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ABSTRACT: 
The experience described in this paper concerns a research activity carried out by a multidisciplinary team. The research is aimed to 
increase the in-depth knowledge of the castle of Fossa (L'Aquila), part of a small fortified medieval village, seriously damaged by the 
earthquake in 2009, and currently unusable due to partial collapses of some vertical structures, small portions of buildings and roofs. 
The investigative path planned by the team, composed of archaeologists, architects and engineers, started from the architectural survey 
(direct and indirect) of the artefact, from the collection and cataloguing of the published and archive documents, to arrive at an 
archaeological analysis of the structure and the creation of a parametric digital model of the object of the study with multiple levels of 
information. The aim of the research is the consideration of the asset in its entirety, that will be interpreted in its restoration project, in 
order to restore the correct and original architectural interpretations of its constructive style. The project has also presented the 
opportunity to experiment, in the form of a research laboratory, how well coordinated multidisciplinary contributions can achieve 
objectives of protection, conservation and use of the asset. In this regard, the HBIM model has constituted a tool for the convergence 
of the objectives, skills and the different viewpoints of the multidisciplinary team. 
 
 

1. INTRODUCTION 

The earthquake that the in 2009 struck the city of L'Aquila and 
its territory, the area now called the "seismic crater", profoundly 
hit the population not only for the victims, but also for the 
massive damage to the cultural heritage of the city and 
surrounding area. 
Today, in the specific case of post-seismic reconstruction, many 
of these cultural heritage buildings are being restored. Having to 
intervene on historical buildings requires an in-depth study of 
those buildings in order to guarantee a correct recovery of the 
structure, and also allows the experimentation of new methods 
and tools aimed at restoration and, subsequently, on the 
management, maintenance, enhancement and use of the 
structure. 
The area of the seismic crater is characterized by the presence of 
numerous small historical centers, described as “minor”, in 
reference to their size, in terms of both physical extension and 
population, and not, in any way, to their historical and cultural 
value, which is expressed at a number of different scales, from 
that of individual buildings and then to the broader urban context 
and wider landscape. The castle analyzed is located in one of 
these, in fact Fossa is a small municipality a few kilometers from 
the city of L'Aquila, in the central valley of the Aterno river. 
Important tools for the coordination of post-seismic 
reconstruction are the Reconstruction Plans (PdR) that each 
municipality has been called to draft. The PdR of the 
Municipality of Fossa (PdR 2012) was drafted by the University 
of Catania (Prof. C. Carocci) and of Genova (Prof. S. 
Lagomarsino). This PdR identifies the area of the Castle as a 
Urban Re-qualification Centre (RU_A) of the Historic Centre 
leading to the development of some projects (eg Carocci et al. 
2015). 
The restoration project of the castle of Fossa, integrated in the 
perspective of redeveloping the whole municipality, presented 
the opportunity to our team to carry out a scientific project with 

a strong multidisciplinary value aimed at increasing information 
to define an optimal intervention strategy for the conservation of 
the architectural complex. 
The castle, in fact, is an architectural complex which was recently 
listed by the Government Department Responsible for the 
Environment and Historical Buildings, characterized by a 
considerable formal and historical complexity (Figure 1): 
transformed first into a fortified village, then in a noble residence 
up to the current placing in private houses connected to the 
village of Fossa. 
It is precisely due to the complexity of this case, and the need to 
find a unique way to integrate the different interventions of the 
multidisciplinary team members, that the experimentation of 
BIM technology applied to an historical complex was used. 
 

2. BACKGROUND 

Accepting that documentation of the historical built heritage is a 
prerequisite for its knowledge, conservation, use and 
enhancement, the international scientific community has long 
sought to use digital 3D models for this purpose, and in particular 
by the possibility to use the parametric digital modeling (BIM) 
for this purpose. 
In the last ten years, as has emerged from a series of recent 
literature reviews of this topic (Volk et al., 2014; Logothetis et 
al., 2015; López et al., 2018; Pocobelli et al., 2018), there is a 
growing interest in H-BIM, Historic Building Information 
Modelling, according to a broader meaning than originally 
defined in 2009 (Murphy et al., 2009), and subsequently 
enhanced (Dore and Murphy, 2012), mainly linked to the creation 
of parametric libraries for historical buildings. 
What has been highlighted by such reviews is that the workflow 
to follow for the construction of an H-BIM seems to be 
sufficiently standardized, from the data acquisition phase, to the 
semantic planning of the system and at least until the parametric 
modeling phase. 

