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Holy shrines are a common architectural type in many Islamic countries, and they have
been distinguished from other styles of Islamic architecture due to their function as a shrine
that carries high symbolism for an influential Islamic figure. Domes are regarded as one of
the most prominent architectural elements in these shrines, appearing in diverse forms and
classifications across the regions of the Islamic world. The research aims to investigate the
geometric characteristics and structural techniques of discontinuous double-shell domes in
holy shrines in Iraq and Iran, the majority of which date back to the Jalayirid and Safavid
periods, in order to develop a framework for identifying these domes. Following a study of
the primary components of the selected models, the research established a framework
through which these domes can be distinguished at the formal, structural, and decorative
levels. Furthermore, the results indicated that the dome of Imam Rida is characterized by

geometric and structural characteristics that distinguish it from the domes of Iraq.

Keywords: Construction Techniques, Double-Shell Domes, Geometrical Characteristics, Holy Shrines.

1. Introduction

The dome is an architectural structural element that has been
used across various civilizations due to its great importance in
covering large spaces and its profound symbolism [1]. Domes
developed significantly during the Islamic civilization, roofing
palaces, mosques, shrines, khans, and other buildings across
diverse Islamic architectural styles [2], [3]. Thus, the dome
stands out as a prominent element in Islamic architecture that
requires detailed study.

The development of domes in holy shrines began noticeably
during Jalayirid rule, and continued to evolve throughout the
Safavid and Ottoman periods up to the present day [4].
Although numerous studies have addressed holy shrines from
various aspects, they have not comprehensively investigated the
historical domes of holy shrines in Iraq, particularly double-
shell domes. This indicates a clear research gap that necessitates
a study investigating the geometric characteristics and
construction techniques to develop a deeper understanding of
this type of dome, which constitutes the objective of this
research. To achieve the research objective, a comparative
analytical approach was adopted, represented in two axes:
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The theoretical axis: Represents the collection of quantitative
and qualitative data to expand the theoretical foundation of the
study.

The practical axis: Through which the selected case studies
are examined: the dome of Imam Hussein, the dome of Abbas
ibn Ali, the dome of the two Kadhimiya Imams, and the dome
of Imam Ali (peace be upon them) in Iraq, as well as the dome
of Imam Rida (peace be upon him) in Iran, by applying the
derived theoretical framework to them.

The research utilized several tools that facilitated data
collection, comparison, and discussion, including: previous
literature, field visits, interviews, and engineering software.

2. Previous Studies on Double-Shell Domes and Shrine
Architecture

Studies that have dealt with double-shell domes and the
architecture of holy shrines are classified into two categories
based on their methodologies: descriptive studies, which focus
on historical information and formal characteristics; and
analytical studies, which have dealt with the geometric
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characteristics, structural behavior, and construction techniques
of domes.

2.1. Descriptive Studies

These studies dealt in a general descriptive manner with
historical aspects related to the holy shrines, with a brief
description of their general plans and their most prominent
elements, such as studies [5] that dealt with the most important
developments witnessed by Al-Ha'ir al-Husseini, including the
element of the dome during the accession of the Abbasid caliphs
to power and those who came after them, while the study [2]
examined the emergence of holy shrine cities and their
architecture and referred with a descriptive approach to their
architectural elements, including the dome. Maher's study
addressed the history of the scene of Imam Ali and its
architectural description, and pointed to the stages of
development of the current dome and its external and internal
finishes [6].

Al-Fartoosi [7] provided a comprehensive architectural and
cultural history of the golden dome over the holy shrine of
Imam Ali (pbuh) in Najaf. Chronologically organized, the text
traces the evolution of seven historical domes commissioned by
different rulers, starting from the Abbasid Caliph Harun al-
Rashid through the Safavid and Ottoman eras, while also
addressing the dome's design, gilding process, and
maintenance.

Memarian [8] dealt with building domes and classified them
according to their shapes, the number of shells, as well as the
methods of their construction, but it was limited to the study of
Iranian domes and did not refer to Iraqi domes.

2.2. Analytical Studies

Analytical studies of domes have varied, including the study by
Al-Kaflawi [9], which classified the domes of holy shrines
according to the arch that forms them, and concluded that all
the arches used in forming the domes of holy shrines are
adjacent pointed arches. Jaafar [10] dealt with the domes of the
holy shrines in Iraq using a survey method and pointed out that
they are bulbous in shape but not identical, and that there is a
difference in proportions on the one hand and the nature of the
curve of the dome on the other hand. The study came up with a
dome model that represents the general average of these domes.
The study dealt only with the external shape of the dome body
(outer shell) and did not study the rest of the parts that make up
the dome and its design and structural characteristics [10].
While some studies have focused on the supporting elements
(Khashkhashis) used in the support of the double domes [11]
and briefly referred to some of the domes of the holy shrines.

Hejazi and Pourabedin [12] dealt with the structural
performance of disconnected double shell domes made of
Persian bricks against earthquakes. Different shapes of upper
and lower domes were studied. The study dealt with Iranian
domes and was limited to the structural aspects only.

In their 2016 study, Wahdattalab and Rezaiezadeh examine the
morphological characteristics and aesthetic proportions of
heritage domes, analyzing their spatial and geometric
distribution patterns across the central Iranian plateau. This

study highlights the relationship between dome diameter and
height, linking it to the visual and structural identity of Islamic
architecture in the region. It provides an analytical framework
for the historical development of forms and transition zones
[13]. In their 2010 study, Ashkan and Ahmad classified double-
shell domes based on their geometry and structural behavior,
focusing on load transfer. They developed a mathematical
framework to examine the transition zone from square to circle
and the geometric proportions of domes in Islamic architecture
across different periods [14].

A critical review of previous studies revealed the following:

e A lack of specialized research on double-shell domes in holy
shrines in Iraq, with most studies relying solely on
descriptive approaches.

e Some studies addressed the geometric features of these
domes but failed to provide precise and comprehensive data
on the relationship between their geometric characteristics
and construction techniques.

Based on the knowledge gaps highlighted in the literature, the
research problem is defined.

