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ABSTRACT: 
 
The digitisation projects of architectural heritage are a field of research continuously evolving and updating in parallel to technological 
innovations that allow to progressively boost the challenges and requirements of geometric and semantic richness of the related digital 
configuration of results. Among the arduous tasks under observation, there is the increasing need to harmonize and make the spatial 
and heterogenous information aspects cooperating. This paper focuses on the procedures for structuring an information system based 
on the as-built modelling strategy applied on a particularly relevant example of reinforced concrete architecture, which presents the 
bearing structure of the structural elements featured by complex geometries and roofing conceived as ferrocement wavy elements and 
therefore equally unusual as a construction system. The entire project refers to a conservation plan that involves structural non-
destructive investigations that inquiry the state of health of the structures and their seismic performance. The purpose is to structure a 
parametric system, based on HBIM technology, which enables the archiving of investigations and results in order to strengthen direct 
spatial reference between geometric elements and structural analysis results, based also on image and range-based surface analyses, in 
the direction of a digital twin of the architectural complex. 
 
 

1. INTRODUCTION 

The digitisation of architectural heritage is currently a relevant 
need in the framework of heritage conservation plans which 
typically make use of a complex set of investigations that need to 
be connected for boosting the complete knowledge of the 
heritage buildings, in a common purpose of protection and 
safeguarding. If the multi-disciplinary approach, together with 
the consideration that all the activities of inspection and 
monitoring should be documented and kept as part of the history 
of the structure, is consolidated (ICOMOS 2003), today the 
pressure of accelerating the digitisation of architectural heritage, 
sites, and cultural artifacts for future generations is a part of a 
wider proposal of digital transition promoted at national and 
international level (EU Commission, Italian PNR). 
In this context, the outcomes of the 3D survey, that exploits 
innovative image- and range-based techniques, are multi-scale 
and multi-content 3D models. These digital products are 
considered a fundamental step as they represent the basis for the 
generation of enriched 3D models, structured with the support of 
metadata, as a system for the data management. At the same time, 
the complex of non-destructive investigation techniques, that 
analyses the state of health of the structures, is equally important 
in the foreshadowed data management system (Yi et al. 2011) 
In the general purpose of evaluating built heritage conditions 
using close-range sensing techniques, overviews on metric 
surveying and from recording techniques that are traditionally 
non-metric – such as thermography and multispectral imaging – 
are available (Adamopoulos & Rinaudo, 2021) and innumerable 
experiences on literature associate the typical structural 
engineering investigations with updated reality based techniques 
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focusing on the advantages of point clouds managing for 
different purposes (Funari et al., 2021). 
The awareness that the precise geometry detection of the studied 
structures can provide an important contribution in the diagnosis 
phase to assess buildings health, has led to a real alliance between 
traditionally investigation techniques related to structural 
engineering and sensing techniques, with their comparison and 
integration in a holistic sense (Jiang et al. 2008, Xu et al. 2018) 
Generally, the 20th century architectural heritage and, 
particularly, the assets related to the modern movement, present 
certain construction techniques and materials due to the 
completely new spatial conception (wide span, thin shell) 
(ICOMOS 2017). For these reasons a particular accuracy is 
required in the determination of the geometric morphology and 
possible anomalies: it is crucial to carry out a careful evaluation 
of the structural performances, addressing particular attention to 
the level of safety in static conditions and considering the point 
of view of seismic behaviour. Starting from a vast collection of 
investigations carried out in the main halls of The Turin 
Exhibition Centre designed by P. Nervi, the famous and complex 
example of 20th century industrial legacy, in order to determine 
the safety level, as part of the conservation plan project, the paper 
aims to present the researches and the tests carried out to combine 
the results of multi-temporal structural investigations in the form 
of a user-oriented 3D model, that can be conceived as a digital 
twin.  
 
