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In the contemporary context, there is increasing pressure to reduce the environmental
impacts of civil engineering while maintaining the durability and safety of constructed
buildings. In this context, the appropriate use of construction and natural building materials
is vital to implementing the concept of sustainable development [1–5]. These materials
form the basis of many traditional and modern solutions in architecture, civil and hydraulic
engineering, and their physical and mechanical properties make them essential elements in
the pursuit of more environmentally friendly construction technologies [6]. Conversely,
the necessity of utilising these materials in the refurbishment of structures, particularly
those of historical and cultural significance, positions them as a pivotal element within
the domain of building and construction materials [7–9]. The dynamic evolution of the
industry, coupled with the rising demand for mineral raw materials, highlights the need
for rapid and precise evaluations on the quality of aggregates and natural stones. This
requirement arises from the reality that the performance and long-term behaviour of these
materials depend not only on the inherent physical and mechanical characteristics but also
on the specific conditions of their intended uses [10–18].

In the face of these challenges, contemporary research focuses on a comprehensive
analysis of natural building materials, assessing their properties and forecasting the eco-
nomic, environmental and social aspects of their use. Concerning the improvement of
research methods, instruments and computer-aided technologies, the monitoring and
conservation of ancient temples, historical structures and architectural sites necessitate
pursuing solutions that harmonise technical imperatives with environmental responsibility
and maintain cultural heritage.

The main objectives of this Special Issue are twofold. First, it aims to place the
above-mentioned topics within a systematic framework of modern and sustainable
engineering disciplines. Second, it seeks to highlight the importance of using natu-
ral materials in construction and architecture by indicating potential future research
directions and their applications.

In this context, this Special Issue includes 12 articles (11 research and 1 review) [19–30],
all directly related to the field of natural building and construction materials from various
perspectives. The research focuses on assessing the technical properties of these materials
and developing new or improved building and construction products. The main findings
and achievements of this Special Issue are outlined below.

Correa-Jaramillo and Hernández-Olivares [19] investigated the development of
geopolymer coating bricks incorporating ceramic waste as a sustainable alternative to
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conventional construction materials. The study evaluates the physicochemical charac-
teristics of ceramic residues and their suitability for geopolymerisation. XRD and XRF
analyses confirm that the waste material contains sufficient quartz (SiO2) and alumina
(Al2O3) to form high-strength aluminosilicate structures. The resulting bricks meet the
required compressive strength, although additional optimisation is necessary to achieve
the desired flexural strength. Thermal performance tests and energy simulations indicate
that the bricks are suitable for architectural envelope applications. Efflorescence does
not affect mechanical performance and can be mitigated through hydrophobic treatments,
supporting the feasibility of these geopolymerised bricks as an environmentally responsible
construction solution.

Łucarz et al. [20] focused on the recovery of high-purity quartz sand from spent
moulding sand using combined thermal and mechanical treatments. When organic binders
are present, regeneration is relatively straightforward: with appropriate temperatures, the
organic components are effectively burnt off, and any combustion residues are removed
through abrasion in the fluidised-bed process. However, when the binder contains both
organic and inorganic components, regeneration becomes more challenging. Although
thermal treatment eliminates the organic fractions, inorganic residues remain adhered to
the grain surfaces and are extremely difficult to remove. Despite these limitations, advances
in material-processing and recycling technologies offer promising prospects. As natural
quartz sand resources become increasingly scarce, spent moulding sands—particularly
those stored in landfills—may become valuable secondary raw materials suitable for a
range of industrial applications.

Ferraz et al. [21] examined the feasibility of converting land and sea snail shell waste
into valuable lime-based products. Through calcination, the shells are transformed into
quicklime, which is subsequently used to prepare milk of lime and hydrated lime. The
chemical composition, thermal decomposition characteristics, purity, and reactivity of
lime products derived from different shell types were evaluated. The results indicate that
snail-shell-based lime meets or surpasses standard specifications for industrial applications,
with good reactivity and whiteness. The research demonstrates a practical valorisation
pathway for shell waste, reducing environmental burdens associated with aquaculture
and food-processing residues. This contributes to circular economy strategies by replacing
mineral-derived limestone with renewable biogenic sources.

Berger et al. [22] investigated the potential use of two types of filter dust generated
during calcined clay production as supplementary cementitious materials (SCMs). The
study demonstrates that one of the dusts exhibits sufficient pozzolanic reactivity to be used
directly as an SCM, with performance comparable to that of conventional fly ash. The mate-
rials were classified into two categories: a reactive pozzolanic material and a predominantly
inert filler with limited pozzolanic activity. Consequently, the authors provided valuable
insights into the physical properties of both untreated and heat-treated oven dusts. For
both material groups, increasing calcination temperature resulted in a reduction in specific
surface area and water demand. The study further discusses the influence of calcination
temperature on particle-size distribution and highlights opportunities to enhance reactivity
through thermal optimisation. Overall, the findings indicate that certain filter dusts can be
effectively valorised as SCMs, contributing to more sustainable cement production.

