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Article Info Abstract

Article History: Earth is one of the primary building materials utilized in the Saharan region of
. Algeria. This study seeks to characterise, diagnose, and compare the earthen
Received 11 Jan 2025 materials employed in constructing two (2) ksour in southern Algeria: the ksar of
Accepted 04 June 2025 Chetma and the ksar of Lichana in the Ziban region. The research methodology
combined in-situ observations, analysis of traditional construction techniques, and

keywords: applying three (3) fundamental tests developed by CRAterre in 1979 and 1989:
State of conservation; sedimentation in a bottle, the cigar test, and the pellet test. The investigation into
Building materials; the conservation state of the ksour of Lichana and Chetma revealed their highly
Earthen materials; precarious condition. Furthermore, the tests revealed that the earth used for
In-situ tests; construction at the two sites shows similarities, with the earth from Chetma
Ksar of Chetma, containing slightly more clay than that from Lichana. This difference is more
Ksar of Lichana; apparent in the composition of the mud bricks (40x20x10 cm), as those from
Algeria Chetma incorporate a natural fibre, wheat straw. In contrast, the bricks from

Lichana do not contain straw, resulting in distinct properties. In addition, the
investigation into the conservation state of the ksour of Lichana and Chetma
revealed their highly precarious condition. The article’s findings contribute to the
characterisation of the mud bricks, offering valuable insights for documentation
purposes and informing future conservation and restoration efforts requiring
compatible construction materials.

© 2025 MIM Research Group. All rights reserved.

1. Introduction

Architecture has long been a profound expression of cultural and social values, often described as
humanity’s "great book" [1]. Indeed, earthen architecture is one of the most vital and original
expressions of the human ability to shape the environment by making the most of local resources
(Fig. 1). It encompasses various creations, from simple houses, granaries, palaces, and religious
buildings to urban centers, cultural landscapes, and archaeological sites. Earthen architecture plays
a crucial role in revealing local identities, and its construction techniques are enduring and often
linked to genuine artistic expression. It is attracting growing interest because it can be used to make
a significant contribution to social and cultural development while respecting the environment and
promoting sustainable development [2-8].

The study of earthen architecture gained scholarly interest in the 20th century, beginning with Le
Corbusier’s Les Constructions Murondins [10], advocating for local materials like rammed earth
amid post-WWII shortages. This marked a shift towards organic aesthetics in modern architecture.
In 1945, Hassan Fathy’s project in Gourna (Luxor), later published as Gourna: A Tale of Two Villages
[11], became a seminal work in sustainable and community-oriented architecture. It revived
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Nubian mud-brick techniques to address housing needs through climate-responsive and low-cost
solutions.

In the 1950s, CSTB published Le béton de terre in France, as reported by Guillaud H, et al [12],
detailing the technical properties and applications of earthen concrete. In Senegal, Dreyfus released
Manuel de Construction en Terre Stabilisée en Afrique Occidentale Frangaise [13]. The United
Nations, translated by SMUH in 1974, issued Le béton de terre stabilisée, which further advocated
stabilised earth as a sustainable construction alternative.
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Fig. 1. Distribution of Earthen Architecture Around the World [9]

Notable publications followed: Archi de terre by Bardou & Arzoumanian [14], CRAterre’s
Construction en terre [15], and the Traité de construction en terre [16], all of which documented
techniques like mud brick, cob, and rammed earth, promoting sustainability and heritage
conservation. CRAterre, founded in 1979, has since led global education and research in earthen
architecture, notably through its DSA postgraduate program launched in 1984.

In North Africa, French colonisation sparked early documentation of local techniques. Texier [17]
researched Constantine and the Ziban region, while Cauvet [18] analyzed the symbolic and
architectural importance of marabouts in Maghreb. The mapmaker Didier [19] also contributed to
promoting earthen architecture through detailed drawings of Algerian sites, such as the ksar
Tamacine in the Oued Righ region (Southeastern Algeria).

