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ABSTRACT 
 

The timber framed masonry building is a constructive technology, mixing the mechanical properties of masonry 

and timber frames, once adopted as an Earthquake-Resistant solution in some earthquake-prone countries. The 

constructive bases on the origin of the timber framed 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 investigations about their actual seismic behaviour 

are still scarce and lack integration. The main 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. Two case studies were chosen and after a technical and architectural survey, 

two structural models were developed in 3Muri software, to derive the capacity curves. The seismic vulnerability 

assessment was conducted according to the N2-Method of the Eurocode 8 so as to investigate their expected 

seismic performance and to compare the results obtained. The work presented in this paper focuses on the seismic 

behaviour of these constructive technologies, leading to the inference if these traditional systems can still be used 

today. 

 

Keywords: Timber framed masonry buildings; nonlinear static analysis; mixed structures; Pombalino building; 

Casa Baraccata 

 

 

1. INTRODUCTION  

 

The interchange of the experiences has allowed to learn from the past destructive earthquake's events 

and to accumulate knowledge in order to improve the local construction systems. As a result, some 

similarities in the use of specific seismic resistant features can be observed in seismic regions across the 

world. In this context, the constructive methods, known as timber framed masonry buildings, were 

developed and many regional or national variations can be recognized. Conceived to be specifically 

resistant to seismic events, adapted to the local surrounding and using local materials, these buildings 

constitute a heritage of priceless value. Some of these can be defined as traditional, proving effective in 

resisting past seismic events, like the example of Mileto Bishop's Palace in VV (Calabria, Italy). 

However, in some countries, these techniques are still used today and often they were preferred to 
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reinforced concrete constructions, as the case of the new houses built, according to the traditional dhajji 

dewari and taq constructions, after the 2005 earthquake in Kashmir, in the North of Pakistan.  

 

1.1 Vila Real de Santo Ant·nio: Pombalino buildingsô features 

 

The massive reconstruction following the 1755 Lisbon earthquake, led by the Marquis de Pombal, the 

Prime Minister of that time, from which the Pombalino buildings took their name, was not circumscribed 

to Lisbon. Another notable example, contemporary to the Lisbon case, was the Vila Real de Santo 

António (VRSA) city plan, dated 1774. Some similar urban and architectural solutions to those of the 

buildings in Lisbon can be recognized such as the use of wood for the rafters and trusses of the roof, in 

the floors and in the stairs, and the use of vaulted ceilings in the ground floor. The external walls were 

in rubble stone masonry as also the walls between the adjoining constructions, gable walls, which rose 

up to 80 cm above the roof level to avoid the spread of fire, as well as in Lisbon. Strip foundations, 

about 0.25 m larger than the thickness of the ground floor walls, were used in VRSA, unlike the 

foundation system, used in Lisbon, characterized by a large embankment (constituted by the debris of 

the buildings destroyed by the quake), a wood grid, and the vertical wooden pilings that reached 1.5 m 

deep. The VRSA buildings had usually one or two storeys, differently from Lisbon, that had four storeys 

plus attic. However, the real innovation of the Pombalino system's technique was a structural 

arrangement, known as "Gaiola" in Portugal, made of the inner walls, the so-called ñfrontalò walls and 

wooden floors. These walls had specific structural function, bracing and therefore improving the 

behaviour of the entire building under the seismic action.  

 

 

 
 

 

 

 

 

 

 

 

 
Figure 1 ï Photos taken during a site survey: Features of the timber frames in the 

Alfândega building (VRSA, Algarve, Portugal) 

 

Nevertheless, this system often was not present in all the buildings in VRSA. An example of timber 

frames can be found in the Alfândega building, side by windows, as can be seen in the Figure 1. While 

the Gaiola system with the same features of the Lisbon case can be recognized in the first floor of the 

Torreão Sul in VRSA, today the current location of the Arquivo Histórico Municipal António Rosa 

Mendes. After the demolition, the recovery and restoration were conducted, according to the original 

design. As is usual for these traditional buildings, their original layout has been subjected by numerous 

alterations.       

