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Abstract: We are living in a moment of growing social awareness about the value of cultural heritage, the symbolic 
bequest of human evolution, possibly as a result of the equally growing notion of its vulnerability. Material and 
immaterial goods are classified as heritage when their historical and cultural importance is recognized as identitary. 
This title acts as a disseminator, but it must essentially serve as a protector: it is the human responsibility to create, 
safeguard and preserve heritage. As far as architectural heritage is concerned, safeguard derives firstly from its 
rigorous documentation, nowadays manifestly insufficient.

In analyzing the methods of architectural representation of contemporary projects, we find, among others, 
Building Information Modeling (BIM) — an integrative, multidisciplinary, precise technology. Logically, in order 
to document architectural heritage, these same qualities are crucial, to which many more must be added. 
Therefore, the concept of Historic Building Information Modeling (HBIM) has emerged, currently at an early stage 
of widespread implementation.

For this reason, the presented dissertation seeks to contribute to the recognition and dissemination of the 
method. The advantages, which largely outweigh the obstacles of the process (also indicated), are evidenced by 
practical experience - HBIM representation, through the Autodesk Revit 2020 Software, of Casa de Santa Maria, 
in Cascais, designed by Raul Lino. The aim is to demonstrate the potential for integration and communication of 
various geometric and non-geometric data. Noteworthy is the result obtained regarding the dissemination of the 
three-dimensional model, with the creation of a website which integrates a viewing platform.
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1. INTRODUCTION

We have witnessed over the last few years 
the first results of a technological development 
that has revolutionized the way we represent 
architecture, engineering and construction 
(AEC) projects, as a result of the need to bring 
them together and integrate them into a single 
document. This digital methodology was named 
Building Information Modeling (BIM). 

BIM consists of rigorous three-dimensional 
modeling of a project, with the association of 
multidisciplinary information relating to all stages 
of the building’s life. In practical terms, the process 
involves parametrically defining/modeling all the 
elements of a building — the so-called ‘smart’ 
objects, composed of geometry (2D and/or 
3D) and associated non-geometric information 

(Bryan and Antonopoulou, 2017, p.8). These 
elements are given, among others, geometric, 
thermal, material and cost properties, at the 
discretion of the designer (Barazzetti, Banfi and 
Brumana, 2016 , p.105). All of these properties 
can be changed at any given time without 
risking inconsistencies in different units of the 
same element. Common representation errors 
which occured prior to the use of parametric 
modeling, resulting from separately elaborated 
documentary drawings, are also avoided: any 
change to the model is immediately replicated 
in each view, plan or profile.

 It is prevented, by means of the interoperability 
concept, that each discipline develops its 
specific files and the information is repeated or 
not consistent (Osello, Lucibello and Morgagni, 
2018, p.5). Interoperability results from the 
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development of a tool/file format — Industry 
Foundation Classes (IFC) — that enables the 
sharing of graphical and semantic information by 
different software, appropriate to the respective 
areas (Rodrigues et al., 2019, p.3).

The intention arose to develop the concept of 
BIM applied to the representation of heritage 
buildings, naturally named Historic Building 
Information Modeling (HBIM). The purpose 
of this new concept was, at the outset, the 
multidisciplinary registration of heritage 
architecture, creating a useful database for 
management, maintenance, conservation, 
restoration and reconstruction. More recently, 
the idea of   cultural communication has joined 
this list in an attempt to democratize widespread 
access to cultural heritage.

Using the practical component of the case 
study regarding the Casa de Santa Maria, in 
Cascais, designed by architect Raul Lino da 
Silva, the aim is to clarify the benefits of this 
methodology. For this, the Autodesk Revit 2020 
modeling program was used.

The desire to promote the universalization of 
access to the representation of architectural 
heritage, regardless of intended use, motivated 
the elaboration of this dissertation.

Figure 1.1 — The Casa de Santa Maria and the Farol Santa 
Marta in the background (source: author’s image).

