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Abstract. The incorporation of construction and demolition wastes (CDW) as recycled aggregates (RA) in 
traditional mortars or concretes has been widely assessed in recent years. With this knowledge it is possible 
to move on to evaluate industrial products with these types of aggregates. In this research the composition 
of an industrial render mortar is modified to incorporate RA as aggregates. RA replaced part of the limestone 
aggregates originally used as natural aggregates. The replacement was by weight and the percentage ratio 
of 30 %, 50 % and 100 %. Three different CDWs were collected directly from recycling plants. Two of them 
were classified as mixed recycled aggregates and the other one as recycled concrete aggregate. This 
investigation is mainly focused on the influence of the RA incorporation in the mortars’ adhesive strength 
to a ceramic substrate, considering that the adhesive strength is an essential property for render mortars and 
directly determines their durability. The maximum feasible RA incorporation in each case, without affecting 
the mortar performance, was determined. The adhesive strength between the renders and the substrate was 
assessed according to EN 1015-12. It was concluded that until 30 % of replacement the adhesive strength is 
higher than 0.30 MPa for all mortars tested

1 Introduction 

Taking into account that a third of the total waste 
produced in the European Union [3] is composed of 
construction and demolition wastes, their encapsulation 
and simultaneously their landfill avoidance, are 
emergent. The introduction of these recycled aggregates 
in new materials, such as mortars and concrete, is 
essential in the near future since it not only reduces the 
natural aggregates extracted from nature, but also 
encapsulates wastes that otherwise are deposited in 
landfills. 

Nevertheless, its replacement cannot be at any cost. 
It is not environmentally friendly to use recycled 
aggregates if they significantly reduce the mortar’s 
characteristics and the mortars’ durability. Once more, 
an equilibrium between the environmental and the 
technical characteristics must be achieved. 

The replacement of natural aggregates, in render 
mortars, by recycled aggregates from construction and 
demolition wastes, has a considerable impact on some 
of the mortar’s performance characteristics, namely 
adhesive to the substrate and cracking susceptibility.  

A proper adhesive strength between a render and its 
surface is essential for the rendering layer being able to 
accomplish its role as a protective layer. A lack of 
adhesive can result in generalized cracks, surface 
blistering or water deposition zones and eventually 
detachment of the render. It will therefore compromise 
the durability of the system. 

There are several types of adhesion between two 
surfaces [1] that occur due to: mechanical bonds, 
absorption bounds, attraction per van der Waals forces 
or connection by chemical reactions. According to 
Veiga [2], in traditional renders, the adhesive strength 
between a mortar and its substrate is achieved by the 
penetration of the fresh mortar into the pores of the 
substrate. Due to the dimensions of the pores, only the 
thinner particles of sand and cement can penetrate them, 
creating a bond between the render mortar and the 
substrate. Therefore, the penetration of the mortar into 
the substrates’ pores depends on the porosity of the 
substrate and on the dimensions of the mortars’ 
constituents’ particles. Render mortars with thinner 
particles or richer in cement tend to have better adhesive 
to the substrate. On the other hand, they have higher 
susceptibility to cracking. An equilibrium between these 
two characteristics is essential in a render. Cracking 
susceptibility affects not only the surface aesthetic 
appearance but also reduces the waterproofing 
characteristics of the render. 

In this article, industrial mortars with the 
incorporation of recycled aggregates obtained from 
construction and demolition wastes treated in a 
recycling plant are assessed. These aggregates replace 
part of the natural aggregate present in the industrial 
mortar’s composition. Since they are industrial mortars 
commercialized in Portugal, and to maintain 
confidentiality, their specific compositions are not 
presented in this research. The research is focused on the 
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adhesive strength and the cracking susceptibility and 
maximum percentage of replacement of natural 
aggregates by recycled aggregates that allow acceptable 
results in the mortars, is discussed. 

2 Materials and methods 

The composition of an industrial mortar, 
commercialized by a Portuguese company, was 
modified to incorporate recycled aggregates (RA) from 
construction and demolition wastes (CDW), in 
substitution of part of the limestone aggregate (LA). The 
RA were collected directly from recycling plants. Two 
of them were classified as mixed recycled aggregates 
(MRA A and MRA S) and one as a recycled concrete 
aggregate (RCA BB). In Figure 1 the MRA A is 
illustrated when it arrived from the recycling plant. The 
RA were sieved, stored, and incorporated in the 
industrial mortars with the same grain size distribution 
curve as the natural aggregates. The RA replaced the LA 
by 30 %, 50 %, 70 % and 100 % by weight. 
 
