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Abstract 

The constructive bases on the origin of the timber frame masonry buildings were lost through the 
centuries and different national or regional variations can be found. Only in the XVIII century, these 
traditional systems found some sort of codification, in Portugal before and afterwards in Southern 
Italy, in both cases as part of the massive reconstruction process that followed catastrophic 
earthquakes that occurred in those countries at that time. This constructive technology, that mixes 
the mechanical properties of masonry and timber frames, is reasonably described in literature by 
different authors, but nonetheless the researches about their actual seismic behaviour are still scarce 
and lack integration. The main goal of the thesis is to investigate and compare their seismic 
performance. Two case studies, one of the Portuguese "Pombalino" system, namely the regional 
variation that occurs in Vila Real de Santo António (Algarve, Portugal), and other of the Calabrian 
"Baraccata" system were chosen. After the technical and architectural survey, carried out for both 
buildings, two structural models were developed in 3Muri to derive the capacity curves. The seismic 
vulnerability assessment was conducted combining these nonlinear static analyses with the N2 
method. The 3Muri model of the Baraccata case study was developed in Calabria at Università della 
Calabria. Subsequently the results obtained for both buildings were compared each other and were 
presented in the complete version of the work identifying the possible retrofitting or strengthening 
techniques that could overcome inherent flaws and/or the effects of the deterioration that some of 
these buildings exhibit in the present days. The objectives of the thesis work is to show if, thanks of 
their seismic behaviour, these traditional systems can still be used today. 

Keywords: Timber framed masonry buildings, nonlinear static analysis, mixed structures, Pombalino 
building, Casa baraccata 

1. Introduction
Hazard maps, seismic code and seismic 
classification are relevant to the improvement of 
tools for seismic design but learning from 
traditional construction systems, knowledge of 
the territory and of the constructions’ 
characteristics of the ancient building might be 
very important to mitigate the seismic risk. The 
contamination of the experiences coming from 
all the cultures of the Mediterranean basin, has 
allowed learning from the destructive 
earthquake events, improving the local 
construction systems. The timber framed 

masonry buildings is a traditional constructive 
technology that just in this scenario has its 
development and refinement. It known that, 
timber elements can resist to tension, contrary 
to masonry, which resists to compression. 
Therefore, the ancients had already understood 
these mixed structures could be perfect to 
improve the mechanical properties of the 
masonry and provide a better resistance to 
horizontal loads. Only in the XVIII century, these 
structures found some sort of codification. 

1 



2. Historical and geographical 
background

Portugal and Italy have two different historical 

and geographical settings, construction 

technologies, and a different urban planning, 

but have a common danger, the earthquake.  

The Lisbon region is located in the highest 

seismic hazard area of the Portuguese 

continent. In Lisbon and in the surrounding area 

of the Lower Tagus Valley there have been in 

the past several earthquakes that caused 

significant damage and destruction.                                                                                             

The 1755 earthquake was so destructive that 

then became a chronological landmark in 

Portugal history. It was recorded with around 

8.5 of magnitude. The action of the quakes, the 

fires’ propagate, the tsunami that reached the 

city generated a violent impact and the lower 

part of Lisbon was reduced to rubble. The 

reconstruction work was led by the Marquis of 

Pombal, the Prime Minister of that time, under 

the orders of the king Dom José I. It was carried 

out by the more competent architects and 

engineers of the time. 

1 EU-funded SHARE project http://www.share-
eu.org/  

The new urban planning action required the use 

of a construction technology that consisted in 

the use of wooden piling for the foundation 

system. The use of vaulted ceilings on the 

ground floor, of the ‘Gaiola’ system in all interior 

facings, and other rules were also foreseen to 

improve the construction's seismic behaviour.  

After this codification, buildings that present 

these characteristics were called “Pombalino”. 

Vila Real de Santo António (Algarve, Portugal) 

is an exceptional case of a Pombalino 

reconstruction plan contemporary to that of 

Lisbon, worthy of preservation as cultural 

heritage. 

As can be seen in the European Seismic 

Hazard Map1, Italy is characterized by higher 

risk of earthquakes than many other parts of 

Europe. Many catastrophic seismic events 

occurred in the Past.  

After some decades from the 1755 Lisbon 

Earthquake, in the 1783 a seismic sequence, 

from the beginning of February to the end of 

March, destroyed thousands of square 

Figure 1- VRSA plan view 
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kilometres of territory in Calabria. The impact of 

the earthquake has been devastating, marking 

an epoch in the region’s economic, social and 

cultural life, shaking an already precarious 

social order.  