2. HBIM

The Historic Building Information Modeling 
(HBIM) concept introduced by Murphy (2007) 
is, essentially, the application of the BIM 
methodology to built heritage, focused on the 
incorporation of unambiguous documentation 
concerning not only the geometry of the 
object, but also its historical, artistic and 
constructive information. This method aims to 
create three-dimensional models that add all 

the necessary information to the processes 
of maintenance, conservation, restoration, 
reconstruction and, ultimately, the divulgation of 
heritage, as well as the efficient communication 
between those responsible for these disciplines.

HBIM appears to address the general data 
deficit or dispersion, often the cause of difficulties, 
especially project management inefficiencies 
and rising of the maintenance costs that lead to 
faster degradation. The rigorous survey for each 
application case is essential, accompanied by 
the analysis of technicians from various areas, in 
order to achieve a reliable representation, given 
the uniqueness of most historical buildings. 
Thus, new precise and contactless surveying 
methods have been devised, such as 3D 
Laser Scanning and Photogrammetry (Bryan, 
Antonopoulou, 2017, p.12).

As previously pointed out, for a model to be 
classified as BIM — and in this case HBIM — 
information inherent to the studied building must 
be associated. One of the major differences 
between BIM and HBIM is precisely the 
existence of documentation about cultural and 
historical background, as well as conservation 
and restoration issues, which currently 
represent a problem: BIM platforms are not 
yet able to effectively receive and exhibit this 
type of information, often in large text format. 
For the time being, the solution is to provide 
external references, such as scientific articles 
or websites, for example. The access to the 
model’s geometry can also become difficult 
for inexperienced users of the software. For 
this reason, platforms are being developed 
to present the geometry of the object, and 
its textual information, more intuitive and 
interactively (Pocobelli, 2018, p.1).

Currently, the urgency to produce a 
complete and rigorous collection of the national 
architectural heritage is recognized by the 
responsible entities (i.e. DGPC (n.d.)). For 
this purpose, HBIM is considered the perfect 
opportunity: its propagation may be the answer 
to the insufficiency that persists in the current 
documentation. Portugal is a country historically 
battered by earthquakes, which, together with 
tidal waves, floods, hurricanes and fires, pose 
a constant threat to both built heritage and 
unclassified buildings of considerable cultural 
value. At times, human negligence itself can 
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be the cause of major property losses, as was 
evidenced by the recent fire in Notre-Dame 
in Paris, a consequence of its own restoration 
works. This serves as a warning to Europe and 
to the rest of the world about the urgency of 
implementing a good representation system 
such as HBIM.

2.1 PHOTOGRAMMETRY

The propagation of this technology, facilitated 
by the emergence of low-cost digital cameras, 
has reached the field of heritage building 
surveys, characterized by the irregularities of 
traditional construction methods and the natural 
degradation caused by the passing of time.

To practice Photogrammetry it’s necessary 
to capture several overlapping images of the 
object under study (Bedford, 2017, p.8). The 
images are processed by a software that will 
match identical points between them (Wikipedia, 
2019): different photographs correspond to 
different rays in relation to the same points of 
the object, making it possible to determine their 
exact positions. After calculating these positions 
for a large number of points, the software can 
return various elements, such as orthogonal 
images, digital elevation models (DEM), textured 
meshes, or a dense point cloud (Bedford, 2017, 
p.6). These elements can then be imported into 
the HBIM three-dimensional model and used as 
a basis for modeling.

2.2 3D LASER SCANNING

This is an active, fast, and automatic 
way to acquire geometric data, which, by 
using laser light as a measurement, returns 
three-dimensional coordinates of surface points 
(Grussenmeyer cit in. Boardman, Bryan, 2018, 
p.4).