1.1 The Turin Exhibition Centre 

The Turin Exhibition Centre is an urban complex where the 
Pavilions B and C, designed by Pier Luigi Nervi in the half of 
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20th century, are hosted. The exceptional structures were 
conceived and realized by Nervi with ferrocement technique, 
using on-site precast elements combined with in-situ concrete. 
Here a multidisciplinary approach is ongoing thanks to the 
“Keeping it Modern'' project – Planning Grant 2019 promoted by 
the Getty Foundation, in which the research group is involved. 
The aim of the general research work is the development of a 
conservation plan (CP), through the condition assessment and 
diagnosis of the hall’s structures, finalized to the preservation, 
retrofit and re-use (Ceravolo et al. 2020), considering the 
digitization phase a challenging task and a first step in the multi-
expertise data gathering conducted in the pavilions. (Sammartano 
et al. 2021) 
As other projects (Diacodimitri et. al, 2022), the conservation 
plans enhancing historical and architectural values are expected 
to draft guidelines for Modern Movement Heritage.   
In particular, one of the specific purposes of the present study is 
to confirm the suitability of photogrammetric and TLS 
techniques for accurate and dense detection of the surfaces for 
metric digitization of large buildings. These approaches are quite 
independent of the shape of the structural elements and 
construction systems, but are greatly influenced by the materials 
and the general configurations of the spaces, especially if they are 
wide and articulated, and therefore they require challenging 
strategies to maintain the single reference system and manage 
huge amounts of data. The even more challenging phase, if 
possible, is the one which concerns the as-built modelling phase 
(Abbate et al. 2020), since the vaulted spaces are made up of 
structural elements based on complex geometries freely 
conceived in space through double curved surfaces. 
 
2. 3D MODELS AND STRUCTURAL INVESTIGATION 

2.1 3D models from reality-based survey 

The 3D models have been generated and optimized for data 
integration purposes in the proposed digital twin following the 
strategies described in this paper. The external building envelope 
is mainly derived from UAV photogrammetric techniques, while 
as regards the indoor survey numerous techniques have been 
integrated for data merging. The internal spaces have been 
measured with the following different range- and image-based 
survey techniques: 
- traditional terrestrial laser scanning (TLS) techniques (using 
phase shift laser scanners Faro Focus3D X 330 and Faro Focus3D 
S120, accuracy ± 2 mm @ 10 m), which allowed the acquisition 
of 110 scans and more than 4 billion points. 
- two different SLAM-based hybrid systems for mobile mapping 
have been employed. The first one is the hand-held scanner (the 
ZEB-Revo RT system). Thanks to the flexibility of this kind of 
movable device (Otero et al. 2020) it was possible to acquire the 
ancillary spaces (such as corridors, stairs and the rooms on the 
sides of the pavilions, together with the underground floor) which 
would have been challenging and time-consuming to acquire 
with traditional static scanning systems. Such secondary spaces 
survey has been crucial to understand and document entire spatial 
configuration of the great inclined pillars of hall B in its three-
floors development, since they are mainly incorporated in 
partition walls system. 
Additionally, the new Swift System from Faro technologies has 
been tested in this framework. This MMS (Mobile Mapping 
System) is equipped with a traditional Faro scanner and a 
profilometer (through which the positioning SLAM-based 
function operates) both mounted on a mobile trolley. The main 
advantage of this solution is represented by the possibility to 
achieve a high resolution and high precision point cloud – 
comparable to the ones acquired with static TLS techniques – 

with the rapidity of acquisition and flexibility of MMS solutions 
(Bonfanti et al. 2021). 
- Close-range digital photogrammetry. In the case of the 
presented research, very high-scale focuses have been carried out 
using a close-range photogrammetric approach in order to 
document – in a multi-temporal perspective – the analyses and 
investigations conducted by the different research teams, 
allowing the collection of high-resolution data (both in terms of 
spatial resolution and radiometry), characterised by a millimetre-
level accuracy. 
In the framework of architectural structures such as the vaulted 
systems made by Nervi, the structural engineering investigation 
requires high accurate point clouds for 3D surface reconstruction, 
but at the same time a balanced density of information and an 
adequate level of detail. The 3D model processing, starting from 
the accuracy validation and the registration of the data derived 
from different techniques, aims to obtain a unique point cloud 
model that accurately describes the thin elements that distinguish 
the vaults so as the general morphological characters of the 
building (Bonfanti et al., 2021). In other words, according to this 
objective, the 3D model has to describe a proper general 
configuration of the building and a precise geometry of the 
structural elements must be carefully harmonized, in order to 
provide the capability to highlight and analyse deformations and 
anomalies as well as to ensure data usability and interoperability 
(Moyano et al. 2022). 
 