2.3. Research Problem

The need to establish a comparative analytical framework to
characterize and classify the geometric characteristics and
construction techniques of discontinuous double-shell domes in
the holy shrines of Iraq and Iran.

To achieve a comprehensive study of these domes, the research
addresses the following questions:

e What is discontinuous double-shell domes, and what is their
historical context within holy shrines?

e How do these domes compare and contrast in terms of their
geometric characteristics and construction techniques across
the selected regions?

3. Research Methodology
3.1. Data Collection & Field Survey

Following the completion of desk studies, detailed field surveys
were conducted, establishing the geographical scope of the
research, which focuses on the discontinuous (detached)
double-shell domes of the holy shrines. In-depth interviews
were held with the relevant authorities represented by the
engineering project departments of the holy shrines and the Shia
Wagqf Directorates to gather survey data and obtain the available
architectural drawings of the selected case studies. During the
field surveys, the geometric dimensions of the domes (diameter
and height) were measured using various surveying
instruments. Additionally, numerous photographs of the domes'
interior and exterior profiles were captured to analyze the inner
and outer curves, the construction and finishing materials used,
the structural transition zones (from square to circle), and the
supporting structural elements, such as drums and radial
stiffeners (Khashkhashis). Architectural software (AutoCAD
and 3ds Max) was used to document the results and create
models. After comparing and analyzing the acquired data, a
comprehensive framework was developed that classifies the
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domes of holy shrines in Iraq and Iran based on their geometric
characteristics and construction techniques.

3.2. Evaluation Parameters

Two categories of descriptive criteria were followed to compare
the selected domes:

Geometric Characteristics: This section deals with the formal
and dimensional characteristics of the selected domes. It
includes measuring the geometric dimensions in terms of
diameters and heights, the height-to-diameter (H/D) ratio, and
the number of curvature centers forming the dome’s arch.
Additionally, it addresses the geometry of the drum and its
openings, as well as the springing point location of the inner
shell relative to the drum.

Construction Characteristics: This category focuses on the
type of materials used in the construction and finishing of the
selected domes, the type and structure of the transition zone
(from square to circle), and the classification of the radial
stiffeners (Khashkhashis) in terms of their types, quantities, and
dimensions (where available).

4. Theoretical Framework
4.1. Domes Classification

In previous studies, researchers classified domes into two types
according to their shapes, where domes take an arched shape in
space. Based on the shape of this arch, domes can be classified.
The other classification depends on the number of shells that
make up the dome [8].

Domes are divided into three types according to the type of
shells:

¢ Fully connected two-shell domes
e Double-shelled domes connected between the spaces
o Domes with fully separated shells [15].

This classification provides a suitable basis for the architectural
distinction of domes and can be used with some modifications
to enhance their structural roles. Domes with two completely
disconnected shells are divided into two groups: domes (Nar)
and domes (Rak), according to the Persian language. Rak
domes have a curved inner shell, and the outer shell is cone-
shaped. Nar domes have two disconnected shells with curved
shapes as shown in Fig.1 [8], [14].

This research focuses on disconnected double-shell domes in
the holy shrines of Iraq and Iran.
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Figure 1. Shows a disconnected double-shell dome (Nar) [16].

4.2. Dome Parts and Structural Elements

Through the formal analysis of the dome, we can identify its
primary constituent structural components, similar to other
vertically oriented architectural elements, which are
categorized as follows (Fig. 2):

The basic plan of the dome: Defines the foundational
geometry of the structure.

The walls or columns that carry the dome: Take their shape
according to the basic plan, and if square, they form a cubic
structure that extends under the octagonal base [17].

Transition zone: Represents the area of transformation from a
usually square layout to the circular shape on which the dome
sits. It is an important structural part commonly used in the
Islamic world, comprising several types: pendentives and
squinches, whose origins trace back to Sasanian architecture,
achieving maximum stages of development in Islamic
architecture, including muqarnas, or hybrid configurations
combining multiple types [18], [12].

Base: Covers the transition area, connecting the dome to the
roof of the building, upon which the outer shell of the dome sits.
The base exhibits various forms, including cylindrical, ribbed,
or octagonal, and its height varies according to functional type,
model, or region [16].

Drum: The drum is considered the supporting part of the shell,
positioned above the base to connect with the body of the dome
[1]. It may be omitted in some domes so that the body connects
directly to the base, or its height may be significantly elevated
to form a large percentage of the overall dome profile, as in the
dome of Imam Rida (peace be upon him). Drums often include
window openings [19]. The choice of shell type depends largely
on the thickness and height of the drum, as these characteristics
affect the building's ability to withstand gravity loads [14]

Dome Body: As the primary volumetric component of the
structure, the dome body (known as Nar) is formed into various
profiles according to the number of curvature centers, which
differ across regions, historical periods, and functional
typologies [19]. The body of the dome in the double-shell
domes under study consists of two shells:

A. The inner shell of the dome: Typically featuring a stepped
and rough upper face, it exhibits structural behavior similar to
that of single-shell domes [18]. Due to increased tension in
double-shell configurations, it is necessary to use more resistant
arches to build this shell, with parabolic or pointed profiles
typically utilized. The inner shell may spring from the bottom,
middle, or upper part of the drum, resulting in various structural
details, as shown in Fig. 3 [8].
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Figure 2. Components of double-shell domes, from the load-
bearing walls to the outer shell.
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Figure 3. Different positions of the inner shell in relation to

the drum. (Left to Right:) Inner shell under the drum, Inner
shell between the Drum, Inner shell top of the drum [12].
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B. The outer shell of the dome, which is placed on the inner
shell, plays an important role in the urban landscape, and can be
created from different types of load-bearing arches [18].

« Stiffeners (Khashkhashis): Stiffeners are thin brick walls that
are used between the two shells of double shell domes [18].
Stiffeners are built simultaneously with the outer shell and are
connected to it with an in-and-out joint. This adds stability to
the stiffeners under bending stress and prevents them from
separating from the shell. The shell section is larger where the
stiffeners connect, which prevents outward movement in the
shell and the drum. Moreover, vertical forces from the
stiffener's weight result in a steeper slope in the diagram of
tensional stresses through the middle one-third of the shell [12];
see Fig. 4.