The “Istruzioni Reali” [1784] were emanated in 

order to simplify the reconstruction process 

under the Bourbon Government. This code, 

which included many important design criteria, 

still present in modern codes, among the other 

rules, prescribed the buildings' reconstruction 

with the reinforcement of a skeleton of timber 

elements. The reason why this constructive 

system is still being analysed is that it has 

shown good resistance to the telluric events that 

there have been. 

As can be read in The Report of the Italian 

Royal Committee of 1909 on the Messina-

Reggio Earthquake2 this system was called 

“Casa baraccata”: 

“The Committee stated that it knows of houses 

built under these Bourbon rules that had 

resisted all of the successive earthquakes. The 

system of wood-framed dwellings known as 

Baraccata, originated from these ordinances 

issued by the Bourbon Government, and … 

proved very successful so that the system is 

2 Freeman, p. 569 

even today under certain circumstances highly 

commendable”. 

The presumed invention of the “Baraccata” 

system was attributed to Francesco La Vega, 

which carried out, under Bourbon Government, 

the archaeological and recovery campaign of 

Herculaneum and Pompeii. According to some 

authors (Mori), these activities influenced and 

inspired him to the conception of the Baraccata 

system. These remarks probably is due the fact 

that the system have many similarities with the 

Roman "Opus Craticium". 

The Mileto Bishop’s Palace, in Figure 2, built 

immediately after the 1783 earthquake, is an 

example of load bearing system, executed 

exactly according to the Bourbon rules and still 

existing after several quakes. 

The goal of the present work is to compare the 

Portuguese "Pombalino" system, namely the 

regional variation that occurs in Vila Real de 

Santo António (Algarve, southern Portugal), 

and the Calabrian "Baraccata" system. The 

comparison starts with an historical and 

geographical investigation about the 

development and the main constructive 

features of these systems. After a technical and 

Figure 2 - Bishop's Palace of Mileto (VV, Calabria, Italy), example of “casa baraccata” 
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architectural on site survey, a structural model 

in 3Muri software was developed. 

It can be noted the disposition of wooden 

elements, that in Gaiola system is only in the 

inner walls, unlike the casa baraccata that 

presents their also in the exterior walls, like a 

cage for the masonry. The wooden elements, in 

fact, were embedded in the masonry or were 

covered, to preserve them by the atmospheric 

agents and insects. The main differences, 

already partly mentioned, concern the external 

walls, the inner walls and the ground floor. The 

baraccata system were characterised by 

external walls, constituted by timber framings 

that enclosing the masonry, and the inner, 

thinner walls (about 25 cm) were made of wood 

and uncoated masonry, or sometimes with 

simple frames filled with brick, without 

connections to the floors.  

The Pombalino system instead had usually 

external masonry walls and the inner walls 

(Figure 3), with timber frames, strictly 

connected to the floor. Therefore, in case of 

earthquake, should have supported the floors 

and the same roof, even though the exterior 

masonry walls had fallen, given its 

independence from the latter. About the ground 

floor, the Pombalino buildings do not present 

wooden frames and arches in masonry were 

used to carry the loads to the piers/walls and the 

piers to the foundations, while for the Casa 

baraccata, arches and stone vaults were 

prohibited, and wooden frames were used in all 

the walls. 

The behaviour of the structure under the 

seismic action in the Bourbon system is no 

longer entrusted to masonry alone, but to the 

mixed structure where the masonry cooperates 

with the wooden elements. 

The most frequently wooden type used about 

the baraccata system in Calabria is the 

Chestnut, locally available.  

In the Pombalino buildings, instead, typically 

were used softwood species, such as Pines, 

because the hardwood species (Oaks and 

Chestnuts) were harder to find in abundance, so 

their use was limited. 

The ‘casa baraccata’ was a modest type of 

townhouse, consisting usually of an isolated 

block with biaxial symmetry and with one or two 

storeys. 

The Pombalino buildings in Lisbon were usually 

of five storeys including attic and were 

characterized by a great regularity (the 

rectangular blocks in Figure 1), deriving from 

the accurate planning of the quarter, so every 

building had the same geometrical and 

structural features; instead in VRSA case were 

usually one or two storeys like the baraccata 

system. Also for this, the choice to study a 

building in VRSA and not in Lisbon. 

