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Abstract 

This study investigates the energy-related and mechanical behaviour of eco-friendly cementitious mortars 
containing waste materials, with particular attention to the replacement of cement with natural pozzolan and of 
aggregates with autoclaved aerated concrete (AAC) and end-of-life tire rubber (ELT). Thermal diffusivity was evaluated 
using a modified Parker-based method with active infrared thermography. The results show that AAC–ELT mixtures 
exhibit significantly lower thermal diffusivity than conventional cementitious mortars, with reductions of up to 
approximately 60%, while binder replacement has only a limited influence on the thermal response. A general 
relationship between thermal diffusivity and the mechanical performance of the investigated mixtures was also 
observed. 

1. Introduction  

In recent years, the growing demand for sustainable and high-performance construction materials has driven 
significant research efforts toward the development of innovative cement-based composites with enhanced thermal 
and environmental properties. In this context, the characterization of thermophysical properties, such as thermal 
diffusivity, plays a fundamental role in understanding heat transfer mechanisms and optimizing the energy 
performance of building envelopes. 

Infrared thermography (IRT) has emerged as a powerful non-destructive technique for the evaluation of 
thermal behaviour in materials, offering the advantage of full-field, contactless measurements and enabling the 
analysis of transient heat transfer processes. Active thermography approaches, in particular, allow the quantitative 
determination of thermal properties through controlled thermal excitation and subsequent monitoring of surface 
temperature evolution. These techniques have been increasingly applied to cement-based materials for both defect 
characterization and thermophysical property estimation, demonstrating their potential for reliable and efficient material 
assessment. 

Among the various methodologies, the flash method originally proposed by Parker [1] has been widely 
adopted for the evaluation of thermal diffusivity, due to its simplicity and effectiveness. However, real experimental 
conditions often deviate from the ideal assumptions of instantaneous and one-dimensional heat transfer. In this regard, 
finite pulse effects and heat losses, first addressed by Cape and Lehman [2], must be considered to obtain accurate 
estimations of this thermophysical parameter. Subsequent developments have further refined these approaches, 
adapting them to practical experimental setups and extending their applicability to different material systems. 

At the same time, increasing attention has been devoted to the use of recycled materials in cementitious 
composites, to reduce environmental impact and promote circular economy strategies. End-of-life tire (ELT) rubber 
has been widely investigated as a partial replacement of natural aggregates, leading to the development of rubberized 
concretes and mortars. The incorporation of rubber particles generally results in a modification of the microstructure, 
characterized by increased porosity and the presence of hydrophobic phases, which significantly affect both 
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mechanical and transport properties. Specifically, it has been demonstrated that the addition of rubber aggregates 
leads to a reduction in thermal conductivity and diffusivity, improving the thermal insulation behaviour of the material. 

From a microstructural perspective, the transport properties of cement-based materials are strongly governed 
by pore structure, connectivity, and density. More compact and homogeneous systems typically exhibit higher thermal 
diffusivity and mechanical strength, due to a more continuous solid phase that facilitates heat propagation. Conversely, 
the introduction of lightweight and porous phases, such as AAC or rubber aggregates, alters the heat transfer 
pathways, resulting in reduced effective thermal transport. 

Although AAC-based materials and rubberized cementitious composites have been extensively investigated 
separately [3, 4, 5, 6], their combined influence on thermal diffusivity, particularly when assessed through active 
infrared thermography techniques, remains limited. 

In this framework, the present study aims to investigate the thermal diffusivity of innovative cement-based 
mortars incorporating autoclaved aerated concrete (AAC) and ELT rubber through an active infrared thermography 
approach. The analysis is based on a modified Parker method applied to the transient thermal response obtained from 
controlled heating experiments. In addition, the relationship between thermal behaviour and material composition is 
explored, with particular attention to the influence of microstructure, moisture content, and mechanical performance. 
The experimental results provide insights into the role of recycled aggregates in tailoring the thermal response of 
cementitious materials, contributing to the development of more energy-efficient and sustainable construction 
solutions. 