During the colonial period, major earthen projects like the Sahara Hotel in Biskra city and the
Hospital of Adrar by Michel Luyckx were built [20]. However, post-independence Algeria witnessed
a decline in the use of earth in construction, as modern materials and techniques gained
prominence, often at the expense of local know-how and traditions.

Algeria, located in the north of Africa, has a long strip of land, naturally divided into three zones:
The Tell, the high plateau, and the Sahara. The Sahara occupies 80-85% of Algeria’s total surface
area, occupying a large part of the country [21]. The Sahara’s climate is marked by extreme heat,
especially in summer, when temperatures often exceed 45°C and significant diurnal temperature
variations occur. Rainfall is scarce, and evaporation rates are high due to intense solar radiation
and low humidity. In addition, the Saharan regions of Algeria experience strong winds, leading to
sandstorms, and despite the heat, winter nights can be very cold. These harsh conditions have
shaped the sparse vegetation and traditional architecture, which is adapted to mitigate the effects
of the intense climate.

In the Saharan regions of Algeria, urbanization manifests in the form of ksour (plural of ksar), which
are the product of a continuous process reflecting the ingenuity of Saharan societies in planning,
building, and sustaining themselves in an arid environment [21-27] These ksours are densely
packed traditional dwellings with an inward-facing design. They are constructed using locally
sourced materials such as earth, stone, and palm wood and are often encircled by fortified walls.
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Earth has long been a cornerstone in constructing vernacular architecture in Algeria, especially in
the arid and semi-arid regions where other materials like wood and stone are scarce. The
techniques used, such as rammed earth, cob, and mud brick (sun-dried mud bricks), have been
refined over centuries and passed down through generations to create functional structures
perfectly adapted to these regions’ harsh climatic conditions.

The use of earth in vernacular architecture is shaped by specific requirements related to its
composition and application, ensuring resilience to the extreme temperatures and occasional
heavy rains characteristic of Algeria’s desert and semi-desert regions. These principles are
exemplified in the Ziban region (plural of Zab) in southeastern Algeria, particularly in the ksour of
Lichana and Chetma, located in the northern Zab (Zab Dahraoui) and eastern Zab (Zab Chergui),
respectively. Builders in these areas possess deep knowledge of local earth properties, enabling
them to create durable structures well-suited to the harsh climate. Earth’s natural ability to
regulate temperature enhances the suitability of these buildings, providing cool interiors in the
Ziban’s hot, dry environment.

Significant research has examined the ksour of the Ziban, focusing on the thermal performance and
climate adaptability of traditional architecture [28,29]. These studies highlighted how centuries of
refinement have led to effective architectural strategies for managing extreme temperatures.
However, despite this focus, there is a notable lack of detailed analysis regarding the composition
and preparation of the building materials, primarily mud brick. While this material is valued for its
thermal mass properties and durability, deeper insight into its characterization and preparation
techniques are essential for preserving traditional practices and advancing sustainable
construction.

This study aims to address this gap by characterizing, diagnosing, and comparing the earthen
materials (mud bricks) used in constructing two ksour in southeastern Algeria: the ksar of Chetma
and the ksar of Lichana in the Ziban region. It focuses on documenting the ancestral techniques and
know-how, as well as material properties integral to their construction.

2. Brief Overview of Ksour as Generators of Oasis Environments

The ksour (plural of ksar) represents a type of human settlement widely distributed across the
Sahara, with numerous examples in southern Algeria, southern Morocco, Libya, southern Tunisia,
Mauritania, and Mali [22,23,25,30-32]. Romey [33] distinguished the ksar from the medina based
on their economic and social functions rather than appearance. Public buildings like mosques serve
religious and social purposes, while public squares host meetings and markets. The medina’s
architecture is characterized by two-level houses with decorated facades. However, Zerari [21],
considers geographical location the main criterion for distinguishing between the medina and the
ksar. The latter is generally located in arid and semi-arid regions. The author also highlighted
several points of similarity: the centrality around a sacred building, the hierarchization of space
(from public to private), and the strategies for fortification.

