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Abstract

The study highlights the morphological features of mud-brick architecture in Syria, based
on a descriptive and analytical approach. The research begins with a theoretical introduc-
tion about the studied area and mud-brick architecture, then their urban characteristics,
including (design, function and classification). After that, the elements of the mud building
in Rif Dimashg, such as foundations, walls, ceilings and cladding are studied. The discus-
sion includes the advantages and disadvantages of mud-brick architecture, its future in
Syria through presenting experiences and conducting a questionnaire for two different
samples of residents and engineers about the research topic. Finally, the results document
Syrian mud-brick architecture and identify its basic morphological elements, providing
sustainable design ideas based on traditional construction techniques, with guidelines for
developing sustainable future housing that is both heritage oriented and modern.

Keywords: morphological features; mud-bricks architecture; mud dwellings; Rif Dimashg;
sustainable building

1. Introduction

Studying an urban reality that represents human production in a specific period and
embodies the local architectural character of a region such as the Eastern Mediterranean,
while achieving harmony with contemporary reality, the environment, and heritage, is
a scientific necessity and mission, As Hassan Fathy, a pioneer of contemporary mud
architecture, says in his famous book “Architecture for the Poor: An Experience in Rural
Egypt”: “The architect should not assume that this heritage is an obstacle to him, and when
all power of human imagination supported by the weight of a living heritage, the resulting
work of art is far greater than any artist can accomplish when he has no tradition to work
from or when he willfully discards his own” [1]. Bricks have been used as a basic building
material since the dawn of human history, and most European countries turned to using
them after the destruction of their forests in the middle Ages [2].

Clay materials symbolize traditional Syrian architecture, having been employed in lo-
cal residential construction for centuries due to their sustainability characteristics, provision
of a healthy environment, and compatibility with local environments [3]. Mud architecture
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in Syria dates back approximately eleven thousand years, with its characteristics influenced
by historical, geographical, and climatic factors.

Unfortunately, this architectural tradition has become increasingly rare, especially
following the recent crises and conflicts in Syria. However, some people in northern Syria
have resorted to building simple mud-brick houses to cope with displacement caused by
the war, due to their availability and low cost.

This research focuses on housing in the Rif Dimashq region, which encircles the capital,
Damascus, as shown in Figures 1 and 2. It has historical roots dating back to the Aramaic-
Syrian period, and a number of its residents still speak the Aramaic language in their
daily lives [4]. It is important to highlight the concept of family structure, defined as an
organizational network comprising functional requirements that regulate relationships and
interactions among family members [5,6].
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Figure 1. It shows the location of Syria in the western Mediterranean, in addition to the location of
Damascus Governorate and its countryside called (Rif Dimashq), which constitutes the case study in
this research [7].

Figure 2. The administrative borders of Rif Dimashq and the names of its main region, prepared by
the author.

In Rif Dimashq, family represents the primary social unit, maintained through strong
bonds, shared values, cooperative efforts, and communal residence. Moreover, the con-
struction of mud houses was based on this concept, in addition to the established customs
that served as laws and a building system that everyone followed in constructing their
homes with the techniques of local craftsmen [8,9].

The general characteristic of their housing architecture was sun-dried brick (adobe),
built using locally available natural materials. This was a key outcome of the interaction
with local environmental, climatic, and cultural conditions, which heavily influenced the
nature of urban development and persisted until the early 20th century [10] However,
due to social, economic, and demographic factors of change, the implementation of a new
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building code that clashed with the architectural identity of the region, and the people’s
desire for urbanization, the design features of adobe architecture disappeared [11,12].
Consequently, it was abandoned and replaced by modern, multi-story concrete dwellings.
Compared to modern houses, most of the distinctive functional characteristics of mud
dwellings, such as the guest section, animal husbandry function, and its associated annexes,
have changed. “Furthermore, the location of some functions has shifted, with the central
courtyard becoming peripheral or outside the dwelling [11]”.

1.1. Research Problem

Mud-brick architecture faces challenges related to durability and preservation while
preserving cultural identity. Mud dwellings have also been exposed to numerous factors,
threats [8], and changes, which have affected many of their characteristics in general, and
in the study area in particular. This requires research into their morphology, along with
documentation and analysis, and to reveal the relationship between them and contemporary
urban and architectural development. This will serve as a basis for developing modern
methodologies for reusing this architecture.

1.2. Research Aim

Study the morphology of mud-brick architecture in the region and the composition
of these buildings to preserve the architectural heritage and extract some of its features,
components, and characteristics. In addition, collect and provide information and data
about them, document them, and strive to preserve, care for, and encourage their reuse.
Also, understand traditional building techniques and construction methods to utilize them
in sustainable construction that is compatible with environmental and economic realities.