2. Materials and Methods 

2.1.  Concrete mix design and samples preparation 

The investigated samples consisted of cementitious mortar formulations with different mix designs, including 
a reference mix (3:1), a pozzolanic mix with 35% cement substitution, AAC-based mixtures, AAC–ELT (end-of-life tire 
rubber) mixtures, and AAC combined with natural sand. Among these, only the 100% AAC mixtures were prepared 
using both 3:1 and 4:1 aggregate-to-binder ratios, whereas all the other formulations, although not explicitly specified, 
were produced using the 3:1 ratio. The detailed composition and identification of the samples are reported in table 1. 

Table 1. Sample identification and composition details 

Sample ID Mix design 
Average thickness 

[mm] 

2025_07_16 REF 3:1_1 REF 3:1 23 

2025_07_16 REF 3:1_2 REF 3:1 23 

2025_07_16 POZZ 35%_1 35% POZZOLANIC 24 

2025_07_16 POZZ 35%_2 35% POZZOLANIC 24 

2025_07_08_A1 100% AAC (REF 3:1) 23 

2025_07_08_A2 100% AAC (REF 3:1) 23 

2025_07_08_B1 100% AAC (REF 4:1) 23.5 

2025_07_08_B2 100% AAC (REF 4:1) 23 

2025_07_08_C1 95% AAC 5% ELT 23 

2025_07_08_C2 95% AAC 5% ELT 22 

2025_07_08_D1 90%AAC 10% ELT 24 

2025_07_08_D2 90%AAC 10% ELT 24 

2025_07_08_E1 70%AAC 30% ELT 23.5 

2025_07_08_E2 70%AAC 30% ELT 23.5 

2025_07_17 AAC 90%_1 90% AAC 10% natural sand 23 

2025_07_17 AAC 90%_2 90% AAC 10% natural sand 24 

2025_07_17 ELT 90%_1 90% ELT 10% natural sand 24.5 

2025_07_17 ELT 90%_2 90% ELT 10% natural sand 25 

 
For each formulation, two replicate prismatic samples were prepared (see table 1) to ensure the repeatability 

of the experimental measurements. The results reported in the following sections are based on the average values of 
the replicated samples. 

The samples were initially weighed in their wet state (figure 1(a)). Drying was performed in a ventilated oven 
at 50 °C for up to 72 h (figure 1(b)), according to the standard UNI EN 1015-10:2007 [7], that provides a dry temperature 
of 105±5 °C, not applicable for cementitious specimens containing polymer waste. The mass of each specimen was 
monitored at 24 h intervals, with intermediate measurements performed after cooling the samples to ambient 
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temperature to ensure stable readings. The drying process was considered complete when mass variations between 
consecutive measurements became negligible. 

Mass loss was evaluated as the difference between initial and final mass, while the percentage variation was 
calculated with respect to the initial mass according to Eq. (1): 

 

∆𝑚% =
𝑚𝑤𝑒𝑡 −𝑚𝑑𝑟𝑦

𝑚𝑤𝑒𝑡
∗ 100 (1) 

 
Where 𝑚𝑤𝑒𝑡 is the initial wet mass and 𝑚𝑑𝑟𝑦is the final mass after drying. 
 

(a)  (b)  

2.2. Experimental setup for thermal measurements 

Thermal diffusivity measurements were carried out using a transmission-mode setup based on active 
thermographic inspection, as shown in figure 2. 

 

 

The system consisted of a 1000 W halogen lamp used as a controlled heat source, an infrared (IR) camera 
(model Avio 550) with a resolution of 640×480 pixels, and a low-emissivity aluminium shield designed to reflect thermal 
radiation after the lamp was switched off, thereby minimizing environmental interference. Following several 
preliminary tests to optimize the experimental configuration, the distance between the sample and the halogen lamp 
was set to 18 cm, while the distance between the sample and the IR camera was fixed at 25 cm (figure 2). 