Although several aspects of Laser Scanning 
are similar to those of the photogrammetric 
process, some differences are relevant to 
complement it: the depth recognition capability, 
for instance, is considerably better than that of 
Photogrammetry, because it is an active and 
not a passive method: while Photogrammetry 
relies on reflected natural or artificial light to 
determine depth, Laser Scanning captures it 

when emitting and receiving electromagnetic 
radiation. The result obtained at the end of 
a survey by laser scanner is similar to that of 
Photogrammetry: one or more point clouds. 
The point clouds are then grouped to create a 
complete three-dimensional representation of 
the surveyed element.

Although the method’s popularity is increasing, 
Laser Scanning equipment is still substantially 
expensive when compared to equipment used 
in other survey methods.

2.3 PROMOTION AND DIFFUSION

Model dissemination is a relevant topic 
for which there is no single answer yet, but 
only investigations and ongoing projects. 
As technology advances, precautions must 
be taken to keep practitioners active in 
various disciplines. This is why  there’s a 
strong search for new ways to consult BIM 
— and HBIM — without resorting directly to 
the original modelling software. Certain online 
platforms are already under development, such 
as PetroBIM (2015), promoting a flexible HBIM 
dissemination solution, by enabling interaction 
with models (Agustín, and Quintilla, 2019, p.1). 
Thus, information related to conservation and 
restoration projects can easily be changed by 
the various collaborators and professionals 
involved, through a geometric model that 
integrates all types of information and supports 
real-time operations (Agustín, and Quintilla, 
2019, p.2).

Projects with european funds, such as the 
Inception Project (2019), are seeking not only to 
promote the dissemination of HBIM models, but 
also the uniformization of the models’ language.

3. CASE STUDY

Commissioned in 1902, by the aristocrat 
Jorge O’Neil, and designed by Raul Lino, the 
Casa de Santa Maria, in Cascais, is one of the 
four residences of his authorship named “Casas 
Marroquinas” (Moroccan Houses).

The architect believed “an architectural design 
is never finished” (Constante cit. in Santos, 
2011, p.63): in 1914, he was appointed by his 
brother, José Lino Júnior, for the expansion 
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project of the house. This intervention doubled 
the area of the house, which grew horizontally, 
following the dominant coast line. In 1918, the 
third and last campaign directed by Raul Lino 
took place, with the addition of a second floor to 
the volume built four years earlier. In this same 
year, a kitchen was also added, South of the 
original volume, marked vertically by a conical 
chimney, reportedly influenced by the chimneys 
of  the Palácio da Vila in Sintra.

Firstly, a gathering of information took place, 
based on documents from various sources. A 
critical review of all the available elements and 
previously performed analyzes is the first step 
for any heritage related work (Armisén et al., 
2018, p.20). The specifications for the initial 
project, dating back to 1902, were analyzed, 
along with documentary drawings made in 
2005, drawings of the Cascais Municipal 
Archive, websites of  the DGPC (n.d.) and SIPA 
(2016), postcards and photographs. 

Figure 3.1 — Representative scheme of the main sources of 
information.

One of the components explored with the 
creation of a three-dimensional model was 
the way to register different life phases of the 
building. The elements — walls, floors, ceilings, 
roofs, decorative details, etc. — have been 
cataloged by their respective phases, so that, 
by selecting, it is possible to understand the 
construction date.

Additional surveys were necessary, since not 
all the compartments of the house were properly 
documented in the used files. Photogrammetry 
was used to make up for a documentary deficit 
related to the ceiling of the Sala das Caravelas. 
For this, several photographs were taken 
and treated with the image editing software 
Photoshop. After this, they were inserted into 
the Recap Photo software, which returned the 
point cloud used in the model. It was possible to 

permanently integrate this point cloud into the 
model, enabling free consultation by any user 
and clarifying the modeling options adopted.