The Calabrian baraccata constructions instead 

are scattered throughout the territory. In fact 

Figure 3 – Gaiola system after removal of cover and masonry, in a building recently demolished in 
downtown Lisbon and with the masonry filling 
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there is no core of buildings, like the 'Pombalino 

core' in Lisbon or in VRSA, and it is difficult to 

identify, where and how many buildings were 

built according to the Bourbon rules because 

have not been catalogued. 

The "Istruzioni Reali" promulgated by the 

Bourbon Government were guidelines, and did 

not necessarily have to be applied. In fact in 

Calabria, especially for constructions built after 

the 1908's earthquake, is the owner of the 

building, a normal citizen, without technical 

knowledge, that chose to use wooden frames 

with masonry infill, rather than traditional 

masonry or concrete, to make his home safer in 

case of earthquake.  

Thanks to the damages' descriptions, that the 

buildings had suffered because of the 

earthquakes, we have a possible cataloguing 

and localization of these, but few timber frame 

buildings, are still intact and functional, after the 

1908’s earthquake, and even less after the 

1783's event. Many buildings have been 

demolished, others have suffered deep 

changes and others were abandoned.  

However, about the buildings still existing, built 

according these rules, it can be recognized that 

the collaboration of the two construction 

materials, masonry and wood influenced and 

improved the overall behaviour of the building 

under cyclic loading.  

Therefore, to understand all its aspects and in 

order to evaluate a correct conservation and 

rehabilitation approach is essential to study 

their connections, the wooden elements' 

maintenance and the quality of mortar and 

masonry.  
The constructive bases on the origin of these 

mixed structures were lost through the centuries 

and different national or regional variations can 

be found. These constructive systems were 

spread across the European Continent, usually 

after the earthquakes for the reconstruction. 

Beyond the cases already examined, there are 

examples in Germany (fachwerk), in Greece 

(Lefkada island), in France (colombages or pan 

de bois), in Scandinavia, in the United Kingdom 

(half-timber) and in Spain (entramados).  

The technique is not so different from the others 

country in the rest of Europe, in fact it can be 

recognized two or three storeys buildings, a 

timber cage based on the repetition of a little 

module in plan, lied over a masonry foundation. 

There were always the presence of diagonal 

braces in the frames in the buildings in seismic 

areas.  

Several variations are derived from the Ottoman 

house, like himis and bagdadi (Turkey), muskali 

dolma, and goz dolmasi. They have timber 

frame usually left in sight and a rectangular plan 

with two or three storeys.  

The main difference between them are the 

materials for the infill. Two traditional 

construction systems were developed after the 

beginning of the 19th century in Latin America 

and many examples of these still exist: Taq and 

dhajji dewari. 

In Kashmir in India the infill is usually brick that 

made of fired or unfired clay or rubble stones, 

depending on the local available materials. 

This constructive technology, that mixes the 

mechanical properties of masonry and timber 

frames, is reasonably described in literature by 

different authors, but nonetheless the 

researches about their actual seismic behaviour 

are still scarce and lack integration. In Portugal, 

the first cyclical test on the Gaiola system was 

carried out by Santos in 1997 on a sample taken 

from an existing building destined for 

demolition. More recently, in 2012, in the IST 

Laboratories of Lisbon, experimental 
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campaigns (Figure 4) were launched with 

models reproducing the frontal walls modules 

(Meireles et al., 2012).  

In 2012, also Vasconcelos et al. have 

conducted tests on samples of the Pombalino 

system, comparing them to other types, 

reinforced by means of plates or metal 

connectors in the nodes.            

Still in 2012, Quinn et al. tested some models of 

Quincha, a constructive masonry system with 

wooden frames, used in higher levels of 

buildings in Latin America and Peru in 

particular. 

In Turkey, Aktas et al. investigated the cyclic 

behaviour of the wooden frame system, known 

as Himis. Experiments performed by Ceccotti et 

al., in 2006, on real scale models of masonry 

with wooden frames, typical of the rural 

architecture of the Dolomites, were made with 

two pairs of hydraulic pistons, fixed with metal 

chains at the four corners of the wooden frame. 

 In 2013, in the laboratories of the Ivalsa CNR 

(Trento, Italy), a real scale model of a wall of the 

Mileto Bishop's Palace (Figure 5) was 

reproduced, to test and understand the 

behaviour of the structure, under seismic 

actions. Petrographic and chemical analysis on 

mortar were carried out by the departments of 

University of Calabria (UNICAL) and then, the 

wooden frame, with and without masonry, have 

been tested3, under cyclic actions.  