Figure 4. Structural role of stiffeners in discontinuous double
shell domes [16].

5. Selected Case Studies

The selected case studies represent the empirical foundation of
this research. This section is limited to presenting a concise and
standardized profile for each case, arranged in chronological
order.

5.1. The Dome of Imam Hussein Holy Shrine

Located in the city of Karbala, the Holy Shrine of Imam
Hussein (pbuH) is one of the most prominent historical and
religious landmarks in Iraq and the Islamic world [20]. The
current layout and architectural form of the shrine largely date
back to the reconstruction and restoration works initiated by
Sultan Uways al-Jalayiri in 767 AH (1366 AD), and completed
by his sons, Sultan Ahmad and Sultan Hussein, in 786 AH
(1384 AD) [5]. Since then, the shrine has undergone successive
preservation, expansion, and restoration campaigns that have
maintained its architectural authenticity and religious

significance. The shrine is distinguished by its golden double-
shell (discontinuous) dome, the monument's most prominent
architectural and structural feature [21]. Fig. 5 shows a photo of
the interior and Exterior Views of the Imam Hussein Dome.

Figure 5. Imam Hussein Dome: Interior and Exterior Views.

5.2. The Dome of Al-Abbas Holy Shrine

Located near the Holy Shrine of Imam Hussein in the center of
Karbala, the Holy Shrine of Al-Abbas (pbuh) is a significant
architectural landmark [22]. Although the earliest documented
structure built over this tomb dates back to the Buyid era in 372
AH (983 AD), the current architectural form of the shrine was
largely established during the Jalayirid period through
successive construction campaigns carried out between 740 AH
and 790 AH [23]. These works began under Sheikh Hassan al-
Jalayiri and continued during the reigns of Sultan Uways,
Sultan Hussein, and Sultan Ahmad Bahadur Khan, who
completed the main structure of the shrine [24]. The shrine
underwent several restoration and preservation campaigns
throughout the Ottoman, Safavid, and Qajar eras up to the
present day[9]. Architecturally, the shrine is distinguished by
its prominent pointed double-shell (discontinuous) dome,
which serves as its primary architectural landmark. Fig. 6 shows
the interior and exterior views of Al-Abbas Dome.
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Figure 6. Al-Abbas Dome: Interior and Exterior Views.
5.3. The Dome of Imam Rida Holy Shrine

The Shrine of Imam Rida (peace be upon him), shown in Fig.
7, is located in the city of Mashhad and is considered one of the
most prominent religious and historical landmarks in Iran [25].
Historical sources indicate that the primary load-bearing
structure of the shrine, constructed of brick and gypsum mortar,
dates back to the 6th century AH (the Seljuk era), when a dome
was erected over the holy sanctuary by order of Sultan Sanjar
the Seljuk and his vizier, Sharaf al-Din Abu Tahir al-Qumi,
following earlier damage to the shrine [26], [27]. Other sources
suggest that the present structure of the dome dates back to 761
AH (1360 AD) [8]. During the reign of Shah Abbas I, the outer
shell of the dome was gilded with gold-plated copper sheets
[11]. The holy shrine and its dome have undergone
development, restoration, and structural maintenance through
to the present day.

Figure 7. Imam Rida Dome: Interior and Exterior Views.

5.4. The Domes of Al-Kadhimaln Holy Shrine

The Holy Shrine of Al-Kadhimayn is one of the most prominent
religious and historical landmarks in Baghdad, shown in Fig. 8
[9]. The shrine's origins date back to the Abbasid era. It
subsequently underwent several phases of construction and
expansion until its current form was established during the
Safavid period [28]. In 914 AH (1508 AD), Shah Ismail I
ordered the shrine's reconstruction, replacing the old structure
with the present one and adding four minarets and a mosque on
the northern side [29]. The shrine has maintained its
architectural style through subsequent ongoing restoration
efforts. Its most prominent feature is its two identical, double-
shelled domes [30].
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Figure 8. Al-Kadhimaln Dome: Interior and Exterior Views.

5.5. The Dome of Imam Ali Holy Shrine

The shrine of Imam Ali (peace be upon him) in Najaf, Iraq (Fig.
9), is one of the most prominent religious and historical
landmarks in the Islamic world and Iraq [31]. Sources indicate
that the shrine's origins date back to the reign of the Abbasid
Caliph Harun al-Rashid in 170 AH (786 AD)[7]. Its current
form largely dates to the Safavid era during the reign of Shah
Abbas I [32]. Architecturally, the shrine is distinguished by its
double-shelled (non-connected) dome, making it a prime
example of historical architecture in Iraq [33].

Figure 9. Imam Ali Dome: Interior and Exterior Views.

6. Results and Discussion
6.1. Comparative Geometric Analysis

To systematically analyze and compare the selected domes, the
geometric evaluation is divided into two main sub-axes to
ensure a high-precision comparison of the distinct geometric
components:

Dome Shells (Outer and Inner Shells): This axis focuses on
morphological curvature, diameters, heights, aspect ratios
(H/D), and the geometric layout of arch profiles (number of
centers).
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The Drum (Supporting Base): This axis focuses on the
cylindrical base, its metric/physical dimensions, as well as the
geometry and number of window openings.

6.1.1. Analysis of the dome shells

To evaluate the volumetric and geometric properties of the
inner and outer dome shells across the studied cases, key
parameters including diameters, total height, height-to-diameter
ratio (H/D,), and curvature centers were consolidated as
presented in Table 1.

Table 1. Comparative geometric characteristics of the inner and outer dome shells (Compiled by the author based on [11],
[21][24][31]and field observations).

