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ABSTRACT 

The main purpose of this paper is to study the seismic behavior of a ‘’placa’’ building belonging to a block located 

in Avenida António Augusto de Aguiar, Lisboa. The value of this urban complex is associated not only with the 

period in which it was built, ‘’Estado Novo’’, as well as the renowned architects involved, such as Pardal Monteiro 

and Cassiano Branco, among others. Some of these buildings were given awards, currently designated as 

‘’Prémio Valmor e Municipal de Arquitetura’’. These type of structures were characterized by the introduction of 

reinforced concrete, resulting in a mixed structure, consisted of traditional masonry and reinforced concrete. In 

order to obtain a closer simulation of the behavior of the real structure, it must first be known its history, which 

encompasses a geometrical characterization of the building, a knowledge of the existing materials and their 

mechanical characteristics and possible interventions done along the time. In order to overcome the uncertainties 

present in the masonry walls, a calibration of the model was carried out, based in situ ambient vibration tests. In 

order to understand the behavior of the floor and the influence of adjacent buildings there were modelled three 

cases. The modeling was realized based on the finite element program, SAP2000. The building under analysis 

was subjected to a combination of static and, dynamic loads, through a linear dynamic analysis. Therefore a 

safety verification and analysis of the various elements, from the reinforced concrete elements to the existing 

walls, were carried out, complemented by an analysis of certain stresses diagrams. Finally, it is suggested, 

qualitatively, possible solutions of structural reinforcement adjusted to the case study.  

 

Keywords: ‘’Placa Buildings’’; Masonry-Reinforced Concrete); Linear seismic analysis; Seismic vulnerability; 

Heritage 

 

1. INTRODUCTION 

A high percentage of the existing building stock in 

Portugal, was built in times when the seismic 

calculation was not yet a concern.  This fact does not 

mean that the quality of the construction is weak, 

nonetheless many cases present high levels of risk in 

relation to the seismic action, standing out the zones 

of greater seismic risk of Portugal. The lack of 

maintenance contributes to this problem, which 

consequently leads to the development of diverse 

pathologies over time (Costa, 2008). This statement 

sums up the threat of earthquakes in our country, and 

as such, it is necessary to provide the population and 

its buildings with adequate means of defense. 

Thus, the present study is based on the analysis of 

the seismic behavior of a "placa" building, inserted in 

a block of António Augusto de Aguiar Avenue, 
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designed by the architect Cassiano Branco and the 

engineer Manuel Gomes. 

This constructive typology, is relevant due to the 

transition period which makes part, between 1930 

and 1960, and to the respective weight it currently has 

in the Portuguese built stock, around 40%. 

The transition was mainly characterized by the 

introduction of reinforced concrete in the structures, 

resulting in a mixed structure, consisted of traditional 

masonry and reinforced concrete. Representative of 

a great volumetry and opulence with the time, it was 

designed in 1945, evidencing a high ostentation of 

Estado Novo.  

The architectural model present at the time, between 

1940 and 1950, practiced in public and private 

buildings, was designated by ‘’Estilo Português 

Suave’’. 

Revealing this style, traditionalist and nationalist, as a 

mark of the dictatorial state imposed by the 

architectural language. 

The value of this urban complex is associated not only 

by the period in which was conceived, but also by the 

renowned architects involved, such as Pardal 

Monteiro, Cassiano Branco, among others. 

Additionally, some of these buildings were given 

awards, currently designated as ‘’Prémio Valmor e 

Municipal de Arquitetura’’. 

Moreover, in Portugal, the technical legislation that 

requires the seismic calculation of new buildings 

arose in 1958, but there is no systematic inspection 

of its application in the design and construction of 

current buildings. In addition, technical legislation on 

the rehabilitation of existing buildings has not yet 

been implemented. Hence, even works that reduce or 

neglect the seismic resistance of buildings are no less 

legal (SPES, 2012). 

In this way, one must recognize that this urban 

complex has all ‘’ingredients’’ to be considered to 

have a moderate to high seismic risk. Not only, the 

hazard, is a present factor in Lisbon, due to the 

occurrence of earthquakes in the past, but also the 

exposure is high, being the case of study in the city 

center and having several services in the active, and 

finally, at a first hand the vulnerability of this type of 

buildings is considered to be high (Oliveira, 2008). 