1.3. Research Limitations

The study has temporal and typological limitations since were studied residential
buildings, in particular since the late Ottoman period in 1840, based on the date of the oldest
mud residential model that was monitored, raised and documented, so most examples date
back to the nineteenth century and others to the early twentieth century.

It has spatial limitations, since the study was conducted in Rif Dimashq, selecting
examples from several cities and towns in this region, while mud-brick architecture is
widespread all over Syria.

2. Materials and Methods

The authors employed a theoretical and analytical methodology to collect information
and identify key concepts, relying on multiple sources including references and official
documents such as old topographic maps and regulatory drawings from the Directorate of
Real Estate Interests in Damascus Countryside/Syria to establish the theoretical framework
of the research.

The field study involved preparing plans for the clay houses studied, aimed at doc-
umentation and analysis, along with conducting interviews with some local historians,
engineers, elders, and craftsmen. Due to the unavailability of plans for the old houses
from the 1930s, because these buildings were not legally authorized—except for some
cadastral maps—reliance was placed on documents and archives from ministries such as
the Ministry of Local Administration and Urban Planning, the Ministry of Agriculture and
the Red Crescent Organization, Damascus /Syria.

Community engagement was enhanced through a questionnaire of two samples of
residents and engineers in Damascus Countryside/Syria. The results were later used to
help formulate future solutions. The descriptive-inductive approach was also used to
describe and analyze traditional and modern mud construction experiences, as well as
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to understand the characteristics, advantages, and disadvantages of mud architecture for
future application.

3. Results

The morphology of mud houses varies for their urban and architectural planning
through the following;:

3.1. Urban Composition of Mud Dwellings in Rif Dimashq

The old urban fabric of most Syrian cities, of which only a small part remains today, is
characterized by its density, diversity of spaces and sizes, exploitation of shade and light,
and winding passages between houses that become narrower as they progress from public
areas toward private spaces opening onto internal courtyards. This design allows limited
sunlight entry, ensuring adequate ventilation during hot summers [10] (Figure 3). The
mud houses in Rif Dimashq were gathered around a water source, with a small square
containing a place of worship [11]. Regarding land use, the morphological structure of
these settlements is not the result of random planning but emerges from a combination of
natural and human geographical factors that interacted to determine suitable locations and
shape the housing form through its development stages. Since these mud settlements lack
any prior formal planning within their fabric, it is natural to observe a mixture or overlap
of land uses, which can be categorized as residential, service, agricultural, governmental,
commercial and religious.

(b)

Figure 3. An old plan of some mud-brick settlements dating back to the late 18th century, with
photographs showing blocks and voids in the same area. (a) Al-Rahiba, (b) Al-Qutayfah, and
(c) Jirud. Prepared by the authors based on old cadastral plans from the Rif Dimashq Governorate.

However, depending on the distribution of housing units, two basic forms are produced:

1.  The clustered or compact formation occurs when housing units are close together
within open spaces [13]. This pattern is common in rural Damascus Figure 4a—c.

2. The scattered or dispersed formation appears when housing units are spread apart
due to the adopted agricultural method [13] Figure 5b. Figure 6a—c depicts one-story
mud houses in the study area, and their houses were close to each other for greater
precaution and safety.
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Figure 4. The urban composition of mud architecture in various cities dating back to the 19th century,
as well as the neighborhood units within the cohesive residential fabric, along with narrow alleys
with limited movement designed to preserve residents’ social privacy, as seen in Al-Qatifah (a,b),
Gairoad (c,d) and Al-Nabk (e,f). Prepared by the author.
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Figure 5. The types of planning used in several areas in Rif Dimashq (a) compact planning,
(b) scattered planning, and (c) semi-regular compact planning. Prepared by the author based on
plans from the archives of the Ministry of Agriculture.

(b)  © @

Figure 6. (a,b) A three-dimensional diagram of the mass and void layout in Al Qutaifieh, (c) road
network and (d) some closely packed mud-brick residential buildings, prepared by the authors based
on the plans of the real estate interests in the Rif Dimashq Governorate.

3.2. Architectural Characteristics of Mud Dwellings in Rif Dimashq

The design of mud dwellings was influenced by several functional, climatic and
material factors to ensure the daily requirements of families [9], most of whose members
work in agriculture and livestock raising, so the design of the dwelling consisted of a
section for family members around the main courtyard (Figure 7), followed by a section for
animals (Figure 8), and a section for guests (Figure 9).
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Figure 7. The color green illustrates in the plan the shape and design of the inner courtyard in some
of the studied housing models. Drawing by the author.

T
012345

Figure 8. The brown color in the plan illustrates the different methods of locating the animal
husbandry section in some housing models in the study area, often with a separate door. Drawing by
the author.
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Figure 9. The purple color illustrates in the plan different ways of positioning the guest quarters in
some of the author’s residential models. It is often located near the main door to maintain privacy,
As for the pink cavities inside the thick mud walls, they indicate the internal storage, one of which is
called “Kutbiyya.” Drawing by the author.