Ca Outer Shell Inner Shell Total Height-to- No. of Profil

lee Dome Name Diameter Diameter (Di)  Height Diameter Curvature TO ee
(Do) [m] [m] (Ho) [m] Ratio (H/Ds) Centers (Outer) yp

cs-o1  [mam Hussein 13.68 11.00 9.78 0.714 6 Pointed
Dome Bulbous
CS-02  Al-Abbas Dome 16.00 13.00 14.35 0.896 7 Pointed
Bulbous
CS-03 Imam Rida 13.40 11.00 6.60 0.492 4 Pointed
Dome Bulbous
cs-04  Al-Kadhimayn 10.81 6.5 7.5 0.693 5 Pointed
Domes Bulbous
CS-05  Imam Ali Dome 16.60 135 12.55 0.756 6 Pointed
Bulbous

A. Curvature and Proportional Analysis (H/D,)

Table 1 shows a large variation in the sizes and dimensions of
the outer shells of the studied domes. Structural slenderness and
overall height are measured using the height-to-diameter index
(H/Dy). The analysis of the study models shows that Al-Abba’s
dome (CS-02) reaches the highest ratio (0.896), producing a
prominent pointed shape. Meanwhile, Imam Reza dome (CS-
03) recorded the lowest value (0.492), reflecting a wider and
lower outer geometry. The other Iraqi cases (CS-01, CS-04, and
CS-05) maintained a medium balance, with indices ranging
between 0.693 and 0.756.

B. Geometrical Layout Complexity (Curvature Centers)

The results show a clear variation in the number of centers
defining the curves of the outer shell, reflecting a distinction in
terms of formal aesthetics and structural transition.
Morphological analysis shows that Al-Abba’s dome (CS-02)
reached peak complexity with 7 centers shaping its curvature.
This was followed by the domes of Imam Hussein (CS-01) and
Imam Ali (CS-05) with 6 centers. Meanwhile, the Imam Reza
dome (CS-03) in Iran had the lowest number, with 4 centers
forming its curvature, as shown in Fig. 10.

6.1.2. Analysis of the dome drums and openings

For the purpose of evaluating the geometric properties of the
drums in the selected case studies, the heights, diameters, and
height-to-diameter ratio (Ha/D4) were measured, as well as the
internal shell springing points, opening characteristics, and their
numbers. Table 2.

A. Drum Proportions and Spatial Role (ha/Dq):

The drum acts as a structural mediator between the transition
zone and the dome shells. It is evident from Table 2 that the
dome of Imam Rida (CS-03) is characterized by the highest
drum ratio (0.626) with a height of 8.40 m, creating a lofty
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cylindrical base. Meanwhile, the Iraqi models (CS-01, CS-02,
and CS-05) show clearly convergent drum ratios, with their
percentages confined between 0.337 and 0.423, reflecting an
architectural pattern that balances drum height with structural
span.

B. Fenestration System and Lighting Dynamics:

A morphological difference was observed in the architectural
treatments of the openings, where a system based on the
presence of 12 pointed-arch windows distributed evenly around
the drum circumference was applied in the domes (CS-01), (CS-
02), and (CS-05). Sources indicate that this number is linked to
the 12 Infallible Imams in the Shia doctrine [3]. This
arrangement achieves a dual purpose: reducing the dead weight
of the brick masonry mass at the drum level, and improving
natural daylighting inside the sanctuary, as well as enhancing
the spiritual connection due to the continuity between the
interior and exterior provided by these openings. On the other
hand, we observe that both the dome of Imam Rida (CS-03) and
the Al-Kadhimayn domes (CS-04) are completely devoid of
openings, and the researcher attributes this to the positioning of
the inner shell below the drum, which renders the presence of
openings useless.

C. Inner Shell Springing Points:

The springing points of the inner shell varied across the selected
models. In the holy shrines of Najaf and Karbala (CS-01, CS-
02, and CS-05), it was found that the inner shell springs from
the top of the drum. This design grants height and spaciousness
to the ceiling, while the visible openings on the dome reveal the
interior space. However, in the domes of Al-Kadhimiya and
Imam Reza (CS-03 and CS-04), the inner shell originates from
the bottom of the drum, creating a larger space between the two
shells and concealing the volume from the interior space.
(Fig.10)
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6.1.3. Comparative analysis of double-shell domes: Iraqi vs.
Iranian models

The engineering evaluation revealed distinct construction
traditions and design philosophies among the selected domes in
Iraq and Iran, shaped by local context and architectural style:

e The Iraqi Tradition (The Shrines of Karbala and Najaf):
Characterized by a unified formal pattern where the outer
pointed-bulbous shell exhibits high slenderness (0.714 -
0.896) generated by a complex geometric layout of (6 - 7)
centers. In this school, we notice that the inner shell rests at
the top of the drum, contributing to expanding the internal
volume of the sanctuary and integrating the drum within the
interior space, which functionally and spiritually justifies the
presence of pointed-arch openings.
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Figure 10. illustrates the geometry of the internal and external
shells and the centers of curvature in the domes selected for
study.
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Table 2. Comparative geometric and structural characteristics of the dome drums (Compiled by the author based on [8] ,[9], [22]
and field observations).

Drum Drum Height-to- Inner Shell
Dome . . . No. of Shape of .. .
Case ID Name Diameter Height Diameter Openings Openings Springing Point
(Dg) [m] (ha) [m]  Ratio (H/D) P g P g (Relative to Drum)
Imam .
CS-01  Hussein 13.00 5.00 0.384 12 Pointed arch At the top of the
window drum
Dome
CS-02 Al-Abbas 15.00 6.35 0.423 12 Pomted arch At the top of the
Dome window drum
cs-03  MmamRida 5 4 8.40 0.626 None None At the base of the
Dome drum
Al-
CS-04  Kadhimayn  10.00 5.00 0.50 None None At the base of the
drum
Domes
CS-05 Imam Ali 16.60 56 0337 12 Pomted arch At the top of the
Dome window drum

e The Iranian Tradition (The Mashhad Typology):
Prioritizes the external monumental appearance in the urban
space by utilizing an excessively high drum (hg = 8.40 m).
We find that the geometry of the outer shell is less complex
compared to its counterparts in the Iraqi school, utilizing 4
centers, and is more flattened (H/D, = 0.492). As for the
inner shell, it springs from the base of the drum, separating
the internal volume of the drum from the lower sanctuary
space and adding it to the interstitial space between the two
shells, which explains the drum's lack of openings.

e The Transitional Hybrid Typology (The Al-Kadhimayn
Typology): Al-Kadhimayn domes (CS-04) represent a
hybrid model that beautifully blends geometric aspects. This
is embodied through the proportions of its outer shell, which

align with the Iraqi school, while we find that its internal
layout logic follows the Iranian traditions, manifested by the
springing of its inner shell from the base of the drum and the
absence of openings in its drum, documenting a historical
cross-regional exchange in building traditions.