During testing, each sample was heated from one side for 40 s while the temperature evolution was recorded 
on the opposite surface using the IR camera. Thermal images were acquired every 3 s over a total duration of 1200 s. 
The emissivity was set to 0.92, consistently with typical values reported for cement-based materials in infrared 
thermography studies [8]. Prior to each test, samples were conditioned to reach a uniform initial temperature. 

 
2.3. Thermal data acquisition and processing 

The acquired thermal data were processed using a custom algorithm developed in MATLAB 2011b. An 
example of the data processing procedure is shown for sample 2025_07_08_C1. 

Figure 1. Sample preparation and drying process: (a) specimens before drying, (b) oven at 50 °C 

Figure 2. Experimental setup for thermal measurements in transmission mode 
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The thermal analysis is based on the one-dimensional transient heat conduction equation [9, 10] (Eq. (2)): 
 

𝜕𝑇

𝜕𝑡
= 𝛼

𝜕2𝑇

𝜕𝑥2
 (2) 

 
Where T is the temperature, t is the time, x is the spatial coordinate, and α is the thermal diffusivity. A region 

of interest (ROI) was defined on the thermal map, selected on an arbitrary frame, as illustrated in figure 3(a). The 
custom routine computes the mean temperature within the selected ROI over the entire acquisition, from the initial 
frame to the end of the recording. This procedure allows the extraction of the temperature evolution as a function of 
time (figure 3(b)), yielding the temperature–time curves used for subsequent analysis. 

In the temperature–time graph, the absolute time corresponds to the elapsed time from the beginning of the 
acquisition, while the relative time is defined with respect to the onset of heating on the opposite face of the sample, 
immediately after activation of the halogen lamp. 

 

(a) (b) 

(c) 

The thermal diffusivity of the mortar samples was evaluated using a modified version of the Parker method 
[1] with non-impulsive heating, similarly to the approach adopted in [11, 12, 13], where a halogen lamp is used as the 
heat source and the analysis is based on the transient response of the rear surface temperature [1, 2, 14, 15, 16, 17]. 

The normalized temperature rise U (L, t) was obtained from the temperature–time curves (Figure 3(c)) and 
is expressed as [1, 18]: 

 

𝑈(𝐿, 𝑡) =
∆𝑇(𝐿, 𝑡)

∆𝑇𝑚𝑎𝑥
= 1 + 2∑ (−1)𝑛𝑒−𝑛

2𝜔
∞

𝑛=1
 (3) 

 

Figure 3. (a) ROI selection; (b) mean temperature over time; (c) diffusivity from Parker method 
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Where ΔT (L, t) is the temperature rise of the rear surface of the sample at time t, defined as the difference 
between the instantaneous surface temperature and the initial uniform temperature of the sample prior to heating. 
ΔTmax is the maximum temperature increase measured during the transient.  

The dimensionless parameter ω is defined as [1]: 
 

𝜔 =
𝜋2𝛼𝑡

𝐿2
 (4) 

 
Where α is the thermal diffusivity, tis the time, and L is the sample thickness. Starting from this formula (Eq. 

(4)), the thermal diffusivity can be evaluated using the Parker model, which relates the characteristic time of the thermal 
response to the material properties and geometry of the sample. This approach is commonly used in non-destructive 
evaluations where thermal diffusivity is required for quantitative analysis of material properties and defect 
characterization [13]. In this framework, the thermal diffusivity is expressed as [1, 2, 18, 19]: 

 

𝛼 =
𝑊𝑥𝐿

2

𝜋2𝑡𝑥
 (5) 

 
where Wx is a dimensionless constant that depends on the selected reference fraction of the temperature 

rise, L is the sample thickness, and tx is the time required for the sample to reach a given fraction of the maximum 
temperature increase (typically 50%). According to [1, 2], for t1/2, the corresponding constant is W1/2 = 1.370. 

