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Recent catastrophic events that destroyed valuable monuments, like Isis attacks on 
ancient cities in Syria and Iraq in addition to Notre Dame’s fire in France, did not 
only cause a significant cultural loss but also immense economical damage.  
Moreover, the rapid growth of urban development projects across the globe further 
raises questions about damaged heritage management.  As a result, there is a need for 
a sophisticated framework that can facilitate accurate virtual reconstruction of lost 
structures and support their cultural management to initiate cultural healing.  Using 
Heritage Building Information Modelling (HBIM) could provide enriched platforms 
that store and exchange knowledge crucial to reconstruct and operate damaged 
structures.  Yet, there is little research about adoption and implementation of HBIM in 
lost or damaged heritage.  Thus, this study seeks to investigate HBIM adoption in 
reconstructing damaged historical assets using published case studies as a source of 
secondary data.  The aim is to critically review approaches in post-destruction HBIM, 
analyse their methodologies, identify common challenges and finally formulate 
recommendations.  A phenomenological research approach was adopted through 
systematic literature search to identify cases that responded to such events, ten case 
studies with various building morphology and HBIM methods were identified.  
Thematic data analysis was used to analyse how cases adopted HBIM in creating 
supplemented digital data and exchanging heritage sites knowledge.  Initial findings 
show that HBIM has potentials to enhance virtual reconstruction and restoration of 
heritage monuments; but its implementation indicate gross lack of procedure and 
workflow concerning transition from data collection to modelling.  The research also 
highlighted key specific issues confronting adoption of HBIM’s in the recovering of 
damaged historic buildings. 
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INTRODUCTION 
Natural occurrences or human-influenced catastrophes often damage archaeological 
and historical sites.  Heritage that represents a crucial part of communities' identity is 
often destroyed by development pressures, untenable tourism, poor management, 
robbery, and political conflicts (Global Heritage Fund 2010).  Cultural heritage 
“stands at the frontline of conflicts”, losing heritage often results in powerful social 
and economic consequences due to their irreplaceable value (UNESCO 2013).  It 
could be seen as an act of depriving people of their collective memories, identities, 
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and belongings which could be seen in ISIS attacks on Nimrud and Palmyra.  How 
could destroyed sites be recovered to initiate cultural healing within affected 
communities and restore their economic resources? Reconstruction procedures could 
be very demanding due to the complexity of lost historical recovery.  Such demands 
could be found in Building Information Modelling (BIM): A multi-disciplinary 
process that conceptualizes projects by using parametric objects which contain 
geometrical and non-geometrical information (Baik et al., 2014).  However, BIM is 
often developed towards new projects with simplistic libraries containing primary 
elements (Bryde et al., 2013).  Hence, Murphy et al. (2009) identified Heritage 
Building Information Modelling (HBIM): A process that combines data acquisition 
technologies, such as photogrammetry and 3D scanning, with BIM platforms to 
produce accurate heritage models.  Spatial data concerning historical assets is 
collected through scanning technologies to produce point clouds, those clouds are 
processed and filtered to be incorporated and developed within BIM environments.  
Despite HBIM being researched often, there seems to be a little examination of how it 
could be used in reconstructing lost heritage.  Hence, this research seeks to identify 
the methodologies currently used in post-destruction HBIM by reviewing practical 
case studies references, distinguishing common issues, and forming recommendations.  
For a better understanding of the study's variables, a detailed literature review is 
needed. 