In other words, one doubts the real capacity of these 

buildings to adequately withstand the seismic action. 

This work is intended to understand and contribute to 

a better knowledge of the seismic behavior of this 

constructive typology and more specifically of this 

particular ‘’placa’’ building. Lastly, proposals for 

structural rehabilitation are qualitatively suggested. 

2. METHODOLOGY 

In order to obtain a simulation as close as possible to 

the actual behavior of the existing structure in relation 

to the actions that may be requested, the intervention 

methodology follows a logical sequence, in which all 

stages are relevant.  

Firstly, the structural and constructive characteristics 

of the building in question were obtained by 

consulting the specific documents available in the 

Arquivo Municipal de Lisboa and complemented by 

site visits, enhancing the coherence of the numerous 

sources of information. 

As previously mentioned, the building in question was 

built in 1945, based on regulatory standards, such as 

Regulamento Geral das Construções Urbanas 

(1930).  

According to a study of buildings belonging to the 

same typology by Lamego and Lourenço (2012), the 

fundamental characteristic of these buildings is that 

they have concrete slabs that discharge directly into 

walls.  
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This ''placa'' building falls into the category of ''Rabo-

de-bacalhau’’, due to the rectangular overhang on the 

back façade. 

The case study is defined as a large volumetric 

building, with an extreme long front façade in stone 

masonry, with a length of 41m, while the gables are 

in reinforced concrete, with weak reinforcement bars, 

and have a length of 12m. 

The following figure shows the location and diversity 

of materials in the structure. 

 

Figure 1 – Type of materials present and their location 

The back of the building walls have a constitution 

analogous to that of the gables, although are 

complemented by a brick masonry. 

In this building there are wide spaces with large 

openings on the ground floor, capable of housing 

commercial zones such as shops, which in turn 

requires a system of reinforced concrete elements, 

such as beams and columns.  

The transition between the ground floor and the 

remaining floors represents not only a functional, but 

also a structural and geometrical change, in which the 

height of the ground floor is higher than the other 

floors. 

While the ground floor has reinforced concrete 

elements, the remaining floors consist mainly of 

masonry walls. 

These stiffness transitions, both at the level of the 

construction system and the different applied 

structural materials, results in several structural 

discontinuities. 

The "placa" buildings stood out substantially for the 

innovation made at the time, with the replacement of 

the wooden floors (typical in the previous typologies) 

by the slabs in reinforced concrete (Monteiro and 

Bento, 2012). 

While in the old masonry buildings the gravitational 

loads depended essentially on the walls, in this 

typology, the weight of the slabs becomes the load 

with greater relevance in the response of the structure 

to the horizontal loads (Simões et al, 2012). 

Overall, masonry walls tend to have a reduction of the 

thickness along the height and changes in layout and 

brick type. 

The lack of information in the specific documents 

dealing with the structural design, gave rise to some 

assumptions coming from common practice such as, 

concrete C16/20 and smooth steel, A235. 

It should be emphasized the following particularities: 

- the continuity of the slabs in all their extension, 

results in the cut of the continuity in height of the 

interior walls; 

- the walls of the main façade also appear to have no 

continuity, due to the considerable delivery of the 

slabs therein (Figure 2). 

 

Figure 2 – Detail of connection between the slab and the 
front façade 

The definition of the mechanical properties of the 

materials more accurately requires in situ testing, but 

these have proven to be infeasible. Therefore, these 

properties were estimated on the basis of studies and 

tests performed on walls with similar characteristics. 
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In addition, the uncertainties arising from the modulus 

of elasticity of the masonry stand out. As such, this 

lack of knowledge has been overcome by conducting 

a dynamic identification test based on environmental 

vibrations. 

According to EC8-3, a careful analysis, namely in the 

evaluation and rehabilitation of existing buildings, 

requires a certain level of knowledge, which is 

quantified by the quantity and quality of information 

available. 

Due to the lack of information regarding the 

mechanical properties of the materials, a limited level 

of knowledge was assumed, corresponding to a 

confidence factor value of 1.35. 