It was usually one-story (Figure 10), or at most two-story (Figure 11b,c,e,f), and rarely
three-story (Figure 11a,b).

Figure 10. One-story mud houses in the study area dating back to the late 19th century, taken by
the Author.

Figure 11. Cont.
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(d)

4

Figure 11. Shows the rare cases of three floors of mud-brick buildings in (a), (b,c,e,f) show two-storey
mud houses in Rif Dimashq dating back to the 20th century, taken by the Author 1 at Al-Qatifa
(c), Maaloula (f) Shows the internal linear staircase in the courtyard that leads to the upper floor,
Al-Rahibah (e), Al-Nabk (a—e), Mounaim Palace in Yabroud (d).

3.2.1. Design

It is based on the local construction tradition, which sometimes reflects social differ-
ences in prestige, influence, and wealth. It was somewhat inspired by the shape of the Arab
house, which refers to the inward-facing style, where rooms are arranged around an open
space at the center of the house, conforming to the requirements of Islamic culture, where
privacy predominates over social aspects. It responds to the extremely hot climate and is
widespread in the region known geographically as the Arab world [14].

The important architectural decorations in Rif Dimashq were limited to temples, places
of worship, and government buildings, while residential homes were almost devoid of
these decorations [15]. This is due to the weakness of the economic aspect of most of the
population [10] which made them unable to spend on decorative appearances. The rooms
were distributed around the courtyard on one side (for 4-6 persons), or on two sides for
7-10 persons (opposite each other or on two adjacent sides in an L shape for), sometimes
distributed on three sides for 11-15 persons (U-shaped) (Figure 12).

Figure 12. Shows some examples of the distribution of rooms in a 19th-century dwelling in the study
area: 1 guest room, 2 living rooms, 3 bedrooms, 4 kitchens, 5 bathrooms. As for the yellow arrow
shows the external entrances to the residences, while the orange arrow indicates the entrance to the
internal rooms. Drawing by the author.

The house is based on the concept of the extended family [10], aiming for cooperation,
sharing social life, work, and all other activities. It is recommended to orient the rooms
facing south if possible, then east, and finally west. The mud-brick dwellings in Rif
Dimashq typically consist of either a single story—comprising approximately 85% of all
residences—or two stories, at about 12%. Rarely, there are three-story houses, accounting
for about 3%, as seen in the Mounaim Palace in Yabroud, as shown in (Figure 11d), or some
examples in Maaloula. The two-storey residential unit in most of the cities and towns in
Rif Dimashq was called “the palace or Al-Roushid” Which is an indicator of the rich and
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luxurious financial status and where the ground floor was considered for humans with an
annex for animals, while the upper floor was either for guests as reception rooms, sleeping
as a bedrooms section for the family, designated for the married family member who had
his own family, or in rare cases it could be rented for investment [10]. In addition, it was
used in the winter and the lower section in the summer for environmental reasons.

3.2.2. Function

Rooms had to be built according to the number of married family members around the
“Ard-dyar” the open space of the dwelling, and usually contained a “garden” with trees
such as olive trees, and “seed” planting beds [10]. “Bayt Al Hataab”, where tree branches or
dried animal dung were stored for use in cooking and as fuel during the winter, is located
in the animal section and next to “Al-Tannour” which is a special space for the oven, its
area does not exceed 2m? and used for making traditional bread and pastries and built in
one of the corners of the house [15].

It is related to the service of animals and poultry: Barns, stables and storage ware-
houses such as: (barn, pen and yard) were built to raise and feed animals [10], a chicken
coop, and a room for storing hay and animal feed with an opening in its roof (a hatch) used
to drop hay into the room (Figure 13).

- Living and sleeping rooms

Guest and reception rooms
Animal yard

Pantry and dining room

- Entrance (Al-Sibat)
- Toilet

- Plant rockery

- Baking room (tandoor)
- Firewood room,

a room for housing and feedin

animals

Figure 13. One of the mud dwelling models showing the main sections of the dwelling, Drawing by
the author.

3.2.3. Classification
Through field visits and analytical studies, dwellings can be classified as follows:

(@) The old mud dwelling: dates back to the late eighteenth and early nineteenth centuries.
It is characterized by its complete openness towards the central interior space (the
courtyard), closed by rooms on one, two or three sides, and has a hall or corridor. Its
ceilings are supported by secondary wooden beams resting on a supporting stone
arch or a main wooden beam with a height of (3.5-5) m [16] (Figure 14).

