristics of calcareous sand and cork granules
 1. táblázat Mészhomok és parafa granulátum fizikai jellemzői

 Fig. 1 Particle size distribution of sand and cork
 1. ábra Homok és parafa szemcseméret-eloszlása

2.1.1 Cork macrostructure and microstructure 
A microscopic view of a cork aggregate (Fig. 2) gives an 

idea of the condition of its exterior surface. It clearly shows 
a rough condition with openings. This state can promote 
good adhesion between the cork grain and the matrix. An 
electron microscope view allows to seeing according to [14] 
the honeycomb structure of the cork (Fig. 3).

 Fig. 2 Microscope view of cork granulate 3/8. 40X
 2. ábra Parafagranulátum mikroszkóp alatt (3/8. 40X)

 Fig. 3 Cellular structure of cork in the two planes a radial, b tangential [14]
 3. ábra A parafa sejtszerkezete két síkban metszve: a) radiális, b) érintőleges [14]



építôanyagépítôanyag § Journal of Silicate Based and Composite Materials

 Vol. 74, No. 2  2022/2  építôanyagépítôanyag  JSBCM JSBCM |   73

2.1.2 Mechanical characterization of cork 
The mechanical tests carried out on the cork show an 

important elasticity of the cork, in particular in compression. 
The deformations are very important reaching 90% and 
the values of the flexural and compressive strengths reach 
respectively 0.15 MPa and 3.61 MPa respectively. The young’s 
modulus are of the order of 0.92 and 0.66 MPa in flexion and 
compression, respectively. We can notice that Young’s modulus 
in bending is clearly higher than that observed in compression; 
this can be explained by the great elasticity of the cork and the 
very high deformation rate in compression [14, 25, 26].

2.2 Formulation and implementation of concrete
In order to see the influence of the aggregates dosage on the 

physicomechanical characteristics of the concrete produced, 
a series of samples was carried out starting with a control 
concrete corresponding to a zero dosage of aggregates Then, 
six series of samples corresponding respectively to the volume 
dosages (aggregates / matrix) of 20%, 30%, 40%, 50%, 60%, 
70%. It should be noted that the method of substituting the 
aggregates used in the series consists in replacing one volume 
of the matrix (cement + sand + water) by the same volume of 
aggregates. This allows us to always have a constant cement 
/ sand dosage. The cement dosage used is such that C/S=1/3. 
The water content was determined from optimization tests 
on the control mortar and is equal to E/C = 0.6 [18]. In order 
to compensate for the drop in workability caused by a high 
dosage of aggregate, a super plasticizer SP40 is used with 
increasing dosage of 0.5% for the lowest dosage of aggregates 
to 3% for the maximum dosage. It should be noted that the 
cork aggregates are pre-wetted 48 hours in water beforehand 
in order to avoid the absorption of part of the mixing water 
by the cork aggregates. Then, they are drained on a sieve or 
absorbent fabric for 4 minutes. The material compositions for 
the different mixtures are presented in Table 2. 

We will note CLCC x: Cork Lightweight Calcareous Concrete 
by x%, x takes the values of 0; 20; 30; 40; 50; 60; 70

Series A/M  
(%)

Aggregates 
mass  

(kg/m3)

Sand  
(kg/m3)

Cement
(kg/m3)

Needful  
water

 (dm3/m3)

Super 
plasticizer  

(kg/m3)

CLCC 0 0 0 1380 460 276 0

CLCC 20 20 29.30 1098.4 366.12 219.67 1.83

CLCC 30 30 43.95 961.07 320.35 192.21 3.20

CLCC 40 40 58.60 823.77 274.60 164.75 4.12

CLCC 50 50 73.25 686.48 228.82 137.29 4.58

CLCC 60 60 87.90 549.18 183.06 109.83 4.58

CLCC 70 70 102.55 411.89 137.29 82.38 4.12

CLCC : Cork lightweight calcareous concrete,  
A/M : Volume ratio  Aggregate / Matrix

 Table 2 Weight Composition for the developed concrete materials 
 2. táblázat A keverékek összetétele

3. Results and discussion 
3.1 Structural compatibility  

3.1.1 Macrostructural Analysis
Observation of sample sections before crushing showed a 

more or less good distribution of the aggregates in the matrix 
(Fig. 4a). It is all the better as the dosages are high in aggregates, 
this is due to the adopted mixing technique. In order to see the 
matrix-cork aggregate bond well, sample sections were viewed 
using a Zeiss 80X microscope with 40X magnification (Fig. 4b). 
It can be seen that the aggregate-matrix bond is quite good. 