The data processing algorithm implemented in this work is based on the analytical scheme shown in figure 
3(c), which allows the extraction of the characteristic time from the experimental thermal response curves and its 
subsequent use for the calculation of thermal diffusivity. 

3. Results and discussion 

3.1. Drying process behaviour and mass loss analysis 

The evolution of mass during the drying process is reported in figure 4(a, b). Data are reported as mean 
values obtained from independent replicate samples. 

As observed in figure 4(a), all samples exhibit a consistent drying behaviour characterized by a rapid initial 
decrease in mass, followed by a progressive reduction in the drying rate until a quasi-stationary condition is reached. 

This trend reflects a typical two-stage drying mechanism, consistently with drying behaviour reported for 
cement-based materials in controlled conditions [20]: an initial phase governed by the evaporation of free water from 
the surface, and a subsequent phase controlled by moisture diffusion from the internal pore structure toward the 
exterior. 

 

  
(a) (b) 

The interpretation of this behaviour is further supported by figure 4(b), where the incremental mass loss (%) 
between successive measurements was evaluated according to Eq. 6. 

 

∆𝑚𝑖% =
𝑚𝑖−1 −𝑚𝑖

𝑚𝑖−1
∗ 100 (6) 

 

Figure 4. Drying behaviour of the samples: (a) mass evolution during drying and (b) incremental mass loss 
(%) between successive measurements 
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Where mi-1 and mi represent the specimen mass measured at two consecutive drying intervals. 
Since no mass variation occurs at the initial condition (t = 0 h), the incremental analysis starts from the first 

drying interval (0–24 h), and the initial zero point was omitted from the plot for clarity. Similar approaches based on 
incremental mass change during drying have been reported in the literature for cement-based materials [20]. 

The results show that the highest incremental mass loss occurs during the first drying interval (0–24 h). After 
this stage, the rate of mass change significantly decreases, indicating a transition from surface-controlled evaporation 
to diffusion-limited transport. The flattening of the curves in both figures confirms that the system progressively 
approaches equilibrium moisture conditions.  

This behaviour is further highlighted in figure 4(b) by a dashed line indicating the 0.2% threshold, commonly 
adopted as an equilibrium criterion for mass stabilization, in accordance with the relevant standard ASTM C1792 [21]. 

Differences among the investigated formulations become evident when comparing both the absolute mass 
loss (figure 4(a)) and the incremental mass loss (figure 4(b), table 2). In particular, the reference AAC samples (100% 
AAC) exhibit a faster initial mass reduction, suggesting a higher fraction of easily removable moisture and a more open 
and interconnected pore network that facilitates moisture transport. Conversely, mixtures containing ELT show a more 
gradual and delayed mass loss. This behaviour can be attributed to the hydrophobic nature of the polymeric fraction, 
which limits water mobility and reduces capillary transport within the matrix. 

The total mass loss (%) of the investigated samples, obtained from replicate measurements, is reported in 
table 2 as mean values. 

Table 2. Total mass loss of the investigated samples (mean values) 

Samples incorporating natural sand exhibit an intermediate behaviour, likely due to modifications in pore size 

distribution and overall permeability. These microstructural features influence both the rate and extent of moisture 

removal, as reflected in the different slopes and final values of the curves. 

From a quantitative perspective, the mass variation values reported in table 2, expressed as mean ± standard 
deviation, indicate a relatively limited removable moisture content across all samples. Although the differences among 
mixtures are moderate, they are consistent with the observed drying kinetics and confirm the role of mix design in 
governing water retention and transport properties. 

Finally, all samples reach a near-stable condition after approximately 48–72 hours (see Figure 4a and Figure 
4b), indicating that equilibrium moisture conditions are approached under the applied drying regime. The residual mass 
differences among formulations further highlight the combined effect of porosity, connectivity, and material composition 
on the drying process. 