(b) The modern traditional mud house: This dwelling dates back to the mid-nineteenth
century until the twentieth century [17]. It is characterized by two types of materials
(mud-bricks and limestone), and some Western influences, such as the “sofa” a space
or corridor behind the main door flanked by two or more rooms, leading to the
courtyard onto which the other rooms open (Figure 15) [18].
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Figure 14. Show the old traditional mud dwelling in Rif Dimashq dating back to the end of the
eighteenth and beginning of the nineteenth century, prepared by the author.

e T

Figure 15. Show the modernized traditional mud dwelling in Rif Dimashq which spread from the
middle of the nineteenth century until its end, Taken by the author.
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3.3. Building Elements of Mud Duwellings in Rif Dimashq
3.3.1. Foundations and Walls

In Syria, the foundation depends on the nature of the area’s soil [19], which may be
rocky, and in which case, the building is built without a real foundation of two rows of
square stones placed on the ground, or it may be clayey, in which case it is necessary to dig
foundations parallel to the area. (50-75 cm) wide, with foundations made with stones, two
rows or more above ground (50-120 cm), to protect the mud-brick walls. The foundations
are built with irregular limestone and lime mortar or “Kasermall” [11].

The Walls are built by cutting mud-bricks, consisting of: soil + water + straw, according
to recognized proportions related to the size of the mud block and the appreciation of
builders, (Figure 16). The dimensions of the brick are (25 x 25 x 10) or (30 x 30 x 12), and
the half brick is (30 x 15 x 12) or (25 x 12.5 x 10) [20] (Figure 16).

Figure 16. Shows the dimensions and proportions of the mud bricks that were used in Rif Dimashq,
Taken by the author.

It is built on a continuous stone foundation, and is approximately 70-120 cm above the
level of the adjacent ground. Then the mud-brick pieces are connected in different patterns
according to the dimensions of the bricks, resulting in varying wall thicknesses depending
on the function and location of the walls.

3.3.2. Ceiling and Roofs

In Syria, flat roofs are found in rural environments such as Rif Dimashgq, the southern
region, or on the coast of Latakia [6]. It is characterized by its diverse techniques, as it uses
wooden pieces and materials to connect the elements, its ease of implementation, and its
connection techniques [21].

In Rif Dimashg, flat horizontal roofs are generally used and consist of many layers: a
main beam which is a stone arch or a large wooden beam, then secondary beams of wood,
then a layer of sticks and local wood, or wooden panels, then a mud layer called “Al balla”.
They consist of the following:

i The main load-bearing beams: They have various shapes (Figure 17). It was built
either from a load-bearing stone arch in the early periods (Figure 10), or made of tree
trunks with a diameter of 25-65 cm (Figure 17b), or from metal beams in the shape of
the letter (I) at advanced intervals with a height of 10-20 cm (Figure 17e).

ii Secondary beams: made of wooden tree trunks with a diameter of 5-15 cm, (Figure 10).

iii A protective layer over the secondary beams, which is either wooden tambours
0.5-1.5 cm thick, a layer of local thorny grasses 5-8 cm thick, or a wooden mat
1-2 c¢m thick.

iv. “Al Balla” is the basic layer of roof elements that consists of two layers: a clay layer
ranging in thickness from 12-25 cm composed of soil, straw, and water. It is lifted to
the surface using special ladders and compacted [11], after drying, it is covered with
another layer of homogeneous sticky clay (soil + straw) 2 to 5 cm thick [21]. The total
thickness of the “Balla” layer is from 10-30 cm.
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Figure 17. The shapes of the wooden roof in Rif Dimashgq, explaining the different ways of using
the various main load-bearing beams, photographed by the author. (a) Use of the main arch to hold
wooden trophies above it. (b) Use of one main wooden beam. (c) Use of two main wooden beams
with a top view of the roof. (d) Use of a double main wooden beam. (e) Use of an I-shaped main
metal beam and the roof shape from the outside. (f) No main beam is required in small spaces less
than 2 m? with an external top view of the same roof.

The surface layer is compacted and rolled annually, with a slight slope on the surface
to prevent rain from accumulating on it. As for snow, it must be removed immediately
upon accumulation [11].

3.3.3. Cladding

The final layer of the cladding is generally made of clay, as the veneer and brick are
made of the same materials but in different proportions, so that there is a high proportion
of straw within the clay veneer, which contributes to increasing the adhesion between them.
The “Al Zarika” layer is also used to cover walls. It is similar to smooth concrete plaster
and consists of: ash + soil + water + threads or hemp swabs as a binding material that
achieves enough smoothness. It covers about one meter above the floor level and is used to
cover floors in addition to the interior and exterior walls, as shown in Figure 18a. White
lime was also used as a coating material over the “al-Zariga” layer, which plays a major
role in reducing the feeling of heat in the summer (Figure 18c) [21].
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Figure 18. The final cladding layer of either clay veneer (a,b) or white lime material (c,d), pho-
tographed by the author.

Facades: By studying several models of mud houses in the study area, we find
that their external facades are architecturally poor compared to the internal ones, which
are characterized by some decorative elements such as the windows and doors being
surrounded by a stone frame, arches in a mostly semi-circular shape and varying in shape
and size, and with some engravings.