The effects of the seismic action on the structure were 

analyzed based on a linear dynamic analysis by 

response spectrum. 

The seismic action was defined according to EC8-1, 

complemented by the national annex, where the 

necessary parameters for the definition of the 

response spectrum are found. 

The value of the behavior factor to be attributed to this 

existing building was difficult to quantify given the lack 

of information regarding this specific type of 

structures, composed of concrete and masonry. 

Thus, a conservative value of 1.5 was considered to 

the behavior factor. 

Not only are there uncertainties regarding the energy 

dissipation capacity of this type of structure, coupled 

with the ability of the structural elements to respond 

in a non-linear manner, in a satisfactory way, taking 

into account the type of existing materials, the link 

between the various elements and certain 

constructive details. In addition, there was no concern 

at the time of providing buildings with adequate 

seismic resistance. 

 

Figure 3 – Design response spectrum of seismic action 
Type 1 and Type 2 

Under an expedited analysis of the response 

spectrum, it is concluded that the Type 2 seismic 

action is the most conditioning because the structure 

shows the vibration modes with higher periods, in the 

range of 0.3s. 

The combination of the effects of the seismic action 

components was performed considering the scenario 

where the earthquake occurs 100% in one direction 

and 30% in the other, and vice versa. 

3. RESULTS AND DISCUSSION 

Three distinct cases were modeled, each one with its 

specific objective. 

 

Figure 4 – Models under analysis  

3.1 MODEL CALIBRATION 

The calibration of the variables, focused on the model 

with the aggregate buildings (1), since it is the one 

that corresponds to a better approximation of reality. 

Taking as reference the vibration periods obtained in 

the test and the periods of the main translation modes 

of the structure, it was iteratively adjusted the 

modulus of elasticity of the masonry, aiming to obtain 

a simulation that is as close to reality as possible. 
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Table 1 – Definition of the modulus of elasticity of 
materials 

 

The following error percentages were obtained 

between the model and the values from the test. 

Table 2 – Margins of error for vibration periods between 
model and test 

Direction 
T [s] 

Error [%] 
Model Test 

X 0,271 0,278 -2,58 

Y 0,314 0,313 0,45 

 

3.2 ISOLATED MODEL (2) - VIBRATION MODES 

It has proved difficult to comply with the following 

requirement in EC8, where the sum of the effective 

modal masses must constitute at least 90% of the 

mass of the structure. It would be necessary to 

consider a high amount of modes, as such, it was 

considered only the first ten modes of vibration. 

The modes of vibration of the isolated building are 

described below, however, it is reasonable for certain 

modes to disperse in part from the actual behavior of 

the structure, due to the absence of the adjacent 

buildings. 

The direction parallel to the main facade was taken 

as axis x, and axis y the transverse direction. 

3.2.1 FIRST MODE OF VIBRATION 

The first mode is characterized by a translation in the 

x direction, coupled with a slight rotation, with a period 

of 0.301s and a mass participation factor of 57%. 

 

Figure 5 – First mode of vibration of model (2) 

The greater stiffness in the transverse direction is due 

to the contribution of the gables with 12m, 

representing continuous walls, without openings, 

constituted by reinforced concrete. 

The absence of symmetry in the x direction results in 

the occurrence of rotations, due to the relative 

misalignment between the center of mass and the 

center of stiffness. 

3.2.2 SECOND MODE OF VIBRATION 

The second mode is characterized by the vibration of 

the structure in the y direction, with a period of 0.296s 

and a mass participation factor of 53%. 

 

Figure 6 – Second mode of vibration of model (2) 

As can be seen, the deformation of the floor in this 

direction no longer behaves as a whole. Firstly, the 

structure has a length of 41m according to the 

greatest direction, ie a high length which is likely to 

adversely affect the uniformity of the floor 

displacements. 