Given the fundamental character of materiality 
in the work of architect Raul Lino, there was 
an attempt to point out and exemplify, in the 
context of this case study, methods for its fair 
representation. Therefore, the current state 
and pathologies of certain materials have been 
registered, allowing a useful cataloging for 
further studies. It is important to remember that 
an HBIM model can be consulted across a wide 
range of disciplines. The diversity of materials 
inherent to the built heritage certainly captivates 
the attention of professionals and curious, 
both in the technical field of conservation and 
restoration, and in the historical, artistic and 
cultural fields, for example.

The surroundings of the Casa de Santa Maria 
include buildings such as the Farol de Santa 
Marta, the Museu Condes de Castro Guimarães 
and the Ponte da Ribeira dos Mochos. Since the 
modeling of all these elements is not feasible 
within the appropriate time, only the lighthouse 
(Farol) was selected, given its “anchor” 
pre-existence and simple geometry. As the 
Farol de Santa Marta and its direct surroundings 
were recently intervened by the architects Aires 
Mateus, some designed documentation was 
available (Márquez and Levene, 2011, p.98 
and p.102). The modeling, even if simplified, 
of this project, enriches this HBIM model not 
only by providing it with context, but mainly 
by demonstrating the accessibility and celerity 
with which it is often possible to represent 
contemporary architecture, when compared 
to cultural heritage, due to its elemental forms 
immediately recognized by the software.

Since the Casa de Santa Maria has such 
patrimonial value, it became fundamental to 
add non-geometric information, essential for 
understanding the context of the building. 
However, due to the diverse nature of information, 
it is not always possible for the model to clearly 
store and disclose it.

As such, there was a previous selection of 
what could be in the model and what would only 
be appropriate for the associated external 
documentation. This preliminary analysis 
consisted of the understanding, supported by 
the previously acquired database, of the best 
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way to insert information into the modeling 
environment: (relatively) short and direct 
information was added in parameters of the 
respective objects in the model; more extensive 
information was identified and grouped so that a 
suitable solution could be studied and 
implemented later on.

Figure 3.2 — Example of parameters (source: image taken 
from Revit model).

4. MODEL VALIDATION

One of the main concerns is the correct 
exportation of documentary drawings, as it is 
one of the major advantages of BIM modeling: 
the almost automatic way to obtain drawings of 
any part of the model, without considerable 
effort and without the obligatory use of other 
software. Another advantage of developing a 
model is the ability to create renders, that is, 
realistic images of the project.

Figure 4.1 — Exterior render obtained with the program 
Enscape 

On the other hand, the usefulness of extracting 
non graphical information from the model was 
also considered: it was possible to obtain tables 
in Excel, with information regarding the modeled 
elements, which can be separated by themes 

such as walls, windows, roofs, etc.
Additionally, tests related to the physical and 

geographical characteristics of the house can 
be obtained through the model, such as the 
analysis of the sun’s position relative to the 
building at any given time of the year, and the 
resulting shadows.

After the aforementioned verifications of 
the model’s functionalities, the need arose to 
test its usability by different users, particularly 
a software expert who could contribute with 
a critical assessment, but also someone 
completely unaware of how the software 
functions. These experiments simply consisted 
of making the Revit document available without 
any indication of specific procedures to follow. 
Once again, the need to adopt a different 
methodology for visualization than the standard 
one provided by Revit itself was demonstrated: 
in this case, Sketchfab (2019) and A360 (2018) 
were tested.

To test the viability of Sketchfab, it was only 
possible to use elements obtained through 
photogrammetric surveys, since the large 
size of the Model file made it impossible to 
upload. This brings up a problem regarding the 
dissemination and promotion of HBIM models 
through this platform.

When uploading the Model file to the A360 
platform, the first surprise was its incapability 
of graphical visualization of the construction 
phases: it should be noted that these platforms 
are designed with focus on the dissemination of 
new construction and, in such cases, solely the 
final result matters.

Although the quality of graphical 
representation is still of insufficient realism, the 
platform allows several beneficial operations 
for the understanding of the model, such as 
the separation of all constructive elements, the 
filters of certain parts, the creation of sections, 
and others.