Undoubtedly, the ksar is an architectural model with the fascinating characteristic of being
disseminated at different periods (likely since antiquity, as indicated by structures dated to the
early first millennium BCE in Libya’s Fezzan region) and enabling the construction of similar
habitation modes adapted to desert environments. The origins of this type of settlement lie not only
in the long-distance trade between the peoples of the Maghreb and Bilad Al-Sudan but also in the
connections between Africa and the Mashreq and between Africa and Europe. Additionally, during
the medieval period, the spread of Islam and the diffusion of Ibadism, one of the forms of Kharijism,
played arole in forming the ksour. These settlements also reflect the interaction between sedentary
and nomadic lifestyles, initially belonging to a semi-sedentary model and later becoming entirely
sedentary. The ksour is often built on elevated ground, such as a rocky promontory, and typically
near an Oued (water source). The morphology of the terrain on which the ksour are constructed,
along with their immediate environment (such as a palm grove, erg, depression, or rocky plateau),
determine the construction materials used, their overall shape, and the internal distribution of
their spaces, which are most frequently arranged in a radio concentric or grid pattern [30].
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Urbanization in the Ziban, as in other Saharan regions, took the form of ksour shaped by
geographical, religious, historical, and economic factors. The ksour were often named after a
sedentary community, a notable landmark, a revered figure, or the geomorphological features of
the settlement site [34].

An “oasis” is a fertile area in a desert where water is available from springs or wells, enabling
vegetation and often supporting human settlement. This water availability allows for the growth of
plants, which can range from grasses and shrubs to trees and crops. Oases have historically been
crucial for trade routes and settlements in arid regions, providing essential resources for survival
and agriculture [35]. An oasis typically comprises three primary components: water sources, ksar,
and palm groves. These elements work in harmony to create a sustainable living environment in
arid regions [22,23,25,35-37].

3. Methodology and Data Collection

This article adopted a comparative approach, encompassing historical studies and architectural
analysis to reveal detailed construction techniques. Additionally, in situ observations and
examinations were conducted to assess the state of conservation and photographically document
the building system. Moreover, the investigation concluded in-situ tests of the mud bricks used to
construct each of the two studied ksour, Lichana and Chetma. To this end, a representative
sampling [38,39] was set up to reflect the characteristics and overall composition of the mud bricks
observed in the studied ksour. Accordingly, three (03) samples of mud bricks were selected and
learned from the ksar of Lichana (S1; S2; S3), and Ksar of Chetma (S’1; S’2; S’3) to cover the
predominant material’s characteristic. In this study, one representative sample from each ksar (S1
and S’2) was selected for presentation, as it effectively captures the key properties shared with the
two remaining samples (S2; S3 and S’2; S’'3).

The samples (S1 and S’2) for the said tests were prepared from mud bricks taken from specific
locations in the two ksour and were finely crushed before testing. The protocol for these tests was
based on CRAterre’s earliest and most recent work [15,16] and adapted by the authors (Fig. 2).
These tests are:

e Sedimentation in a bottle: This test allows researchers to observe the different components
of earth used in construction (sand, silt, and clay) and to compare their regularity in different
samples. However, this test cannot provide information on the grain size proportions due to
the more or less inflated character of grains such as clay. The test is done in 4 steps: 1) in a
transparent bottle, fill 1/4 with earth and 3/4 with water; 2) shake vigorously; 3) leave to
stand for at least 24 hours until the water is clean; 4) note the proportions of the different
constituents: gravel and sand at the bottom, silt, and clay at the top.