In addition, there is a rigidity discrepancy relative to 

the elements opposing the vibration direction in 

question. That is, the reinforced concrete gables, due 

to its high stiffness, restricts the displacements in the 

periphery, while the center does not have this degree 

of stiffness, as it is composed of slab interruptions, 

more specifically of staircases, which affect the 

continuity of the slabs. Consequently, greater 

Material 
Modulus of Elasticity,  

E [GPa] 

Reinforced Concrete 29 

Masonry 

Stone 1 

Solid Bricks 1 

Bricks  
with holes 

0,8 



6 
 

displacements occur in the center of the structure, in 

comparison to the periphery. 

3.2.3 THIRD MODE OF VIBRATION 

This mode is characterized as a rotation along the z 

axis, with a period of 0.172s and a rotational mass 

participation factor of 48%. As can be seen this mode 

is more rigid, and consequently less natural to be 

aroused. 

 

Figure 7 – Third mode of vibration of model (2) 

3.2.4 VERTICAL MODES 

It was chosen to describe only the first three modes 

of vibration, however, the building has certain vertical 

translation vibration modes, which should not be 

despised. 

These modes are the result of the presence of high 

spans on the ground floor subjected to a considerable 

percentage of load from the upper floors. In addition, 

this type of modes were identified in the vibration test, 

which contributed in a way to a validation of this 

behavior. 

3.4 INFLUENCE OF THE ADJACENT BUILDINGS 

Then, is compared the behavior of the isolated 

building with the adjacent buildings, based on the 

dynamic characteristics (Table 3). 

Table 3 – Comparison between model (1) and model (2) 

Modes  
Isolated model  Aggregate model  

T [s] Direction T [s] Direction  

1 0,301 X 0,314 Y 

2 0,296 Y 0,271 X 

 

Essentially, differences in stiffness were observed, 

resulting from the presence of adjacent buildings. As 

can be seen, the first two modes of vibration occur 

alternately in one model and in another, this is due to 

the contribution of rigidity in the direction of the 

facades associated with adjacent buildings (Table 4). 

Hence in reality, the fundamental mode of the 

structure represents a translation in the y direction. 

Table 4 – Difference between the vibration periods of 
model (1) and (2) 

Direction Difference [%] 

X -9,6 

Y 6,3 

 

3.5 HYPOTHESIS OF RIGID DIAPHRAGM 

In order to understand the real behavior of the slabs 

of these buildings, two models were compared, the 

isolated model (2), in which the slabs were directly 

modeled as shell elements, and the isolated model 

(3), in which the mass was concentrated in the center 

of gravity of the floors, equating the floors with rigid 

diaphragms (Table 5). 

Table 5 – Comparison between model (2) and (3) 

Modes  

Isolated model 
(Shell) 

Isolated model 
(Centered mass) 

T [s] Direction  T [s] Direction  

1 0,301 X 0,293 X 

2 0,296 Y 0,258 Y 

 

The first three modes are coherent in both models, in 

terms of trend vibration, that is, they all occur in the 

same order. However, the isolated model, 

considering a diaphragm rigid, shows a reduction of 

the periods of the vibration modes and an increase of 

the mass participation factors (Table 6). 

Table 6 - Difference between the vibration periods of 
model (2) and (3) 

Direction Difference [%] 

X 2,5 

Y 12,9 

 

In this way, we question the possibility of considering 

the floor as a rigid diaphragm, or at least admit that 
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this ideal behavior may be acceptable in one direction 

and perhaps not in the other. At the outset this 

consideration was acceptable, taking into account the 

material and the thickness of the slab. However, there 

are other influential variables in this behavior, such as 

the high floor length, in comparison to the transversal 

length, and the existence of certain discontinuities. 

Another relevant detail is the fact that when we 

concentrate the mass of the floor in the center of 

gravity, we do not take into account any interruptions 

of the existing floors, which influence the uniformity of 

the floor deformation. 

The various modal responses were combined based 

on the '' Complete Quadratic Combination ''. 

This is followed by the safety analysis and verification 

of the structure, which analyzes the resistance of the 

various elements, from the reinforced concrete 

elements, to the masonry walls. The safety 

assessment was done in the isolated model (2). 

4. SAFETY ASSESSMENT 

In this section, it was considered appropriate to 

compare the actuating forces resulting from the quasi 

permanent combination and the seismic combination. 