Figure 1: Panoramic view of the castle of Fossa  
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Most of the contributions analyzed describe the combination of 
new data acquisition technologies (laser scanning and digital 
photogrammetry) with BIM platforms starting from "scan-to-
BIM" procedures, and almost all research groups start from the 
concept of "as-built BIM", literally intended as documentation of 
an existing or historical building, then after its construction, or 
representation of the state of the building at the time of its 
documentation, sometimes more correctly referred to "as-is" 
BIM (Dore and Murphy, 2018). 
There are also numerous research groups currently involved in 
automating processes aimed at constructing parametric objects 
starting from point clouds in BIM. Yet despite the automatic 
recognition of objects and the detection of features showing 
promising results in the case of HBIM, and although there are 
semi-automatic solutions and tools that can improve the 
efficiency of some phases, it is not yet possible to completely 
automate the process from point clouds and a lot of work still 
needs to be done in this area (López et al., 2018). 
In general, however, scientific literature is in agreement that the 
HBIM is a tool that lends itself to the planning and managing of 
conservation and restoration projects, especially for its ability to 
interface with multidisciplinary teams, although the lack of 
algorithms able to completely automate virtual modeling from 
point clouds, makes parametric component modeling a time-
consuming process (López et al., 2018; Brumana et al., 2018a, 
Pocobelli et al., 2018). 
Some research groups are simultaneously engaged in defining the 
possibility of integration between Ontology and BIM, which are 
two tools for the semantic representation of the existing for which 
Ontology represents the explicit specification of a 
conceptualization and the BIM the digital representation of the 
object on which it is possible to geo-refer non-graphic 
information (Fiorani, 2017; Acierno et al., 2017). 

Other groups are on the other hand engaged in research on the 
most advantageous feature of BIM for heritage science that is 
represented by its ability to link the 3D models to metadata and 
therefore all the possible ways of including them within the 
models (Pocobelli et al., 2018). Finally, it is worth noting that 
the scientific community is carrying out a thorough reflection on 
the level of reliability of HBIM models in the correspondence 
between the model and reality. The debate was developed starting 
from the analysis of the LOD (Level of Detail) parameter, well 
known for BIM systems, that represents the graphic detail with 
which a model or an element of it is graphically represented, to 
which is associated the Grade and the level of detail of the 
representation (Lo Turco, 2016). For the HBIMs, the research 
groups that are working on this, proposed the introduction of a 
new parameter, the LOR (Level of Reliability), which intends to 
indicate the level of correspondence between reality and the 
elements of the model elaborated by the operator by a critical 
analysis process and, consequently, the degree of knowledge of 
reality (Nicastro, 2016; Bianchini, Nicastro, 2016). This research 
has also contributed to enrich the debate, in the specific field of 
architectural restoration, on the creation of modeling protocols, 
guidelines, specifications and coding criteria to support HBIM 
management in the time following its life cycle (Brumana et al. 
2018b). 
 

3. RELATED WORKS 

Amongst the most recent contributions related to HBIM for the 
management of restoration sites, a significant example that is part 
of the context of the post-seismic reconstruction of the territory 
of L'Aquila, is given by the HBIM of the Collemaggio church in 
L'Aquila (Della Torre, 2017; Brumana et al., 2017; Brumana et 
al., 2018a; Brumana et al., 2018b). The Basilica, which is among 
the most representative artefacts of the city, dates back to the XIII 

