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Abstract. Improving the thermal insulation and energy efficiency of
building envelopes has become a key objective worldwide, with
significant progress achieved in recent years. This study aims to evaluate
the influence of integrating eco-friendly components and passive
strategies on the energy performance of buildings. An experimental
investigation was carried out on a novel earth-based composite
incorporating processed volcanic rock to examine its effect on thermal
behavior. The developed material consists of soil reinforced with volcanic
rock at incorporation rates of 5% and 10%. The objective is to characterize
the thermal properties of these composites. The obtained results indicate
that increasing basalt content progressively reduces thermal conductivity
while enhancing heat capacity, thereby improving the overall insulating
performance of the material. These findings emphasize the potential of
locally sourced volcanic resources for the development of sustainable
building materials with enhanced thermal efficiency.
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1 Introduction

In light of the growing challenges of global warming, adopting sustainable construction
practices has become crucial for reducing the environmental impact of the building sector
[1]. As a result, the development of eco-efficient building materials has emerged as a major
research priority, particularly for improving the thermal and energy performance of
buildings. Earthen construction has gained renewed interest as a sustainable building
solution, since earth remains one of the most commonly used natural materials for housing,
especially in areas characterized by arid, warm, and moderate climatic conditions, including
India, Latin America and North Africa [2]. Earthen construction offers several key
advantages: it uses locally available resources, enables low-cost and low-energy building
processes, and provides effective thermal regulation that helps reduce energy consumption.
Moreover, waste from earthen structures can be easily recycled or reused, making this
material fully consistent with modern sustainability goals [3]. Despite these advantages, raw
earth still presents limitations that restrict its broader adoption. Its performance depends
strongly on soil composition and workmanship, which complicates quality control. The
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material is also sensitive to moisture, causing strength degradation, swelling, or erosion in
humid environments [4].

To address these issues, several approaches have been suggested, focusing mainly on
performance enhancement via stabilization using additives.

Among the solutions investigated, volcanic materials have attracted growing interest due
to their intrinsic mechanical and thermal properties. Incorporating volcanic rocks such as
basalt or pumice into earthen mixtures can significantly enhance strength, durability, and
resistance to moisture. Additionally, their porous and mineral-rich nature contributes to
improved thermal performance, making them promising additives for developing more
reliable and energy- efficient earthen construction materials [5].

Basalt exhibits notable thermal properties, particularly its ability to withstand high
temperatures and limit heat transfer. These characteristics make it suitable for thermal
insulation applications. In addition, its physicochemical composition and internal structure
contribute to enhancing the thermal performance of composite materials. As a result,
incorporating basalt into earthen matrices represents a promising strategy for improving
insulation performance and developing energy-efficient building materials [6].

This study aims to examine the influence of adding basalt on the thermal behavior of
compressed earth blocks (CEBs), in order to enhance indoor thermal comfort and lower
energy use in buildings.

2 Materials and Methodology
2.1 Raw Materials

2.1.1 Soil

In this work, the soil was collected in the Tahannaout region, in the Marrakech area of
Morocco. After extraction, it was prepared to ensure homogeneity: it was first crushed and
then sieved through a 2 mm mesh to remove agglomerates and obtain a uniform particle size
distribution. It was subsequently oven-dried at 105 °C for 24 hours to eliminate residual
moisture prior to further use. The Atterberg limits of the soil were measured in accordance
with NF P94-051, including the liquid limit (29 %), plastic limit (18 %), plasticity index (11
%), indicating medium plasticity suitable for block shaping, and consistency index (2.34)
indicates a very stiff to hard soil state due to low moisture content, which may require
additional water adjustment to improve workability for block shaping. Additionally, the
methylene blue value (MBV) was evaluated following NF P94-068. Furthermore, the VBS
value of 0.8 g/mL indicates limited clay activity, confirming that the examined soil is
classified as a silty soil [7].