 

Figure 8 - Combinations of loads applied in the structure 

Initially, it was considered a seismic action with 

intensity of 100%, but when excessive and 

compromising results were verified, a reduction of this 

intensity was carried out. 

4.1 REINFORCED CONCRETE ELEMENTS 

In the absence of information, the tensile stresses of 

the elements were calculated on the basis of the 

characteristic properties of the materials. 

In general, the beams have good dimensions and 

adequate amounts of reinforcement, which results in 

good behavior towards the actions. Perhaps for 

architectural reasons, the beams of the front façade 

have the height inferior to the width, which do not 

contribute to a good behavior regarding the loads. 

In addition, they have reduced amounts of transverse 

load reinforcement, which results in a vulnerability 

(Figure 9). 

 

 

Figure 9 – Bending moments and shear force in the 
beams due to a seismic action with 100% intensity 

Regarding the columns, there were greater problems 

related to the transverse stress, given the transverse 

reinforcement and the way it was distributed (Figure 

10). 

 

Figure 10 – Bending moments and shear force in the 
columns due to a seismic action with 100% intensity 

It should be noted that the consideration of the 100% 

seismic action intensity constituted a conservative 

attitude. As such, a seismic action of 65% intensity 

was applied to the structure. Due to certain high 

acting forces, this difference in intensity was not 

sufficient to verify the safety of a considerable number 

of elements. However, the majority of them could 

pass the check. 
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4.2 STRESS DIAGRAMS 

The following mechanical properties were attributed 

to the various constituent materials of the walls, 

divided by the confidence factor of 1.35. 

Table 7 – Mechanical properties of materials 

Materials ѵ 
E  

[GPa] 
𝐟𝐤  

[MPa] 
𝐟𝐯𝐤𝐨  

[MPa] 
𝐟𝐭  

[MPa] 

Stone 

0,2 

1 2,96 0,148 0,22 

Solid Bricks 1 2,6 0,068 0,10 

Bricks with 
holes  

0,8 1,8 0,044 0,07 

Concrete 29 16 - - 

 

In the analysis of the stress diagrams, four possible 

scenarios were considered, related to the vertical 

stresses of compression due to the quasi permanent 

combination and the seismic, and the tensile and 

shear stresses due to the seismic action. 

The following Figure shows the main façade subject 

to the first three scenarios above. 

 

Figure 11 – Stress diagrams (𝜎22) of the main façade 

subjected to the quasi permanent combination and the 
seismic (EnvelopMin and EnvelopMax) 

According to the stress diagram due to the almost 

permanent combination, there is a gradual increase 

of tensions from right to left, which reveals the 

predisposition of the structure to tend towards the 

main façade (Figure 12). 

Normally, it is not expected that a structure only 

subjected to vertical loads tends to present horizontal 

deformations, however, this is verified given the 

presence of different materials employed in the 

various structural elements. 

 

Figure 12 - Stress diagrams (𝜎22) of a gable wall 

subjected to the quasi permanent combination and the 
seismic (EnvelopMin) 

For example, while the front façade is made of stone 

masonry, the back façade is made of reinforced 

concrete, this difference is evidenced mainly in the 

modulus of elasticity, which presents a considerable 

discrepancy of values, hence the above behavior 

occurs. 

In this analysis, it was concluded that this structure 

resists well to the compression stresses, but presents 

greater problems in the tensile and shear stresses. 

5. CONCLUSIONS 

Having achieved the pre-determined objectives in the 

scope of the study in question, the many relevant 

aspects are evident in the course of the various 

chapters: 

- The analysis of an existing building differs 

substantially from the analysis of a new construction 

in terms of diverse uncertainties, and as such, the 

process must be followed sequentially, highlighting 

the importance of each phase of the study; 

- From the various studies carried out on this 

constructive typology, it is concluded that each case 

is a singular case, thereby, the collection phase of 

information is of great relevance, which should be 

complemented by visits to the local; 

- The dynamic identification test is a very useful tool, 

contributing to a reduction in the degree of uncertainty 

associated with the masonry modulus of elasticity; 
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- The calibration of the model was performed in the 

representative model of the block, as it represents 

reality better, resulting in a reduced margin of error; 

- The presence of adjacent buildings resulted in a 

stiffening contribution towards the façade; 