LITERATURE REVIEW 
Key definitions 
Reconstructing damaged assets often refers to the process of rebuilding what was lost 
or destroyed due to natural disasters, such as earthquakes, or human-induced events 
such as armed conflict (Jokilehto 2013).  In such events, recreating the physical asset 
may not always be the goal, but the regenerating the social-economic value of the 
location.  Heritage has long been on the frontline of disasters, the 1976 UNESCO 
Recommendation concerning the Safeguarding and Contemporary Role of Historic 
Areas illustrated the urgency of such matter in assessing the Second World War 
severe damage on global sites.  It also highlights how destroying heritage sites leave 
their social fabric with deep economic and cultural loss.  Furthermore, the Global 
Heritage Fund (2010) asserts that events such as the Bamyan's Buddha's destruction, 
Notre Dame Cathedral fire, and Palmyra attacks, to mention but a few, represent a 
substantial economic and cultural loss to their societies.  A loss that current research 
seeks to recover through Heritage Building information modelling (HBIM). 
HBIM was first mentioned by Murphy et al. (2009) as a process where parametric 
objects are built from historic information to represent architectural elements of the 
historical asset.  These objects are mapped using data acquisition technologies onto a 
point cloud survey and then imported to a BIM environment.  The term has since been 
broadened to mean the libraries, 3D models and digital databases representing 
historical buildings, which are used to manage heritage projects in a similar digital 
setting (Cooperative Research Centre for Construction Innovation, 2009).  The word 
"Information" in HBIM is key, a central digital platform that does not only resemble 
the geometrical attributes of the historic asset, but also the identity, history, culture 
and construction logic (Hichri et al., 2013). 
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HBIM's in Context  
Contrast to new construction BIM, where the asset is not yet realized, HBIM raises the 
question of modelling necessity when the asset could be experienced in reality.  This 
question soon is answered when projects of post-disaster reconstruction are in 
question, the motivation to virtually document heritage manifested in the last century 
as a response to many sites lost due to World Wars.  Sutherland (1963) is often named 
the initiative of CAD, followed by Intergraph and Calcomp around the 1980s who are 
perceived to produce the first fully rendered 3D model.  In Heritage, Worthing and 
Counsell (1999) critically analysed the 1996 London Tower and modelled it which 
served as a detailed database for development proposals.  Yet, the first major 
implementation is often considered the 1995 full-colour virtual reconstruction of 
UNESCO site Lascaux Caves (Arayici et al., 2017).  It may be said that the HBIM 
concept started emerging in the mid-1990s where heritage projects started using 
scanning technologies combined with 3D models.  In the following two decades many 
research projects emphasized digitalising heritage, using different approaches such as 
Geographic Information System (GIS) to reconstruct sites.  In 2012, UNESCO further 
deployed HBIM concept in “The Memory of the World in the Digital Age: Digitising 
and Preservation” conference, further enhancing the argument that HBIM is capable to 
respond to the needs of heritage sites. 

BIM in Heritage (HBIM)  
Despite BIM’s constant development concerning newly built projects, HBIM research 
illustrates its limitations concerning historical modelling.  Modelling historical assets 
is not a simple procedure due to the complex and irregular objects involved which are 
often not presented in BIM libraries (López et al., 2018).  Thus, it is crucial to adopt 
survey technologies into BIM to produce accurate digitalised reconstructions of 
heritage projects.  Although HBIM is commonly identified as historical parametric 
libraries, the first papers which discussed it (Murphy et al., 2009, Chenaux et al., 
2011, Murphy et al., 2013) described it as a three phases process: 

1. Data survey carried through Laser scanning, photogrammetry or both; 
2. Surveyed data processing through various procedures such as noise filtering, 

re-sampling and point clouds registration; 
3. Modelling phase where point clouds are imported into BIM environments, 

assigned mesh surfaces and textures. 
In contrast, Hichri et al., 2013 describe the process as three different stages: the 
existing data survey followed by virtually reconstructing the geometrical elements, 
attribution of information and materials to the elements and lastly establishing 
relationships between them.  Both descriptions provide an insight into the process yet 
lack the flexibility that is needed due to heritage buildings unique nature.  For 
instance, destroyed sites may not offer physical elements to be scanned and thus there 
could be no survey phase, only modelling while relying on historical documents.  
Other projects may require special uses such as analysis, structural or thermal 
analysis, or visualization which would require the addition of a fourth phase that 
includes the usage of the HBIM created according to its purposes.  It could be said 
that the HBIM stages are shaped by the goals and conditions of each project. 
HBIM Survey Technologies 
Surveying a heritage building means detecting its dimensions, geometrical elements 
and more.  Traditionally, surveys were conducted using a triangulation method which 
consists of on-site manual measurements (Carpiceci 2000).  This section seeks to 
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briefly explain the current trends of data acquisition technologies and their 
contribution to HBIM. 

• Laser Scanning: widely adopted due to its ability to accelerate data collection 
of complex components and buildings, as well as providing high levels of 
precision.  Laser scanners can be terrestrial (TLS) or aerial, each 
differentiating according to the range and coverage distance (López et al., 
2018).  Laser scanners use laser beams which travel towards the scanned area 
and back, measuring distances and angles to obtain a precise reconstruction of 
the three-dimensional elements in the form of millions of points (a cloud of 
points) with different coordinates (X, Y, Z) forming the asset (Martín Lerones 
et al., 2010). 