2.1.2 Basalt

The basalt used in this study, serving as a primary raw material, was sourced in the Marrakech
region in Morocco. The material was first mechanically crushed to reduce its size, then
ground using a high-performance mill until a fine powder was obtained. After grinding, the
powder was sieved to select particles between 100 and 160 um, ensuring a uniform
granulometry. Before use, the powder was dried at 105 °C for 24 hours to eliminate any
residual moisture.

2.2 Preparation Protocol

The sample preparation was performed according to preliminary experimental tests, where
different proportions of each material and varying water contents were investigated to
establish compaction curves. These curves were then used to determine the maximum dry
density and the optimum moisture content. Three formulations were investigated: pure soil
(reference sample), and soil composites incorporating 5% and 10% basalt. For each
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formulation, three independent cylindrical specimens (3 cm diameter X 2 cm thickness) were
prepared to ensure the reproducibility of the measurements. The required quantities of soil,
basalt, and water were accurately measured and thoroughly mixed to obtain a homogeneous
blend. The mixtures were then shaped and subjected to a compaction pressure of 14 MPa.
After demoulding, the specimens were left to air-dry for seven days, followed by oven-drying
at 105 °C for 24 hours to ensure complete removal of moisture [8].

2.3 Thermal conductivity test

The Hot Disk technique is a modern transient method designed to evaluate the thermal
conductivity of materials. It is based on a planar sensor made of a thin platinum wire
embedded within a polymeric substrate. In practice, this sensor is inserted between two
identical pieces of the test material. These samples must be large enough so that heat transfer
can be assumed to occur in a semi-infinite medium, which ensures reliable measurement
conditions.

The platinum element has a dual role : it functions both as a heating source, producing a
controlled thermal pulse, and as a temperature detector by monitoring the time-dependent
average temperature response T(t) of the sensor.

The setup is illustrated in Fig. 1.

Fig. 1. Thermal characterization by the Hot Disk method

3 Results and discussion

Firstly, the main thermal results of basalt-reinforced raw earth composites are presented and
discussed, focusing on thermal conductivity (A) and specific heat capacity (Cp) for
composites containing 0% (pure soil), 5%, and 10% of basalt (Fig. 2). These results show a
clear decrease in thermal conductivity with increasing basalt content. For instance, the thermal
conductivity drops from 0.761 W/m. K for the pure soil to 0.703 W/m. K for the composite
containing 10% of basalt, representing a reduction of approximately 7.62%. This trend
appears to follow an approximately linear relationship, with higher basalt contents
consistently leading to lower thermal conductivity. This behavior can be attributed to the fine
and loosely packed granular structure of basalt, which traps air (A = 0.025 W/m. K) and
reduces grain-to-grain contact, thereby limiting heat transfer. Moreover, the reduction in
thermal conductivity is directly related to the volumetric fraction of basalt introduced into
the matrix. Since the thermal conductivity of basalt (A = 0.34 W/m. K) is significantly lower
than that of raw soil, increasing its proportion leads to a progressive decrease in the effective
thermal conductivity of the composite. This trend is consistent with classical composite
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material theory and has been widely reported in previous studies, which show that
incorporating low-thermal-conductivity constituents enhances the thermal insulation
performance of earthen-based composites [9-11].

Conversely, the specific heat capacity slightly increases with basalt content, rising from
489.30 J/kg. K for pure soil to 512.13 J/kg. K for the 10% of basalt composite. This increase
indicates that basalt, possessing a higher specific heat capacity than soil, enhances the
composite’s ability to absorb and store thermal energy. These findings are consistent with
literature data: the soil exhibits a volumetric heat capacity of 1.9 MJ/m*. K, while basalt
ranges from 2.526 to 2.583 MJ/m?. K, confirming that basalt can store significantly more
thermal energy per unit volume than soil [12].The linear correlation obtained (R? = 0.88)
further supports the systematic increase in the material’s thermal inertia with higher basalt
incorporation. Overall, the experimental results confirm that incorporating basalt into raw
earth composites improves both their energy storage potential and their overall thermal

performances.
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Fig. 2. Influence of basalt content on thermal conductivity and heat capacity

