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1. Introduction 

Currently, the construction sector is one of the main consumers of natural resources and also one of the 

largest generators of urban solid waste. The depletion of natural resources has led to the need to find new 

materials as well as new constructive techniques capable of contributing, not only to improving the quality of 

life of society, but also to preserving the environment (Teodoro, 2011). 

Due to the high volumes of natural resources consumed, society is becoming more apprehensive about 

sustainability and construction methodologies. In this way, it becomes urgent to adopt constructive solutions 

that aim to increase energy efficiency, sustainability and, consequently, durability (Faria, 2012). In this way, 

an effort has been made to improve the thermal, acoustic and efficiency behavior of buildings (Labrincha et 

al., 2006). 

In view of the increasing demands on buildings, which underpin the need to ensure compliance with the 

requirements of increasingly stringent new legislation, the market for building materials has been increasingly 

developing solutions to ensure that these requirements are met every time, both mechanically, thermally and 

acoustically (Frade et al., 2012). 

Therefore, the application of this type of products leads to gains, improving the conditions of the structures 

designed and built (improvements in the external environment conditions and hygrothermal conditions, 

energy efficiency and sustainability), as also at industry level, presenting a broader offer of products with 

proven durability (Maia, 2016). 

Regarding this problem, a research line has been developed at Instituto Superior Técnico on mortars with 

lightweight and insulating aggregates, more specifically, thermal mortars, characterized by a thermal 

coefficient of less than 0,1 or 0,2 W/m.K (classified as T1 or T2, respectively) and having a density below 

600kg/m3. These mortars result from the total or partial replacement of sand by insulation aggregates, such 

as expanded cork granulate, expanded clay, supercritical or subcritical aerogel, perlite and expanded 

polystyrene granulate. Adjuvants are also used, since the substitution of sand with this type of aggregates 

causes a reduction of the compressive strength and the dynamic modulus of elasticity, that is, mortars less 

resistant, although with greater deformation capacity. 

2. Experimental Campaign 

In a first phase (Phase 1), the objective was to evaluate the procedure of the freeze / thaw cycle’s 

methodology and to determine which mortar performs better in this study. This preliminary campaign had as 

starting point of 6 mortars already produced within the scope of the study of Júlio et al. (2015), with five 

cement as a binder and only one with 50% cement and 50% fly ash (Table 2.1.). The mortars contain 

adjuvants and the percentages used in each one are different. The aggregates used in the mortar 

compositions were supercritical and subcritical aerogel, expanded cork granulate, expanded clay and perlite. 

This campaign also aimed to evaluate the freeze / thaw methodology used (since the construction laboratory 

of the Instituto Superior Técnico does not have any climatic chamber) and to determine which of the 6 

produced mortars has the best behaviour to the freeze / thaw cycles to use the same in a Phase 2 with 

different methodology (accelerated aging). 
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Table 2.1 - Composition of mortars in the preliminary campaign (Phase 1) 

Mortars 

Binder (%) Distribution of aggregates by volume (%) 
Additives / Adjuvants (% 

of binder mass) 

CEM 
42,5 I 

R 
Fly ash 

Aerogel 
Supercrit

ical 

Aeroge
l 

subcrit
ical 

Expande
d cork 

Expande
d clay 

Perlite 
Cellulo

se 
ether 

Tensio
active 

Resin 
powde

r 

CI100AG 100   100    0,075 0,5 2 

CI60AG20GC
15AE5P 100   60 20 15 5 0,075 0,5 2 

CI100AG * 100   100    0,075 0,5 2 

CI60AG20GC
15AE5P  100   60 20 15 5 0,075 0,3 2 

CI50CV50
60AGs20GC

15AE5P 50 50 60  20 15 5 0,075 1,2 2 

CI60AGs20GC
15AE5P 

 100  60  20 15 5 0,075 1,2 2 

 

In the second phase (Phase 2) we intend to evaluate the mortar characteristics before and after the 

accelerated aging tests and to the freeze / thaw cycles. The mortars were formulated in the laboratory having 

as sole binder the cement. The aggregates used in the composition of the mortars were expanded cork 

granulate, supercritical and subcritical aerogel and EPS granulate (expanded polystyrene). A percentage of 

100% of aggregate replacement was used for each of the mortars, as you can see in Table 2.2. 