Overall, the drying behaviour highlights the key role of mix design and microstructure in governing moisture 
transport within the investigated materials. The observed differences in mass loss kinetics can be directly related to 
variations in pore structure and connectivity, which are known to strongly influence moisture diffusion in cement-based 
systems [22, 23]. In addition, the presence of hydrophobic phases such as ELT further affects water mobility and 
retention, as rubber particles can modify the interaction between the solid matrix and liquid water, limiting liquid ingress 
despite increasing porosity [24]. 

These aspects are expected to significantly influence not only the drying process but also the thermal 
response of the materials under transient conditions. In particular, the same microstructural features controlling 
moisture transport are closely linked to heat transfer mechanisms, as porosity, phase distribution, and internal 
connectivity directly affect thermal diffusivity. 

Therefore, the analysis of the thermal response and the estimation of thermal diffusivity provide 
complementary information, allowing a deeper understanding of the relationship between material composition, 
moisture behaviour, and heat transfer performance. 
 

3.2. Thermal response and diffusivity assessment 

The thermal response of the investigated samples, processed using a 10-point moving average, is reported 
in figure 5(a, b), where the temporal evolution of the average temperature and the normalized temperature rise U (L, 
t) are shown for all mix designs. 

Mix design 
Initial mass 

[g] 
Final mass 

[g] 
Total mass loss [%] 

REF 3:1 181.30 178.05 1.79 

35% POZZ 182.20 179.05 1.73 
100% AAC (REF 3:1) 95.05 92.95 2.21 

100% AAC (REF 4:1) 89.45 87.30 2.41 
95% AAC + 5% ELT 87.85 85.65 2.51 

90% AAC + 10% ELT 97.90 95.45 2.50 
70% AAC + 30% ELT 94.15 91.70 2.61 

90% AAC + 10% sand 100.95 98.70 2.23 
90% ELT + 10% sand 120.75 118.20 2.12 
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As observed in figure 5(a), all samples exhibit a consistent thermal behaviour characterized by a rapid 
increase in average temperature during the initial heating phase (approximately within the first 200–300 s). This stage 
is associated with the onset of surface heating and the establishment of a thermal gradient within the material. After 
this initial transient, the temperature evolution progressively slows down, reaching a quasi-steady condition 

A similar trend is observed in figure 5(b), where the normalized temperature rise U (L, t) rapidly increases in 
the early stages and tends to stabilize between approximately 400 and 700 s, reaching values typically in the range of 
0.85–0.95 depending on the mixture. This plateau corresponds to the establishment of a dominant conductive heat 
transfer regime, in which the system progressively approaches thermal equilibrium conditions. 

 

  
(a) (b) 

For longer times (beyond approximately 800–900 s), a slight decrease in the normalized response is 
observed for several samples. This behaviour can be attributed to non-ideal effects, such as lateral heat losses and 
deviations from the ideal one-dimensional heat transfer assumption adopted in the analytical model, as commonly 
reported in active thermography due to heat losses, multidimensional effects and boundary condition deviations [10]. 

Despite these minor deviations, the overall response remains consistent across all materials, confirming the 
reliability and repeatability of the experimental procedure, as commonly required and evaluated in active thermographic 
measurements through repeatability and reproducibility analyses [25]. 