2.2 Diagnostic investigations: focus on georadar 
investigations and potential maps applied on inclined pillars. 

With the aim to finalize an exhaustive characterization of the 
materials and structures, the estimation of the type and number 
of necessary tests was defined on the basis of preliminary 
assessments and in relation to the construction phases of the 
work, the static role of the various structural elements, their 
function with regard to safety the structure and the degree of 
homogeneity of the results of any preliminary tests. 
The structural elements have been identified and classified, in 
order to govern the evaluations of each component of the vast 
modular system (Fig. 1). 
 

 
Figure 1. Classification and nomenclature scheme of the 

modular elements composing the Hall B. 
 
Among very different types of investigations conducted there are: 
(a) Determination of the sclerometer index; b) Ultrasonic tests; c) 
Internal temperature and humidity monitoring; d) Environmental 
Temperature Monitoring; e) Coring; f) Determination of 
carbonation depth; g) Compression tests on extracted concrete 
samples; h) Tests for the determination of the elastic modulus on 
the extracted concrete samples; i) Thermographs); j) Corrosion 
Testing. The ones that will be focused in the current paper are: 
(k) Survey of the reinforcements by georadar; (m) Mapping of 
the corrosion potential in some samples of inclined pillars of 
Pavillion B. 
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The choice to report only some examples of structural test results 
is due to the opportunity to highlight the results of these surveys 
in reference to their spatial distribution, which is possible thanks 
to the chance of correlating them from the overall 3D model of 
the structures. 
The great inclined pillars are element cast in place in four 
different phases; their main structural function is to transmit the 
structural loads from the vault to the foundation. In order to 
optimize this functionality, Nervi decided to create inclined 
monolithic elements with an increasing cross section towards the 
foundations, in such a way as to be stressed mostly with axial 
compressive forces and to ensure that the resultant of the loads 
remained in the middle third of the foundation. 
The reinforcement of the pillar elements, called P12n, was 
investigated by partial scarification, which made it possible to 
measure the diameter of the reinforcements using a calibre; 
furthermore, a survey using ground penetrating radar has been 
carried out to understand the steel reinforcement configuration 
and to verify the correspondence with the original design of Pier 
Luigi Nervi (Fig. 2). 
Additionally, corrosion potential testing has been performed on a 
series of structural elements distributed across the structure. The 
corrosion potential on the south side was performed on 3 pillars 
on the first floor, and 2 pillars on the ground floor. Over 90% of 
the data collected at these elements shows a 90% probability of 
absence of corrosion in accordance with ASTM C876-15 
Standard Test Method for Corrosion Potentials of Uncoated 
Reinforcing Steel in Concrete (Tab. 1). This was also confirmed 
by the measurements of the internal temperature and humidity 
collected on the P7 pillar on the first floor where an average 
humidity of ≤ 65% was detected. This confirms a dry condition 
inside the pillar. The presence of a layer of plaster (on average 
1.5-2 cm thick) over time protected these elements by the ingress 
of humidity and external contaminants. 

 
Figure 2. Overlapping of the reinforcement detected by 

georadar with respect to the reinforcement as it was designed by 
Pier Luigi Nervi. 

 
Statistical Analysis Corrosion Potential (south side) 

w.r.t. Cu/CuSO4 Percentage 
 Millivolts PT-

P13S 
% 

P1-
P13S 

% 

PT-7S 
% 

P1-
P7S 
% 

P1-
P4S 
% 

Min Max 

(A) < - 200 100% 97% 100% 98% 98% 
(B) -200 -350 0% 3% 0% 2% 2% 
(C) > - 350 0% 0% 0% 0% 0% 

 Tot. 100% 100% 100% 100% 100% 
Table 1. Statistical analysis of the corrosion potential. (A) 

Probability of 90% of absence of corrosion activity, (B) 
Uncertain, (C) Probability of 90% of presence of corrosion 

activity. 
 

The columns in the basement have a different condition than the 
elements on the upper levels. The collected potential 
measurements show negative values at the base due to rising 
damp and an average probability of the presence of corrosion 
activity. In particular, corrosion at the base of the reinforcements 
with the presence of detachment of the concrete is visible. 
 
3. OVERALL INTERPRETATION OF THE BUILDING 

AND GEOMETRIC ANOMALIES DETECTION. 