While the previously obtained results provide fundamental insight into the thermal properties
of the developed composites, dynamic thermal simulations are essential to assess their
behavior under realistic conditions. In this study, the simulations were carried out using
Origin software. The experimentally measured thermophysical properties of each composite,
including (A) and (Cp), were used as input parameters. A reference period of 86400 seconds
(24 hours), corresponding to a typical daily thermal cycle, was adopted to represent realistic
climatic variations. Dynamic thermal characteristics describe the response of a building
component subjected to sinusoidal variations of temperature or heat flux at its surfaces. These
characteristics are evaluated based on the NF EN ISO 13786 using the quadripole method
[13], which is based on a transfer matrix (Z) relating the complex amplitudes of temperature
and heat flux between both faces of the component. Using this matrix, the key dynamic
thermal parameters, including the damping factor (f), internal thermal capacity (Ci), and
thermal resistance (Rs), were determined. The corresponding simulation results for the soil-
basalt composites are presented in Figs. 3-5.

Fig. 3 presents the evolution of the damping factor as a function of wall thickness, varying
from 0 to 30 cm, for composites containing different basalt contents (5%, and 10%). The
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obtained results show that the (f), associated with the capacity of the material to attenuate
external temperature variations, gradually decreases with increasing wall thickness for all
investigated formulations. In addition, the incorporation of basalt into the soil matrix leads
to lower damping factor values compared with the untreated soil, indicating an enhancement
in the insulating performance through a greater reduction of heat transfer across the material.
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Fig. 3. Variation of the damping factor with wall thickness

As a complement, Fig. 4 shows that the (Ci) of the soil basalt composites, defined as the
material’s ability to store thermal energy per unit area of the wall, increases drastically with
wall thickness, reaching its maximum at approximately 30 cm. Beyond this thickness, the
areal heat capacity slightly decreases, indicating that further increasing wall thickness
provides limited additional thermal storage benefits [14]. However, for a fixed value of wall
thickness, a weak increase of internal heat capacity with the proportion of basalt is observed.
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Fig. 4. Effect of wall thickness on internal thermal capacity
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Concerning (Rs), this parameter increases with wall thickness, reflecting the material’s
ability to resist heat flow. As shown in Fig. 5, all formulations including 100% soil without
basalt and mixtures containing 5% and 10% of basalt exhibit a linear increase of Rs with
increasing thickness. This trend highlights that thicker walls and higher basalt content
enhance the thermal resistance of the composite, contributing to better insulation

performance.
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Fig. 5. Evolution of thermal resistance with wall thickness

4 Conclusion

This study focuses on evaluating the thermal performance of soil-basalt composites intended
for construction applications, with the aim of enhancing their properties to ensure indoor
thermal regulation, improve energy performance, and address the high energy demands of
the building sector. The use of locally sourced and environmentally friendly materials also
contributes to reducing CO: emissions, increasing the durability of buildings, and promoting
more sustainable construction practices.

The results show that adding basalt to soil-based composites leads to a noticeable
improvement in their thermal behavior. In fact, thermal conductivity tends to decrease as the
basalt content increases, which can be explained by the loose and fine granular structure of
basalt that reduces particle contact and thus limits heat transfer. This effect is also reinforced
by the inherently lower thermal conductivity of basalt compared to soil.

In parallel, a slight increase in specific heat capacity is observed, indicating an improved
ability of the material to store heat and therefore a higher thermal inertia of the composites.
Moreover, dynamic simulations demonstrate that both higher basalt proportions and greater
wall thickness contribute to improving the damping factor, internal (areal) heat capacity, and
thermal resistance, up to a thickness of about 30 cm. Beyond this limit, the improvements
become less significant, suggesting the existence of an optimal range for both wall thickness
and basalt content to achieve the best thermal performance.
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