Figure 1: Panoramic view of the castle of Fossa 
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century and has been the object of many changes over time, and 
in the earthquake of 2009 was heavily damaged, with the collapse 
of its dome and transept. 
The restoration of the building, which was reopened for worship 
in December 2017, is the result of teamwork between Eni, the 
city administration, the Government Department Responsible for 
the Environment and Historical Buildings and some Italian 
universities. 
Specifically, the HBIM of the Collemaggio church, funded as the 
entire restoration by EniServizi, was planned by integrating the 
laser scanner geometric survey with the photogrammetric and 
direct survey (Brumara et al. 2018a) and, as for the Castello di 
Fossa, starting from these data and from the historical-
archaeological research, the HBIM of Collemaggio has been set 
up to support the restoration project through a decision-making 
process. Although in this case the object of study was a single 
artefact and not an entire architectural complex such as is the case 
with the castle of Fossa, the approach used by the research group 
is quite similar. 
To the parametric model of the basilica was required a great 
interoperability of the elements correlated to different 
information, a basic requirement to guarantee the management 
by many actors of different phases (diagnostic analysis, analysis 
of the finite elements, economic analysis, construction site, cost 
calculation, restoration) and great precision in the representation 
of each element from a geometric point of view (Brumara et al., 
2018b). From these two requirements, of combining a reliable 
representation in the shapes and contents, arose the two new 
concepts of "Grade of Generation" (GOG) and "Grade of 
Information" (GOI), related to the modeling of the objects, 
adapting the LOD logic of the AIA specifications (AIA, 2015), 
designed for the BIM of new buildings, to the specific case of the 
restoration of the architectural heritage (Brumana et al., 2018b). 
Other similarities between these two studies can also be found in 
the management of thematic maps in BIM, integrated into the 
parametric model of Collemaggio to manage three-dimensionally 
the analysis of the materials and the analysis of the degradation 
starting from the orthophotos of the masonry surfaces, used in the 
HBIM of Fossa in order to represent and manage the analysis of 
the deterioration of the masonry and the stratigraphic units 
derived from the archaeological analysis of the masonries 
analyzed. 
Among the most evident results of Collemaggio's HBIM there is 
certainly the reflection, acknowledged by the UNI standard 
11337-4-2017 regarding the codification criterion in the domain 
of "Restoration" processes. The proposed coding, on the LOD 
scale for restoration, intervenes specifically on the LOD F and G, 
considering the LODs from A to E as not significant to the 
restoration interventions (UNI 11337-4-2017). The new LODs 
require explicitly a detailed geometric description of all the 
components of the building (F), taking into account their 
uniqueness, the state of the art, the obligatory process of material 
documentation and decay, together with the updating of 
interventions (G) (Brumana et al., 2018b). 
Although our research group has been involved from some time 
in testing parametric modeling for the archaeological analysis of 
historical architecture (Continenza et al., 2018; Brusaporci et al., 
2018) and restoration sites (Trizio et al., 2017), the HBIM of the 
Basilica of Collemaggio represented a fundamental guide for the 
application to the castle of Fossa, albeit with different variations 
due to the complexity of the case study, above all for the 
implications of that experience in the normative field. 
Finally, regarding the manual modeling procedure adopted 
starting from the point cloud, the approach is the one followed 
by many other research groups (Brumana et al., 2018a; López 
et al., 2017; Scianna et al., 2018) who use proprietary software 
Revit Autodesk and the more classic procedures based on the 

creation of "generic models" and the modification of existing 
parametric families. 
 

