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Objective: Self-sufficiency and reliance on natural materials are fundamental principles of
Iranian architecture, with brick being a locally abundant material in Iran. Over time, brick
buildings require retrofitting, restoration, and enhancement. To gain a deeper
understanding of brick and its retrofitting, it is essential to analyze historical bricks and
incorporate past experiences in brick making. This research aims to examine the technical
characteristics of bricks used in the historical buildings of Kashan city across different time
periods. Five brick samples from these historical structures have been selected for analysis.
Method: The research employs a quantitative approach based on field studies and
laboratory experiments. The experiments are categorized into three groups. The first group
comprises basic tests, including density, specific gravity, moisture content, and water
absorption. The second group encompasses mechanical tests, focusing on compressive and
bending strength. The third category involves chemical tests conducted through X-ray
Diffraction (XRD) analysis.

Results: The tests revealed that the specific weight of the samples ranged from 1.6 to 2.14
grams per cubic centimeter, while water absorption varied between 9.3 and 18.5 percent.
The compressive strength was found to be between 53.12 and 195.27 kg/cm?, and the
bending strength ranged from 11.62 to 125.83 kg/cmz2. The findings indicate that basic
characteristics significantly influence mechanical properties. As specific weight and
volume density of the samples increase, their internal pore structure diminishes, leading to
reduced moisture content and lower water absorption. Furthermore, higher sample density
correlates with increased compressive and bending strength. The predominant chemical
composition in the samples was quartz, while the presence of gypsum contributed to
decreased mechanical resistance. In contrast, higher levels of quartz, anorthite, and albite
enhanced the resistance of the samples

Conclusions: The physical and mechanical characteristics of brick samples remain
relatively stable over time. Consequently, it appears that the resistance parameters are more
influenced by the quality of the raw materials, sample density, and production methods
rather than the age of the samples.
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EXTENDED ABSTRACT

Introduction

Iran is a vast country characterized by diverse climate zones. The traditional architectural
design methods in Iran effectively address environmental challenges and incorporate specific
systems for rural architecture tailored to each region. This type of architecture is aligned with
the local climate and cultural context, ensuring minimal energy consumption while providing
high levels of environmental comfort. A fundamental principle of traditional rural architecture
is the utilization of locally available materials. Among these, soil stands out as one of the
oldest, most abundant, and least expensive building materials, historically used by humans
and still prevalent in many cities and villages. The variety of earth materials employed in
construction reflects the diversity of local resources and building techniques. Brick, a
commonly used earthen material, continues to play a significant role in construction,
particularly in desert regions and rural areas. Understanding soil materials and examining
traditional construction practices not only helps preserve cultural heritage and architectural
identity but also offers viable solutions to contemporary environmental issues, particularly in
light of limited global energy resources. Bricks are referred to by various names such as Ajor,
Aghor, Agor, and Sagh in different contexts. The term "ajor" or "agor" has Greek origins,
meaning unbaked clay (Hosseini and Seydin Khorasani, 2015). Due to their high thermal
mass, bricks are pivotal for energy efficiency, especially in desert areas, where they mitigate
the harsh climate of hot, dry summers and cold, dry winters. Additionally, their production
does not demand extensive skills or advanced technology. Given the long-standing history of
brick architecture in Iran, one might expect a wealth of research on the subject; however,
there remains a significant gap in accessible and practical resources for the preservation,
repair, and reinforcement of brick structures (Rahim Nia et al., 2013). In contrast, advanced
industrial nations have shifted their focus towards reducing energy consumption and
optimizing efficiency in construction, recognizing that it is impractical to satisfy the immense
demand for building materials solely through industrial options like concrete and steel. No
region possesses the requisite production capacity or financial resources to meet this demand.
Consequently, clay and its derivatives, such as bricks, provide a viable alternative to industrial
materials, and many developed countries are increasingly seeking to incorporate these natural
building materials into their construction practices (Minke, 2006).

In addition, given the preservation of certain historical brick buildings, it is essential to
analyze and examine the materials used in these structures. This analysis will enable the
application of valuable techniques and experiences from various historical periods of brick
making. Thus, it can be asserted that reinforcing brick structures is not feasible without first
analyzing historical examples. Prior examination of these materials should serve as a
foundation for future construction and research in this field. Moreover, considering the
numerous historical cities in Iran, this research focuses on a specific segment of historical
buildings in the extensive region of Kashan. As a historic city located in central Iran, Kashan
boasts many ancient brick buildings, some dating back several centuries. This study aims to
explore the types of bricks utilized in traditional buildings of Kashan across different
historical periods, while also considering the city's past and leveraging the enduring and stable
elements found in its brick structures. The research will encompass the history, aesthetic
characteristics, chemical composition, physical properties, and construction techniques of
these bricks, followed by a thorough analysis.
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Method

