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Abstract:

This study aimed to analyze the structural behavior (niyaresh) of the Soltaniyeh Dome, focusing on the impact of conservation interventions—
particularly the reinforced concrete ring—on its structural stability and the tangible and intangible architectural values of this prominent
llkhanid monument. The research employed numerical modeling using ABAQUS software to simulate the dome's structural response under
different load conditions, both with and without the concrete ring. Geometric data were obtained through laser scanning and precise surveying,
while material characteristics were defined based on technical standards. Stress and strain distributions were analyzed under static
(gravitational) and dynamic (seismic) loads. The results indicated that the original design of the Soltaniyeh Dome, based on accurate structural
principles, ensures high stability against gravity loads. The added concrete ring showed negligible improvement in gravitational performance
but posed significant risks under seismic loads by concentrating stresses and limiting the dome’s natural flexibility. Comparative simulations
demonstrated that the ring disrupts the balance of meridional and hoop stresses in the structure. The findings highlight that previous

conservation interventions, particularly the concrete ring, may have compromised the dome’s seismic performance due to inadequate
structural analysis. The study emphasizes the necessity for compatible conservation practices and context-sensitive materials in heritage

restoration and underscores the importance of rigorous structural evaluations in future interventions.
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Extended Abstract

The Soltaniyeh Dome, one of the most significant architectural achievements of the Ilkhanid period in Iran, serves as a
compelling case study for examining the intricate interplay between structural integrity and cultural value in historical
conservation. Built in 1302 CE under the order of Sultan Mohammad Khodabandeh (Oljaitii), the dome stands as a monumental
representation of Islamic architectural prowess, showcasing a harmonious fusion of Iranian architectural traditions and Mongol
influences. Its registration as a UNESCO World Heritage site underscores its global cultural and historical significance (1).
The dome's architectural sophistication lies not only in its structural design but also in the spiritual and symbolic meanings
embedded within its form and decoration (2). Over the centuries, natural decay and various human interventions have
necessitated conservation efforts, the most prominent of which is the addition of a reinforced concrete ring in the mid-20th
century. Although intended to bolster structural stability, this intervention has raised substantial debate regarding its actual
effect on the dome’s integrity and on its tangible and intangible heritage values (3). This study aims to provide a comprehensive
structural and value-based assessment of the Soltaniyeh Dome, focusing specifically on the concept of "niyaresh"—a term
rooted in Persian architecture denoting the integration of engineering and aesthetic function. By utilizing numerical modeling
and finite element analysis (FEM), the research investigates the structural behavior of the dome both with and without the
concrete ring, thereby addressing critical concerns about compatible conservation, material authenticity, and seismic resilience.

The methodology for this study was designed to replicate an experimental approach, where the dome in its current state
(with the concrete ring) was compared against a digitally reconstructed model representing its state prior to intervention. The
research began with high-resolution geometric data collection through 3D laser scanning and total station surveying, ensuring
an accurate digital representation of the structure. These data were imported into ABAQUS software, where the dome was
modeled using tetrahedral mesh elements generated via HyperMesh. Detailed material properties were assigned based on
technical standards and on-site sampling of historical materials. Notably, the research isolated various structural components,
including the main dome, minarets, and the concrete ring, allowing for both segmented and integrated simulations. Modal
analysis and frequency response assessments confirmed the structural independence of some auxiliary sections, like the tomb
chamber, which were excluded from the final structural model. The simulations involved gravitational and seismic load

applications, enabling a comparative evaluation of stress distribution, strain accumulation, and overall deformation. The
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resulting models yielded stress contour plots, frequency shifts, and nodal displacement data that were crucial in interpreting the
impact of past conservation actions on the dome’s performance.