4. THE ARCHAEOLOGICAL ANALYSIS OF THE 
CASTLE OF FOSSA 

In Italy integration between archeology and restoration started 
with the stratigraphic revolution of the '70s (Brogiolo and 
Cagnana, 2012) and was consolidated with the foundation, in 
1996, of the "Archeologia dell'Architettura" review, which 
became an important multidisciplinary comparison table. In the 
articulated situation of the post-seismic reconstruction of the 
L'Aquila territory unfortunately it is not always possible to put 
this combination into practice. In fact, probably due to the 
bureaucratic, social and economic complexity that characterizes 
the earthquake crater of 2009, the basic knowledge needed to 
commence a restoration project is often reduced to a historical 
analysis that is not always sufficient. But in this context there are 
also conscious professional figures, often supported by private 
sponsors, who undertake more detailed studies of historic 
buildings, which acknowledges that a more in-depth knowledge 
of cultural heritage is a fundamental prerequisite of a restoration 
project. It is precisely in this way that the castle of Fossa was 
analyzed, for which, in parallel to the architectural investigations, 
the analysis of the deterioration and the cracking, the structural 
analysis and energy efficiency, historical analysis were 
undertaken together with the archaeological ones, that adopting 
the well-established methods of the archeology of architecture 
and integrating the tools with the modern techniques of detection, 
management and use of the data. 
Fossa has very ancient origins as confirmed by the presence of 
the Italic settlement of Mount Cerro (Mattiocco, 1989; Bourdin, 
2006), by the necropolis (Cosentino, D’Ercole and Mieli, 2001-
2003) and the remains of the ancient city of Aveja, identified in 
the XVIII century (Giovenazzi, 1773). 
The castle of Fossa rises as the summit of the village and is 
placed, like many others in the territory of L'Aquila, on a 
mountain ridge; it is characterized by walls with towers that, 
inside a trapezoidal perimeter, enclose several buildings mostly 
of which are residential. 
The only part of the complex that still shows defensive features 
is the circular tower, it is public property, object of restoration 
work carried out in the eighties. It is located in the upper part of 
the settlement which, according to many scholars, constitutes a 
pre-existence to the wall circuit (Perogalli, 1975; Chiarizia and 
Properzi 1995; Chiarizia, Latini and Properzi, 2002; Santangelo, 
2002). 
The documentary sources relating to the castle of Fossa are few: 
the castle is mentioned for the first time in the Bull of Pope 
Alessandro III in 1178 between the possessions of the Bishop of 
Forcona and, later, in the Innocenzo III Bull in 1204 (Martella 
and Medin, 1988). Subsequently the castle was annexed to the 
Barony of Ocre, which passed under the dominion of Carlo I 
d'Angiò in 1266. Probably the circular tower dates to this first 
phase but this is a hypothesis difficult to confirm in the absence 
of specific archaeological investigations. The presence of the 
hamlet, from which the current one developed, is recorded in the 
XIV century by the "Statuta Civitatis Aquile" (Clementi, 1977, 
pp. 168-170). During the Middle Ages, the castle, like the 
neighbouring ones, underwent several sieges and in modern 
times handed around by the Spaniards, who governed the 
territory of L'Aquila in the XV century, then to be passed on to 
several owners until nowadays. 
Private ownership of the buildings of the Castle, has ensured 
continuity of its use and constant fruition until the earthquake of 
2009, and contributed to the conservation not only of the 
architecture, but also of historical terraces used as vegetable 
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gardens, almond groves and fences for the rearing of domestic 
animals. 
The castle of Fossa is made up of a set of architectural complexes 
and each one consists of several buildings. The entire 
monumental complex, with the stratifications that have 
transformed it over time, is characterized by a set of buildings 
with different typologies and construction techniques that 
increase the problems faced in the restoration project. Moreover, 
as the documentary sources relating to the Castle are few, the 
artefact was considered the main source, through the 
archaeological analysis aimed at the stratigraphic reading of the 
walls. For this reason, analyses were carried out aimed at 
classifying the types of masonry, abacus were designed of the 
architectural elements (portals, windows, niches), damage and 
the historical anti-seismic protections were recorded, identifying 
the different stratigraphic masonry units (USM) and the relative 
stratigraphic relations, indicating the most ancient portions and 
the modern superfetations. 
The masonries identified have been grouped into eight types, 
some of which show variations that contributed to subdivision 
into sub-types. Most of the masonries are made of stone material 
of calcareous origin, irregularly rough-cut with direct percussion 
instruments, bound by abundant mortar and arranged in sub-

horizontal courses with particular attention to the installation of 
the angular stones of the external walls. The chronologically 
more recent types are more irregular and have fragments of bricks 
used as wedges to fill the empty spaces between the stones. Weak 
points of the walls are represented by the modern superfetations 
mostly in concrete. 
In conclusion, the buildings analysed have good quality 
masonries thanks to the materials and construction techniques 
used, characteristics that have allowed the conservation of the 
artefact until today. 
The particular condition of the buildings studied, seriously 
damaged and not yet made safe, conditioned the methodology of 
the investigation. In situ campaigns were conducted aimed at 
acquiring photographic material for the survey of the artefact. 
The stratigraphic analysis of the masonries was carried out both 
on the photoplanes of the fronts, generated by the 
photogrammetric model, and on the digital model by software for 
displaying and editing the meshes, considering the volume of the 
stratigraphic units. Furthermore, together with the archaeological 
information an immersive model of the castle has been created, 
aimed at disseminating and enhancing the asset; a model that can 
also be used by non-professionals (Figure 2). 