6.2. Construction Materials and Structural Techniques

6.2.1. Analysis of construction materials and finishing
coverings

This section deals with the building and finishing materials used
in the construction of the drums and the external and internal
shells of the domes selected for study, providing a knowledge
base for understanding their aesthetic and structural
foundations, as shown in Table 3.

Table 3. Comparative analysis of construction and finishing materials for the studied domes (Compiled by the author based on
[3], [7], [21], [22] and field observations).

Case Core . Outer Drum Exterior Inner Shell Interior
ID Dome Name Construction Shell Finishin Finishin
Material Finishing g g
. . Gold plating with . L
Imam Hussein Brick and Gypsum Gold i . Mirror mosaic with upper
CS-01 . crowning Qashani . .
Dome Mortar plating . ) & lower calligraphic bands
calligraphic band
. Qashani tiles with . L
CS-02 Al-Abbas Dome Brick and Gypsum Go}d crowning Qashani Mirror mosaic w1th upper
Mortar plating . ) & lower calligraphic bands
calligraphic band
. Gold plating with
CS-03 Imam Rida Dome Brick and Gypsum Go.l d crowning Qashani Mirror mosaic only
Mortar plating . )
calligraphic band
Al-Kadhimayn Brick and Gypsum Gold Gold platmg Wlth. . .
CS-04 . crowning Qashani Mirror mosaic only
Domes Mortar plating . ;
calligraphic band
. Brick and Gypsum Gold Gold platmg Wlth. Mirror mosaic with upper
CS-05 Imam Ali Dome . crowning Qashani . .
Mortar plating . ) & lower calligraphic bands
calligraphic band

Regarding the core materials, the primary building media
utilized in the execution of all studied domes are brick and
gypsum mortar. As for the finishing materials, the outer shell in
all domes was finished with gold plating. We find that the

drums of the domes of Imam Ali (CS-05), Imam Hussein (CS-
01), Imam Rida (CS-03), and Al-Kadhimayn (CS-04) are gilded
with gold, crowned by a Qashani tile band inscribed with
Quranic verses, except for the dome of Al-Abbas (CS-02),
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where its drum finishing consisted of Qashani tiles along with
a calligraphic band crowning the drum as well. As for the
interior finishing materials (the inner shell), in both the domes
of Imam Hussein and Al-Abbas, they consisted of reflective
mirror mosaic accompanied by two calligraphic bands located
above and below the openings. In the domes of Imam Rida and
Al-Kadhimayn, the interior finishing consisted of reflective
mirror mosaic only. Meanwhile, the inner shell of the dome of
Imam Ali was executed using Qashani tiles and ceramic
mosaics, complemented by two calligraphic bands above and
below the windows.

6.2.2. Structural analysis of the transition zone systems

The transition zone constitutes the structural articulation
responsible for converting the square plan into a circular
geometry to support the dome above. Table 4 presents a
comparative analysis of the structural systems implemented in
the transition zone for the studied cases, while Fig. 11 illustrates
the geometrical configurations and schematic layouts of these
systems.

Table 4. Structural typology and geometrical classification of dome transition zones (Compiled by the author based on [8],[9]
and field observations).

Primary Transition

Figure

Case ID Dome Name Structural & Geometrical Configuration
System Reference
CS-01 Imam Hussein Intersecting Rib Complex and interlocking pendentive Fie 11a
Dome Pendentives (Karbandi) structure &
Intersecting Rib . . .
CS-02 Al-Abbas Dome Pendentives (Karbandi) Cross-grid pendentive system Fig. 11b
CS-03 Imam Rida Mugarnas Arch System DISth.t regional Mqurnas arch . Fig. 11c
Dome configuration for geometrical transition
CS-04 Al-Kadhimayn Intersecting Rib Complex and interlocking pendentive Fie. 11d
Domes Pendentives (Karbandi) structure &
CS-05 Imam Ali Dome Intersecting Rib Cross-grid pendentive system Fig. 11e

Pendentives (Karbandi)

(c) Imam Reda Dome

(e) Imam Ali Dome

Figure 11. Geometrical layouts and architectural details of the
transition zones (Source: Prepared and photographed by the
author based on field observations).

We observe the adoption of the intersecting rib pendentive
system (Karbandi / Intersecting Rib Pendentives) in the Iraqi
domes to achieve the spatial transformation from square to
circle; however, they exhibited variations in their constituent
frameworks and internal distribution networks. Imam Ali Dome
(CS-05) and Al-Abbas Dome (CS-02) share a similar transition
technique from square to circle using an intersecting arch
system (pendentives), whereas more complex and intertwined
arches were used in Imam Hussein Dome (CS-01) and Al-
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Kadhimiya Domes (CS-04). As for Imam Reza Dome (CS-03),
it is distinguished by utilizing a muqarnas arch system to
achieve the transition.

6.2.3. Stiffening Wall System (Khashkhashi)

The Khashkhashi ribs, located between the two shells, act as
support walls for the outer shell and help to reduce its buckling.
For details on the Khashkhashi ribs, see Table 5, which provides

a complete analysis of their dimensions, types, and positions.

Table 5. shows the dimensions, types, numbers, and positions of Khashkhashi ribs in the selected models. (Compiled by the
author based on [11][21] [24] and field observations).