As discussed, the single reference system, that allows to manage 
in a single point cloud and a unified set of correlated information, 
has the fundamental and precious role to compare different 
investigations and heterogeneous results with each other. At the 
same time, it provides the possibility to correlate the spatial 
configuration of the structural elements and the related anomalies 
and deteriorations at the different levels of the building. In Figure 
3 the precise overlapping of different floors plans can be 
observed, enabling to analyse the actual configuration of the 
structural elements and possible decay behaviour at all factory 
levels (2D comparison are possible as well as 3D merging of 
different three-dimensional surfaces). 
 

   
Figure 3. Overlay of architectural drawings based on 

topographical reference of the underground, ground and 
galleries levels of the building (a) overall (b) excerpt. 

 
As regards the inclined pillars of the Hall B, a 3D model – 
representing the different pillars and the reinforcement irons 
within them – has been generated using the original Pier Luigi 
Nervi’s design drawing as reference. This model has been 
registered to the reality-based data – in this case LiDAR point 
clouds – to perform a comparison. The pillar which has been 
considered for this analysis is the twelfth in the northern row of 
the P12 module. It has been chosen since it was one of the most 
investigated structures of the Hall B (georadar acquisitions; 
potential analyses; thermal investigations, etc.). Because of the 
existence of several discrepancies between the two models, due 
to the changes occurred to the original plan during the 
construction stage, an ICP-based (Iterative Closest Point) 
strategy would result in an erroneous registration due to the 
different morphology and geometries of the two models. For this 
reason, a set of homologous points – unambiguously identified in 
both the 3D model generated from original drawings and the 
LiDAR point clouds – has been used as reference to align the two 
models (Fig. 4). This operation was relatively complex 
considering that the two models are slightly different, even in 
areas difficultly detectable by a simple visual inspection. 
Additionally, one side of the pillar is incorporated in a curtain 
wall. However, it was possible to identify 9 reference points to 
carry out the target-based registration. This procedure is 
particularly useful to compare the pillar conceived during the 
design stage and the one actually built; additionally, it allows to 
analyse the Nervi’s scheme of reinforcement irons in connection 
with the reality-based model (Fig. 5).  
As it is possible to observe in Figure 6, the performed 
discrepancies analysis – which has been carried out in the 
3DReshaper platform – has evidenced several significant 
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deviations from the 3D reconstruction and the reality-based 
model. This lack of correspondence is also confirmed by the 
Georadar analyses carried out (Figure 2) – performed on the same 
P12n pillar considered for this comparison – which have 
evidenced some differences between the reinforcement of the 
concrete scheme by Nervi’s drawings and the structure of thin 
iron reinforcements actually realised. 
 

 
Figure 4. Registration between the 3D model (achieved from 
the original Nervi’s design drawings) and the LiDAR point 

cloud. 
 

 
Figure 5. (a) Integration of the extrados of the P12 pillar 

module surveyed by reality-based model. (b) 3D models of the 
internal structural elements developed from the design phase. 

 

 
Figure 6. Discrepancies analyses between the 3D model from 

Nervi’s drawings and the LiDAR point clouds after the co-
registration. 

 
This analysis allows to accurately track and evaluate the variance 
between the original project and the real constructive solution which 

has been adopted in the construction phases. This possibility is 
particularly useful to ensure the highest precision during the tests, the 
analyses, and the structural simulations, in order to guarantee an 
adequate accuracy and the lower deviation from the actual scenario. 
Additionally, these digital strategies based on reality-based data 
acquisition and modelling enable to detect and quantify possible 
deformations or anomalies, through an accurate monitoring of the 
surveyed surfaces. E.g., starting from the point clouds acquired with 
the techniques described in the previous sections, it was possible to 
carry out a precise monitoring of the geometries and the shapes of 
the different elements composing the surveyed halls. For example, in 
the case of the SAP vault (reinforced concrete-brick) placed in the 
Hall B (between the ribbed dome of the apse and the curling vault of 
the main room), it was possible to compare the section of the vault 
with the primitive generating geometry (a circle with a 28.88 m 
radius) in order to evaluate the curvature differences. The deviation 
from the section performed on the reality-based model and the 
interpolated circle is around 3.5-4 cm (Fig. 7d), which can be 
considered almost insignificant since the huge size of the vault. 
Also, the deformations have been analysed, starting from the point 
cloud model, to detect any unexpected anomaly. As it is possible to 
observe in Figure 7b, from the isocurves – extracted from the mesh 
automatically interpolated from the LiDAR point cloud – a possible 
deformation is evident on the upper part (presumably an adjustment 
occurred during the construction). This is also confirmed by the slope 
analysis reported in the Figure 7c. 
Furthermore, as far as the thin curling ferrocement covering is 
concerned, the high precision topographical network together with 
the robust pipeline managing the cloud registration and optimisation 
have enabled to estimate the average value of the ferrocement 
element by a series of control measures on the intrados and extrados 
surface. Such result was 7.4 cm with a standard deviation of 1.2 cm, 
i.e. that are perfectly consistent and coherent with Nervi's original 
project (Fig. 8). 
 