Table 2.2 - Summary table of mortars produced in the laboratory (Phase 2) 

Mortars Binder 

Aggregate / 
% addition 

(by 
volume) 

Insulated 
Aggregate 
Dimension 

(mm) 

Other 
aggregates 

Additives / Adjuvants (% of 
binder mass) 

Ratio 
a/c Cellulose 

ether 

Tensioa

ctive 

Resin 

powder 

AREF 

CEM II 
B/L 32,5 

N 
 

- n/a Sand  - - - 1,00 

BGC 

100% 
expanded 

cork 
granulate 

0,5 - 2 - 0,075 0,5 2 0,79 

CAG 
100% 

Aerogel 
supercritical 

 ≤ 2 - 0,075 0,5 2 0,63 

DEPS 

100% 

Expanded 
polystyrene 

2 - 4 - 0,075 0,5 2 0,63 

After the production of the mortars the tests were carried out in the fresh state determining the consistency 

by spreading and the apparent bulk density. The characterization of the mortars in the hardened state was 

performed at 28 days of age, the specimens being separated for two methodologies (freeze / thaw and 

accelerated aging). 

 For each of the methodologies, compression tests, thermal conductivity, ultrasonic wave propagation velocity 

and dynamic elastic modulus (freeze / thaw cycles only) were performed to evaluate the durability of the 

different mortars, as synthesized in Table 2.3. 
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Table 2.3 - Summary table of methodologies and tests 

Procedure Test Type of sample 

Freeze / thaw 

Compressive strength  Prism 

Ultra-sound Prism 

Dynamic modulus of elasticity  Reduced prism  

Thermal conductivity Cylinder 

Accelerated aging 

Compressive strength Prism 

Ultra-sound Prism 

Thermal conductivity 
 

Cylinder 

3. Results and analysis 

3.1. Preliminary campaign (Phase 1) 

i) Compressive strength 

After the 20 freeze / thaw cycles, only the mortar with 100% cement, mortar with 60% airgel, 20% expanded 

cork granulate, 15% expanded clay and 5% perlite), more specifically CI60AG20GC
15AE5P 

(2) and CI60AGs20GC
15AE5P 

(3) increased the compressive strength value by 20.0% and 46.2%, respectively. 

The cement mortar CI50CV50
60AGs20GC

15AE5P 
(3)  (mortar with 50% cement and 50% fly ash; mortar with 60% 

supercritical aerogel, 20% expanded cork granulate, 15% expanded clay and 5% perlite) has no value since 

the rupture of the test pieces occurred to the 3rd cycle. Thus, it is concluded that the higher incorporation of 

aerogel and the higher w/c ratio, the lower the resistance to frost / thaw cycles. 

ii) Ultra-sound 

At the end of the 20 freeze / thaw cycles, it is possible to observe that only mortar CI60AGs20GC
15AE5P 

(3) (mortar 

with 100% cement, mortar with 60% supercritical aerogel, 20% expanded cork granulate, 15% expanded clay 

and 5 % Of perlite) does not decrease the speed of ultrasonic waves, increasing its value by 14.8%. 

The most costly mortar is CI60AG20GC
15AE5P 

(1) (mortar with 100% cement, mortar with 60% subcritical aerogel, 

20% expanded cork granulate, 15% expanded clay and 5% perlite), decrease its initial value by 23.9%. 

iii) Dynamic modulus of elasticity  

The mortars CI50CV50
60AGs20GC

15AE5P 
(3) e CI60AGs20GC

15AE5P 
(3)  do not present final value, since the rupture 

occurred in the 1st cycle and in the 11th cycle, respectively. The remaining mortars increased in turn the 

value of the dynamic modulus of elasticity. The mortar CI100AG (1)  had an increase of 17,4 % while the 

CI60AG20GC
15AE5P 

(2) of 21.3%, as it was expectable. 

iv) Coefficient of thermal conductivity 

The coefficient of thermal conductivity increased in all mortars at the end of the 5th cycle. The mortar that 

obtained a more pronounced growth was mortar CI60AGs20GC
15AE5P 

(3) , , (mortar with 100% cement, mortar with 

60% supercritical aerogel, 20% of expanded cork granulate, 15% of expanded clay and 5% of perlite), 18% 

while CI100AG (1) and CI100AG * (1)  (mortars with 100% cement, 100% subcritical aerogel) increased by 6% and 

11%, respectively. On the other hand, mortar CI50CV50
60AGs20GC

15AE5P 
(3) (mortar with 50% cement and 50% fly 
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ash; mortar with 60% supercritical aerogel, 20% expanded cork granulate, 15% expanded clay and 5% perlite) 

had its rupture in the 4th cycle, being the only mortar which the coefficient of thermal conductivity decreased. 