Case Dome Width Depth Height . o, Figure
D Name Type No. (m) (m) (m) Position (Start) Position (End) Reference
Imam
CS-01  Hussein  Main 12 036 20- 759 Overthedrumand - Aboveupper Fig. 12a
Dome 1.45 inner shell breaking point
CS-02 Al-Abbas Main 12 ) ) ) Ove? the drum and AboYe upper Fig. 12b
Dome inner shell breaking point
Main 8  0.45 1.75 130  Drumbottomover — Above upper
inner shell breaking point
cs03 mamRida o9 g4z ygs oo  Drum bottom over At upper Fig. 12¢
Dome inner shell breaking point
Sub2 3 043 060 100 Overthedrumand At upper
inner shell breaking point
Al- Main 4 026 410 120 O"eirfg:rds?;nu and b upper
CS-04  Kadhimayn Over the d q A Ep Fig. 12d
Domes  Sub 12 026 135 120 Ver the cium at PPper
inner shell breaking point
. Main 16 2 3.0- 75 Ove¥ the drum and AboYe upper
Imam Ali bricks 4.0 inner shell breaking point .
CS-05 Fig. 12¢
Dome Sub 16 2 1.0 - 55 Over the drum and Above upper
bricks 1.5 ) inner shell breaking point

A significant variation in the distribution and quantity of
Khashkhashis is observed among the domes. The dome of
Imam Ali (CS-05) relies on a dual system consisting of 16 main
Khashkhashis, reaching a depth of up to 4 meters and a height
of 7.5 meters above the drum and inner shell, along with 16
secondary Khashkhashis. In contrast, 12 main Khashkhashis
were used in the dome of Imam Hussein (CS-01) and the dome
of Al-Abbas (CS-02) to achieve the required structural
coupling. The Al-Kadhimayn domes (CS-04) and the Imam
Rida dome (CS-03) display greater complexity in rib
partitioning. The Al-Kadhimayn domes are characterized by a
arrangement of 4 main Khashkhashis at a height of 12 meters,
alongside 12 secondary Khashkhashis of equal height. The
Imam Rida dome uniquely features a three-tier arrangement
comprising 8 main Khashkhashis, 9 primary secondary
Khashkhashis, and 3 tertiary secondary Khashkhashis
extending from the base of the drum above the inner shell. Fig.
12 illustrates the Khashkhashi ribs used in the studied domes.

6.2.4. Integrated structural behavior

The results of the comprehensive analysis of construction
techniques demonstrate a structural integration among the core
building materials (brick and gypsum mortar), the transition
zone systems, and the interstitial Khashkhashi networks across
the studied domes. Intersecting rib pendentives (Karbandi) and
Mugarnas arches provided high flexibility in transferring loads
from the square base to the drum, while the Khashkhashis
performed the function of connecting the two shells, reducing

the unbraced buckling length of the outer shell, and enabling
the interstitial space between the shells to act as a supportive
masonry system. The primary building materials, brick and
gypsum mortar, contributed significantly to achieving this
integrated system due to their high flexibility, which enabled
master builders to construct complex interlocking networks.
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(c) Imam Reda Dome

I

(d) Al-Kadhimayn Domes

(e) Imam Ali Dome

Figure 12. Horizontal and vertical projections and images,
illustrating the Khashkhashi ribs used between the two shells
of the selected models (Prepared by the author based on

[11][21],[22)).
7. Conclusions

The study reveals an integration of structural and functional
aspects in the construction of historical double-shell domes.
Brick and gypsum mortar were used as the primary building
materials in the structures of all the studied models.
Khashkhashis (interstitial structural walls) were used as
supporting walls between the outer and inner shells to connect
them and reduce buckling. The study also showed a clear
difference between most Iraqi domes and the dome of Imam
Reza. Iraqi domes were characterized by their high slenderness
and the complexity of their multi-centered arches (6-7 centers).
The inner shells sprung from the top of the drum, allowing for
windows to provide natural light and reduce weight. In contrast,
the dome of Imam Reza exhibited a lower external form, with
its arch relying on only four centers. The drum was long and
solid, with the inner shell springing from below, creating a wide
interstitial space. Furthermore, the dome of Imam Reza was
distinguished by its use of a different structural system for the
transition zone, employing mugqarnas arches instead of the
Pendentives (Karbandi) prevalent in Iraqi models. It was also
noted that there was a hybrid Iraqi model between the Iraqi and
Iranian schools, which is the Kadhimiya dome, which was

formed from a drum that did not contain windows, and its inner
shell was similar to the dome of Imam Reza in terms of
springing from the bottom of the drum, while the rest of the
characteristics were similar to the Iraqi models.

Conflict of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this manuscript.

Author Contribution Statement

Ammar Dhumad: Conceptualization, Methodology, Field
Data Collection, Formal Geometric and Structural Analysis,
Investigation, Visualization, and Writing Original Draft.

Gh. Hossein Memarian: Methodology consultation and Result
Validation.

Use of LLM and Al

During the preparation of this work, the authors used Al tools
(such as Gemini/ChatGPT) minimally and exclusively to
improve the English language and readability of the manuscript.
After using this tool, the authors reviewed and edited the
content as needed and takes full responsibility for the content
of the publication.

Research Funding

The authors received no external financial funding for the
research, authorship, and publication of this article.

Data Availability

The qualitative data, field observations, architectural surveys,
and historical records collected and analyzed during this study
are available from the corresponding author upon reasonable
request.

References

[1] M. al Safran, S. Ghannam, and B. A. Awwad, “Architectural and structural
behavior domes in Islamic architecture: Case study: Mosque of King
Abdullah Ben Al-Hussein—Amman—Jordan,” Journal of Engineering
and Architecture, vol. 7, no. 2, pp. 4048, Dec. 2019. [Online]. Available:
https://jpu.edu.jo/juris/uploads/publication/sidr/20230125-

1819379651.pdf
[2]1S. H. H. Al-Musawi and M. H. Fadawi, “The architectural design of the holy

shrines,”  Al-Academy,  pp. 303-320, Aug. 2023. doi:
https://doi.org/10.35560/jcofarts1228.