                        

1.2 Calabrian reconstruction process and the origin of the Baraccata system 

 

The Calabria Region, in Southern Italy, also has been affected by many destructive seismic events in 

the past. In 1783, from the beginning of February to the end of March, a seismic sequence occurred in 

that region. The following reconstruction process, under the Bourbon Government, saw as possible 

constructive solution a technique, the so-called Baraccata system that consisted in the use of masonry 

reinforced by timber frames, probably inspired by the Roman Opus Craticium. The buildings had to be 

of usually two floors, with external walls with double parallel timber frames as a skeleton for the 

masonry and inner walls with a single timber frame, usually covered with finishing material and wood 

rips, like the frontal wall system in Pombalino buildings. The foundation system was characterized by 

stacks of oaks well laid in the ground, covered by masonry plate to preserve from the humidity of the 

soil. Some of these bigger stacks rise up to the top especially in the corners of the building. As well 
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described and showed in the Tables II and III, at the end of the manuscript published by G. Vivenzio in 

1783, this construction method required a high amount of timber elements and an extreme carpenter 

difficul ty in connections execution and consequently a high cost. Due to these reasons, this system was 

used especially in public buildings and the so-called ñreduced Bourbon systemò, with a single wooden 

frame, was spread. This technique enforced at the reconstruction stage, then was progressively 

abandoned after some decades.   

As can be read in the Report (Freeman 1932) of the Italian Royal Committee of 1909 on the Messina-

Reggio Earthquake, in what concerns the timber frame dwellings built under the Bourbon Government, 

known as Baraccata, it was highlighted as the system proved very successful after several seismic events, 

so much that it was recommended for the reconstruction process. The Gallico Reconstruction Plan 

(1911) was an example, where the same method with only slight changes was adopted. However, in 

Gallico and in many other cities for a long time after the 1908 catastrophic event, the reconstruction 

process was not totally implemented. Gallico was as a slum and the only masonry buildings belonged 

to the richest families, or were public buildings. 

 

1.3 The case studies: Pombalino vs Baraccata 

 

1.3.1 Pombalino case study in VRSA 

 

The case study building, that is part of the Pombalino core in Vila Real de Santo António (Figure 2), 

presents two storeys plus attic (Figure 3) in the block in front of the main square of the city, and one 

only storey on the other sides. 

 

 
 
Figure 2 ï Planimetry view of VRSA Scale 1:5000, where it is highlighted the limit of the Pombalino historical 

core (dated 1774) and the case study analyzed 

 

The height is approximately 6.8 m until the last floor (without the height of the roof). With rectangular 

shape in plan, the building presents vaulted ceilings in the ground floor, strip foundations, timber floors 

and roof rafters and trusses.  

After the on-site survey of the building and an interview with a technical employee of the VRSA 

municipality, the plan views of the building have been drawn. Some of the dimensions and the layout 

organization were modified from the drawings included in the Plano de Pormenor de Salvaguarda do 

Núcleo Pombalino de VRSA7, after a personal detection and a reinterpretation of the original layout of 

the building, given that the building was characterized by numerous modifications in plan and elevation. 

                                                      

 
7 Detailed Plan of protection of the Pombalino core of Vila Real de S.to António, SGU (Urban 

management of VRSA)  
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Figure 3 - Photo of the main façade of the Pombalino building in front of the Praça Marques de Pombal in VRSA 

 

The current plan view of ground floor and first floor are presented in Figure 4 and Figure 5, respectively. 

 

 
Figure 4 - Plan view of the ground floor of the Pombalino case study 

 
 

 

 

 

 

 
Figure 5 - Plan View of the first floor of the Pombalino case study, with the red dot highlighting the selected 

node 7, as control node of the structure,  in the 3Muri three-dimensional model to derive the capacity curves 

 

A structural model was developed in 3Muri software8 (Figure 6), where the values of the mechanical 

characteristics of the materials and the dimensions were introduced.  

The thickness of the external walls decreases with height, in fact in the first floor are about 0.12 m less 

than the ground floorôs walls (0.70 m). The mortar used in the walls was air lime.     

In what concerns the masonry types, rubble stone masonry with schists (external walls) and solid brick 

masonry (inner walls), it was decided to use the mean value of the two, a maximum and minimum, 

present in the Italian Normative9.  

The wooden floors are constituted by joists, with a section of 0.11 x 0.10 m2, that run every 0.50 m, and 

the pavement with a thickness of 0.04 m. The wood typeôs mechanical characteristics considered are   

12 GPa as the Youngôs Modulus and 0.2 as the Poisson ratio. 

                                                                              

                                                      

 
8 3Muri Commercial Version 11.0.0.9 distributed by S.T.A. DATA s.r.l 
9 NTC2008 and Circolare 2 Febbraio, 2009, n. 617, table C8A.2.1 

Node 7 
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Figure 6 ï Three-dimensional model developed in 3Muri software 

 

The 3Muri software allows to generate a model, where the geometry of the structural elements and of 

the openings are introduced, from a .dxf file previously drawn. Then each wall is automatically 

discretized and the equivalent frame for each wall is defined (Figure 7).  