Briefly, Table 3.1 shows how the mortars analysed behaved in each test after being subjected to the 20 freeze 

/ thaw cycles. The arrows translate an increase or decrease of the values obtained in each mortar. These 

arrows have different colours as the change in values is favourable, unfavourable or not representative, 

respectively green, red or orange. 

Table 3.1 - Synthesis of mortar behavior in Phase 1 tests 

Mortars 

Freeze/ thaw strenght testing 

Compressive 
strength 

 

Ultra-
sound 

Weight 
variation 

Coefficient of 
thermal 

conductivity 

Dynamic 
modulus of 

elasticity 

CI100AG (1) ↘ 22,4 % ↘ 14,6 % ↔ 6,0 % ↔ 6,3 % ↗ 17,4 % 

CI60AG20GC
15AE5P 

(1)
  ↘ 9,2 % ↘ 23,9 % ↔ 3,5 % n/e n/e 

CI100AG * (1) ↘ 27,2 % ↘ 18,7 % ↔ 6,8 % ↗ 11,4 % n/e 

CI60AG20GC
15AE5P 

(2) ↗ 20,0 % ↘ 10,5 % ↔ 8,9 % n/e ↗ 21,3 % 

CI50CV50
60AGs20GC

15AE5P 
(3) n/m n/m n/m n/m n/m 

CI60AGs20GC
15AE5P 

(3) ↗ 46,2 % ↗ 14,8 % ↔ 3,7 % ↗ 17,5 % n/m 

Legend:  

Green - Improvement of mortar performance; 
Red - Indicates that the mortar presents a worse performance than initially (greater than 10%); 
Orange - Indicates that the mortar presents a similar performance when starting (less than 10%); 
n/e – not evaluated;  
n/m - no measurement due to rupture of the sample; 
(1) – 0,075 % cellulose ether, 0,5 % tensioactive, 2 % resin powder; (2) – 0,075 % cellulose ether, 0,3 % tensioactive, 2 % resin 
powder; (3) – 0,075 % cellulose ether, 1,2 % tensioactive, 2 % resin powder. 

As expected, mortars with supercritical aerogel over a reduced number of freeze / thaw cycles reached 

breakage, so that performance of mortar CI50CV50
60AGs20GC

15AE5P 
(3) in Table 3.1 is not presented. After the 

evaluation of the mortars at the 20 freeze / thaw cycles and the analysis of Table 3.1, the CI100AG (1) mortar 

was chosen for the experimental campaign described below. As the subject of the dissertation is about the 

durability in mortars with lightweight and insulating aggregates, the decisive factor was the coefficient of 

thermal conductivity, with mortar CI100AG (1) having the lowest coefficient (0.085 W/m.K) as expected, after the 

freeze / thaw cycles without showing signs of rupture. 

3.2. Experimental campaign (Phase 2) 

3.2.1. Mortars subject to accelerated aging cycles 

The accelerated artificial aging methodology was used to simulate the aging of mortars through eight cycles 

of freeze - heat, followed by eight cycles of freeze - thaw. 

i) Ultra-sound 

Mortars after subjected to 20 accelerated aging cycles suffer changes in the propagation velocity of ultrasonic 

waves. The AREF mortar had a slight reduction in the propagation velocity of ultra-sonic waves, registering a 

value of 1951 m/s, lower than the 1986 m/s. The mortars with replacement of aggregates show lower speed 

values than the reference mortar. In contrast to AREF mortar, the remaining mortars did not suffer significant 

changes in value after the accelerated aging cycles, with mortar incorporating supercritical aerogel, with a 

significant difference on the order of 7.3% higher than their speed of propagation. 
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In this way, it’s possible to conclude that the climatic cycles are responsible for two opposite effects. On one 

hand, the reference mortar when subjected to thermal variations and to the formation of ice, may have formed 

micro cracks, although not detected with the naked eye and that can explain the decrease in the propagation 

speed of the waves, making the mortar less compact. On the other hand, in the case of mortars with 

lightweight and insulating aggregates, the climatic cycles can potentiate the late hydration of the cement 

mainly in the freeze / thaw cycles, thus increasing the velocity values after accelerated aging, influencing the 

results (Farinha,2015). 

ii) Compressive strength 

All mortars with lightweight and insulated aggregates produced, before accelerated aging cycles , comply the 

required value for thermal mortars defined in EN 998-1 (CEN, 2010), obtaining the minimum classification of 

CS I. 