4. Discussion

4.1. Advantages and Disadvantages of Mud Architecture
4.1.1. Advantages
Social and Cultural Advantages

The analysis of mud-brick building materials demonstrates its effectiveness as a source
of cultural information, as well as a social and temporal indicator that can be used to infer
prevailing building techniques and link different material choices to residential identity
and social expression [22]. In addition to understanding the process of producing mud-
brick architecture, it informs us about labor organization and resource management to
understand architectural transitions [8].

Housing demand: The increasing demand for housing, especially for the vulnerable
segment, makes it extremely necessary that the housing solution be an emergency for many
areas, especially in third world countries where mud-brick architecture may responds
to the following need, “through the optimal and effective use of all land resources and
building materials” [23]. In this construction, locally available materials are used and a
good amount of money can be saved, and also poor people can afford this type of house
building; in this context, mud architecture can be considered an alternate housing technol-
ogy [24], as the ease of preparing and constructing this material using a minimum of simple
tools, often not requiring highly specialized technical knowledge, encourages the idea of
self-constructing homes [25].

Environmental and Economic Advantages

Mud has many other engineering properties, such as sound insulation and fire resis-
tance, and it provides privacy inside the spaces, it gives resistance to the effects of fire and
contributes to the safety of users, and has flexible shaping and architectural composition.

Energy Consumption: Clay saves fossil energy consumption in manufacturing and
transportation due to its availability in the same construction area. It is a low-energy
material that provides biomass fuel, is non-flammable, and maintains thermal comfort.

Recyclable: Recycling clay requires no fossil fuels and less effort, and the properties of
the recycled soil used in construction remain unchanged.

Abundance: The availability of soil, the primary material in mud-brick architecture,
over wide areas allows low-income and poor segments of society to bear the costs of build-
ing with mud and transporting it, in addition to the ease and simplicity of the construction
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techniques used for this architecture, as natural materials are abundant and suitable for the
construction of most building components as shown in Figure 19a,b.

(a) ‘  (b)

Figure 19. The figure shows some of the features of mud architecture that have survived to this day
in the study area. (a) A mud dwelling that was built 100 years ago, (b) a mud dwelling that was built
50 years ago. Photograph by the Author 1.

4.1.2. Disadvantages
Technological and Material Advantages

Weak resistance to rain and weather erosion compared to cement and stones, and
this is avoided by mixing mud with binders in carefully studied proportions to achieve
the necessary durability and insulation in construction, as was performed in the Rif
Dimashq region.

Fast drying of constructed mud walls or roofing and cladding layers causes large
shrinkage cracks, especially when it is built in the summer [8].

Relative weakness of mud material in bearing weight makes it unsuitable for carrying
many floors and supporting heavy roofs [16].

There is a weak bond between the clay layer and other materials such as wood, and
the good thermal properties of clay provide a home for rodents and insects as well as a
result of cracks [16].

Disadvantages Connected to Human Factors

Human neglect of heritage buildings, and forgetting and ignoring traditional ar-
chitectural elements [26] made them among the most important factors that hinder the
sustainability of mud-brick architecture.

Other factors, such as the high costs of maintaining mud buildings [27], the weak social
acceptance of traditional mud buildings and the progress of civilization [26], the shortage
of skilled builders and skilled craftsmen, the spread of massive concrete construction, and
the partial abandonment of mud buildings are among the most important problems facing
mud housing [28].

4.2. Analysis of Damage, Erosion, and Interference of Various Materials in Mud-Brick Buildings

It is the first step in understanding the condition of mud buildings because it allows
for the identification of sources, the degree and different patterns of deterioration, thereby
facilitating the development of an appropriate restoration plan [29]. This prompted us
to analyze the damages and vulnerability factors based on field visits, interviews with
residents, and documentation.

4.2.1. Damage, Corrosion and Crack Analysis

Mud-brick buildings are particularly susceptible to changing environmental influences,
such as humidity, temperature changes, and chemical corrosion. These weaken the bonds
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between clay particles, leading to cracking and deterioration. Over time, the building’s
structural and functional properties are affected, and it becomes susceptible to increased
cracking and shrinkage, threatening its sustainability and requiring an assessment of its
current condition, as seen in Figure 20.

© ()

Figure 20. Some of the defects of adobe material (erosion and flaking) in late 18th-century houses.
(a—c) Erosion of the external clay crust and damage to the mud-brick wall due to climatic factors and
lack of maintenance. (d-f) Erosion and damage caused by water and humidity, where the outer layer
is discolored, peeling, and eroded. Author’s photo.