e (Cigar test: The “cigar” test allows us to identify a primary understanding of the cohesion of
the earth. The testis done in 4 steps: 1) Eliminate particles larger than 5 mm from the sample;
2) Prepare the sample in the plastic state and let it rest. Thus, the clay has time to react with
the water; 3) Make a cigar 3 cm thick and gently push it into the void; 4) Measure the length
ofthe cigar (L): if L<5 cm, the earth is sandy; and if L>20 cm, the earth is of clay nature. Repeat
the test three (3) times consecutively for accuracy.

o Pellet test: Like the cigar test, the pellet test is used to determine the cohesion of the earth
and to check if the amount of clay in the earth is appropriate for making mud bricks. The test
is done in 4 steps: 1) Remove the gravels from the sample and prepare the earth to achieve a
plastic state; 2) Mould three pellets using a piece of PVC tube or similar; 3) After drying,
observe any shrinkage phenomena; 4) Evaluate the resistance of the earth by breaking and
crushing between the thumb and the index finger.

At the end of these tests, qualitative and quantitative information was provided, enabling a
reasonably detailed classification of the earth used to construct two ksour. In addition to these
tests, the soil texture triangle was used to classify the earth and determine the earth’s texture
typology. Indeed, there are 12 earth textural classes. This triangle is used so that terms like “clay”
or “loam” always have the same meaning.

3038



Dali et al. / Research on Engineering Structures & Materials 11(6) (2025) 3035-3050

Clay

Fig. 2. Schematisation of the protocol of the three tests: (a) Sedimentation in bottle test; (b)
Cigar test; (c) Pellet test. Developed by authors, 2024

Each texture corresponds to specific percentages of sand, silt, or clay (Fig. 3). The soil texture
triangle is not an inherent part of the sedimentation test, but is an essential tool for interpreting
the results. After performing the sedimentation test, record the proportions of sand, silt, and clay.
These proportions are then plotted on the soil texture triangle to determine the sample’s
classification. Based on this position, the earth texture class, such as sandy loam or silty clay, can
be identified using the standard classifications provided by the triangle. Finally, the findings should
be documented, and recommendations should be made based on the soil texture analysis. At the
end of these tests, qualitative and quantitative information was provided, enabling a reasonably
detailed classification of the earth used to construct two ksour.
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Fig. 3. Soil Texture Triangle [40]

4. Presentation of The Context of The Study: The Ziban Region

The Ziban region is located in southeastern Algeria. According to Cataldo [41], this region is divided
into three distinct zones: Northern Zab, Southern Zab, and Eastern Zab. Each regroups a set of sub-
regions represented by ksourian establishments (or oasis-cities). Largeau [42], considered Biskra
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an independent central Zab.

The Ziban is crossed by two main Oueds: The Oued Biskra (also known as Oued Sidi Zerzzour) and
the Oued Djedai, which impacted the development and distribution of these ksourian
establishments. However, each ksar has its particular shape. The common feature of all these
ksours is their integration into the palm groves, which gave them a distinctive oasis landscape [43].

Algeria periodically experiences episodes of floods, which manifest catastrophically, posing a
constraint on activities, hindering economic and social development, and creating a housing crisis
[44]. The Ziban region, located in the Algerian lower Sahara at the hyper-arid zone’s northern limit,
faces water and wind. The risk of flooding is not specific to Saharan cities, but it is often
underestimated due to its rarity. However, the characteristics of the Sahara lead to a distinction
between risks related to Oueds (river flooding) and those related to closed depressions [45].

In the second half of the 20th century, the Ziban and surrounding areas underwent one of the most
significant natural disasters in the region’s modern history. In 1969, heavy rainfall caused
catastrophic flooding, affecting urban and rural areas. Indeed, the rains caused oueds to overflow,
inundating vast portions of Biskra and its surroundings. The floodwaters caused widespread
damage to houses, infrastructure, and agricultural lands, notably the palm groves essential to the
region’s economy. In addition, many people were displaced, and there were reports of casualties,
though the exact figures vary. The flooding disrupted daily life, leaving communities isolated and
needing emergency assistance. The 1969 flooding spurred discussions on water management and
the construction of better infrastructure to mitigate the risk of future flooding in Biskra.