The great advantage of this platform when 
compared to Sketchfab is the (truly) BIM 
communication aspect, providing access to the 
parametric information of each element. It is, 
therefore, more than just a platform of graphical 
visualization. In the case of architectural 
heritage, this sharing represents a step forward 
for the democratization of culture, intended  by 
the DGPC (n.d.). 
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Figure 4.2 — Illustration of the model accessed through 
portable means (author´s image obtained with the following 
source: https://medialoot.com/item/3d-white-iphone-
mockup/).

4.1 DISCLOSURE ALTERNATIVES AIMING 
INTEGRATION AND ACCESSIBILITY OF 
KNOWLEDGE

The constant search for a method of 
dissemination of the model and all the inherent 
information led to the exploration of further 
methods. Among them is the creation of a 
website that gathers all the information collected 
during the dissertation and the exploration of 3D 
printing as a means of disseminating the work, 
in the form of physical models.

Website

In order to facilitate the dissemination of the 
building as a whole, while respecting access to 
all data about the house — some of which are 
not exposed within the model, or not intuitively 
accessible — it was necessary to find and test 
an expedient way of presenting it. This type of 
information often constitutes texts of historical 
description, life and work of the architect, etc. 
Thus arose the intention of creating a website 
that would bring together these elements and 
clearly exhibit all the work, in order to serve 
various purposes not met with the simple 
availability of the Revit model itself.

On the opening page of the website an 
interactive viewer of the entire model is made 
available. Given the impossibility of elucidating 
in this same viewer the design phases — 1902, 
1914 and 1918 — a tripartite tab was created, 
in which three viewers are available, showing 
the phases separately: to represent historical 
buildings it is essential to remember that 
often their current state is the result of various 
transformations over time (Armisén et al., 2018, 
p.6-7). This must be evidenced for reasons of 
correct communication: frequently, the common 
visitor of a heritage building interprets it as a 
harmonious ensemble and is led to think that it 
is the result of a single moment of construction. 

Figure 4.3 — Home Page of the Proposed Website: http://www.casadesantamaria.pt.
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Remember how important it is to raise awareness 
of the construction phases of a building, its 
historical evolution and the reasons why it was 
transformed, as well as its material, constructive 
and technical characteristics, so that its future 
may be wisely planned: understanding the 
various moments, including contemporaneity, is 
the key to giving logical succession to the life of 
architectural heritage. 

The photogrammetric survey regarding the 
Sala das Caravelas was also made available, 
so that it can be accessed and studied online 
by interested parties. Because it naturally is a 
smaller file, compared to the final model of the 
house, Sketchfab was chosen as a means of 
dissemination. Although it’s not a BIM platform, 
Sketchfab allows the introduction of annotations 
throughout the model, such as small historical 
information, for example. A similar file, this time 
relating to a carved wooden figure in the Capela, 
was also provided on its respective tab.

Although this is simply a prototype of the 
idealized website, the desire arose to gather 
reactions from users and thus test its functioning: 
during a visit to the Casa de Santa Maria, the 
author of the dissertation approached some 
people, including the professionals who work 
at the house and a few visitors from different 
nationalities. One of the main suggestions was, 
logically, the translation of the texts into other 
languages, particularly English.

An appeal was made by a visiting assistant 
regarding the importance of promoting heritage 
information to the Portuguese public and, 
especially, the closest citizens, for example 
those from Cascais and Lisbon. Incentives 
for tourists (foreigners or not) are greater 
than those made for residents of the direct 
surroundings, since most of the advertising is 
practiced by hotels and tourist entities. With 
this, one senses the paradoxical permanence of 
a phenomenon of disinterest in the built heritage 
surrounding us. Therefore, the suggestion was 
noted about applying the website’s potential 
for communication dedicated to those nearest, 
rather than the more intuitive use of tourism 
purposes.