3 N. Ruggieri conducted an experimental campaign 
on the masonry wall of the Palazzo Vescovile in 
Mileto and addressed extensive studies on the 

Some experiments were conducted in Pakistan, 

in 2011, to understand the behaviour of the 

buildings, called Dhajji Dewari, under seismic 

actions. 

seismic knowledge in the Regno di Napoli and the 
Borbone system application in eighteenth century 
Calabrian buildings 

Figure 4 - Final layout of the experiment with 
load cell, LVDT and jacks; Picture by H. A. 
Meireles PhD Thesis in Civil Engineering 
(2012) 

Figure 5 - Real scale model of the wall of 
Mileto Bishop’s Palace, Laboratories of the 
Ivalsa CNR (Trento, Italy), 2013 
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3. Seismic vulnerability assessment of the VRSA case studies

The VRSA case studies is part of the Pombalino 

Core in Vila Real de Santo Antònio. It presents 

two storeys plus attic in the block in front of the 

Praça do Marquês de Pombal. The ground floor 

has a commercial use (restaurant, bar and 

shops), instead the first floor has mainly a 

residential use. While in the other sides of the 

building, the original block presents only one 

commercial floor. As is usual for these 

traditional buildings, the original layout of the 

building has been subject by many alterations. 

However, in the present work, one refers to the 

original layout selected for analysis.  

After on-site geometrical relief and an interview 

with a technical employee of the VRSA 

municipality it can be determined the 

mechanical characteristics of the materials.  

The drawings in plan and elevation of the 

building present in Plano de Pormenor de 

Salvaguarda do Núcleo Pombalino de VRSA 

(SGU) were modified according to a personal 

detection. 

The building has a height of approximately 6.8 

m until the last floor (without the height of the 

roof). The dimension of the ground floor in plan 

are about 55 x 21 m2, while the first floor, of the 

block in front of a square, are in its original 

layout about 55 x 8 m2.  

On the first floor, the thickness of the external 

walls are about 11 cm less than the walls on the 

ground floor, so that they could support the floor 

beam.   

A structural model (Figure 7) was developed in 

3Muri software to derive the capacity curves. As 

can be seen in Figure 8 the walls are made into 

discrete macro-elements, represented by 

deformable masonry piers (orange colour) and 

spandrel beams (green colour) on the level. 

Rigid nodes in light blue colour indicated the 

areas of the masonry that are typically less 

subject to earthquake damage, and connects 

the piers and spandrel beams (light blue 

colour). The piers and the spandrel beams are 

contiguous to the openings.  

The nodes of the model are three-dimensional, 

with five degrees of liberty (three displacement 

components in the overall reference system and 

the rotation around the X and Y-axes). 

Alternatively, they are two-dimensional nodes 

Figure 6 - Picture of the building during a survey in VRSA 

Figure 7 - 3D view of the building modelled in 
3Muri software 
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with three degrees of liberty (two transfers and 

the rotation of the level of the wall). 

The three-dimensional nodes are used to allow 

transfer of the actions from one wall to a second 

wall, which is located transversally to the first. 

While the two-dimensional nodes only have 

degrees of liberty on the level where the wall is 

found, allowing transfer of the force states 

between the various points of the wall. 

The seismic vulnerability assessment was 

conducted according to the N2 Method in the 

Eurocode 8.  

The pushover analysis is carried out under 

conditions of constant gravity loads and 

monotonically increasing horizontal loads 

[Eurocode 8 - p. 4.3.3.4.2.]. It was performed in 

3Muri to assess the structural performance of 

this existing building and to estimate the 

expected plastic mechanisms and the 

distribution of damage. 

Two types of load conditions were examined: 

• Distribution of forces proportional to the

masses:

𝐹𝐹𝑖𝑖 =
𝑚𝑚𝑖𝑖
∑ 𝑚𝑚𝑖𝑖𝑖𝑖

 

• Distribution of forces proportional to the

product of the masses for the

deformation corresponding to the first

vibration mode.