The case studies focus on two ksour: the ksar of Lichana and Chetma, located respectively in
northern Zeb (Zab Dahraoui) and eastern Zab (Zab Chergui) (Fig. 4). These ksour were selected for
several reasons. Firstly, the authors have in-depth knowledge of these sites, having been involved
in research, academic, professional, and participatory/volunteer projects since 2013.
Multidisciplinary teams, including architects, engineers, archaeologists, and craftsmen specializing
in heritage conservation, have conducted extensive studies and interventions in these ksour,
providing valuable data for this research. Secondly, the ksar of Chetma and Lichana were chosen
for their heritage significance and potential to contribute to local development in the Ziban region.
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Fig. 4. Map showing the location of the ksar Lichena and Chetma. Developed by authors, based
on [46]
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The ksar of Lichana and Chetma exhibit similarities: they are prime examples of earthen
architecture, reflecting the ingenious use of locally available materials. The architecture of these
two ksour integrates environmental adaptability, such as thick walls for insulation and compact
layouts to reduce exposure to heat and sandstorms [47]. Their construction primarily employs
earth and palm wood, which are abundant in the region and have historically been central to
vernacular building practices (Fig. 5).

(b)

Fig. 5. Views of the two ksour: (a) the ksar of Lichana; (b) the ksar of Chetma. Elaborated by
authors, based on Google Earth, 2024, and CAPTerre [48]

In the ksar of Lichana and Chetma, the load-bearing walls were built in an English bonding pattern
(in French: Appareillage debout) and coated on both the outside and inside with an earth-based
plaster, giving the walls a harsh texture (Fig. 6 and Fig. 8). In addition, the mud bricks used are
rectangular with dimensions of 40x20x10 cm. However, it is possible to find mud bricks 36 or 37
cm long. Palm trunks are utilised for vertical and horizontal structural elements like pillars, beams,
and joists (Fig. 7 and Fig. 9).

In the studied ksour, the load-bearing walls rest on foundations laid in the form of trenches filled
with large river stones brought from oueds. Certain walls have a stone base to prevent capillary
rise. Building materials of Roman origin, such as stone blocks and columns, were sometimes reused
in vernacular architecture. These walls are in a better state of conservation than walls without a
stone base. As confirmed by Zerari, Pace, and Sriti [34], the reuse of building materials is a common
practice in the Ziban region, particularly in areas close to the Limes line.

The mosque of Lichana features a distinctive building element: its roof was constructed using [PN
joists (I-beams) filled with fired hollow bricks, a building technique that reflects French colonial
influences (Fig. 7), as stated by Dali and Belakehal [20]. However, the locals have managed to
preserve the authenticity of the two ksour, as no significant changes in construction techniques or
new materials have been observed. This resilience is primarily attributed to Touisa, an ancestral
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practice of community mutual aid in Algeria [49]. It involves members of the same family or tribe
taking turns to carry out collective tasks. Particularly widespread in the southern Saharan regions,
Touisa has played a crucial role in the construction and maintenance of buildings, ensuring the
continuity of traditional practices and know-how across generations.

The ksar Lichana is in an alarming state of conservation, with most buildings either fully or partially
in ruin. During our visit, the first noticeable feature was the widespread debris. Many remaining
walls show significant erosion and extensive plaster detachment, exposing the underlying mud
brickwork on nearly all surfaces. Rising damp due to capillary action is a prevalent issue in the ksar,
attributed to the water-retentive nature of the earth used in construction, which promotes the
upward movement of moisture.