Clear differences among mix compositions emerge when comparing the thermal responses. Samples 
containing increasing amounts of ELT (70% AAC – 30% ELT and 90% ELT-10% sand mixtures) exhibit a progressively 
slower thermal response, with slightly lower values of U (L, t) in the final part of the transient and a delayed attainment 
of the plateau condition. This indicates a reduction in effective heat transfer efficiency in AAC–ELT mixtures compared 
to conventional cementitious systems, maybe due to the combined effect of increased porosity and the low thermal 
conductivity of the rubber phase. This behaviour is reflected in the estimated thermal diffusivity values, which remain 
close to approximately 3.3 × 10⁻⁷ m²/s for the 70% AAC – 30% ELT mixture, while slightly decreasing for the 90% ELT 
formulation. The values of all investigated samples, expressed as mean, are summarized in table 3. These results 
suggest that ELT incorporation contributes to reducing heat propagation compared to conventional cementitious 
systems, leading to a more thermally resistive behaviour under transient conditions, as widely reported for rubberized 
cement-based materials, where the addition of rubber particles decreases thermal conductivity and enhances thermal 
insulation properties [26, 27, 28]. 

A more detailed comparison within the AAC-based systems shows that the reference mixtures (100% AAC 
REF 3:1 and REF 4:1) exhibit very similar thermal behaviour, as reported in table 3.  

Table 3. Thermal diffusivity values obtained from repeated measurements. Values are reported as mean  

Mix design 
Thermal diffusivity  

α [×10⁻⁷ m²/s] 

100% AAC (REF 3:1) 3.208 
100% AAC (REF 4:1) 3.499 

95% AAC + 5% ELT 3.495 
90% AAC + 10% ELT 3.357 

70% AAC + 30% ELT 3.382 
90% AAC + 10% sand 3.407 

90% ELT + 10% sand 3.083 
REF 3:1 7.597 

POZZ 35% 7.134 

Figure 5. Time evolution of the thermal response for all samples processed with a 10-point moving 
average: (a) average temperature and (b) normalized temperature increase U (L, t) 
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The corresponding curves are well overlapped, indicating good repeatability and consistency of the 
experimental measurements. Similarly, mixtures containing limited ELT content (approximately 90–95% AAC) exhibit 
thermal diffusivity values comparable to those of 100% AAC samples (3.3–3.5 × 10⁻⁷ m²/s), with their thermal response 
curves remaining within the main AAC behaviour cluster. These results suggest that low ELT additions (up to about 
10%) do not significantly affect the effective thermal diffusivity, as heat transfer remains predominantly governed by 
the AAC matrix. 

In contrast, reference cement-based materials (REF 3:1 and POZZ 35%) exhibit significantly higher thermal 
diffusivity values compared to AAC-based mixtures (see Table 3). AAC-based systems exhibit thermal diffusivity 
values approximately 50–60% lower than conventional cementitious reference mortars, indicating a slower heat 
propagation and improved thermal insulating behaviour. Their thermal response curves are characterized by a faster 
increase in U (L, t) and a more rapid attainment of higher normalized temperature levels, indicating more efficient heat 
propagation within the material. 

Overall, the comparison highlights a clear distinction between conventional cementitious systems and AAC-
based composites. While traditional materials are characterized by higher thermal diffusivity and faster heat transfer, 
AAC–ELT mixtures exhibit reduced diffusivity and slower thermal response, confirming their improved insulating 
performance under transient thermal conditions. 
 
4. Relationship between thermal and mechanical properties 

A relationship between thermal diffusivity and mechanical performance can be observed across the 
investigated mixtures. This relationship is analysed in terms of compressive strength (figure 6(a)) and flexural strength 
(figure 6(b)). 

A qualitative relationship is observed between thermal diffusivity and compressive strength (figure 6(a)). In 
general, the REF and pozzolanic-based systems exhibit significantly higher compressive strength together with higher 
thermal diffusivity, indicating a more compact and continuous microstructural structure. This behaviour is consistent 
with previous studies, where thermal transport properties in cement-based materials are strongly governed by pore 
structure, connectivity and overall material density [23]. In contrast, AAC-based composites show lower mechanical 
performance and reduced variability in thermal diffusivity. 

 

  

(a) (b) 

 
Within this context, AAC- and ELT-based mixtures exhibit relatively low thermal diffusivity values, indicating 

improved insulating performance. However, this enhancement in thermal behaviour is achieved at the expense of 
mechanical properties, which are generally lower than those of the reference and more compact mixtures. 