Analysis of the erosion images revealed that climatic and humidity factors had caused
the structure of the mud walls to deteriorate, with the material disintegrating and showing
signs of cracking and peeling as shown in Figure 16. Therefore, it is recommended to
reinforce drainage systems and carry out restoration work using materials that preserve
the natural material to mitigate the effects of climate factors and protect the structure.

We conclude from the previous analysis the following:

—  Cracks in mud-brick walls are not just a superficial problem to be ignored, but rather
a sign of larger problems that may affect the safety and stability of mud buildings.
By carefully inspecting cracks, identifying root causes, and taking necessary action,
buildings can be maintained and future structural problems avoided. Therefore,
prompt inspection of wall cracks should be an essential part of property maintenance
and management to ensure buildings remain in good condition and safe for their
occupants (Figure 21).

— The most common types of corrosion in Rif Dimashq are caused by humidity (rapid
water absorption causing clumping and disintegration).

— Deterioration due to climate change (heat, cold, and frost).

— In addition, poor maintenance procedures are a result of a lack of awareness, knowl-
edge, and experience using non-traditional materials.
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Figure 21. Various examples of cracks (1-7) that will be analyzed according to Table 1; Taken by the author.
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Table 1. Previous crack data analysis using visual inspection and measuring tools such as ruler and depth gauge, in addition to some artificial intelligence tools for

image analysis such as Google Lens.

Image Number

. . Crack Location Crack Shape Length (cm) Width (mm) Depth (mm) Condition Note and the Reason.  Additional Notes
According to Figure 21.
It is due to the additional loads Clear and deep, extending along
1 Middle of the wall Oblique 210 16 30 resulting from the added metal the wall, threatening stability,
roof, which increased its size. requiring urgent intervention.
The lower right Moderate and branching cracks It is fairly shallow and has not
5 corner of the wall Oblique 175 5 8 due to thermal shrinkage around  expanded recently, but it should
near the metal door d the metal door that is not be monitored to see if it is getting
of the house compatible with the clay material. ~wider or longer over time.
Oblique with It is deep as a result of the They require rapid intervention
3 Stair slab 1 86 12 24 bonding process between modern  because they are recurrent and
stair slab 2. - -
and original material. threaten structural stability.
Under the wall The reason could be weak plaster,  Very superficial, simple and not
4 cabinet Vertical 32 3 0.5 or environmental factors such as repetitive. It should be monitored
thermal expansion. for expansion.
It is large, clear and deep with the It indicates structural cracks that
5 External wall Vertical 137 71 34 outer la}.ler eroded and the can f/v.orsen over tlime., affect.
underlying clay layers exposed stability, and require immediate
due to overburdening. monitoring and intervention.
. . It is clearly related to structural It is wide, deep, and relatively
Along the junction of . . .
. weakness or problems in the dangerous due to its large width,
6 the two Vertical 385 18 9 . . o .
erpendicular walls foundation and was exacerbated =~ which requires intervention and
perp by the 2023 earthquake. urgent treatment and support.
. Surface cracks around windows
. Surface cracks in the external
concentrated around  Horizontal and are structurally harmless and do
7 . - . 64 3.5 2.7 layers are often caused by thermal . o
the window opening  vertical - not affect structural integrity if
shrinkage. .
they are not too deep or extensive.
upper left corner of Hairline cracking can be caused It is not a danger indicator, but it
8 pp Oblique 57 1.6 0.5 by poor plaster or paint, or can be monitored for expansion

an interior wall

climatic factors.

and it is best to maintain it.
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4.2.2. Weakness and Material Interference Analysis

The interference of different materials in patching or restoration can lead to the weak-
ening of the building, especially if materials with compatible properties are not selected.
Incompatible materials, such as cement compared to clay, may lead to cracks or faster
deterioration due to differences in physical and chemical properties, such as swelling or
inelastic hardening [30]. Indeed, the interference of incompatible materials is one of the
most important reasons for the failure of restoration operations, leading to the aggravation
of corrosion and the overlapping of mechanical and chemical damage as Figure 22 shows.

()

Figure 22. The overlap of materials that are not compatible with mud-brick architecture, such as
(a—c) cement blocks, (d) ceramics in cladding the external facade, (e) hollow and solid cement blocks
as a cladding over the clay roof, (f) concrete slabs over the clay, which is common in the region and
(g/h) the use of different materials such as metal and plastic in covering the inner courtyard and
connecting them weakly with the wooden roof, Taken by the author.

4.2.3. The Characterization of the Most Frequent Interventions in the Restoration Process

The interaction between restoration materials and the original materials can cause
issues related to adhesive bonding, corrosion, or structural weakness, which hinder long-
term durability and encourage the migration of harmful compounds through the interface
between pores [31]. Hence, there is a necessity to rely on materials with physical and
chemical compatibility and to adopt strict testing methods to analyze compatibility before
implementation. In a recent study, researchers confirmed that “restoration using modern
materials that do not match the properties of the original material makes the building more
vulnerable to natural factors and reduces its ability to adapt to climate change” [10].