 

 

Fig. 1.  MRA A as it came from recycling plants (before 
sieving). 

In Table 1 the characteristics of the recycled aggregates 
that were investigated in previous research studies 
[4][5][6] are summarised. MRA A and MRA S are 
classified as mixed recycled aggregates as they both 
present less than 50 % of concrete materials (Rc). The 
amount of glass (Rg) and unbounded aggregates (Ru) 
varied in these two MRA, with the MRA S being richer 
in glass particles (Rg) than MRA A. The RCA BB was 
composed of more than 80 % concrete materials. 

Ten render mortars were formulated with RA 
incorporation. Their performance was compared with 
the original industrial mortar, designated by REF. The 
fresh properties of the mortars were evaluated for 
consistency by the flow table test [9] and also a bulk 
density test [10]. The adhesive strength of hardened 
rendering mortars on a ceramic substrate (representing a 
masonry wall) was evaluated following EN 1015-12 
[11]. The fracture pattern was also classified as: A – 
Adhesive fracture, B – Cohesive fracture through the 
mortar or C – Cohesive fracture through the substrate. 
The cracking susceptibility was observed in render 

mortars when applied on a ceramic brick for 28 days. 
The specimens were maintained in controlled conditions 
during the test. 

Table 1. Recycled aggregates characteristics (Data from 
[4][5][6]). 

Recycled 
aggregate 

Water 
absorption 

(%) 

Particle 
density 
(kg/m3) 

Classification1 

EN 1097-6 [7] 
NP EN 933-11 

[8] 

MRA A 7.01±0.62 2424±66 

Rc declared 
Rcug70 Rb30- 

Ra10- Rg2- X1- 
Fl5- 

MRA S 6.89±0.91 2485±52 

Rc declared 
Rcug70 Rb30- 
Ra10- Rg25- 

Fl5- 

RCA BB 3.81±0.54 2636±57 
Rc80 Rcug90 
Rb10- Ra1- 

Rg2- X1- Fl5- 

1 RA classification: concrete, concrete products, mortar 
and concrete masonry units (Rc); unbound aggregates, 
natural stone and hydraulically bound aggregates (Ru); 
clay masonry units (Rb); bituminous materials (Ra); 
glass (Rg); other materials, including cohesive, metals, 
plastic, rubber, non-floating wood and gypsum plaster 
(X). 

The mortars that present a proper adhesive strength and 
reduced cracking susceptibility, were tested for modulus 
of elasticity [12], hardened bulk density [13], 
compressive strength [14] and flexural strength [14] at 
14 days. 

3 Test results and discussion 

3.1 Fresh state tests 

3.1.1  Consistency by flow table 

To be comparable with the REF mortar, the mortars with 
recycled aggregates should have an equivalent 
workability. For that, the mixing water was defined 
according to the consistency by the flow table test. In 
general, it was noticed that the mortars with RA 
incorporation needed a higher mixing water quantity 
than the REF mortar to maintain a similar consistency 
by flow table value (Table 2). The increment increased 
with the amount of RA incorporated. The incorporation 
of mixed recycled aggregates (MRA A and MRA S) 
resulted in mortars with 16.6 % to 23.4 % of mixing 
water, while RCA BB presented a mixing water content 
from 16.2 % to 18.6 % depending on the amount of RA 
incorporated. This increment is due to the water 
absorption of RA when compared with the natural 
aggregate. The MRA recycled aggregates absorb 
between 6.9 and 7.0 % of water when compared with a 
natural aggregate that absorbs between 0.4 to 3.0 % [15]. 
In addition, as the RA is replaced in weight, the volume 
of recycled aggregate particles is higher than the natural 
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aggregate particles presented in REF mortar. This 
mixing water quantity affects the mortars’ performance. 

Table 2. Fresh state test results. 