 

 
 

Figure 7. (a) 3D model of the arch with isocurves; (b) zoom on the 
upper part of the arch (isocurves evidencing the anomaly); (c) slope 

analysis performed on the LiDAR point cloud confirming the 
isocurves shape anomaly; (d) Scheme representing the deviation 

between the vault and the generating geometry. 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLIII-B2-2022 
XXIV ISPRS Congress (2022 edition), 6–11 June 2022, Nice, France

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLIII-B2-2022-845-2022 | © Author(s) 2022. CC BY 4.0 License.

 
848



 

 
 

Figure 8. Longitudinal section of the integrated 3D model 
(LiDAR+UAV) (a), with a zoomed view (b) of the vaulted 

system node and the perimeter skylights (b).  
 

4. 3D MODELLING AND INTEGRATION OF HIGH 
MULTIDISCIPLINARY INFORMATION CONTENTS  

4.1 3D model processing to enable digital archives 

The possibilities offered by the non-destructive analyses and 
monitoring techniques, allowing to achieve precise and accurate 
results for an efficient and effective built heritage documentation, 
have been focused and discussed in the previous section. Now a 
further reflexion should be made about the necessity to spatially 
connect the highly interdisciplinary studies that have always 
accompanied valorisation and conservation projects. 
In particular, in the case presented in the current paper, a 3D 
model – in the meaning of a Digital Twin – should provide the 
possibility of comparing the spatial configuration of the structural 
elements and the related anomalies and deteriorations at the 
different levels of the building. Additionally, one of the main 
aims of the research, connected to the conservation plan, is 
represented by the opportunity to spatially relate the performed 
diagnostic analyses in a single digital 3D archive, in order to 
provide a spatial and semantic structure for the multidisciplinary 
and interdisciplinary investigations. 
For this reason, with the purpose of planning the integration of 
multi-source information contents, NURBS-based 3D objects 
have been generated. As reported in Sammartano et al. 2021, the 
modelling operations involved not only the structures and the 
geometries of the considered pavilions, but also the analyses 
performed by each research unit and the investigated surfaces, 
with the aim to establish a spatial connection among the 
performed examinations. For this reason, the modelling 
operations have been carried out both to model the architectural 
and structural elements belonging to the pavilion and to represent 
the elements of interest from the structural point of view: for 
example, internal structural element objects (Fig. 5), crack 
pattern, position of the diagnostic investigations carried out, 
location of the sensors used for these investigations, exposed 
iron, peeling of plaster, etc. For this purpose, a careful 
classification of the spatial references of the carried-out analyses, 
in the form of surfaces, linear or punctual entities, have been 
performed (Fig. 13). 
As regards both the two surveyed halls, an as-build modelling 
strategy has been followed, in order to: i) optimise/topologize the 
unstructured primary data (point clouds/polygonal model) and to 
ii) generate 3D surfaces and volumes suitable for information 
hosting with the aim to structure a digital archive containing the 
analysis and the results of the carried out diagnostic 
investigations, in a HBIM-oriented perspective. (Brumana et. al. 
2018) 

Different strategies have been followed. On one side, complex 
surfaces (e.g. double-curved concrete surfaces as the Hall C 
pillars) have been modelled by means of profiles extrusion using 
advanced modelling tools implemented in the well-known 3D 
modelling platform Rhinoceros (loft, sweep, patch, etc.,). The 
profiles have been extracted from a high-resolution surface 
model (3D mesh) interpolated from the original point cloud (by 
means of Delaunay triangulation), in order to automatically 
extract continuous profiles which enable the achievement of very 
accurate surfaces (the deviation between the final NURBS model 
surfaces and the original point cloud, used as reference to 
determine the acceptability of the performed simplification, is 
from a few millimeters to 4-5 centimeters, and it is therefore 
coherent with a 1:100/1:200 scale of representation) (Fig. 9 -12). 
 