The phases well described of the N2-Method for 

the building examined are the following: 

1. Definition of the capacity curves of the

multi-degree-of-freedom model (MDOF

system);

The displacement examined to trace the 

capacity curve is the point of the building called 
control node, in this case, the node 7 on the 

level 2. Lateral loading is applied independently 

in two horizontal directions, in each direction 

with + and – sign. The all capacity curves 

Figure 8 - Mesh of the wall (West elevation view) 

Figure 9 - Capacity curves progress, Directions +x and –y, FIRST MODE and MASSES distributions 
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progress is reported in the Figure 9, to show the 

differences between the directions of the 

seismic action (x or y) and the distributions load 

(First mode and Masses). 

2. Definition of the equivalent single-

degree-of-freedom system (SDOF);

It were calculated the parameters that 

characterized the SDOF system, or the 

equivalent mass m*, the equivalent stiffness k* 

and the equivalent period T*. At the end, it can 

be draw the bilinear idealization curve for the 

two directions of the seismic action and for the 

two load distributions considered. It is reported 

only one graph (Figure 10). 

3. Calculation of the capacity

displacement, or the supposed ultimate

displacement du, derived from the

capacity curves;

4. Calculation of the displacement

demand, or the target displacement of

the multi-degree-of-freedom model

(MDOF) (dt)

Firstly was determined the target displacement 

for the equivalent SDOF system, dt*, defining 

the seismic action by the elastic horizontal 

elastic spectrum Se(T) and elastic displacement 

response spectrum SDe(T). Secondly was 

calculated the related target displacement of the 

MDOF system 𝑑𝑑𝑡𝑡. 

5. Final step is to compare the capacity

displacement, du and the target

displacement dt; It is required that

𝑑𝑑𝑢𝑢 ≥  𝑑𝑑𝑡𝑡
The values of the target displacement dt 

and the ultimate displacement du are  

compared to each other and reported in the 

table 1. 

4. Conclusion and future 
developments

Lisbon is situated in the Portugal Continental 

zonation; therefore, it is necessary, according to 

the Anexo Nacional NP EN1998-1 2009, to 

consider the two Types of seismic action. The 

Type 1 spectral shape refers to high and 

moderate seismicity regions, characterized by 

larger magnitudes (M≥5.5), while the Type 2 is 

suitable for earthquakes up size M5.5, defined 

as smaller magnitudes. How can be seen in the 

Table 1, the analyses in +x-direction is not 

verified under the Type 1 seismic action 

considered, or the most dangerous situation. 

The analysis, instead, of the overall behaviour 

of the structure showed how the building is 

vulnerable to the seismic actions, especially in 

the y direction, where both the analyses (-y 1° 

Figure 10 - Bilinear idealization of the capacity curve related to the Node 7, +x 1°Mode 
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Mode and –y Masses, related to Type 1 and 

Type 2 of seismic action considered) are not 

verified. This is probably due the fact of the 

irregularity in elevation. The lack of wooden 

elements is certainly a penalizing factor regard 

the Pombalino building behaviour under the 

seismic action. Thus, if all the anti-seismic 

measures provided by the reconstruction plan, 

adopted in the XVIII century, including the 

presence of timber elements well connected to 

the structure and the respect of the regularity in 

plan and elevation, probably its performance 

would be better. The damage state of the 

elevation views of the building was drawn by the 

3Muri software about the presumed ultimate 

displacement of the structure in the capacity 

curves. It provides a clear view of the behaviour 

of the structure. It can be seen in the Figure 11 

in light yellow colour the parts of the masonry 

characterized by shear damage, and in strong 

yellow the shear failure. Pink colour represents 

the bending damage, while the light blue colour 

the tension failure and the green colour 

undamaged parts of masonry. 

Table 1 – Values of dt and du and related verification according to the Eurocode 8 

Distribution 
dt (cm) 

Type 1 

du (cm) 

Type 1 

Verification 

Type 1 

du/dt >1 

dt (cm) 

Type 2 

du (cm) 

Type 2 

Verification 

Type 2 

du/dt >1 

+x 1°Mode 2,48 1,62 No 1,58 1,62 Yes 

+x Masses 2,28 1,62 No 1,47 1,62 Yes 

-y 1°Mode 3,1 1,63 No 1,75 1,63 No 

-y Masses 2,4 1,31 No 1,64 1,31 No 

This work starts up with the intent to clarify if 

these traditional systems can be used still today 

and therefore to analyse the retrofitting 

techniques to improve the existing buildings 

seismic performance. Therefore, the 

weaknesses and strengths regard on their 

seismic behaviour were highlighted and 

compared each other in the following steps of 

the thesis work developed at Università della 

Calabria4, regard the Baraccata case study.
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