The research employs a guantitative methodology, grounded in field studies and laboratory
experiments. The experiments are categorized into three groups. The first group consists of
basic tests, including density, specific gravity, moisture content, and water absorption. The
second group comprises mechanical tests, focusing on compressive and bending strength. The
third group involves chemical tests conducted through X-ray Diffraction (XRD) analysis. All
tests were performed in accordance with ASTM standards as well as the national standards of
Iran (ISIRI). The following image presents the program for conducting laboratory studies
along with their corresponding standard numbers.
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ASTM C128
15IRI 4980
ASTM D2216
1SIRI 7883
1SIR7 Water Absorption

T T

]

Specific Gravity  Bagic test

Molsture Content

ASTM C109-90  Compressive  ppechanical
Bsheth testing
ASTM €293 Bending Strength
I 1T I

5353} jo sadA)

ASTMF341922  Mineralogy  Chemical
XRD tost
)

Figure 1. Classification of experiments conducted in research

In this research, five brick samples from four historical monuments in Kashan were tested
across different time periods, with their characteristics detailed in Figure 2. The samples are
designated with the letter "B" (representing the word "Brick") and are numbered sequentially
according to their historical periods, from the past to the present. Alongside the historical
period and age of the samples, the precise location and structural context of each sample are
crucial for the examination and analysis of the test results. Consequently, the locations of the
brick samples are indicated on the map presented in Figure 3.
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. o . i Figure 3. The position of preparing brick samples

Figure 2. General specifications of project brick in the map and photo of its building. Original
samples. photo: Google Map

Figure 4 presents images of the samples along with their dimensions. Most samples exhibit
a brown color, while only sample B2 displays a reddish hue. This red coloration is likely due
to the presence of iron compounds in the soil used to create this brick. Additionally, the
surface texture of sample B2 features patterns that appear deliberately roughened, which
enhances the adhesion between the bricks.

Specifications Bl B2 B3 "~ B4 BS

Dimensions

(cm) *15x7x4 30x16x4.5 20%10%6 20x10%6 22x22%5

Brick image

* Part of the brick

Figure 4. Appearance characteristics of brick samples
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Results
The analysis of the results indicates that specific weight is a fundamental parameter
influencing the strength and quality of the samples. Sample B2 exhibits the highest specific
weight, followed by sample B4, while sample Bl has the lowest specific weight.
Additionally, samples B1 and B2 display the highest and lowest moisture content,
respectively. Sample B3 has the highest percentage of water absorption, followed closely by
sample B1, while sample B2 shows the lowest water absorption. The results of the
compressive and bending strength tests on the brick samples are relatively consistent. Sample
B2 demonstrates the highest compressive and bending strength, followed by sample B4,
whereas sample Bl exhibits the lowest mechanical resistance. Furthermore, fundamental
characteristics such as specific weight, moisture percentage, and water absorption are
correlated with the mechanical structure of the bricks (as shown in Figure 5). From the
examination of the brick samples, it can be concluded that an increase in specific weight
corresponds to a decrease in moisture content and water absorption, which in turn enhances
the compressive and bending strength of the bricks. In other words, a higher specific weight
indicates greater density and compressibility, fewer voids, and consequently lower moisture
and water absorption, leading to increased compressive and bending strength. Chemical
testing using the XRD method revealed that quartz is the dominant phase in the samples. The
significant presence of gypsum and a small amount of quartz in sample B1 has resulted in
reduced mechanical resistance. Conversely, the presence of anorthite in sample B2 has
improved its mechanical resistance, while the increased levels of albite in samples B3, B4,
and B5 have also contributed to their enhanced mechanical resistance (Figure 6).

% | Chemical testing

} | ”
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Figure 5. Comparison of two graphs of compressive
strength and specific weight of samples according
to time period

Figure 6. The results of tests performed on brick
samples of Kashan historical monuments

Conclusions

This research examined the fundamental, mechanical, and chemical characteristics of brick
samples from Kashan's historical buildings across four historical periods. The test results
indicate that the foundational characteristics significantly influence the mechanical resistance
of the bricks. Specifically, there is a direct relationship between specific weight, compressive
strength, and bending strength, while these parameters exhibit an inverse relationship with
moisture content and water absorption. As the specific weight and volume density of the
samples increase, the internal voids decrease, leading to reduced moisture content and water
absorption. Additionally, higher density correlates with increased compressive and bending
strength. Over time, the physical and mechanical properties of the brick samples do not show
a consistent upward or downward trend; in other words, the age of the samples does not
appear to affect their quality. Based on these findings, it can be concluded that the age and
historical period have minimal impact on the quality of the bricks. Instead, the characteristics
of the raw materials, the skill level of the artisans, and the methods used in production and
processing are more influential factors in determining the quality of the bricks.
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