Mortars 
RA 
(%) 

Consistency 
by flow 

table (mm) 

Mixing 
water 
(%) 

Fresh bulk 
density 
(kg/m3) 

REF 0 % 161.7±1.8 15.0 1846.3±2.5 

MRA A 

50 
% 

162.3±1.0 19.0 1870.3±2.8 

100 
% 

162.0±1.0 23.4 1810.7±15.3 

MRA S 

30 
% 

162.8±1.4 16.6 1856.2±3.4 

50 
% 

158.7±2.1 17.2 1899.3±13.5 

70 
% 

161.7±2.6 19.0 1825.2±14.9 

100 
% 

158.3±2.5 19.2 1880.5±10.9 

RCA 
BB 

30 
% 

164.5±0.5 16.2 1831.5±11.5 

50 
% 

158.7±0.3 16.8 1900.9±13.7 

70 
% 

160.5±3.1 17.4 1875.5±3.7 

100 
% 

158.7±2.3 18.6 1854.4±13.8 

3.1.2  Fresh bulk density 

In general, the mortars’ fresh bulk density is not affected 
by the incorporation of the recycled aggregates, which 
was expected, as the substitution was in weight. The 
differences are lower than 3 %. 

3.2 Adhesive strength test 

The adhesive strength, as already mentioned, is an 
essential characteristic in render mortars. Without a 
proper adhesive strength, the mortars do not accomplish 
their function in building walls. According to Veiga [16] 
the adhesive strength of a render mortar must be higher 
than 0.3 MPa or present a cohesive fracture to achieve 
an acceptable performance. 

The adhesive strength between the industrial mortars 
and a ceramic substrate (illustrated in Figure 2) was 
tested for all mortars and the influence of the 
incorporation of recycled aggregates on this 
characteristic was assessed. The results are summed up 
in Table 3 and Figure 3. 

The adhesive strength was reduced with the 
incorporation of recycled aggregates. This reduction 
was more significant for percentages of replacement 
equal to or higher than 50 %. It was also verified that the 
fracture pattern for higher recycled aggregate 
percentages changed from an adhesive fracture (REF 
mortar) to a cohesive fracture (type B). This means that 
the mortars with high incorporation of recycled 
aggregates support in all cases a lower pull-off strength 
and consequently reduce the adhesive strength value. 

With the exception of the MRA S 70 % mortar, the 
industrial mortars with more than  
50 % of recycled aggregates had an adhesive strength 
lower than 0.3 MPa. For a replacement of 100 %, in one 
case, the mortar was not adherent to the substrate at all, 
as illustrated in Figure 4. 
 

 
Fig. 2.  Adhesive strength test results. 

Table 3. Adhesive strength test results. 

Mortars 
RA 
(%) 

Adhesive 
strength 
(MPa) 

Fracture 
pattern 

REF 0 % 0.58 ± 0.09 A 

MRA A 
50 % 0.29 ± 0.08 A 

100 % 0.11 ± 0.04 B 

MRA S 

30 % 0.48 ± 0.07 A/B 

50 % 0.22 ± 0.06 A 

70 % 0.47 ± 0.16 A/B 

100 % - - 

RCA 
BB 

30 % 0.59 ± 0.08 B 

50 % 0.09 ± 0.05 B 

70 % 0.17 ± 0.05 B 

100 % 0.14 ± 0.03 B 

 

MRA S 
30% 
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Fig. 3. Adhesive strength test results. 

Legend: Fracture pattern A - Adhesion fracture (fracture 
at the interface between mortar and substrate), fracture 
pattern B – Cohesion fracture (fracture in the mortar 
itself) and fracture pattern C – Cohesion fracture 
(fracture in the substrate material). 

 

 

 
Fig. 4. Lack of adhesion of the mortar MRA S 100%. 

Considering the mortars with just 30 % of replacement, 
the adhesive strength value was 0.59 MPa and 0.48 
MPa, respectively for RCA BB 30 % and MRA S 30 %. 

Both mortars with adhesive strengths higher than 0.30 
MPa, accomplished a proper adhesive strength as 
suggested by Veiga [16]. 
In conclusion, the replacement of limestone aggregates 
by recycled aggregates, both RCA and MRA, affects the 
adhesive strength between the render mortars and the 
ceramic masonry walls. However, until 30 % of 
incorporation (by weight), this characteristic was not 
compromised, achieving the modified mortars a similar 
performance to the REF mortar. This can suggest a 
maximum percentage of incorporation around 30 % (by 
weight). 

3.3 Cracking susceptibility 

The cracking susceptibility of the mortars with RA 
incorporation was visually evaluated until 28 days of 
age. 

Some cracking was found in the mortars with RA 
incorporation. In the industrial mortars with mixed 
recycled aggregates (MRA) this cracking occurred for 
percentages higher than 50 % (illustrated in Figure 5). 
In the case of recycled concrete aggregates (RCA) it 
occurred only for percentages higher than 70 % 
(illustrated in Figure 6). 

 
Fig. 5. Cracking pattern - MRA S 50%. 