[3]1L S. Al-Shammari, “Lights on Arab-Islamic dome architecture and its types:
The Mashhad Al-Shams Dome in Hilla as a model,” Journal of Babylon
Center for Humanities Studies, vol. 12, no. 3, pp. 449-486, 2022,
Accessed: Sep. 04, 2026. [Online]. Available:

https://bcehj.uobabylon.edu.ig/index.php/becehj/ar/article/view/774.

[4]S. Hasan and Y. Rasheed, “Iraqi architecture in mogul period,” MATEC Web
of Conferences, vol. 162, Art. no. 05028, 2018. doi:
https://doi.org/10.1051/matecconf/201816205028.

[5] B. M. Abdul Shareefi and N. K. Mahdi, “Stages of the architecture of the
Al-Ha’ir Al-Husseini shrine: A historical study,” New Research in Human
Sciences, vol. 4, mno. 34, pp. 1-5, 2021. [Online]. Available:
http://jnrihs.ir/article-1-529-fa.html.

[6] S. Maher, Mashhad al-Imam Ali fi al-Najaf wa-ma bihi min al-hadaya wa-
al-tuhaf. Cairo, Egypt: Dar Al-Maaref, 1969. [Online]. Available:
http://imamali.info/iadl/handle/110/25013.

[7] S. M. Al-Fartoosi, The Shrine and Tomb of the Commander of the Faithful,
Peace Be Upon Him, 2nd ed. Najaf, Iraq: Al-Abbas Al-Islamiyyah /

797


https://jpu.edu.jo/juris/uploads/publication/sidr/20230125-1819379651.pdf
https://jpu.edu.jo/juris/uploads/publication/sidr/20230125-1819379651.pdf
https://doi.org/10.35560/jcofarts1228
https://bcchj.uobabylon.edu.iq/index.php/bcchj/ar/article/view/774
https://doi.org/10.1051/matecconf/201816205028
http://jnrihs.ir/article-1-529-fa.html
http://imamali.info/iadl/handle/110/25013

Journal of Engineering and Sustainable Development. Vol. 30, No. 06. November. 2026

ISSN 2520-0917

Department of Intellectual and Cultural Affairs, 1431 AH / 2010 AD.
[Online]. Available: https:/kiqp.net/bibliography/155388

[8] G. Memarian, Iranian Architecture: Niaresh, vol. 1. Tehran, Iran: Naghmeh
Now-Andish, 2012.

[9] S. A.-H. Al-Kaflawi, Arches, Vaults and Domes in Historical Architecture:
A Comparative Analytical Study. Najaf, Iraq: Dar Al-Jawahiri, 2011, p.
268.

[10] H. F. Jaafar, “Unified dome shrines associated with Ahl-Albate,”
Journal of Engineering and Sustainable Development, vol. 16, no.
4, pp. Ar 1-12, Dec. 2012. [Online].  Available:
https://jeasd.uomustansiriyah.edu.ig/index.php/jeasd/article/view/
1260

[11] H. Safaeipour, R. A. Khoraskani, and A. Alizadegan,
"Khashkhashi in the design of Iranian detached double-shell onion
domes: classification and preliminary assessment of structural
role," Archit. Sci. Rev., vol. 65, no. 6, pp. 479-503, 2022,
doi: https://doi.org/10.1080/00038628.2022.2115974.

[12] M. Hejazi and M. Pourabedin, “Performance of Persian brick masonry
discontinuous double-shell domes against earthquakes,” Engineering
Failure Analysis, vol. 119, Art. no. 104994, Jan. 2021. doi:

https://doi.org/10.1016/j.engfailanal.2020.104994.

[13] M. Wahdattalab and E. Rezaiezadeh, “Morphology of domes: A study
about aesthetic proportions and distribution of domes of mosques across
the central Iranian plateau,” Culture of Islamic Architecture and Urbanism
Journal, vol. 2, no. 1, pp. 109122, 2016. [Online]. Available:https://ciauj-
tabriziau.ir/browse.php?a_id=77&sid=1&slc_lang=en

[14] M. Ashkan and Y. Ahmad, "Discontinuous double-shell domes through
Islamic eras in the Middle East and Central Asia: History, morphology,
typologies, geometry, and construction," Nexus Netw. J., vol. 12, no. 2, pp.
287-319, 2010, doi: https://doi.org/10.1007/s00004-010-0013-9.

[15] M. K. Pimia, Iranian architecture styles, 5th ed. Tehran: Pazhohandeh
Memar, 2003. Accessed: Sep. 17, 2026. [Online]. Available:
https://www.iranketab.ir/book/161103-iranian-architecture.

[16] M. Baluchestani, "Study and recognition of discontinuous double shell
domes and conservation plan of dome of Mir Seyed tomb in Natanz,"
Master's thesis, Art University of Esfahan, Esfahan, Iran, 2008. [Online].

Available: https:/library.aui.ac.ir/Inventory/108/2022.htm.

[17] G. Lasindu, S. M. Shukri, and I. Taib, "The Evolution of the Islamic
Architectural Dome Feature," Malaysia Architectural Journal (MAJ), vol.
5, no. 3, Dec. 2023. [Online]. Available:
https://majournal.my/index.php/maj/article/view/184.

[18] C. Cusano, A. Montanino, C. Cennamo, G. Zuccaro, and M. Angelillo,
"Geometry and Stability of a Double-shell Dome in Four Building Phases:
The Case Study of Santa Maria Alla Sanita in Naples," Int. J. Archit. Herit.,
vol. 17, no. 2, 362-388, Feb. 2023,
doi: https://doi.org/10.1080/15583058.2021.1922954.

[19] N. Valibeig, S. Rahravi Poodeh, and A. Rahimi Ariaei, "Structural and
Geometric Analysis of Discontinuous Double-Shell Persian Domes in
Isfahan and Nain Dome-Building Schools," Int. J. Archit. Herit., vol. 11,
no. 8, 1101-1120, Nov. 2017,
doi: https://doi.org/10.1080/15583058.2017.1325540.

[20] E. K. Al-Nageeb, “The architectural elements of the Holy Imam Hussain
Shrine: History and development,” Lark Journal for Philosophy,
Linguistics and Social Sciences, no. 35, pp. 71-80, Oct. 2019. doi:
https://doi.org/10.31185/lark.Vol4.1ss35.1288.