 

 
 

Figure 7 ï Discretization view of the wall that characterize the main façade of the case study in VRSA (3Muri) 

 

The walls are defined into discrete macro-elements (Figure 7), represented by deformable masonry piers 

(orange colour), spandrel beams (green colour) and rigid nodes (light blue colour), indicating the areas 

of the masonry that are typically less subject to earthquake damage, and are in between the piers and 

spandrel beams.  

 

1.3.2 Baraccata case study  

 

Villa Isabella is an example of Baraccata building, located in Calabria (Gallico Superiore, RC, Italy), 

built in 1911 and still existing. Most of the buildings in Gallico Superiore were totally destroyed by the 

1908 Reggio and Messina earthquake. It was followed by the reconstruction phase, which was 

characterized by an urban plan of the area, dated 1911, of which the building analysed is also part of 

(Figure 8). The building, with rectangular shape in plan, has dimensions about 22 m in the long side and 

12 m in the short side. It presents two floors, with the ground floor characterized by four compartments 

symmetrically distributed on the sides of the stairs and another rectangular compartment for the entire 

length of the house, overlooking the garden to the East side. The layout of the building has been 

subjected to many alterations, such as the presence of the concrete pillars in the ground floor, constructed 

by the Trapani family, the original owners. However, in the present work, one refers to the original 

layout selected for analysis (Figure 9 and Figure 10). 
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Figure 8 - Planimetry view of Gallico, highlighting the Baraccata case study 

 

The external walls are characterized by masonry supported by timber frames, where the pillars and the 

beams, with different sections, run around the perimeter of the openings and of the walls, and St 

Andrewôs cross elements stiffen each structure's module. There were also others vertical timber 

elements, in some modules, with section about 5 x 5 cm2, that strengthen each module of the frames, in 

the middle. While the inner walls present St Andrewôs cross timber elements, wood rips as external 

covering and a finishing material.  

 

                               

Figure 9 - Plan View of the ground floor of the Baraccata case study in Gallico 

The mortar used in the walls is air lime. The ground floor is characterized by stone masonry external 
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walls with thickness between 0.46 ï 0.57 m, the first floor instead presents brick masonry walls with 

thickness between 0.35 ï 0.43 m.  

As it is known from sources, codifications and the evidence of still existing buildings, the wood used 

for the Baraccata system is chestnut or oak, locally available. Also for this case study is the same, but 

in the 3Muri model it was chosen to use the C.22 Softwood according the UNI EN 338 - 2002, for all 

the wooden elements, to consider the most disadvantageous situation with regard to the characteristics 

of wood. About the wooden floors, they are constituted by beams with section of 0.14 x 0.16 m2, 

sufficiently connected to the perimeter walls, run every 0.50 m, and wood pavement with a thickness of 

0.04 m.  

The foundation system presents instead a masonry plates, with stacks of oaks well laid in the ground, 

this because the wooden elements otherwise would have been more exposed to the humidity of the soil, 

and would therefore be more susceptible to deterioration. 

 

 
Figure 10 ï Plan View of the first Scale 1:200 with the red dot highlighting the selected node 57, as control node 

of the structure, in the 3Muri three-dimensional model to derive the capacity curves 

 

The 3Muri Software's configuration allows also to discretize the wooden frames that reinforce the 

masonry walls in the mesh generated from the three-dimensional model of the structure (Figure 11).  

 

 

 
 

 

 

 

 

 

 

 

 
Figure 11 ï Discretization view of the main façade of the Pombalino case study in the 3Muri model 

 

So, all the frames that characterize the Baraccata building, for exterior walls, as well as for inner walls, 

were draw directly in the walls' elevation views, in their real position, setting also geometry dimensions 

and mechanical characteristics of the elements and their eccentricity regard the thickness of the wall.  

The vertical and horizontal elements have a section of 0.15 x 0.15 m2, and the diagonal elements, in the 

first floor, too. Instead, the diagonal elements in the downstairs present a section of 0.12 x 0.15 m2, while 

the horizontal and vertical elements were characterized by different sections. The wooden frame is 

located at the centre of the wall so that it is covered both internally and externally by masonry, since it 

has variable thickness between the ground floor and the first floor (Figure 12).  

y 

Node 57 

x 
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Figure 12 ï Features of the timber frames present in the walls in the first floor, that characterize the 3Muri model 

 

In some wooden frames in the walls do not present diagonal elements, and in particular, in the ground 

floor of the short sides (y-Direction) of the building there are very few. Important to guarantee the box 

behaviour, basic under the seismic action, are the inner walls that are also characterized by strengthening 

with timber frames. A common feature, for all the types of frames, is that are always present at the 

corners of the building, in correspondence of the openings and at the intersection between the inner 

walls and the external walls. The distance between timber pillars that compose the frames is never less 

than one meter as prescribed both in the normative provisions and in the manuals, about the Baraccata 

buildings. 