The approached visitors showed ease and 
interest in the general exploration of the website, 
although demonstrating some reluctance when 
trying to use the integrated three-dimensional 

viewer. The need for future inclusion of small 
guidelines to facilitate its use was, therefore, 
identified. Despite this, the help this platform 
represents regarding the total understanding of 
the building, as a historically rich architectural 
composition, was evidenced.

3D printing

Finally, the three-dimensional printing of the 
modeled elements was considered, mainly for 
educational purposes that would facilitate the 
understanding of the house by a non-specialist 
audience.

As a proof of concept, 3D printing tests were 
made for one window, to assimilate the process 
and time required for a simple element. For this 
purpose, a Revit Add-in was installed, namely 
Autodesk’s Stl exporter, to allow the object to 
be exported with the extension .stl — support 
for three-dimensional printing. These files may 
even be made available on the aforementioned 
dissemination website.

Several tests were performed and the scale to 
which the window elements are correctly 
represented was determined: the scale 1:10 
was adopted, whose dimensions provide the full 
understanding of the details inherent to the 
chosen object.

Figure 4.4 —  Subdivision of the larger scale window.

Finally, the three-dimensional printing of a 
detailed element, namely a carved wooden 
figure in the Capela, was tested. For this, there 
was a photogrammetric survey of the object. The 
result, also at a scale of 1:10, is a demonstration 
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of the detail representation potential offered 
by 3D printing combined with the latest survey 
technologies.

Figure 4.5 — Three-dimensional printing of the wooden 
element in the Capela.

5. CONCLUSION

The democratization of culture is, in the 
author’s opinion, the primary advantage offered 
by the HBIM methodology, complemented by 
numerous functional aspects. The analysis of the 
case study alluding to the Casa de Santa Maria 
shows the potentialities (and some limitations) in 
combining this tool with the built heritage, in this 
case the Portuguese architecture. Interestingly, 
in the field of limitations, an obstacle to the 
great potential above mentioned stands out: 
the development of accessible platforms for 
the presentation of BIM models, including 
HBIM, is still at an early stage. However, the 
recent advances in this area, explored in this 
case study and indicating a prosperous future, 
should be noted.

Although it is never an ideal alternative to 
visiting the space in person, this progress 
contributes to bringing heritage closer to those 
unable to do so. It also has great benefits for 
those who do it: by visiting the Casa de Santa 
Maria these days, it is only possible to enter the 
main spaces: spaces of secondary nature are 
prohibited for administrative reasons associated 
with the management of the museum itself, 
as it happens in most buildings open to the 
public. Thus, the desire to understand the 
entire house can only be satisfied by consulting 
documentary drawings and remaining disperse 
information, which becomes a wearing and not 
entirely elucidating process. Ideally, access to 
an HBIM model largely compensates for this 
deprivation and complements the experience, 
as the present work intends to demonstrate.

It is also expected that the reader 
clearly concludes the unique capacity of 
joint documentation offered by the HBIM 
methodology, which is fundamental for heritage 
analysis, conservation and restoration — basic 
safeguard tasks, essential for human evolution, 
the testimonies of which are often  its own 
boosters.

Thus, the result obtained with the program used 
in the context of the case study is considered 
positive, as the technical field of the future 
management of the building was addressed, 
but mainly by the emerging solutions that were 
evidenced in the area of heritage divulgation. 
The option tested externally to the modeling 
program, namely the elaboration of a prototype 
website, including the BIM A360 viewing 
platform and historical data inadequate for 
direct presentation in Revit, met the parameters 
required for good communication.

In a field (unfortunately) still considered 
utopian, the wish is expressed to see the 
widening of interactive heritage accessibility at 
country level, through the systematic elaboration 
of HBIM models: this would be a project/platform 
dedicated to the heritage buildings, which 
would provide access to the viewer of the three-
dimensional models and associated information, 
in any instance, possibly in conjunction with 
the SIPA website (2016). Thus, the complete 
democratization of the access to architectural 
heritage is expected.
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