• Photogrammetry: is a contactless 3D measurement method based on several 
high-quality images used as a reference when creating historical buildings’ 
models (Historic England 2017).  Using triangulation principles, shots are 
taken in several places while having overlapping points.  The photographs 
captured go through various processes individually such as intersecting 
characteristics and scaling, later they are combined and imported into specific 
software to generate a point cloud.  (Furukawa et al., 2009).  This method is 
becoming increasingly accessible as a cheap and fast way to capture reality 
due to available software and free quality photographs available online. 

• Point Clouds: produced as discussed earlier, point clouds accurately represent 
the elements surveyed.  Yet, they hold no information beyond the physical 
attributes they portray.  Thus, post-capturing processing is crucial to correctly 
recognize elements. 
 

Murphy et al., 2009 describe the common processes as: 
1. Noise filtering: detecting and deleting scanned elements that are not required. 
2. Point cloud registration: multiple scans conducted generate several “partial-

point clouds” that overlap with a percentage (usually 20-30%), those clouds are 
merged to produce a “global cloud” that represents the site (López et al., 2018). 

3. Meshing: creating surfaces to be transformed into three-dimensional elements 
later in BIM platforms. 
 

It should be noted that the suitable survey method depends on the project's nature, as 
they hold disadvantages to be considered.  For instance, the high cost of laser scanning 
technologies and specialised labour and the laborious processing and photographic 
reconstruction in photogrammetry.  In projects concerning lost or damages heritage, 
one can only rely on archival information to reconstruct missing parts while in other 
instances.  Thus, techniques adopted should be chosen according to the nature of the 
project concerned. 

BIM Platforms for Heritage 
BIM platforms which can be used to maintain, document and operate heritage can be 
classified into three sets (López et al., 2018): 

• 3D Modellers: platforms to virtualise the physical components of historical 
buildings such as Revit, Tekla Structures, ArchiCad and Bentley System. 

• 3D Viewers: platforms used to view spaces within buildings in a virtual reality 
setting such as SketchUp, Navisworks Freedom and Tekla BIMsight. 
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• Analysers: tools that are usually external to BIM used to analyse 3D models 
such as DAYSIM, Energy Plus and Ecotect Analysis. 
 

Furthermore, these sets can be classified according to accessibility into free, 
commercial and open source depending on the supplier.  BIM tools allow constructing 
parametric elements which hold geometrical and historical information.  These 
elements could be adapted and used in future cases where a similar architectural 
vocabulary is documented.  Many attempts were conducted to construct HBIM 
libraries such as Murphy et al. (2013) and Baik et al. (2014).  Although such attempts 
could reduce the time of producing HBIM models, it may be considered that such 
standardisation approach does not fit heritage nature as historic elements are 
considered unique and valued accordingly. 

RESEARCH METHODLOGY  
To offer insight into the application of HBIM in the reconstruction of damaged sites, 
systematic literature research was conducted to identify any published case studies 
that responded to this condition.  Keywords were used such as “HBIM”, “Heritage 
Reconstruction”, “Heritage Restoration”, “Digital Historical Reconstruction”, and 
“Virtual Reconstruction” in Google and Google Scholar engines.  The aim was to 
identify the various methods and procedures that were used in reconstructing assets 
after destruction events.  Cases deemed eligible to be included were ones that 
represented a practical example of applying HBIM to a damaged heritage asset.  This 
research was conducted from October 2019 to May 2020 at which time the database 
was 10 cases (see Table 1).  Out of which 1 is a journal paper, 7 were conference 
proceedings, and 2 a result of support from software commercial suppliers.  The small 
number of eligible cases indicates that little research is conducted at the time of this 
study concerning post-destruction heritage recovery using HBIM. 
Table 1: Information of HBIM reconstruction case studies 

 



Fatimah Al-Muqdadi 

 30 

Data from each case study was extracted to examine the site studied, project output, 
methods, and software used in the HBIM production process.  This resulted in 
identifying two sets of variables concerning the case studies analysis, the first relating 
to the site and the other related to the publication (see Table 2).  These variables were 
the unified measurement tools used in a spread sheet to qualitatively analyse and 
compare the HBIM methodologies. 
Table 2: Case studies Variables 

 
DATA ANALYSIS AND FINDINGS  
A detailed analysis was conducted via a spread sheet using tabulation analysis 
method.  Tabulation was chosen due to its cross-comparative nature and ability to 
demonstrate the different decision-making procedure within each case.  The resulting 
table is mostly textual to provide direct reference for the variables in each approach, 
sections of this analysis will be discussed in the points below. 