 

 
 
Figure 2: Stratigraphic analysis made on the three-dimensional model and on the front of the castle and the stratigraphic analysis 
imported into the virtual environment (this last made by A. Cordisco) 

5. METHODOLOGY FOLLOWED: FROM 
ARCHAEOLOGICAL ANALYSIS TO THE HBIM FOR 

THE RESTORATION PROJECT 

The parametric model of the castle of Fossa was developed 
starting from the current state of its buildings through to the now 
well-established “Scan-to-Bim” procedure (Figure 3). The point 
cloud of the photogrammetric model has been indexed and 
imported into Revit and has formed the basis for manual 
modeling, not only of buildings, but also of damages resulting 
from the earthquake (Figure 4). The information derived from the 
archaeological analysis, together with the data about the volumes 
of the single masonry units, on the technical and stylistic 

characteristics and on the stratigraphic relationships between 
them, have oriented the experimentation towards a more detailed 
parametric model design. 
With this aim all the USMs and coating layers that characterize 
the south-east corner tower have been precisely modeled. The 
choice fell on this building both for its construction complexity 
(it presents a base scarp and several masonry techniques coeval 
and clamped each to other) and for the stratifications that it 
presents. In fact, the architectural additions due to the elevations, 
the openings and reconnections in the walls, are signs that 
highlight a temporal evolution to be correlated to the different 
changes of intended use that the tower has undergone. These 
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characteristics well reflect the needs of the research in the HBIM 
experimentation illustrated here. 
The modeling was performed for some stratigraphic units using 
existing parametric objects, modifying their profiles and adding 
more details to the database. Instead for others, given the 
uniqueness of the elements, as widely documented for HBIM, by 
constructig ad hoc families. 
In this phase of the research, in order to increase the models’s 
level of detail, all the elements that make up the tower have been 
modeled, differentiating walls and single windows, elements that 
distinguish themselves from each other due to their handmade 
realization (Figure 5). 
 

 
 
Figure 3: Screenshot of the point cloud of the castle obtained by 
the UAV survey imported in Revit. 

 
6. CONCLUSIONS AND FUTURE PERSPECTIVES 

The results of this multidisciplinary research, as well as ensuring 
accurate knowledge of the cultural heritage, at least in this first 
phase and preliminary to the drafting of the restoration project, 
allowed to build a HBIM model in line with the norms and 
proposals developed by the scientific community during the last 
years. At the current state of research it has been possible to 

realize, although with some difficulties typical of parametric 
modeling of historical buildings, a detailed model with much 
information, easily managed by the various professionals 
involved in many ways in the restoration project, and accessible 
through online platforms such as A360. For now, the parametric 
model obtained, as well as representing an important tool for 
coordinating the figures involved in the various phases of the 
restoration of the castle, has also allowed testing the BIM model 
for the management and conservation of the archaeological 
research data. This aspect is very important for archaeologists 
who work on historical buildings producing, by the stratigraphic 
analysis of the masonry, much information that needs to be 
correctly related to the graphic representation, possibly three-
dimensional, of the structure. For this reason, the 
experimentation illustrated here is part of a broader research field 
already started by the same team that for several years is looking 
for the most suitable digital tools for this purpose. 
In this sense, the main experiments carried out by the team 
concern the integration of photogrammetric models with digital 
environments able to manage archaeological data such as 3DGIS 
(Trizio et al., 2019) or immersive models (Trizio et al., 2018a). 
For our team the BIM experimentation is still in its early stages, 
although the contribution shown here considerably increases 
those already proposed for the management of archaeological 
emergencies with low complexity (Trizio et al., 2018b) or 
stratigraphic data of buildings not damaged by the earthquake 
(Continenza et al., 2018; Marchetti et al., 2017). 
Surely the complexity of the castle of Fossa, a fortified settlement 
whose articulated evolution is legible also through the different 
materials and construction techniques, is a good test for 
implementing the HBIM experimentation. 
One of the future objectives of our team is testing the potentiality 
of the tool in the modeling and management of the entire 
architectural complex, naturally addressing some issues related 
to the purpose of the work, which in most cases determines the 
level of detail, which must still be enriched with the architectural 
project, of the analysis of the structures and of the energy one. 
 

 
 
Figure 4: Screenshot of the Revit software with the parametric model of the Castle. 
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Future interest is also to test the utility of the decomposed model 
and set up in individual USM for the planning of structural and 
energy interventions. This further experimentation could answer 
some questions that we asked ourselves during the realization of 
the model, such as how useful are typically archeological 
approaches to the development of the restoration project. In 
particular, we refer to the decomposition of the walls in minimal 
details using microstratigraphy or the habit of representing as a 
different unit the walls that are instead structurally linked to each 
other. 
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Figure 5: Screenshot of the Revit software with the archaeological analysis of the Castle. 
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