 

2. NONLINEAR STATIC ANA LYSES OF THE CASE STUDIES 

 

2.1 The N2-Method 

 

A relatively simple non-linear method, the N2 method, was used to evaluate the seismic vulnerability 

assessment of the case studies. In this section, the application of the method for the Pombalino building 

is presented in detail. This seismic analysis technique, proposed in EC8 and described step by step in 

the Annex B of the Eurocode 8 (CEN 2004), develops combining the pushover analysis of a multi-

degree-of-freedom model (MDOF) and the response spectrum analysis of an equivalent single-degree-

of-freedom system (SDOF). The pushover analysis was carried out on the 3Muri software, under 

conditions of constant gravity loads and monotonically increasing horizontal loads.  

 

2.2 The comparison of the capacity curves 

 

The pushover curve, or the base shear ï (control) top displacement relationship, gives clear indications 

of the non-linear response of the structures. In the software's computation, two types of load distributions 

were examined, according to the Eurocode 8, the first one proportional to the masses and the second 

proportional to the product of the masses with the deformation corresponding to the first vibration mode. 

The 3Muri Software drew the pushover curves, relatively to the control node of the structures, indicated 

with a red dot in the plan views of the first floor of the buildings, respectively the Node 7 for Pombalino 

building (in the following graphs it named as ñPB) and the Node 57 for Baraccata building (named in 

the graphs ñBBò). 

x 

z 

y 
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Figure 13 ï Comparison between the pushover curves of the buildings about the x-Direction 

 

In the N2-Method it is necessary is to transform the MDOF system to an equivalent SDOF system. The 

bilinear idealization of the curves is defined by some parameters such as the mass m*, the stiffness k*, 

the period T*, the transformation factor ũ, the yield force Fy* and the yield displacement dy* that 

characterize the equivalent single-degree-of-freedom system. All the values, obtained in the 3Muri 

Software's computation, were subsequently verified according to the expressions included in the 

ANNEX B10.  

 

2.3 The determination of the target displacement of the MDOF system 

 

The capacity curves of the SDOF system represent the behavior of the structure, which is compared, in 

the following steps, with the seismic demand, defined by elastic response spectra in the acceleration ï

displacement (A-D) format.  

 

 
Figure 14 ï Graphic determination of det* related to the First Mode distribution, short period range (T* < TC)  

 

About the Pombalino building, it is recommended in the Portuguese Annex of EC811 the use of two 

types of spectrum: Type 1 (corresponding to a scenario of faraway earthquake) and Type 2 

                                                      

 
10 ANNEX B EC8, B.2 Transformation to an equivalent Single Degree of Freedom (SDOF) system 
11 NP EN 1998-1 2009  
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(corresponding to a scenario of nearby earthquake). The parameter of the reference peak ground 

acceleration on type A ground, agR, is included in the Portuguese Annex of EC8 NA, and for VRSA are 

respectively 1.5 m/s2 to the Type 1 seismic action and 1.7 m/s2 to the Type 2 seismic action. Instead, 

regard to the Baraccata case study, the design ground acceleration ag depends on the latitude and 

longitude of the reference site, reported in the Table 1 of the Annex B, NTC2008 and the corresponding 

value for Gallico is 2.395 m/s2. 

Different expressions were used to calculate the target displacement of the structure dt*  related to the 

SDOF system for each analysis. It depends on if the structure is on the short period range with T*  < TC 

(Figure 14), or on a medium and long period range (T* Ó TC), as in the Figure 15, where TC is the 

characteristic period of the ground motion and T* is the period of the equivalent SDOF system. 

 

  
Figure 15 ï Graphic determination of det* related to the First Mode distribution, medium and long period range 

(T* Ó TC) 

 

The displacement demand, or the target displacement of the multi-degree-of-freedom model (MDOF) 

(dt) is given by: 

 
Ὠ  ῲ Ὠzᶻ                                                                                                                                                                                ρ 

where ũ is the transformation factor and dt
* the target displacement of the SDOF system. 