For the mortars with only 30 % of RA, no cracking was 
observed for 28 days, giving these mortars a similar 
behaviour to the original industrial mortars. 

Taking into account the adhesive strength values and 
the cracking behaviour, only the mortars with 30 % 
(MRA S 30 % and RCA BB 30 %) were tested for bulk 
density, modulus of elasticity, compressive and flexural 
strength. 
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Fig. 6. Cracking pattern – RCA BB 70%. 

3.4 Bulk density, modulus of elasticity, flexural 
and compressive strength tests at 14 days 

3.4.1  Hardened bulk density 

Bulk density was tested at 14 days and the results are 
summed up in Table 4. The mortars with recycled 
aggregates presented a similar bulk density, only 
slightly higher than that of REF mortar, however not 
significantly. This could be expected as the substitution 
was done by weight, but it also indicates that there is not 
a significant change in porosity. 

Table 4. Bulk density and modulus of elasticity test results, 
at 14 days. 

Mortars 
RA 
(%) 

Bulk 
density 
(kg/m3) 

Modulus of 
elasticity 

(GPa) 

REF 0 % 1750.0±30.4 7.6±0.2 

MRA S 30 % 1759.5±3.1 8.7±0.1 

RCA BB 30 % 1763.9±31.3 6.6±0.2 

Table 5. Flexural and compressive strength test results, at 14 
days. 

Mortars 
RA 
(%) 

Flexural 
strength 
(MPa) 

Compressive 
strength 
(MPa) 

REF 0 % 1.19±0.06 3.23±0.26 

MRA S 30 % 1.34±0.12 3.23±0.40 

RCA BB 30 % 0.82±0.09 2.47±0.23 

3.4.2 Modulus of elasticity 

The modulus of elasticity was evaluated at 14 days in 
prismatic specimens and the results are summarized in 
Table 4. The modulus varied between 7 and 9 GPa, 
depending on the mortars. The MRA S 30 % had a 
modulus about 14 % higher than the REF mortar (8.7 
GPa versus 7.6 GPa), while RCA BB 30  % had a 
modulus 13 % lower than that of the REF (6.6 GPa 
versus 7.6 GPa).  

3.4.3  Flexural and compressive strength 

Flexural and compressive strength of industrial mortars 
with 30 % of replacement of limestone aggregates by 
recycled aggregates was tested in prismatic specimens 
at 14 days. The results obtained are summed up in Table 
5 and Figure 7. 

It was found that the mortar with mixed recycled 
aggregates (MRA S 30 %) had presented a slight 
increase of flexural strength (about 12 %), in 
comparison with the REF mortar. In terms of 
compressive strength, a similar value was obtained. The 
incorporation of the RCA BB by 30 % resulted in a 
mortar with a low flexural and compressive strength, per 
comparison with the REF, respectively 31 % and 24 %. 
The flexural and compressive strength tests results are 
consistent with the modulus of elasticity test results. 

 
Fig. 7. Flexural and compressive strength test results. 

4. Conclusions 

The encapsulation of recycled aggregates from 
construction and demolition wastes as a substitute for 
sand has been deeply studied over recent. With this 
knowledge it is possible to move on to evaluate 
industrial products with these types of aggregates. 

In this sense, this research intended to quantify the 
maximum RA incorporation ratio that does not 
compromise the industrial render mortars’ performance. 
It was mainly focused on the mortars’ cracking 
susceptibility and on their adhesive strength to a ceramic 
substrate, since these two characteristics are extremely 
important in render applications. 

 

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

REF MRA S 30% RCA BB 30%

St
re

ng
th

 (
M

Pa
)

Flexural strength Compressive strength

RCA BB 70% 

      Concrete Solutions 2025
, 15002 (2025)MATEC Web of Conferences https://doi.org/10.1051/matecconf/202540915002409

5



In this research it was found that: 

 Until 30 % of incorporation, the adhesive strength 
was similar to a REF mortar. 

 Until 30 % of RA the adhesive strength is higher 
than 0.30 MPa. 

 Until 30 % of RA the mortars do not present visible 
cracks at 28 days, therefore they are assessed as 
with low susceptibility to cracking. 

In fact, it was verified that 30 % is the limit for RA 
incorporation for these industrial mortars and in the 
referred conditions. With this limit the mortars maintain 
their appropriate technical behaviour. 

The incorporation of RA replacing natural 
aggregates promotes the reduction of natural resources 
extraction and simultaneously encapsulation of CDW. 
This can promote products with lower environmental 
impacts. 
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