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Abstract

Documenting and modeling architectural decorations sometimes are highly
challenging due to their complexity. Traditional methods often require direct contact
and one-to one documentation of details, which can be a complicated and time-
consuming process. While photogrammetry has facilitated this process and allowed
the depiction of decorations from images, working with corrected images still involves
complex procedures. This raises the question: Is there a method that allows for non-
contact documentation with faster speed and more accuracy, and provides a suitable
environment for drawing? HBIM (Historic Building Information Modeling)
technology, based on photogrammetry and point cloud, offers an innovative method
for documenting and creating intelligent 3D models of architectural decorations. These
models include all the details and are even related to the construction methods of the
decorations. Additionally, HBIM technology can be an effective tool for interpreting
and reconstructing decorative patterns and designs. In order to implement the proposed
method, brick arches with plaster decorations in the base of 8 domes of the second
courtyard mosque of Robat Sharaf were studied and investigated. The modeling results
showed that intelligent 3D modeling of decorations can be used for reinterpretation
and reconstruction. The parametric nature of the modeled components and their
intelligence allows for changes in dimensions and properties of the units as needed.
This feature enables users to review virtual models before making physical alterations
when it is decided to use materials of different dimensions to differentiate restoration
measures, thus greatly helps in decision-making and ensuring accurate restoration
choices.
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Introduction

Preserving and documenting cultural
heritage as documents of past identity and
culture is crucial. Since these monuments
represent the history and civilization of
nations and help with recognizing each
society’s  traditions and  culture.
Documenting monuments is the first step
towards their preservation. Although
traditional documentation methods were
effective, but they are often so difficult
and time-consuming, and they are
incompelete considering the archiving
and data integration. Today, Historic
Building Information Modeling (HBIM)
is offered as a novel solution with which
the preservance of a monument’s
ducuments in a database is possible by
integrating all gathered data from
documentation and preservation
processes. This multi-dimensional model
can link all elements of the monument
together. In other words, HBIM is
considered as a modeling process that
besides providing a precise reliable
geometric 3D model of a historical
structure, is used as a base for gathering
important information such as historical
documents, construction patterns,
construction method, materials, and
descriptive details regarding conservation
and the methods used in the construction
of the monument. This study
demonstrates the effect of applying HBIM
in documenting and interpreting the
decorative brick arches used in the domed
chamber in the second courtyard of Ribat
Sharaf Mosque, a Seljuk-era monument.
The Seljuk period is significant for its
transformative  impact on lIranian
architecture and art and due to the
political stability in that period, artists
created numerous monuments. The
changes in architecture and related
decorations in this period, have presented
various monuments in case of shape,
function, and the way of building. The use
of plastering techniques and the
combination of bricks and tiles in this
period comparing to the previous ones,
has more diversity and was more
extencive in a way that have left a lasting
influence in the subsequent periods and
facilitated further improvements. Ribat

Sharaf is selected as one of the exemplary
Seljuk monuments, and according ot the
study’s purpose, the transition of brick
arches from a four-sided base to an eight-
sided base in the domed chamber of the
second courtyard was analyzed for the
purpose of introducing the modern
method. Analyzing this monument
required a detailed examination of brick
arrangements and remaining plaster
decorations for an accurate interpretation
and analysis. Restorations carried out over
the past 50 years have always been
accompanied by the decisions of restorers,
and their influence can be seen in the
restoration of many of the remaining
decorative parts. According to the
identified  capabilities of HBIM
technology in the field of documentary,
this experience of analysis by offering a
new approach to the ducumantary and
ornamental modeling, has been used on
the brick arches of the dome of the second
courtyard of the Rabat Sharaf Mosque.

Materials /Methods

In this study, a field survey was initially
conducted on the multiple brick arches in
Ribat Sharaf to determine the brick layout
pattern. Subsequently, the brick arches of
the second courtyard mosque were
modeled using HBIM technology.
Therefore, photogrammetry operations
were carried out using a DJI MAVIC 2
PRO drone equipped with a 10 mm
camera. The 3D photogrammetry model
was produced with Agisoft Metashape
software and then transferred to Autodesk
Revit 2022. First, the main outlines of the
design were drawn, and the types of bricks
used in the decorations were identified.
Each brick was modeled as a Family, and
a library of these components was created.
After completing the model, the
researcher tried to reconstruct the model
precisely by identifying the remnants of
the plaster decorative layer on the bricks.

Discussion and Findings

The examination of Ribat Sharaf apaces
revealed that this monument has eleven
spaces which are covered by domes with
brick arches transitioning from a four-
sided to an eight-sided base that besides
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turning the base into a circle, has been
decorated too. Also, all brick arches,
except for those in the domed chamber of
the second courtyard mosque, used only
brick arrangements for decoration, while
the domed chamber arches of the second
courtyard mosque on the top of the bricks
used a decorative plaster layer as the last
cover layer. The study documented the
brick patterns of ten domed spaces,
including diagrams and sectional views in
order to gather more information.

The conducted comparative study is
documented in tables with the results
presented. In these tables, in addition to
drawing the arrangement of the arches and
their positions, a section of the space is
also presented. After reviewing and
receiving the results of the study of the
brick arrangement of the arches of the ten
domed spaces, the dome of the Second
Courtyard Mosque, which is the sample
under investigation in this study, was
studied and reconstructed using HBIM
technology. After determining the general
outline of the area, the modeling of the
brick network of the arches begins. Due to
the variety of bricks used in the
decorations, a library of building
components was created to be used in the
final modeling phase. The combination of
bricks and plaster in Ribat Sharaf created
diverse and beautiful patterns. To
construct brick arches, the building
components were first examined for
diversity and modeled as the smallest
structural units. After examining the
structure, the variety of bricks used were
drawn and modeled as a family. By
creating a library of bricks and modeling
them, the desired area was reconstructed.
One of the important features of using
Revit software for modeling was its
intelligence and numerous features after
creating a 3D model, for extracting
information such as material estimation,
presenting the model with real materials,
producing 2D and 3D maps, and using a
visual programming language to call up
information and attach information to
each unit.

Conclusions

Architectural decorations, especially in
the Razi style, are considered as
significant aesthetic features. This study
focuses on the interpretation and
reconstruction of the brick arch
decorations in the domed chamber of the
second courtyard mosque of Ribat Sharaf
Mosque using HBIM technology, which
offers intelligent 3D modeling. One of
HBIM's key features is the ability to
estimate materials which can be highly
effective in various stages of construction
and restoration. This method uses cameras
for non-contact measurement, aiding in
the monitoring of the surface and
condition of the decorations. The
intelligence of the modeled components
allows for dimensional and property
changes before implementation.
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