The final step is to compare the ultimate displacement, du and the target displacement dt related the 

distribution load patterns considered. According to the Eurocode 8, the safety is verified if : 

 

 Ὠ  Ὠ                                                                                                                                                                   ς  

The results obtained for the Pombalino building are presented in the following section, together with the 

results corresponding to the Baraccata Building 

 

3. BARACCATA CASE STUDY AND COMPARISON OF RESULTS 

 

The N2 method was also used for the seismic assessment of the Baraccata building and the final results 

are herein presented and compared to the ones obtained with the Pombalino building. Thus, based on 

Equation 2, the safety verifications for all the analyses were conducted.  

The results obtained were depicted and compared in the Tables 1 and 2, related to both the directions of 

the seismic action applied, respectively, considering also the two types of spectrum.  

Figures 16 and 17 show the damage distribution regarding the ultimate displacement du, in the x direction 

for the Baraccata and Pombalino buildings, whereas Figure 18 represents the damage pattern for the 

ultimate displacement du of the Pombalino building in the y direction and Figure 19 the same for the 

Baraccata building. 
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Table 1. Comparison between the results in the x-Direction 

 

  

 

Figure 16 ï Damage state for du in the frontal façade of the BB, x-Direction Masses Distribution load 

 

 
Figure 17 ï Damage state in the half frontal façade of the PB, x-Direction at du, Masses Distribution load 

 

 

 

 

 

 

 

 

 
Figure 18 ï Damage state y-Direction at du of the PB façade Masses Distribution load 

 

Analyzing the damage state of the buildings, it can be seen how it is important the use timber frame, to 

strengthen the masonry. In the damaged views (Figures 16-19) are represented in light yellow colour 

the parts of the masonry characterized by shear damage, in strong yellow colour by shear failure, in pink 

colour the bending damage, in light blue colour the parts denote the tension failure and finally in green 

colour the undamaged parts of masonry. The analyses of the overall behaviour of the structure showed 

how both the buildings are vulnerable to the seismic actions, especially in the y-Direction (Table 2 and 

Figures 18 and 19). In the Pombalino case study, the results of both the analyses, related to Type 1 and 

Type 2 of seismic action, do not fulfill the safety requirements. In what concerns the Baraccata case 

study, the safety is not verify in y-Direction; possibly due to the inappropriate disposition of timber 

elements, leading to bending failure, shown in red and shear failure, shown in yellow, Figure 19 (in the 

x-Direction 
Distribution  

load 

dt
 (cm) 

 
du (cm) du/dt 

Verification  

du/dt  1 

Baraccata building 

1°Mode 0.65 1.43 2.19 Yes 

Masses 0.49 1.50 3.04 Yes 

Pombalino  

Case study 

First Mode Type 1 2.48 1.62 0.65 No 

First Mode Type 2 1.58 1.62 1.03 Yes 

Masses Type 1 2.28 1.62 0.71 No 

Masses Type 2 1.47 1.62 1.10 Yes 
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right). 

 

 

 

 

 

 

 

 

 
Figure 19 ï Damage state y-Direction at du of the BB façades Masses Distribution load 

 

Table 2. Comparison between the results in the y-Direction 

 

 

4. FINAL REMARKS  

 

The case studies evidences confirm that these traditional constructive methods should offer some degree 

of earthquake resistance in the case these structures had not been subjected to major modifications and 

deterioration. Some of the rules on which they were based were "codified" as far as the XVIII century, 

and some of the underlying principles (existence of bracing in both directions, increased connection 

between the structural elements, etc.) are still considered in modern codes. It can be seen by the results 

that the BB are subjected to a more demanding seismic action and can still in x-Direction verify the 

results. It is interesting to see that the BB building presents a stiffer but also weaker capacity curve, 

when compared to the Pombalino building. The ductility is similar for both buildings. The Pombalino 

building does not verify the safety requirements in most cases, highlighting its higher vulnerability when 

compared to the Baraccata building. 
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y-Direction 
Distribution  

load 

 

dt
 (cm) 

 

du (cm) du/dt 
Verification  

du/dt  1 

Baraccata building 

1°Mode 1.72 1.87 1.09 Yes 

Masses 1.49 1.31 0.88 No 

Pombalino 

Case study 

First Mode Type 1 3.10 1.63 0.52 No 

First Mode Type 2 1.75 1.63 0.93 No 

Masses Type 1 2.40 1.31 0.55 No 

Masses Type 2 1.64 1.31 0.80 No 