Only AREF reference mortar loses compressive strength after accelerated aging. The BGC, CAG and DEPS 

mortars slightly increased their strength, increasing by 6.8%, 2.4% and 10.9%, respectively. Thus, it’s 

concluded that mortars with lightweight aggregates and insulation slightly increase their compressive strength 

properties when subjected to cycles of heat-freeze and humidity-freeze as opposed to the reference mortar. 

In order to better evaluate the durability properties of the mortars, correlations were made between the results 

of the test techniques in each methodology, thus complementing the results already obtained. Figure 3.1 

shows the parameters of compressive strength with the propagation velocity of the ultrasonic waves before 

and after the accelerated aging cycles. This analysis is only done for mortars with lightweight and insulating 

aggregates since the inclusion of reference mortar would cause a large discrepancy in the results. 

 

Figure 3.1 - Relation between the results of wave propagation velocity with the compressive strength 

Figure 3.1 shows a high correlation between the propagation velocity of the waves and the compressive 

strength of the mortars (R2=0.94). As such, the mortars that have the highest ultrasonic propagation velocity 

are those that have a higher value of compressive strength and density. Either before or after accelerated 

aging, the DEPS mortar in both parameters (ultrasonic wave velocity and compressive strength) remains higher 

than the rest. Although the correlation decreases after the accelerated aging test the mortar values are very 

similar to the initial values. 
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iii) Coefficient of thermal conductivity 

At the end of the accelerated aging cycles, all the mortars produced increased their coefficient of thermal 

conductivity except for the mortar with aerogel CAG that remained as can be seen in Figure 3.2. The coefficient 

of thermal conductivity that registered the greatest increase was AREF mortar (79.7%), its value at 28 days of 

age being 1.18 W/m.K and after the accelerated aging cycles 2.12 W/m.K, worsening its thermal behavior. 

As expected, BGC mortar increased by 25% and DEPS mortar  18.2%. Finally, the thermal conductivity value of 

the CAG mortar had a slight increase of 4.6%, being the one with the lowest coefficient at the end of the 

accelerated aging cycles. In Figure 3.2., it is possible to verify the relationship between the propagation 

velocity of the ultrasonic waves and the thermal conductivity before and after the accelerated aging cycles. 

 

Figure 3.2 - Relation between the results of propagation velocity of waves with thermal conductivity (λ) 

The relationship between the thermal conductivity and the wave propagation velocity, similar to the previous 

relationship with the compressive strength, was observed a high correlation (R2= 0.95) between the two 

parameters before the mortars were subjected to accelerated aging cycles. 

Thus, mortars with the highest coefficient of thermal conductivity are those with the highest propagation 

velocity of ultrasonic waves. After the accelerated aging cycles, there is a significant decrease in the 

determination coefficient (R2=0.66) and, consequently, in the linear growth since the CAG mortar increases its 

velocity to the ultrasound surpassing the BGC mortar. Figure 3.3 relates the compressive strength to the 

thermal conductivity of mortars with lightweight and insulating aggregates, before and after being subjected 

to the accelerated aging cycles. 

 

Figure 3.3 - Relation between the results of the compressive strength with the thermal conductivity (λ) 
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The results show that there is a linear growth trend between the thermal conductivity and the compressive 

strength, with a coefficient of determination (R2) of 0.99 and 0.95, respectively, before and after aging 

accelerated. Mortars with lower values of compressive strength and, in turn, less compact have lower values 

of the coefficient of thermal conductivity, that is, better thermal performance. In ascending order, the mortar 

CAG, BGC and DEPS are represented by points. It is important to note that after the accelerated aging cycles,  

all the mortars increased their compressive strength and their coefficient of thermal conductivity values,  while 

maintaining a simultaneous growth and a determination coefficient very close to the calculated values at 28 

days. 