[21] Engineering Projects Department of the Holy Hussainiya Shrine,
“Personal interview with Eng. Ali Adnan, Resident Engineer of Al-Aqila
Courtyard Project,” Karbala, Iraq, Dec. 2025.

[22] Al-Kafeel Global Network, “Ma‘alim min marqad al-nur: Qubbat marqad
Abi al-Fadl al-Abbas (peace be upon him).” [Online]. Available:

https://alkafeel.net/news/index?id=9860&lang=ar.

[23] R. M. Ali Al-Ansari, “Holy shrines of Karbala: Architectural study with a
historical background of the area between and around the two holy shrines

in Karbala-Iraq,” Ph.D. dissertation, University of Wales, Lampeter, UK,
1997. doi: https://doi.org/10.82227/repository.uwtsd.ac.uk.00001030.

[24] Engineering Projects Department of the Holy Abbasid Shrine, “Personal
interview with Cons. Eng. Mohammed Naseef Jassim, Head of Design
Division,” Karbala, Iraq, Nov. 2025.

[25] A. A. Chiniforush, H. E. Estekanchi, and K. M. Dolatshahi, “Application
of endurance time analysis in seismic evaluation of an unreinforced
masonry monument,” Journal of Earthquake Engineering, vol. 21, no. 2,
pp- 181-202, Feb. 2017. doi:
https://doi.org/10.1080/13632469.2016.1160008.

[26] S. F. Azzahrah, S. A. Salih, A. Sabil, N. Asif, and S. Ismail, “Morphology
and typology of Islamic dome architectural design in the Middle East and
Central Asia: Persian Islamic dome,” International Journal of Academic
Research in Business and Social Sciences, vol. 13,n0. 9, pp. 761-776, Sep.
2023. doi: https://doi.org/10.6007/IJARBSS/v13-i9/18436.

[27] B. Saadat, The Holy Shrine of Imam Reza, Mashhad (Astan-i Quds).
Shiraz, Iran: Asia Institute, Pahlavi University, 1976. Accessed: Sep. 17,
2026. [Online]. Available: https://www.archnet.org/publications/4885

[28] M. M. Faqih Bahr al-Ulum, Ziyaratgahha-ye Iraq: Introduction to Famous
Shrines in Iraq, vol. 1. Qom, Iran: Hajj and Pilgrimage Organization, Office
of the Representative of the Vali-e Faqih in Hajj and Pilgrimage Affairs,
2016. Accessed: Sep. 17, 2026.

[29] M. R. Janjun, W. J. Shamkhi, R. Abd, M. Alshalah, N. Abd, and A.
Kareem, “Analysis of the daylighting as a sustainable and architectural
elements for Al-Kadhima in Shrine in Baghdad, Iraq,” Journal of
University of Babylon for Engineering Sciences, vol. 32, no. 2, pp. 1-12,
Apr. 2024. [Online]. Available:
https://journalofbabylon.com/index.php/JUBES/article/view/5179

[30] Engineering Projects Department of the Holy Kadhimiya Shrine, “Personal
interview with Eng. Nadia Fouad Al-A’sam, Head of Engineering Affairs
Department,” Baghdad, Iraq, Apr. 2025.

[31] M. R. Janjun, N. A. Mubarak, and R. A. M. Al-Shlah, "Sundial in
Traditional Architecture: Shrine of Imam Ali in Najaf Al-Ashraf as 'Case
Study'," Journal of Engineering and Sustainable Development, vol. 30, no.
2, pp. 220-233, Mar. 2026, doi: https://doi.org/10.31272/jeasd.2459.

[32] A. Noldeke, Al-Husain Shrine in Karbala. Baghdad, Iraq: Al Mutanabbi
Street Publishing House, 2024.

[33] S. K. Abid, "Imam Ali Shrine, institution and cultural monument: The
implications of cultural significance and its impact on local conservation
management,” in Structural Studies, Repairs and Maintenance of Heritage
Architecture XIV, WIT Transactions on the Built Environment, vol. 153,
pp. 87-98, 2015. doi: https://doi.org/10.2495/STR150081.

798


https://kiqp.net/bibliography/155388
https://jeasd.uomustansiriyah.edu.iq/index.php/jeasd/article/view/1260
https://jeasd.uomustansiriyah.edu.iq/index.php/jeasd/article/view/1260
https://doi.org/10.1080/00038628.2022.2115974
https://doi.org/10.1016/j.engfailanal.2020.104994
https://ciauj-tabriziau.ir/browse.php?a_id=77&sid=1&slc_lang=en
https://ciauj-tabriziau.ir/browse.php?a_id=77&sid=1&slc_lang=en
https://doi.org/10.1007/s00004-010-0013-9
https://www.iranketab.ir/book/161103-iranian-architecture
https://library.aui.ac.ir/Inventory/108/2022.htm
https://majournal.my/index.php/maj/article/view/184
https://doi.org/10.1080/15583058.2021.1922954
https://doi.org/10.1080/15583058.2017.1325540
https://doi.org/10.31185/lark.Vol4.Iss35.1288
https://alkafeel.net/news/index?id=9860&lang=ar
https://doi.org/10.82227/repository.uwtsd.ac.uk.00001030
https://doi.org/10.1080/13632469.2016.1160008
https://doi.org/10.6007/IJARBSS/v13-i9/18436
https://www.archnet.org/publications/4885
https://journalofbabylon.com/index.php/JUBES/article/view/5179
https://doi.org/10.31272/jeasd.2459
https://doi.org/10.2495/STR150081

	1. Introduction
	The dome is an architectural structural element that has been used across various civilizations due to its great importance in covering large spaces and its profound symbolism [1]. Domes developed significantly during the Islamic civilization, roofing...
	2. Previous Studies on Double-Shell Domes and Shrine Architecture
	The Drum (Supporting Base): This axis focuses on the cylindrical base, its metric/physical dimensions, as well as the geometry and number of window openings.

