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Abstract 

This study presents an assessment of the state of stress of the dome of San Francesco di Paola 
Basil Naples. The number of Finite Analyses of masonry structures proposed over the years is now 
uncountable, but most of the studies make reference to ideal geometries, even if based on actual 
measurements. The present work, on the contrary, does not rely upon any regular geometrical 
model but, instead, on what could be defined as a scan of the actual structure which accounts for 
both the original plan and on the inevitable construc�on imperfec�ons. 
It is found that these apparently negligible, but diffuse imperfec�on from an ideal modelling lead 
to a substan�ally different state of stress from what could be expected from a regular geometry. 
The findings are discussed and it is also shown that they give reason of the actual cracking paterns 
on the dome. 

1. Introduc�on

The evalua�on of the stress state of masonry dome is a crucial but challenging structural 
engineering topic that is both very essen�al and prac�cal [1-4]. The difficulty arises from the 
interac�on between biaxial stress on curved geometries and the strongly nonlinear mechanical 
behavior of masonry materials. The geometry of the dome, which can migrate the loads according 
to a specified posi�on, and the construc�on details both have a significant impact on the issue [5-
15]. 
Therefore, it might easily result detrimental to have to assess both the material's mechanical 
proper�es and the actual geometry of the building in numerical modeling. 
A nonlinear FE model based on an accurate representa�on of the material and of the actual shape 
of the dome is proposed in the current work. The well-known Willam and Warnke formula�on 
[16], which is frequently u�lized to predict failure in cohesive-fric�onal materials, was applied to 
represent the characteris�c non-linear behavior of the masonry. Both cracking and crushing failure 
modes were accounted for. 
The precise replica�on of the dome's shape was achieved using a 3D laser scanning survey of the 
structure.  
In fact, the use of laser scanning technology to assess the actual construc�on details and the 
current as-built condi�ons has become increasingly prac�cal, especially for historical buildings as it 
allows to increase considerable both the accuracy and the quan�ty of data. 

2. History of architectural sciences and techniques

 2.1 The dome of the San Francesco di Paola Basil 
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The dome of the San Francesco di Paola Basil (Figs. 1 and 2), also known as Tempio dei Borboni, 
represents the largest and most significant of the examples of Neoclassical Neapolitan 
architecture.  
Located in Piazza del Plebiscito, Naples' historic center, it was built as a comple�on of the square in 
front of the Royal Palace in 1816. The Basilica is most notable for its imposing hemispherical dome 
roof that emerges from the en�re complex. 
The imposing roof, 53 meters high and with a diameter of 36 meters, is the only example of a 
hemispherical dome in Neoclassical Neapolitan architecture. It is related to the Pantheon in Rome 
not only in terms of geometric and propor�onal ra�os, despite the fact that its less than perfect 
hemisphericity detracts from the usability of the interior spaces, but also in formal and 
composi�onal aspects. In addi�on, originally the dome ended with a central closing ring (oculus) in 
which structural thrusts s�ll converge and balance; later the oculus was closed with the present 
lantern, which is actually a conical superstructure of about 9 meters in height completely glazed, 
allowing the filtering of light. 

Figure 1. The dome of the Basilica of San Francesco di Paola 

The Basilica of San Francesco di Paola was built by the will of King Ferdinand IV (1816) and 
designed by the architect Pietro Bianchi. Its construc�on is related to a series of vicissitudes and 
poli�cal circumstances that have contributed to determine and, above all, to affect its architectural 
value [17].  

The present church arises in the place where, originally, in the thirteenth century, the Angevin 
kings had built the chapel in honour of St. Louis, King of France. In the 15th century, Ferdinando I 
of Aragon dedicated this chapel to Francesco di Paola as a welcome sign to the city of Naples. The 
Temple, in brief �me, was enlarged becoming a convent. During the period of French domina�on 
(1804-1815), in the frame of the urbaniza�on project of the city, a series of works for the 
modifica�on of Largo di Palazzo (now Piazza del Plebiscito) began with the aim of providing a large 
public space, with a centralized structure within a semicircular perimeter (s�ll visible today) with a 
colonnade (to contain the demonstra�ons or popular assemblies). 
The construc�ve program underwent a radical change in 1815, during the Bourbon Restora�on. 
King Ferdinand IV ordered to build a temple in honour of Francesco di Paola rather than a public 
building. A�er no�cing the high progress degree of the construc�on and, therefore, the 
impossibility of demolishing it, the King decided to transform it to amend its elevated poli�cal 
significance. For the realiza�on of the temple, a contest was organized in which the patern of the 
project is evident: the Pantheon of Rome. This can be seen in the advanced body, a hexastyle 
peripteral temple with two pillars of Ionic order on which a triangular pediment sets. The inner 
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space also reflects the Roman model, especially its extraordinary caisson ceiling hemispherical 
dome [17]. 

2.1.2 Geometric and construc�ve details 

The configura�on of the Church represents the highest expression of Neapolitan neoclassical 
language [18]. The hemispherical dome is typically used to cover spaces with central plant, in 
which the character of spa�al con�nuity predominates rather than the percep�on of ver�cality. 

a) 

b) 
Fig. 3. Comparison between the two domes: (a) Re-drawing of the sec�on of the dome of the Basilica of San Francesco 
di Paola (reworking of the original drawing by Tecno IN Geosolu�ons); (b) Sec�on of the Pantheon (©Sir Bannister 
Fletcher [20]). 
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In Naples, the system of coverage with hemispheric domes has not been widely applied, not 
even in the case of religious buildings, except for a few examples, among which the Basilica of San 
Francesco di Paola that stands out either in size and notoriety. This is probably due to the fact that 
the typology of the hemispherical dome was born to be the right element to cover temples 
configured with a single room, corresponding to the typology of pagan architecture, distant from 
the cross plan proper to the Chris�an religion [17]. 