The findings from the finite element analysis indicated that the dome, in its original design, exhibits high stability under
gravitational loads. The geometry of the dome distributes dead load forces through meridional and hoop compressive stresses,
which are well accommodated by the brickwork and internal shell structure. This efficiency is reinforced by the presence of
peripheral minarets, which help stabilize the load transfer system and minimize eccentricity. However, the simulations also
revealed that the insertion of the concrete ring had minimal to no impact on improving the dome’s gravitational load-bearing
performance. On the contrary, under seismic loading conditions, the concrete ring introduced localized stiffness discontinuities
that led to stress concentrations, particularly around the base of the dome and at interface zones. These stress concentrations
may act as initiation points for structural failure during dynamic events. Moreover, the presence of the ring disrupted the dome's
natural vibration modes, hindering its ability to respond flexibly to seismic excitations. This misalignment between the
traditional construction logic and modern interventions underscores the necessity for adopting conservation strategies that
respect the original structural logic and material behavior of historic buildings.

The discussion of results within the framework of theoretical and historical studies confirms the multidimensional
implications of conservation decisions. Drawing from Riegl’s emphasis on the duality of tangible and intangible values (4), the
research situates the structural assessment within a broader heritage value context. Tangible values refer to the physical integrity
of the dome, which includes the geometry, materials, and construction techniques. Intangible values, on the other hand,
encompass the cultural, religious, and symbolic meanings associated with the monument. The addition of the concrete ring,
while physically inert under static loading, was found to compromise both categories of value. Structurally, it fails to provide
the intended reinforcement under gravitational stress. Culturally, it undermines the authenticity of the original construction,
violating principles of material compatibility and reversibility championed in the Venice Charter (3). From a theoretical
standpoint, the dome exemplifies the principle of niyaresh, where structure and aesthetics are co-constitutive. The brick dome,
with its turquoise tilework and structural arches, functions not just as a shelter but as a semiotic system communicating
metaphysical ideals. Interventions such as the concrete ring introduce an alien material logic that disturbs this coherence. In
comparison with similar domes like St. Peter’s in the Vatican, studies emphasize the importance of respecting traditional load
distribution systems and avoiding over-stiffening, which inhibits the dome’s natural seismic performance (9).

The contribution of this study extends beyond a technical evaluation; it offers actionable insights for future conservation
policy and practice. Firstly, the research underscores the importance of conducting detailed numerical modeling and FEM
analysis before undertaking any structural interventions in heritage buildings. The insights gained through the ABAQUS
simulations demonstrate that assumptions made without empirical analysis can lead to unintended consequences. Secondly, the
study recommends prioritizing reversible and compatible materials in heritage conservation. Historical materials like wood or
modern alternatives such as fiber-reinforced polymers (FRP), which possess greater ductility and thermal compatibility, could
be considered in future conservation initiatives. Thirdly, the study suggests that conservation must be guided not solely by
engineering expediency but by a holistic appreciation of architectural heritage, incorporating insights from history, art, material
science, and structural engineering. These recommendations align with the UNESCO and ICOMOS frameworks, which
advocate for minimal intervention and maximum respect for original materials and structural logic. The use of concrete in the
mid-20th century reflects a now outdated paradigm that prioritized immediate physical preservation over long-term cultural
integrity. This research calls for a paradigmatic shift toward multidisciplinary conservation strategies that balance engineering

requirements with cultural and historical sensibilities.
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In conclusion, this study validates the hypothesis that the Soltaniyeh Dome, through its original geometric design and
material configuration, possesses high structural resilience under static loads. The addition of the concrete ring, despite its
intended role in reinforcement, does not contribute positively to gravitational load resistance and introduces risks under seismic
conditions. These findings are significant not only for the Soltaniyeh Dome but also for the broader field of heritage
conservation. They illustrate the need for structural compatibility, historical sensitivity, and empirical rigor in preservation
efforts. Future research could expand on this study by incorporating real-time monitoring technologies to assess dynamic
responses and by exploring bio-compatible materials for restoration. Ultimately, the study reaffirms the importance of niyaresh
as both a structural and cultural principle, offering a model for integrated conservation that honors the legacy of historical

architecture while ensuring its resilience for generations to come.
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