Like many of the ksour in the Ziban, the decline of the ksar of Chetma began after the floods of 1969,
which forced its inhabitants to relocate to the new city of Chetma, just a few kilometres away. The
Ksar has also been transformed following a poorly executed conservation intervention two decades
ago, during which many houses around the mosque were razed, further impacting its integrity.
Today, the ksar stands largely abandoned, with many homes in ruins or completely collapsed. Its
current state of conservation is marked by severe pathologies, including erosion, rising damp, top
wall erosion, extensive plaster detachment, structural deformation, and damage to wooden beams.
This situation closely mirrors the condition of the Lichana ksar, emphasising the urgent need for
conservation efforts to protect this invaluable cultural and historical heritage before it disappears
entirely.

(b)

Fig. 6. Views of the wall systems in the ksar of Lichana: (a) load-bearing walls (base, wall, and
top); (b) construction systems of the base of load-bearing walls (with and without stone

footing). Photos by authors, 2024
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(b)
Fig. 7. Views of the roof structures in the ksar of Lichana: palm wood post-and-beam; b) IPN
joists of the mosque. Photos by authors, 2024

Fig. 8. Views of the wall systems in the ksar of Chetma: a) load-bearing walls (base, wall,
crowning, and surface); b) construction systems of the base of load-bearing walls. Photos by
authors, 2024

Fig. 9. Views of the roof structures in the ksar of Chetma: palm wood post-and-beam. Photos by
authors, 2024

5. Nature of the Earth Used in The Ksar of Lichana and Chetma

Field tests were carried out on two samples: one taken from the ksar of Lichana (S1), specifically a
piece of mud brick that was retrieved from a ruined house near the western gate of the ksar. Despite
the deterioration of its original structure, the piece of brick appeared in relatively good condition,
making it a viable specimen for detailed earth analysis (Table 1). The second sample (S'1),
concerning the ksar of Chetma, was taken from a ruined property between the two mosques of the
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ksar. According to the local people’s oral history, the brick-making earth originated from Ouldja,
north of the ksar, and was transported by donkeys. The mud bricks appeared in relatively good
condition, making them viable specimens for detailed earth analysis (

Table 2 and
Table 3).

Table 1. Collection and preparation of mud brick samples (S1 and S’'1) for testing. Elaborated by
authors, 2024

Samples

Ksar Source of the mud-brick

Mud brick samples Crushed mud brick

Lichana

Chetma

Table 2. Stages and explanation of the results of the three in-situ tests performed on the sample
(S1) from Lichana. Elaborated by authors, 2024

Tests O'bservatlon'and Tests’ illustrations
interpretation

This earth comprises
grains of different sizes
(clay 13%, silt 22%, and

sand 65%). The test
indicates a sandy earth
with probably some clay .

and silt. v e Sate 2w 225

Sedimentation
in bottle

0.06mny < Sand < 2mmv: 655

The cigar is cut to an
average length of 11.73
Cigar test cm, indicating a significant
level of earth
cohesiveness.
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No shrinkage was
observed, and the
breakage required little
force and was easy to
reduce to powder. This
indicates sandy earth.

Pellet test

The earth is a balanced
mixture of sand (65%),
silt (22%), and clay
(13%), which means itis a
sandy loam earth.

Soil Texture
Triangle

Table 3. Stages and explanation of the results of the three in-situ tests performed on the sample

(S'1) from the ksar of Chetma. Elaborated by authors, 2024

Observation and

Tests . .
interpretation

Tests’ illustrations

This earth is a mixture of
different grains (16% clay,
Sedimentation  18% silt, and 66% sand).
in bottle The test conducted
indicates that it is sandy in
nature.

The cigar is cut to an
average length of 13.67

Cigar test cm. This earth is more
cohesive than the first

sample from Lichana.

The shrinkage of the pallet
was greater than 1 mm.
Breaking it required
significant force, and the
sample was not very
friable. This demonstrates
the excellent cohesion of
the clay in the earth.