Dal Poggetto et al. [23] conducted a systematic study on the dissolution of two volcanic
ashes in concentrated alkali. Dissolution in NaOH and sodium silicate solution is the first
step in the geopolymerisation process, which, after hardening at room temperature, results
in solid, durable building blocks. Generally, dissolution in a strong alkaline environment
appeared unaffected by NaOH concentration (provided it was above 8 M) or by powder
size (provided it remained below 75 µm) but was influenced by time. The hardened
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alkali-activated materials exhibit good reticulation, as indicated by the low weight loss
in water (10 wt.%) upon hardening at 25 ◦C. The same advantage was observed in the
mechanical performance of room-temperature consolidated specimens in terms of resistance
to compression (4–6 MPa). Therefore, studying the alkaline dissolution of volcanic ash
offers a valuable way to predict and optimise the reactivity of its phases, especially the
amorphous ones.

Wang and Xue [24] studied the potential of red mud and steel slag (RM/SS) to produce
a geopolymer suitable for solidifying and stabilising Pb-contaminated soil. The authors
reported that, at a liquid–solid ratio of 0.76, an RM content of 79.82%, and an alkali activator
modulus of 1.21, the solidified soil achieves a maximum uniaxial compressive strength
(UCS) of 3.42 MPa and a Pb immobilisation efficiency of 71.95%. The resulting geopolymer
matrix is primarily composed of calcium aluminosilicate hydrate, calcium silicate hydrate,
and nekoite. Lead retention occurs mainly through lattice incorporation, where geopoly-
merisation forms Al–O–Pb and Si–O–Pb bonds. Additional Pb is immobilised through
physical encapsulation within the matrix and by precipitation as Pb(OH)2 under highly
alkaline conditions.

Gomah et al. [25] explored potential changes in mineralogy, texture, physical, and me-
chanical properties of Egyptian granodiorites under high temperatures up to 800 ◦C. Their
detailed laboratory test results showed that the decrease in water content and differences in
thermal stress between rock-forming minerals led to the formation of initial intergranular
and transgranular microcracks in granodiorites at 200 ◦C and 400 ◦C, respectively. On
the other hand, the UCS of granodiorites appears to increase up to 400 ◦C due to thermal
hardening and the closure of initial and induced intergranular microcracks. After that
temperature, the UCS decreases dramatically under the influence of unstable crack growth.

Zagaroli et al. [26] reported the mechanical characteristics of a mixed cement–lime
mortar by varying the volume fractions of air lime, cement, and sand. Their laboratory
test results demonstrated that using different mixtures in cement–lime mortars could offer
several advantages in modern masonry construction units.

Valido et al. [27] investigated the impacts of salt crystallisation on the physico-
mechanical properties of two ignimbrites from the Canary Islands (Spain). Although
the mechanical properties of UCS and flexural strength (FS) decreased slightly, the rock
property most affected by the salt ageing tests was the open porosity.

Brzyski and Boris [28] conducted a parametric study on potential enhancements of
selected mortar properties. They used hydrated lime, metakaolin, and casein, an organic
polymer derived from cow’s milk, as variable input parameters. They found that the
strength properties of mortars decreased as casein content increased. Additionally, no
significant relationship was observed between casein content and the drying-shrinkage
behaviour of mortars.

Based on extensive previous experience with natural stone applications, Strzałkowski
et al. [29] proposed a series of quantitative classifications to assess the quality of natural
stones. These classifications are directly connected to fundamental physical (apparent
density, open porosity, water absorption), mechanical (UCS, FS), abrasion (Böhme abrasion
value), and ageing (freeze/thaw resistance) tests. The researchers also discussed enhancing
the proposed classification systems by applying them across a wide range of geological
settings, including igneous, metamorphic, and sedimentary rocks.

Finally, Coviello et al. [30] reviewed the use of polyethylene terephthalate (PET)
in reinforcing cementitious mixtures. Based on a comprehensive literature review on
the potential impacts of PET in various forms on the hardening process (density, water
absorption, and shrinkage), which directly relate to the mechanical properties such as UCS
and FS of concrete mixtures, the researchers concluded that, due to the hydrophobic nature
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of PET, the air voids in concrete mixtures tend to increase with increasing the PET content.
The density of concrete mixtures can be reduced or optimised by considering different PET
additives. Based on this finding, lighter construction materials can be developed through a
detailed analysis of PET from various perspectives.

The results and key achievements reported in the papers published in this Special Issue
highlight the significance of natural materials, with particular emphasis on sustainable
construction, the proper use of natural stones, and parametric experimental studies aimed
at developing novel or improved geomaterials. These efforts not only support the preserva-
tion and conservation of historical monuments and buildings but also identify the practical
implications of using natural resources through rigorously designed laboratory investi-
gations. The published studies demonstrate that using natural and laboratory-produced
geomaterials can significantly reduce the environmental impacts of the construction sector
while maintaining, or even improving, the functional and aesthetic performance of struc-
tures. Moreover, the contributions offer valuable insights into material characterisation,
durability, and long-term behaviour assessment, as well as the adaptability of these natural
materials in both new construction and restoration projects.

Therefore, the Special Issue highlights several robust scientific foundations for the
broader use of geomaterials, motivating researchers by offering clear guidance for future
research to support the circular economy and protect architectural heritage and advancing
performance-based design methods. In the context of civil engineering, environmental and
architectural aspects, publications not only broaden current knowledge but also highlight
the strategic significance of natural building materials in fostering resilient, resource-
efficient, and culturally sensitive built environments.
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