With the spread of modern construction, many materials have emerged that are
not suitable for the restoration of mud-brick buildings [22], as cement, bitumen, and
oil paints are often used, causing severe damage to the original building, as shown in
(Figures 23 and 24).
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Figure 23. Oil-based paints and synthetic insulating materials impose an inflexible décor and create an
insulating barrier that prevents moisture exchange with the environment, exacerbating the humidity
crisis and accelerating deterioration [29]; the disparity in the solubility of the original material and the
material used in restoration is one of the reasons for the appearance of large cracks and disintegration,
especially during climate change; taken by the author.

100%
90% /D\
80% = i / \
° J\\ \\D/ \ /G\
o N, N\ S N,
60%
50% ‘\\'( / \
40%
\Y4 e
30% -
20%
10%
0%
Who agrees
that
modernizing Who
Who wants to Who agreed to ﬂ1§ mudr encourages the would
modernize and dwelling with reuse and .
preserve and Who answered . Who wants to - like to
. reuse mud . allitsutban | Who wants to _ modernization
remains of the i . that mud brick i change his preserve,
_ i brick cutting | and change his A of mud o
housing built L is better than . . residence and . maintain and
) , materials in an . architectural | residence and architecture,
in mud brick ) cement brick move to a ] ) restore the
, environmental elements and move toa with all its .
plots m and for future . s modern home Temaining
.| lyadvanced . reusing it traditional urban and
try to maintain housing? . . made of . mud
e and considered an | mud dwelling architectural i i
and restore it if| i . concrete . architecture if
bie? sustainable envirornmental elements, in ossible?
possibie: way? ly sustainable future P )
idea and projects?
acceptable in
the future?
—+—Population sample 78% 74% 56% 68% 45% 78% 64% 36%
—#— Engineers sample 79% 82% 74% 95% 32% 72% 72% 68%

Figure 24. A comparison between two groups (residents and engineers) regarding the percentages of
people interested in topics related to the preservation and reuse of mud-brick heritage. It shows that
engineers generally have a higher percentage than the population on most questions, particularly
regarding the approval of mud-brick architecture.

After field study and interviews, we note that the most common interventions in
Rif Dimashq use incompatible materials: such as cement, due to its hardness and ease of
application. Many residents prefer to use it for its advantages in protecting clay surfaces
from various factors. Through interviews with local residents, the majority of them stated
that they recently used 5-10 cm thick concrete slabs over the clay roof, which helped
them solve the problem of periodic maintenance and reduced the problem of rainwater
leakage. However, the presence of disadvantages related to incompatibility with clay,
inelastic hardening, and moisture retention, weakens the long-term sustainability of the
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building, as we see above clay roofs, where inaccurate selection of materials leads to
further deterioration.

We note that the most common intervention defects are due to material incompatibility,
ill-considered interference, or poor physical and chemical compatibility. However, the
important question is as follows: how can intervention strategies be improved? Based on
our analysis, we will answer these questions through the following points:

— Focus on selecting materials with mechanical and chemical compatibility with the
original material.

— Use natural materials that match the original features: it is recommended that sustain-
able materials that match the properties of the original material, such as natural lime,
treated and improved clay, or environmentally friendly composite materials, be used
to ensure continued structural integrity and flexibility.

— Avoid incompatible synthetic materials: Cement and inflexible synthetic materials
should be avoided or used with caution after a comprehensive assessment of their
interaction with the original material, while applying restoration techniques that
minimize the effects of physical and ecological variations.

—  Sustainable monitoring and maintenance: It is necessary to conduct periodic inspec-
tions of mud-brick dwellings and adopt maintenance programs using appropriate
materials to prevent premature deterioration and ensure long-term sustainability.

— Awareness and vocational training: Develop training programs for craftsmen and
engineers to spread awareness of materials and thoughtful restoration methods, and
to instill a culture of preserving architectural heritage.

4.3. Field Survey (Questionnaire)

The survey is one of the most important steps taken to activate public participation in
future plans. It helps determine the community’s interest in clay bricks, their acceptance,
and their preference. It also helps compare the views of engineers on reuse techniques and
challenges. Therefore, a special survey must be conducted among the residents benefiting
from housing in the study area, to take their opinions into account when designing future
housing units. The type of questions asked was closed-ended.

A. The first sample (random): 500 residents of the area.
B. The second sample (purposeful): 200 architects and civil engineers, given their exten-
sive and in-depth experience and knowledge of the research topic.

Detailed analysis of the results:

a. Residents’ and engineers’ attitudes toward building preservation:

Residents: Approximately 78% and 79% of engineers agree with the preservation of
mud-brick heritage. We note that the two samples are very close in their answers.

b.  Building modernization and restoration: Residents: 74% tend to agree.