3.2.2. Mortars subject to freeze / thaw cycles  

i) Ultra-sound 

The mortar that suffers the greatest reduction of speed is the mortar DEPS, about 7.2%. AREF mortar presents 

the best performance in this parameter since it loses only 1.6% in relation to it’s value at 28 days. BGC and 

CAG mortars decrease their propagation velocity value of ultrasonic waves by 3.5% and 4.5%, respectively, 

after the freeze / thaw cycles. Although, there is a decrease in the value of ultrasonic waves in BGC and CAG 

mortars, not very significant (less than 10%). As such, the results obtained for the mortars under study in 

relation to the ultrasound are in agreement with those obtained for the modulus of dynamic elasticity, since 

both tests evaluate the compactness of a mortar. 

ii) Compressive strength 

AREF mortar does not present a significant difference (less than 5%) in relation to it’s compressive strength 

value, and a value 2.4% lower than the value at 28 days of age that was obtained. On the other hand, the 

BGC mortar increases it’s initial value by 14.3% while the CAG mortar only 1.4%. The DEPS mortar is the mortar 

that presents a greater increase of the compression resistance after the cycles of freeze / thaw (19,1%). 

Figure 3.4 shows an acceptable correlation between the wave propagation velocity and the compressive 

strength before (R2 = 0.82) and then (R2 = 0.83) of the freeze / thaw cycles. As in accelerated aging, as can 

be seen, after the 20 freeze / thaw cycles, the mortars decrease their values of wave propagation velocity, 

becoming more compact and thus increasing their compressive strength. 

 
Figure 3.4 - Relation between the results of the compressive strength with the velocity of the ultrasonic waves 
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iii) Coefficient of thermal conductivity 

Only the CAG mortar suffers a slight change in coefficient of thermal conductivity. After the 20 cycles, CAG 

decreases it’s initial value by 5.8%. Like AREF mortar, mortars with lightweight and insulation aggregates, BGC 

and DEPS do not suffer significant coefficient changes. 

iv) Dynamic modulus of elasticity  

Regarding the modulus of elasticity of the BGC mortar, it does not suffer large variations in value over the 

cycles, increasing only it’s initial value about 5.9%. The CAG mortar presents a similar behavior, increasing by 

10.5%, going from 449 MPa to 494 MPa. On the other hand, the DEPS mortar, after the five cycles, undergoes 

a significant reduction in value, going from 1344 MPa to 980 MPa. In the remaining cycles, it continues to 

decrease reaching 769 MPa at the end of the 20 cycles, decreasing the initial modulus value by about 42.8%. 

As can be seen, the heat / freeze and freeze / thaw cycles show little influence on the behavior of mortars of 

lightweight and insulation aggregates, except for the thermal conductivity test, where only CAG mortar 

maintains its properties. On the other hand, the reference mortar significantly changes it’s values after the 

accelerated aging, the coefficient of thermal conductivity and the compressive strength. Table 3.2 summarizes 

the results obtained in all tests performed before and after the the heat / freeze and freeze / thaw cycles. 

Table 3.2 – Synthesis of the changes of accelerated aging methodology tests 

Accelerated aging 

Test AREF BGC CAG DEPS 

Ultra-sound ↔ 1,8 % ↔ 2,1 % ↔ 7,3 % ↔ 4,8 % 

Coefficient of thermal conductivity ↘ 79,7 % ↘ 25 % ↔ 4,6 % ↘ 18,2 % 

Compressive strength ↘ 16,6 % ↔ 6,8 % ↔ 2,4 % ↗ 10,9 % 

Weight variation ↔ 4,6 % ↗ 28,8 % ↗ 13,2 % ↗ 15,1 % 

Legend:  

Green - Improvement of mortar performance; 

Red - Indicates that the mortar presents a worse performance than initially (greater than 10%); 

Orange - Indicates that the mortar presents a similar performance when starting (less than 10%); 

In freeze / thaw cycles, compared to accelerated aging cycles, mortars have different behaviors. As for the 

velocity of ultrasonic waves, mortars suffer a slight decrease (less than 10%). As in accelerated aging, the 

CAG mortar is one that registers an improvement in its thermal behavior, lowering its coefficient of thermal 

conductivity value. Likewise, the compressive strength of the BGC and DEPS mortar increases after the cycles, 

respectively, 14,3% and 19,1%. As for the dynamic modulus of elasticity, AREF mortar and DEPS mortar 

decrease its value, thus making mortar more resistant and more compact. In summary, the freeze / thaw 

cycles show little influence on both mortars with lightweight and insulating aggregates and on the reference 

mortar. Table 3.3 summarizes the results obtained in all tests performed before and after the freeze / thaw. 
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Table 3.3 – Synthesis of the changes of freeze / thaw methodology tests 