Undoubtedly, an eloquent example of this type of architecture is the Pantheon of Rome, which 
King Ferdinand IV proposed as a model of reference, either as regards to geometry and 
propor�ons as for the strictly composi�onal and formal configura�on [17]. 

Fig. 4. The general plant of the ground floor of the Basilica of San Francesco di Paola Basil (reworking of the original 
drawing by Tecno IN Geosolu�ons). 

Figure 3 shows a comparison between the Basilica of San Francesco di Paola and the Pantheon, 
displaying different geometric rela�onships. The Basilica of San Francesco di Paola has a height of 
53 meters and a diameter of 36 meters approximately, in contrast the Pantheon is high 43,30 
meters with an exactly corresponding diameter. This fact implies a different spa�al percep�on, in 
which the dome of the Bianchi envelops a wider usable space. The illumina�on is atained, as in 
the Pantheon, through a central oculus, approximately 9 meters high, with an embossed glass 
cone. The dome loads on a circular base consis�ng of 8 pillars. To the outside the dome is covered 
by lead and it ar�culates with the ver�cal structure of the tambour by means of four annular steps. 
The dome ends with a lantern whose access is outside through the four stairs situated on the 
extrados of the dome. 
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Fig. 5. Survey. Cloud of points of the inner space (courtesy of Tecno IN Geosolu�ons [20] ) 

3. Numerical modelling

Many treatments have been carried out on large domes by researchers, including applying the 
FEM method, so there is a large bibliography on this subject of which only a few examples [22, 23] 
here can be given.  

The finite element analysis of the dome of the San Francesco di Paola Basil was carried out by 
means of the commercial FE package Ansys® 2023 R1 and an ad hoc algorithm was implemented 
using the ANSYS Parametric Design Language (APDL) to recreate its real geometry.  

The geometrical model used in the numerical simula�ons (Fig.6, le�) was built on the basis of 
the survey conducted by Tecno IN S.p.A. Geosolu�ons (San Donato Milanese, Italy) with laser 
scanning technology.  

In fact, laser scanning technology has already been successfully demonstrated on numerous 
projects related to civil engineering such as building drawings, deforma�on monitoring and 3D 
representa�ons. Points and linear feature extrac�on of objects is atained using a variety of 
methods, which heavily depends on object characteris�cs. 

In this framework laser scanning can be employed to scan any desired objects and virtually any 
target. Several scans were captured at constant grid size because more than two scan loca�ons are 
necessary to build a full stereo model of any object without obscured areas.  

The used cloud of points is shown in Fig.5, while Table 5 presents the basic informa�on for 
point clouds measured. 

Linear Tetrahedral Elements, i.e. SOLID 185, were used to discre�ze the physical model of the 
dome. The element is capable of plas�city, hyperelas�city, stress s�ffening, creep, large deflec�on, 
and large strain. To determine the op�mal mesh size, a mesh-convergence study was ini�ally 
carried out. The degrees of the freedom at the botom edges of the dome model were prevented 
in all direc�ons (Fig. 6) and the dome was assumed subjected to its self-weight. 

  It was assumed that masonry would behave elas�cally with a modulus of elas�city 𝐸𝐸 =
21 𝐺𝐺𝐺𝐺𝐺𝐺, a density 𝜌𝜌 = 25.5 𝑘𝑘𝑘𝑘/𝑚𝑚3 and a Poisson modulus 𝜈𝜈 = 0.3.  

The Concrete Material Model implemented in the Workbench environment of Ansys® was used 
to model the nonlinear behavior of the masonry. This model, which is based on the well-known 
Willam and Warnke formula�on [16-18], may efficiently simulate failure in cohesive-fric�onal 
materials taking both crushing and cracking failure modes into account. 
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Fig. 6. Geometrical (le�) and FE model of the Basilica of San Francesco di Paola dome (right). 

4. Nonlinear FE analysis

Figs. 7-9 summarize the results of the performed numerical simula�ons in terms of Von mises 
and principal stresses and ver�cal and radial displacements. An onset of the cracking evolu�on is 
also shown in Fig. 8. 

Fig. 7. 1st principal stress (Unit: Pa) 

It is evident from the pictures that the behavior of the structure does not show any kind of 
regularity, as it could have been expected from a regular geometry, but rather a concentra�on of 
stress and fracture which coincide with the actual findings on the dome. In fact, apparently 
negligible, but diffuse imperfec�on from an ideal modelling lead to a substan�ally different state of 
stress from what could be expected. 
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Fig. 8. Von Mises stress (le�) and cracking onset (right). 

Fig. 9. Ver�cal (le�) and radial (right) displacement (Unit: m), 1st principal stress (Unit: Pa) 

5. Conclusions

The study has presented a numerical assessment of the state of stress of the dome of San 
Francesco di Paola Basil Naples without relying upon any regular geometrical model but, instead, 
on a scan of the actual structure which accounts for both the original plan and on the inevitable 
construc�on imperfec�ons. Differently from previous works of some of the present authors [24-
28], the modelling has been therefore par�cularly accurate. 
It is found that diffuse imperfec�ons from an ideal modelling leads to a substan�ally different state 
of stress from what could be expected from a regular geometry and give reason of the actual 
cracking paterns on the dome. 
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