Among the AAC-based mixtures, the incorporation of natural sand leads to a slight increase in compressive 
strength, suggesting a densification effect within the matrix. Conversely, ELT-containing mixtures exhibit reduced 
compressive strength, while only minor variations in thermal diffusivity are observed, indicating a partial decoupling 
between thermal and mechanical behaviour. 

A similar trend is observed for flexural strength (figure 6(b)). REF and POZZ systems again show superior 
performance compared to AAC-based composites, while ELT-modified mixtures display reduced flexural strength. The 
ELT–sand mixture exhibits the lowest mechanical performance among the AAC-based systems, confirming the 
weakening effect of the polymeric phase on structural integrity. 

Overall, the results suggest that thermal diffusivity is primarily governed by the continuity of the solid phase, 
whereas mechanical properties are more sensitive to compositional modifications and pore structure variations. These 
findings highlight a partial coupling between thermal and mechanical behaviour, strongly influenced by mix design and 
microstructural development. 

Figure 6. Correlation between (a) thermal diffusivity and compressive strength and (b) thermal diffusivity 
and flexural strength for the investigated mortars 
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5. Conclusions 

This study investigated the thermo-physical behaviour of a range of eco-friendly mortars, including AAC-
based formulations, with particular focus on the influence of ELT (end-of-life tire rubber), natural sand, and alternative 
binders on coupled moisture and heat transport properties. The experimental approach, combining drying tests and 
thermal diffusivity measurements based on active infrared thermography in transmission mode, enabled the 
establishment of a consistent link between microstructural characteristics and macroscopic performance [10, 29]. The 
obtained results are in line with previous studies on thermographic characterization of cement-based materials, further 
confirming the reliability of active infrared techniques for the quantitative evaluation of thermal properties in 
heterogeneous systems [8, 11]. 

The results demonstrate that the drying process is strongly affected by the mix design. AAC-based mixtures 
exhibit a faster initial mass loss, associated with higher water availability and a more interconnected pore network. 
Conversely, the incorporation of ELT leads to a slower drying behaviour, which can be attributed to the hydrophobic 
nature of rubber particles, potentially limiting water mobility within the matrix. Mixtures containing natural sand show 
an intermediate response, confirming the key role of particle size distribution and pore structure in governing moisture 
transport mechanisms. 

From a thermal perspective, diffusivity measurements obtained using the transmission configuration indicate 
that AAC and AAC–ELT mixtures exhibit relatively low and comparable values for low ELT contents (up to 10%), 
suggesting a limited influence of the polymer phase when the AAC matrix remains dominant. However, the presence 
of ELT generally results in slower heat propagation and a more pronounced insulating behaviour compared to 
conventional cementitious systems, consistent with a reduced efficiency of transient heat transfer through the material 
[27, 28]. In contrast, conventional cementitious mixtures (REF 3:1 and pozzolanic systems) exhibit significantly higher 
thermal diffusivity values, confirming their greater ability to transfer heat due to a denser and more continuous solid 
microstructure.  

These findings highlight a clear relationship between microstructure, polymer content, and thermo-
hygrometric behaviour, where increased compactness is associated with enhanced heat transfer, while the 
introduction of lightweight or hydrophobic phases promotes thermal insulation [22, 28]. Overall, the incorporation of 
ELT modifies the material response by reducing heat propagation and enhancing thermal insulation properties, while 
simultaneously influencing moisture release kinetics.  

These results suggest that AAC–ELT mixtures can be effectively tailored for building applications aimed at 
improving energy efficiency, where the balance between moisture management and thermal insulation represents a 
critical design parameter. 

Future developments will focus on a more detailed microstructural characterization, including porosimetric 
analyses, as well as on the evaluation of thermo-hygrometric behaviour under realistic environmental conditions, in 
order to further validate the applicability of these materials in practical building scenarios. 
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