Freeze / thaw 

Test AREF BGC CAG DEPS 

Dynamic modulus of elasticity ↘ 12,2 % ↔ 5,9 % ↗ 10,5 % ↘ 42,8 % 

Ultra-sound ↔ 1,6 % ↔ 3,5 % ↔ 4,5 % ↔ 7,2 % 

Coefficient of thermal conductivity ↔ 0,2 % ↔ 2,3 % ↔ 5,8 % ↔ 3,0 % 

Compressive strength ↔ 2,4 % ↗ 14,3 % ↔ 1,4 % ↗ 19,1 % 

Weight variation ↔ 3,1 % ↔ 6,8 % ↘ 14,5 % ↔ 5,1 % 

Legend:  

Green - Improvement of mortar performance; 

Red - Indicates that the mortar presents a worse performance than initially (greater than 10%); 

Orange - Indicates that the mortar presents a similar performance when starting (less than 10%); 

4. Conclusions 

In general, the physical and mechanical performance of the mortars under study was significantly influenced 

by the incorporation of lightweight and insulating aggregates, as well as by the use of adjuvants (surfactants, 

cellulose ether and powdered resin). 

In the first analysis, it is possible to verify that the mortars produced with lightweight and insulating aggregates 

(cork granulated, silica aerogel and EPS) suffer significant improvements in thermal performances, being able 

to be classified as thermal mortars according to EN 998-1 (CEN , 2010), with the coefficient of thermal 

conductivity lower than 0,20 W/m.K. The mortars have values between 400 and 700 kg/m3, being classified, 

by the same standard, as lightweight mortars, since they have apparent bulk masses lower than 1300 kg/m3. 

The reference mortar, cementitious mortar of sand without the addition of adjuvants, has thermal 

conductivities between about 1,10 and 1,60 W/m.K and bulk density in the order of 1800 to 2000 kg/m3. Also 

according to EN 998-1 (CEN, 2010), thermal mortars have a compressive strength of between 0,4 and 5 MPa, 

being thus classified as CS I and CS II. In this experimental campaign, the compressive strengths at 28 days 

obtained values between 0,7 and 2,20 MPa, so that the mechanical behaviour of the mortars is affected by 

the substitution of the lightweight and insulating aggregate by the sand. Also the adjuvants introduced into 

the compositions of the thermal mortars, in particular the air introducers, introduce voids into the mixture, 

reducing their mechanical strength. 

Regarding the modulus of dynamic elasticity, at 28 days, mortars with lightweight and insulating aggregates 

have values that are much lower than the reference mortar,  and as such are mortars that have a greater 

capacity for deformation, less compact and are less subject to phenomena of Cracking (Ed ≤ 10000MPa, 

according to LNEC report 427/05 (2005)). The propagation velocity of the ultrasonic waves also decreases 

comparatively with the reference mortar, registering values in the order of 800 and 1300 m/s. 

When subjected to the accelerated aging methodologies (heat / freeze cycles and freeze / thaw cycles), the 

characteristics of mortars with lightweight and insulating aggregates and reference mortar suffer, as expected, 
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changes their properties. Firstly, after the accelerated aging cycles, mortars with lightweight and insulating 

aggregates increase their velocity of the ultrasonic waves, presenting values between 40 and 55% lower than 

the reference. Relating these values to the bulk density of the mortars, the influence of the apparent bulk 

density of the insulating aggregates and the incorporation of the adjuvants is verified, increasing, in this way, 

the voids in their composition. With respect to the compressive strength, mortars with lightweight and 

insulating aggregates increase their values. Despite this increase, the compressive strength remains well 

below the reference value, in the order of 90 and 95%, although the reference mortar decreases its value 

after the accelerated aging cycles. In relation to the coefficient of thermal conductivity, all mortars with 

lightweight and insulating aggregates have better coefficients of thermal conductivity than the reference 

mortar, which worsens considerably more than the previous mortar after the cycles. 

Likewise, after the freeze / thaw cycles, the mortars under study also changed. Regarding the mechanical 

behaviour of the mortars, namely, the compressive strength, increased after the freeze / thaw cycles in the 

mortars with lightweight aggregates, while in the reference mortar it decreased. On the other hand, the 

propagation velocity of the ultrasonic waves did not suffer significant changes in the mortars studied. As such, 

mortars with lightweight and insulating aggregates maintain better speed values than the reference mortars. 

In relation to the dynamic modulus, mortars with lightweight and insulating aggregates behave differently. The 

cork granulated mortar and the supercritical aerogel increase its value in relation to 28 days, while the mortar 

of EPS has a behavior similar to that of reference, increasing its value. 
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