Case Studies Output 
HBIM provides many possibilities of usage such as 3D, 4D and 5D models, analysis, 
visualization, augmented reality and even interactive experiences.  Analysis of case 
studies identified the outputs in Table 3.  
Table 3: Stated output of HBIM case studies 

 
The three most common purposes were documenting the original state prior to 
damage, producing visualizations to initiate interactivity, and finally, to preserve the 
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memory of a certain architectural style that no longer stands.  There were cases such 
as the Ice House (Oreni et al., 2017) which provided technical outputs such as 
comparing two BIM software, Revit and ArchiCAD, in HBIM reconstruction.  
Another is the Notre dame (Milburn et al., 2019) which sought to test the 
collaboration of BIM with a global team using BIM 360 platform.  All cases describe 
that those outputs have been achieved incompletely and illustrate more future 
potentials for HBIM purposes. 

HBIM Methodology 
What can be seen from Table 4, is that there were various methods of Data acquisition 
depending on the state of the damaged asset, output required, and available expertise.  
Reconstructing sites that no longer stand provides several challenges that may vary on 
case to case bases.  Four cases show the integration between laser scanning and 
photogrammetry as a method to produce a textured point cloud that could be 
converted afterward into a BIM platform.  On the contrary, cases, where assets were 
lost, could not use those technologies and have used various processes. 
Table 4: Methodologies used in HBIM case studies 

 
Such unconventional methods can be seen in Aceh’s heritage (Nichols et al., 2016) 
case where Vernacular Documentation (VERNADOC) was used, a method of 
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applying information directly to paper on-site and later translating it into digitalized 
models.  However, this can be challenging and faulty, moving information from paper 
to digital platforms may cause errors and be consuming time.  Another method is 
Archaeological Clearing used in Altai mission churches (Kreydun 2014) where the 
author collected old resident's memories of the assets' appearance.  Yet, basing 
reconstruction on residents’ memory and building style speculation may result in 
inaccuracy.  Lastly, Vinohrady Synagogue's case (Boeykens et al., 2012) based all 
reconstruction information on available city archives.  The particular cases mentioned 
above discussed the issue of incomplete information in lost heritage recovery, the 
process is often based on archive information and influenced by speculations, personal 
expertise, and decisions resulting in issues of historical validity.  Thus, a key element 
in the process is properly documenting all decisions made to clarify interpretations 
adopted in historical models. 
For software, the cases highlighted limitations in BIM software towards heritage 
modelling.  For instance, The Ice House study provides a comparison of two BIM 
software, highlighting that the process of importing point clouds into Revit is 
laborious and requires using non-BIM software.  While the same process is much 
more direct in ArchiCad where point clouds can be directly imported.  Furthermore, 
multiple cases (Basilica di Collemaggio, Castillo de San Jorge, Ice House, and the 
Notre Dame) illustrate the lacking ability of BIM software in modelling irregular 
shapes associated with heritage.  The cases used external modelling software, such as 
Rhinoceros, Maya, and 3ds Max, to model irregular elements and then import them as 
mesh elements into BIM environments.  Hence, those cases illustrate that historical 
reconstruction in BIM software could be difficult, lengthy and costly.  Finally, all 
cases raised the importance of non-physical data collection in the process of 
reconstruction.  Thorough historical archive research appears to be the first step in all 
cases discussed to understand materials, structure and state of buildings. 

CONCLUSION AND RECOMMENDATIONS  
This research introduced a review of HBIM in documenting and modelling damaged 
heritage.  The attention was positioned on illustrating different approaches to properly 
assess HBIM reconstruction workflow.  Despite positive additions to BIM's platforms, 
it still shows lacking technical support for heritage's complex geometry, existing 
HBIM libraries seem to be fairly limited and not internationally adapted.  
Furthermore, the lack of medium platforms between data acquisition technologies and 
modelling platforms often causes segmentation and error.  Thus, there seem to be two 
main steps towards active historical digitalising: developing libraries that facilitate the 
management of historical data with other information sources and creating platforms 
that connect information collection devices with BIM software on common bases of 
processing data.  Perhaps, other lessons that can be learnt the cases is that there should 
be a proactive recognisance survey on existing monuments that has cultural values; 
with the intention to commence their digitalisation and documentation.  This could 
provide crucial information in post-damage cases like the Notre Dame which is 
currently being restored based on laser scans that were done previously.  Moreover, 
the use of HBIM to re-create and restore important cultural edifice has potentials to 
enhance their commercial quotient, Digitalisation can help museum tourists to access 
restored edifices in the comfort of their houses, which proved its importance in the 
COVID-19 epidemic in addition to valuable in sites belonging to risk zone countries. 
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