 Fig. 4 Concrete’s macrostructure
 4. ábra A beton makrostruktrája

3.1.2 Microstructural Analysis 
Microstructural Analysis, using a scanning electron 

microscope carried out on two compositions which are the 
reference concrete CLCC 0 and cork concrete lightened by 50% 
(CLCC 50%). The results carried out are illustrated in (Fig 5 
and 6).

3.1.2.1 For the CLCC0

 Fig. 5 Micrograph of CLCC0
 5. ábra A CLCC0 mikroszkóp alatt
 

In terms of the general appearance, a good compactness is 
seen of the cement matrix (Fig. 5a). We can see on the Fig 5b 
the existence of pores with a very dark color probably due to 
the inclusion of air during mixing, or when filling the test
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tubes. Good adhesion of the sand aggregates with the cement 
paste is observed in Fig. 5a and Fig. 5b. A significant presence 
of orthorhombic dolomite is also observed on Fig. 5a. At high 
magnification (Fig. 5c), we were able to identify the nature 
of the hydration products. Namely mainly C-S-H gels in the 
form of cotton flowers and Portlandite Ca(OH)2 generally 
encountered in cement matrix [27-30]. 

3.1.2.2 For the CLCC50
Fig. 6a shows good adhesion between the matrix and the 

cork aggregates. In the Fig. 6b, we can see that the pores of the 
cork do not fill with matrix. This phenomenon has already been 
observed by a number of authors [13, 28]. This is probably due 
to the phenomenon of water repellency in the water contained 
in the aggregates, which causes the cleaning of the aggregates 
pores. The Fig. 6.c, relating to CLCC 50 as in the case of the 
control concrete, reveals the compact aspect of the matrix 
with the existence of a few pores. We always see a significant 
presence of dolomite in the samples and we always find the 
hydration products namely CSH and portlandite. This shows 
that the introduction of the cork aggregates into the matrix did 
not modify the structure of the matrix, which has been also 
confirmed by a number of authors [24, 29- 31]. One can notice 
the development in the vicinity of the aggregates of needle tuft 
form generally attributed to CSH.

 Fig. 6 Micrograph of CLCC50
 6. ábra A CLCC50 mikroszkóp alatt

3.2 Chemical compatibility
An infrared spectroscopy analysis was carried out on 

samples differently dosed in cork aggregates in order to see the 
influence of the incorporation of cork into the cement matrix. 
The spectra of the different mixtures are shown in Fig. 7. The 
analysis carried out gives an idea of   the effect of cork on the 
kinetics of formation of hydrated forms of the main components 
of the material produced. In the area between 1900 cm-1 and 
711 cm-1, we see some differences in the intensities of certain 
characteristic bands centered at 1402 cm-1, 1003 cm-1 and 
871 cm-1. The bands at 1402 cm-1 and 871 cm-1 are attributed to 
the vibratory movement of the C-O bonds characterizing the 
presence of calcium carbonates (CaCO3) [31]. The 1003 cm-1 
band reflects the vibration of the Si-O bonds, characteristic of 
the presence of hydrated calcium silicates (C-S-H) [31,32]. In 
this same area, we see that by adding 70% cork, the intensities 
of the bands at 1450 and 1003 cm-1 decreased. This observation 
indicates a growth of calcium carbonate when the amount 
of cork is increased up to 60% in the mixture. Beyond this 
proportion, there is a decrease in hydrated calcium carbonates 
and silicates in the medium. This decrease in intensity seems 
to be due to a modification of the polymerization of C-S-H, 
but also to carbonates. On the same figure, the band located 

at 2924 cm-1 characteristic of the presence of portlandite does 
not seem to be affected by the increasing rate of cork in the 
material. Cork seems to have little effect on the precipitation 
of portlandite. This indicates that the calcium ions are little 
affected by the imposed reaction medium. In summary we can 
say that the incorporation of cork aggregates does not affect 
hydration except beyond 70% and therefore the cork has good 
compatibility with cement matrices.