 
 

Figure 9. NURBS model of the Hall B vault, modelled 
following an as-built strategy. 

 
Figure 10. (a) Best-fitting plane (least-squares interpolation). 

(b) Discrepancies analysis between the generated plane and the 
primary data (point cloud). (c) NURBS modelling. 

 

 
Figure 11. (a) LiDAR point cloud (Hall B apse and dome); (b) 

Segmented point cloud (dome and ribs intrados). (c) Best-fitting 
spheres (least squares interpolation); (d) Discrepancies analyses 
between the interpolated spheres and the original point cloud; 

(e) NURBS modelling. 
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Another modelling strategy for the generation of NURBS-based 
surfaces is represented by least-squares estimation of planes 
(vertical walls, partitions, ceilings, etc.) or geometric primitives 
(e.g. such as spheres, in the case of the dome placed in the apse 
of the Hall B) directly from the point cloud, accurately verifying 
the discrepancies between the interpolated geometry and the 
primary data. 
An important aspect connected to these modelling procedures 
that should be underlined regards the constant metric control by 
the operator. At every stage of the NURBS surfaces generation a 
deviation analysis has been performed to evaluate the difference 
between the original model and the optimised model in terms of 
metric accuracy. On one hand, this approach allows a constant 
monitoring on the acceptability of the optimisation pipeline, in 
connection with the pre-established goals of the modelling 
procedures; on the other hand, it enables the detection of possible 
anomalies (e.g. off-axis walls, deformed architectural surfaces, 
elements which deviate from the generating primitive 
geometries, etc.). (Figure 10). For example, in the case of the apse 
of the Hall B, this approach has underlined the good condition of 
the dome in terms of geometric shape. 
As it is possible to observe in Figure 11, the dome has been 
segmented to classify the intrados of the support ribs and the 
points belonging to the spheric dome using a semi-automatic 
curvature-based procedure. For both classes of points a best-
fitting sphere has been interpolated to be used as reference 
surfaces for the subsequent NURBS modelling. 
However, from the discrepancies analyses between the 
segmented point clouds and the interpolated spheres, two aspects 
deserve attention. The first one regards the low deviation between 
the extracted geometries and the original point clouds, as can be 
observed in figure 11 d. (in the first case, the 88.1% of the points 
deviate less than ±2 cm; as regards the second sphere, the 
percentage is 92.3%). 
In the second case, a low eccentricity of the two spheres can be 
observed. In fact, comparing the two theoretically concentric 
spheres – with a radius of 28.84 m and 28.59 m respectively – 
and, in particular, focusing on the shift between the two central 
points, it is possible to evidence a shift of 2.8 cm, which can be 
considered almost insignificant, especially taking into account 
the considerable size of the analysed dome and the onsite casting 
construction mode. (Figure 11, b, c). 
The combination of these details induces to confirm that the 
dome is under good conditions by a geometric/morphologic point 
of view. 
 

 
 
 

Figure 12. Preliminary NURBS model of the pavilion B 
modelled following the described as-built strategies. 

 
4.2 Stratifying information: interdisciplinary data integration 

Another relevant aspect of this research is related to a correct 
reading of the analysed building and structures in a transversal 
way, considering both the information and the metric contents. 
Many of the analyses performed in the framework of the non-
invasive diagnostic investigations usually are not carried out with 

a robust metric approach. Consequently, it becomes relevant to 
develop new and efficient strategies to implement, where 
possible, the opportunity to connect heterogeneous data and 
information, derived from heterogenous sources. 
One of the strategies which have been applied in the current 
research, as described in Section 1.1, has staked multitemporal 
close-range acquisitions that have been collected to efficiently 
record both decays and performed investigations (Fig. 13). In 
both cases, exploiting the high-resolution radiometry achievable 
from a close-range photogrammetric approach, it was possible to 
derive information (e.g., state of conservation, consistency of the 
material, colour scheme etc.) that it would be impossible to 
manage only starting by the geometries described by point clouds 
and modelled surfaces. Additionally, in this regard – heading 
toward the perspective of an implementation of non-invasive 
diagnostic investigations – the use of multispectral images non-
visible range of electro-magnetic spectrum seems very promising 
for photogrammetric purposes, which represents a research area 
(Scaioni et al. 2017, Patrucco et al. 2021). In the course of this 
research, multispectral images have been collected evidencing 
interesting anomalies, particularly in the disposition of internal 
pillars in the pavilion C; this study will be developed in the next 
future. In the framework of the research project, a perspective of 
absolute interest is represented by the possibility of 
implementing these investigations and, possibly, evaluating how 
a photogrammetric approach could help in a documentation and 
decay classification perspective. 
 