- The definition of the mechanical properties of the 

materials was based on several related studies, but 

only with the in situ tests would have been obtained a 

more rigorous definition; 

- From the comparison of model (2) and (3), the real 

behavior of the floors was questioned due to the non-

uniform deformation of these in the y direction. Thus, 

it is cautioned that the rigid diaphragm hypothesis 

depends not only on the constituent material and its 

thickness, but also on other factors such as the high 

transverse length in comparison to the vibration in 

question, the rigidity discrepancy between the center 

and the periphery and the interruptions in floors 

associated with staircases; 

- Once the building modeling is done, the seismic 

assessment is performed. In this step, the modulus of 

elasticity of the materials was not reduced in relation 

to the seismic action, but on the other hand certain 

results were compared with those resulting from a 

reduction in the seismic intensity (65%); 

- The effects of the combination of quasi permanent 

and seismic loads, static and dynamic, on the 

elements of reinforced concrete are compared. As 

can be expected, the highest values arose from the 

seismic combination, and problems were found to be 

mostly associated with shear stress. Perhaps the 

design of the building may not have been the most 

appropriate, essentially, by the attribution of almost 

exclusively beams at the level of the ground floor, 

which in turn contributes to a high demand for loads 

in these elements; 

- It can be concluded from Figure 2 that the way in 

which the slabs are linked to the front façade walls 

considerably affect the continuity of these walls. 

Thereby, when the walls deflect out of their plane, the 

bending moment will generate tensile tensions at the 

interface, when the existing compressions stop 

suppressing the tractions, cracks arise, which in turn 

affect the connection between the walls and the slab; 

- At this stage, the stress diagrams of certain 

alignments are analyzed, comparing some of them 

with different seismic intensities (100% and 65%). It 

was possible to understand the behavior of the 

structure in relation to the vertical actions, that is to 

say, its natural predisposition to follow towards the 

main façade, due to the different applied materials 

and consequent characteristics, such as the modulus 

of elasticity, which dictates the degree of deformation 

of a given material; 

- Under the vertical actions or under the horizontal 

actions, the openings present in the structure 

constitute discontinuities in the path of loads, which in 

turn affect the behavior of an alignment and result in 

stress concentrations. Due to the concentration of 

stresses in the apertures, the occurrence of cracking 

is possible. That is, the more regular and uniform a 

structure is, the greater the degree of continuity of the 

loads. Regardless of these aspects it is known that 

the openings are normal and indispensable to the 

habitability of a space; 

- In terms of maximum strength, the compressive 

stresses were reduced in comparison to the 

resistance limits of the materials, on the other hand 

the tensile and shear stresses were the greatest 

threats. However, it is considered that the analysis of 

the shear stress diagrams is adequate to identify the 

most conditioning zones, but not to verify the 

resistance check, given the absence of the weight of 



10 
 

the various walls that substantially influence the 

resistance of the walls. 

- This model is realistic, to the point where the 

maximum shear resistance of the alignments is 

overcome, once the limit is reached, local 

mechanisms are formed, which result in the 

redistribution of forces, consequently, changing the 

values of the forces acting on the reinforced concrete 

elements and on the remaining walls; 

- Due to the weaknesses present in this structure, 

qualitative proposals for structural reinforcement are 

suggested, which have not only resulted in an 

increase in the strength of certain reinforced concrete 

elements but also in an improvement of the links 

between the various elements, contributing to better 

global behavior and resistance of the construction to 

the horizontal loads; 

- The scope of this study was also related to the 

reasonableness of performing a linear analysis in 

existing buildings, since it is a practical analysis and 

less demanding than nonlinear analysis. As a result, 

a good amount of information has been extracted 

regarding the current state of a building and its 

vulnerability to seismic action, but in order to obtain 

more specific results and with a greater degree of 

detail it is advisable to carry out a nonlinear analysis; 

- Finally, it is important to highlight the importance of 

studies on the seismic behavior of this type of building 

‘’placa’’, given its strong presence in the city of Lisbon 

and its unique behavior in relation to the seismic 

action. Having said this, it is concluded that heritage 

can, and must be preserved. 
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