 Fig. 7 Infrared spectra of the CLCC
 7. ábra A CLCC infravörös spectrum analízisének eredménye

3.3 Mechanical compatibility 
3.3.1 Compressive strength 
The results concerning the compressive strength tests 

according to [18]; show a sudden  drop in compressive strength 
when switching from control concrete to concrete dosed at 
20%; from 24.4 MPa to 12.22 MPa. The minimum value of the 
compressive strength is recorded for the maximum dosage of 
70%, it is 0.56 MPa with a reduction rate of 97%. The drop in 
resistance is explained by the substitution of a resistant matrix 
entity by a less resistant aggregate entity; which has been 
confirmed by more authors [11, 19, 30, 31]. This property is 
practically noticed for all lightweight aggregate concretes.

3.3.2 Elasticity module
The modulus of elasticity was determined at the age of 28 

days during the compression test carried out on cylindrical 
test tubes ø10×20 cm3. The modulus value is calculated 
graphically. It is equal to the slope of the stress-strain curve 
at 30% of the breaking load. The evolution of the compressive 
strength as a function of the deformation and according to the 
dosage of cork aggregates is shown in Fig. 8. The test was not 
carried out on the CLCC 70 sample because of the external 
morphology of the test tubes. Test specimens which did not 
allow the location of the gauges. Noticing that the evolution 
of stress as a function of deformation is similar to that of all 
concretes. It is characterized by an exponential evolution as a 
function of the deformation until the breaking. We first find 
a linear part or elastic phase, then from 30% of the breaking 
load, the resistance of the composite will evolve slowly and the 
deformations will be more and more important. Beyond the 
rupture zone, the deformations will evolve rapidly and a drop 
in resistance is observed.
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 Fig. 8 Evolution of the compressive strength as a function of the deformation of the 
CLCC

 8. ábra A nyomószilárdság alakulása a CLCC deformációjának függvényében

 Fig. 9 Evolution of the modulus of elasticity according to the dosage of cork
 9. ábra A rugalmassági modulus alakulása a parafa adagolása függvényében

In Fig. 9 giving the evolution of the modulus of elasticity 
according to the dosage of cork aggregates, we can clearly see 
that the value of the modulus decreases as a function of the 
dosage of aggregates, it goes from a value of 28000 MPa for the 
reference concrete (CLCC 0) at a value of 8540 MPa for the least 
lightened concrete (CLCC20) with a reduction rate of 69%. It 
finally reaches a minimum value of 307 MPa corresponding to 
the lightest concrete (CLCC 60), i.e. a reduction rate of 98%. 
By going from control concrete to concrete lightened by cork 
aggregates, the material becomes less and less rigid; which 
supports the hypothesis of the replacement of a rigid entity 
with the same less rigid entity.

4. Conclusions 
The aim of this work was to study the compatibility of 

expanded cork with a cement matrix based on limestone 
sand. On the basis of a micro-structural analysis we were 
able to observe a perfect aggregate-matrix bond and that 
the incorporation of the cork aggregates did not affect the 
microstructure of the matrix. Infrared spectroscopy analysis 
allowed us to notice that the incorporation of cork aggregates 
does not affect the hydration except above 70% and consequently 
the cork has good compatibility with cement matrices. On the 
other hand, a mechanical study based on tests of the evolution 
of the compressive strength as a function of the deformation 
reveals an elastic incompatibility between the cork and the 
cement matrix. On the basis of the obtained results and with 
reference to previous work, we can conclude that expanded 
cork has better compatibility than the lignocellulosic products 
generally used.
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