 
 

Figure 13. (a) High-resolution photogrammetric 3D model 
derived from very close-range acquisitions. (b) High-
resolution orthoimagery (GSD < 1 mm) of one of the 

investigated areas. 
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Generally, the possibility to read non-spatial analyses in a three-
dimensional space enable the opportunity to relate a multitude of 
factors, features and elements that are – usually – separately 
considered. For this reason, in order to enhance the interpretation 
of the obtained results and to enable a 3D visualisation of the 
analyses (e.g. potential maps, georadar analyses, ecc.) directly on 
the reality-based model, in this case a texture projection-based 
strategy has been followed. In Figure 14 it is possible to observe 
two corrosion potential maps projected on a reality-based 3D 
mesh derived from LiDAR point clouds. The maps have been 
projected using a set of homologous points unambiguously 
identified on the 3D model (e.g., edges and corners) derived from 
measurements directly acquired in the field, enabling the 
possibility to analyse the maps not only in connection with the 
spatial model, but also with the reinforcement irons scheme 
derived from the original design drawings (Fig. 15). 
 

 
Figure 14. Projection of the corrosion potential map of the P12 

pillar on the reality-based model (3D mesh). 
 

 
Figure 15. Corrosion potential map for one of the P12n pillar 

module, projected on the reality-based mesh; integration 
between the textured model and the irons reinforcement 
(modelled from the original Nervi’s project drawings). 

 
5. CONCLUSIONS AND FUTURE PERSPECTIVES: 
TOWARDS THE STRUCTURING OF A UNIQUE 3D 

ARCHIVE (HBIM) 

Finally, one last consideration concerns the potentiality related to 
the development of a digital archive (HBIM) structured to host 
all the elements considered in the previous sections. In this case, 
the parametric paradigm is not only an approach to informative 
modelling, but it represents an interesting possibility to connect, 
manage and query the multi-source information in the related 
database. The intermediate results shown in this paper, achieved 
inside the on-going project work, aim to provide a demonstration 
the crucial role of the 3D spatial reference within a system that 
organizes structured information, which today we call digital 
twin. These enriched models represent an opportunity for experts 

and researchers providing additional possibilities for interpreting 
the results of non-destructive investigations. At the same time the 
goal is to investigate the open issues related to the 
parameterization of objects that are complex and irregular by 
their own nature, as well as other aspects related to the modelling 
strategies, such as: resolution, level of simplification, data 
format, use and integration of standards based on CAD and IF. 
In addition to the overall modelling of the spaces and 
construction systems conceived by Nervi, the study demonstrates 
how the digitisation of the Turin exhibition complex required 
highly detailed insights that enrich the general framework and 
boost the most consolidated modeling procedures, bending them 
to the ferrocement morphologies of the modern architecture. 
That is due to respond to the need to identify characters and 
details to be examined in depth with interdisciplinary analysis, in 
order to contribute to the overall knowledge of the factory. 
All the observations in these paragraphs can address the 
characteristics and requirements of the information system based 
on a parametric paradigm that is supposed to represent an 
intelligent replica of the building. It is important to consider that 
the digital twins of the architectural organism must be configured 
not only as a geometric multiscale model based on an as-built 
strategy avoiding the regularization of the elements, but also as a 
multi-temporal platform to be updated not only in the presence 
of interventions on the factory, but also when the diagnostic 
investigations are stratified, with the aim to broaden the wealth 
of knowledge on the object. (Figure 16-17) 
Finally, the multi-content meaning is essential for the expert-
oriented model, in order to be able to account for the different 
points of view that have analysed the same objects and 
phenomena and that have seen and highlighted multiple and 
multifaceted results. 
 

 
Figure 16. As-built modelling for NURBS generation and 
implementation of HBIM 3D model (integration with the 

structural analyses carried out during the investigation phase). 

 

 
Figure 17. South-eastern basement of the pillars of the pavilion 
C, modelled in the Rhinoceros platform and implemented in a 
BIM environment (the adopted platform is Autodesk Revit). 
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