Pellet test

Clay < 0.002mm: 16%
0.002mme < SAE < 2o 183

.05 Sand < AR
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The earth is a sandy loam,
Soil Texture a mixture of sand (66%),
Triangle silt (18%), and clay
(16%).

sandy glay
loagh

(\2]
3
\

percent sand

The conservation of the mud bricks’ integrity suggests that it can provide valuable insights into the
composition and quality of the building materials historically used in the said ksour, shedding light
on the construction techniques and material resilience employed in traditional Saharan
architecture. The mud bricks used in both ksour are uniform in size, measuring 40x20x10 cm.
Although the earth in both locations is similarly classified as sandy loam, their composition has
notable differences. The earth in Ksar Lichana exhibits good cohesion due to its clay content.
However, the earth in Ksar of Chetma demonstrates even greater cohesion, attributed to adding
wheat straw, a component absents in Lichana’s mud brick sample. This difference highlights a
variation in material choice and construction techniques between the two ksour.

Adding wheat straw to the mud paste reduces shrinkage and improves the tensile strength of mud
bricks, while strengthening the resistance of mud plasters to rain-induced erosion [50,51]. In mud
materials, straw is used in mud brick masonry and other techniques, such as cob construction [52],
where it primarily enhances performance by bridging microcracks, which prevents crack
propagation [53]. This crack-bridging effect increases the material’s ductility and toughness,
helping to maintain its integrity under stress and significantly improving its overall mechanical
properties. In Algeria, wheat straw is one of the most commonly used vegetable fibres in mud
materials [54,55], due to its abundance and availability in the region.

6. Synthesis

The structures of the two studied ksour are remarkably similar in design (Fig. 10). Both utilise a
construction system centred on load-bearing walls made of mud bricks measuring 40x20x10 cm.
Particular walls stand on a stone base up to 60 cm high to protect them against rising damp. Mud
bricks are sun-dried bricks made from earth, mixed manually, and containing a blend of clay, silt,
sand, aggregate, and sometimes natural fibres like the ones of Chetma that contain the wheat straw.
Floors are crafted from palm tree trunks, overlaid with palm rib branches (jerides), and finished
with a layer of raw earth. Foundations consist of trenches filled with large river stones brought
from the oueds. In both studied ksour, certain buildings rest on large cut stone bases, stone
columns, and other architectural elements, potentially of Roman origin.

Since mud brick is the primary building material in both the ksar of Lichana and Chetma, it is
essential to note that it is fragile and highly susceptible to water damage (Fig. 10). Indeed,
rainwater, rising damp, and even splashing water can cause major problems, such as erosion at the
top and the base of walls and plaster detachment, which threaten the structure’s stability. In
addition, wind erosion can affect the conservation of earthen buildings, particularly the protruding
elements and the exterior plaster. To mitigate these risks, earthen buildings require adequate
protection at both the base and the top of walls; the exterior skin of walls, including mud plaster,
also needs regular maintenance. In the said ksour, stone bases, sometimes as high as 60 cm, were
used by locals to protect mud brick walls from rising damp. However, in cases where no stone base
was used, and the mud brick walls were in direct contact with the ground, these structures were
more susceptible to moisture damage.
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The walls were coated with a thick layer of mud plaster, often applied in multiple layers, specifically
designed to shield the walls and their tops from erosion caused by rainwater. Locals regularly
repaired the plaster after each rainy season to maintain its protective properties. This regular
maintenance was crucial for preventing water damage and preserving the structural integrity of
the building. Similarly, the layers of mud on the floor required regular maintenance, with new
layers of mud added on top of existing layers, particularly after the rainy season. While this process
helped preserve the floors, the cumulative weight of the layers increased the load on the structure.
Over time, the additional weight could strain the beams, leading to bending or deformation.
Furthermore, the lack of roof maintenance could result in rainwater stagnation, causing water
infiltration that leads to rotting of the palm wood.