A higher percentage of engineers (82%) support this, indicating that engineers are
more willing to support modernization.

c. Answering a question about whether a building would respond better to clay bricks:
Residents: 56% believe that clay bricks are the best solution for future buildings.
Engineers: 74% support this, indicating that engineers are more sensitive to the
effectiveness of clay bricks.

d. Changing their residence and switching to traditional clay bricks: Residents: 45%
agree with the idea, while 55% may oppose it. Engineers: 11% agree, and 68% oppose
it, indicating greater reservations among engineers regarding this change.

e. Residents: 78% support the reuse and restoration of buildings, while 72% of engineers
support it, but the percentage of support is slightly lower than that of residents.
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f.  Sixty-four percent of residents want to preserve the architectural style and 68% of
engineers support this, although the percentage is slightly higher among engineers.

g. If the architectural elements can be preserved and the building redesigned to function
better: Residents: 36% support this option, lower than engineers (68%).

We conclude that: engineers generally show greater support and positivity toward
the modernization, restoration, and reuse of mud-brick heritage compared to the general
population. Residents tend to be more conservative and less supportive of certain ideas,
especially when it comes to preserving architectural styles or adopting modern methods.

The differences between the two groups: Architects are more flexible and willing to
modernize buildings, while residents tend to be more conservative in their heritage and
less flexible about their approach to change.

By analyzing the morphology of mud-brick architecture in Syria, we find that itis a
traditional material deeply rooted in Syrian architectural identity, Returning to paragraph
No. 3, it can be concluded that the mud-bricks are considered one of the best used materials
in Rif Dimashq distinguished by features such as thickness, dimensions, construction
methods, and traditional inscriptions, it is also highly responsive to climate, soil, and
local traditions, representing a state of true harmony between the needs of man and his
environment in all its dimensions. It is considered a source of intellectual and scientific
enrichment that governmental and private institutions and engineering consulting offices
must employ and adopt.

Through comparison with modern technologies and materials in recent experiments
in Syria, it has been shown that combining traditional methods with modern technologies
such as CSEB achieves significant improvements in brick performance, expanding its use in
modern and sustainable projects and potentially reducing costs and environmental impact.

According to the questionnaire mentioned in Section 4.2.2 we conclude that the major-
ity of residents and engineers of Rif Dimashq want to revive the elements of mud-brick
architecture in the region and benefit from its environmental advantages and improve
it in a way that is consistent with the current reality of the region, the researchers pro-
pose an approach based on analyzing brick components and their morphological design
according to functional and environmental requirements. This approach uses modern
scientific standards to improve product quality while preserving traditional characteristics.
It allows for flexible future models that incorporate dimensions, finishes, and functional
properties, as well as re-engineering improved production methods while incorporating
modern technology.

Lastly, given the challenges facing mud-brick architecture now and in the future, new
ideas require scientific evaluation. Further studies are needed on advanced adobe technol-
ogy to improve performance beyond user expectations. This must rely on technological
modernization and the use of environmental technology and artificial intelligence concepts
in architectural design, consistent with the reality and local data of each region.

5. Conclusions

The literature observed indicates that mud is the oldest sustainable building material.
However, it has the highest challenge of rapid deterioration and negligence in regular
maintenance. Similarly, the effect of water, pests and insects” attacks, high maintenance
requirements and demands, and inappropriate construction techniques and design are
all hindrances to its sustainability [31]. In addition to these, lack of technical knowledge
on materials used, the age of building, weather effects and usage have significant impact
on its durability, which also contributes to the problem. Mud buildings have a life span
expectancy period of about nine hundred years which depends on regular maintenance [16].
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Mud-brick construction is a sustainable and environmentally friendly method that has
been used for centuries. With modern progress in engineering in general and architecture
in particular, the method of construction with improved and compacted earthen blocks is
being improved and used in various projects around the world. For this reason, this paper
recommends the rehabilitation of mud architecture in general, and in rural communities in
particular, using modern technologies to provide low-cost housing with environmentally
friendly and sustainable benefits.

Future Vision: Based on the morphological analysis of clay bricks, we propose the
application of a modern technology called “reinforced mud-brick construction,” which
consists of clay reinforced with natural organic materials where used in the study area,
such as straw and hemp, or (carbon, fibers, or natural chemicals) to increase its durability,
and the application of 3D printing technologies to produce more precise units with less
speed and effort, in addition to the use of mud-bricks or thin clay layers to ensure thermal
conductivity, weather resistance, and ease of transportation and installation.

Future research could build on this review by expanding the study to include addi-
tional cases and different urban contexts, which would enhance the generalized of the
findings, with the integration of Al tools and detailed field measurements, which will
improve the accuracy and reliability of future analyses, ultimately contributing to guiding
sustainable urban design strategies that balance heritage preservation while responding to
contemporary and user demands.
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