The preservation of earthen structures is critically dependent on regular maintenance to prevent
deterioration and ensure their longevity. This challenge is particularly pronounced in the ksour of
Lichana and Chetma, where the departure of the local population has significantly disrupted the
upkeep of these buildings. Following the exodus of the inhabitants, the responsibility for
maintaining the structures was neglected, leading to the gradual erosion of the ancestral know-
how essential for their care. As a result, this expertise, passed down from generation to generation,
has been lost. The absence of such knowledge within contemporary local communities has
accelerated the decay of these culturally and historically significant structures.
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Fig. 10. Construction details and general pathologies in the ksar of Lichana and Chetma.
Elaborated by authors, 2024

Knowing the earth’s condition directly on-site is not just a technical step; it plays a central role in
shaping how conservation work should be approached. In Chetma, where the earth is richer in clay
and the mud is mixed with straw, preserving the traditional technique of adding organic fibres
becomes essential. It helps control shrinkage and improves the strength of repairs, staying true to
how the original builders worked. In contrast, at Lichana, where the earth shows lower clay content
and less use of straw, conservation efforts must focus more on protecting surfaces from erosion,
without introducing materials or methods that were not originally there. Respecting these small
but essential differences ensures that preservation strategies stay faithful to the spirit of the
vernacular architecture while helping these fragile structures endure over time. Moreover, any new
mud materials produced for conservation efforts must be compatible with the traditional ones
identified and characterised in this study, ensuring material coherence and long-term preservation
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success. Specifically, in conserving the two ksour, sandy loam earth should be used as a base
material; however, for the ksar of Chetma, the mixture should include wheat straw fibres to
replicate the original technique, while for Lichana, a sandy loam without added straw would be
more appropriate.

7. Conclusions

This article analyzed the use of earthen materials in the construction of two ksour located in the
Ziban region of south-eastern Algeria: the ksar of Lichana and the ksar of Chetma. Based on a
comparative approach, the study combines historical research and architectural analysis with in
situ tests (sedimentation in a bottle, the cigar test, and the pellet test) on the mud bricks used in
constructing these two ksour. In addition, field observations and visual examinations were carried
out to assess the state of conservation of the structures, together with photographic documentation
of the construction techniques observed.

The tests, sedimentation in a bottle, the cigar test, and the pellet test revealed that, although the
composition of the mud bricks used in the construction of the two ksour is broadly similar, specific
differences were identified, reflecting the natural variability of the raw earth, even in
geographically close locations. The mud brick from Chetma contains more clay content and exhibits
a greater shrinkage rate. However, incorporating straw fibres into the bricks’ composition
mitigates this issue, enhancing their quality and performance. These analyses have enabled the
mud bricks from each ksar to be identified and characterized, providing essential data for
documentation and informing future conservation efforts that require compatible building
materials. It is reasonable to assume that the earth produced mud bricks, mortar, and plaster often
originates from the same local source. This is mainly due to practical considerations such as ease
of access, cost-effectiveness, and traditional building knowledge. As these materials derive from
the same soil, they are likely to share similar physical and mechanical characteristics, such as clay
content and shrinkage behavior. However, variations in preparation methods or adding specific
additives can lead to distinct differences between the properties of bricks, mortar, and plaster.

The investigation into the conservation state of the ksar of Lichana and Chetma highlights their
critical condition. Currently abandoned and neglected, these structures face significant
conservation issues. Many buildings have partially or entirely collapsed, leaving much of the
architectural heritage in ruins.

In situ investigation and analysis are fundamental to the conservation of heritage sites. Before any
intervention project, a thorough preparatory study focusing on the characterization of building
materials is essential. The methodology employed in this study serves as a valuable framework,
highlighting the importance of systematic analysis in understanding the properties of materials. In-
situ testing of mud bricks plays a vital role, particularly in contexts where laboratory analyses are
unavailable, impractical, or constrained by logistical limitations. Although laboratory testing
provides more precise measurements and comprehensive data, in-situ methods are essential for
obtaining direct, real-time assessments of material conditions in their actual environmental
context. These field evaluations offer critical insights into the current state and performance of the
materials, thereby informing appropriate conservation strategies.
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