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Abstract 

This paper will focus on the earthquake that occurred on February 28, 1969.  

Initially, all the existing information about the phenomenon was surveyed in order to ascertain its impact 

in the Portuguese territory. To this end, many buildings affected in the city of Lisbon and others in the 

south were identified to establish damage patterns according to what was observed, and the various 

descriptions collected. These buildings were classified according to their period of construction and 

building typologies, and subsequently, using the European Macroseismic Scale (EMS-98), they were 

associated with a vulnerability class and a degree of damage. This assignment made it possible to 

determine the intensities in the districts of Lisbon, Setubal and Faro, followed by their comparison with 

the intensities obtained at the time, and identify the typologies that present more vulnerability in the 

occurrence of an earthquake of similar intensity. 

Afterwards, based on the record obtained by the accelerograph of the Laboratório Nacional de 

Engenharia Civil, a structural model of four buildings of 19 floors in height was developed, where two of 

the buildings were already built when the earthquake struck. Subsequently, two linear dynamic analysis 

were performed: one through the response spectra and accelerograms (Time-History Analysis) and the 

other based on the response spectrum recommended in the EC8. The vulnerability of the structure 

subjected to the seismic combination was evaluated. Based on the safety check performed on the 

structure’s project, a linear static analysis was also performed with the same objective. 

 
Key-words: 1969’s earthquake, EMS-98, vulnerability, linear dynamic and static analysis, Time-History, 

EC8 

 

1 Introduction 

One of the last major earthquakes of the 20th 

century occurred in the early hours of February 

28, 1969. Although it was not a very destructive 

earthquake, it was severe enough to cause 

damage, especially in the south of the country.  

The motivation for this work is to collect as much 

information as possible about this phenomenon 

and interpret it in the light of current knowledge 
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of seismology and seismic engineering. The 

damage suffered in each building was analyzed 

and classified in order to obtain the Isoseismal 

Intensity Map in the districts of Lisbon, Setubal 

and Faro, based on the European 

Macroseismic Scale (EMS-98 [1]).  

In addition, a detailed study regarding a RC 

building, recently built at the time of the 

earthquake, was executed in order to verify its 

structural safety.  

2 The Earthquake of February 

28, 1969 

2.1 Historical Context 

The earthquake of February 28, 1969 was felt 

in several regions of the Continent, as well as in 

the island of Madeira, Spain and Morocco. The 

Portuguese seismographic network consisted 

of only 3 stations that registered the earthquake 

at 3:41 AM (local time). The epicenter was later 

determined with the coordinates 35.98ºN 

10.81ºW and a magnitude of Mw7.8 and Ms7.9.  

The only existing record is the one obtained by 

the accelerograph of the Laboratório Nacional 

de Engenharia Civil, installed on the north 

anchorage column of the Tagus bridge in 

Lisbon. Due to the cut in the electricity supply, 

there is a total record of only 27 seconds. 

The earthquake caused panic in the population 

accentuated by cuts in communications and 

electricity supply. Of the 16 fatalities registered 

in Portugal, only 3 were a direct result of the 

earthquake. About 70 and 150 were injured in 

Lisbon and Algarve, respectively, mainly due to 

bruises caused by falls or nervous breakdowns. 

In Algarve, because of the heavy rains and 

thunderstorms felt right after, the damage was 

accentuated. With regards to the island of 

Madeira, the earthquake recorded at 2:43 AM 

(local time), did not result in any fatalities or 

injuries and, regarding material damage in 

buildings, there is only to signal the collapse of 

an uninhabited house and the opening of small 

cracks in very few buildings. 

Spain and Morocco were also affected. 

Morocco registered 8 deaths and 11 injured, 

and Spain 5 deaths and 6 injured.  

2.2 Affected Areas in Mainland 

Portugal 

The earthquake was felt throughout the country 

and the damages can be summarized in the 

opening of cracks (interior and exterior), the 

partial or total collapse of protruding elements 

such as chimneys, plat bands or ornaments, fall 

of variable portions of plaster, displacement or 

collapse of furniture and destruction of 

tableware and glass. In the rural regions, the 

collapse of buildings of older construction is 

cited. Many churches were affected, with the 

opening of accentuated cracks in the domes 

and facade and the collapse or ornaments and 

crosses. In some, the total or partial collapse of 

roofs or other structural elements were 

observed. Some national monuments also 

suffered damage. 

Castelo Branco, Viseu, Braga and Bragança 

are some of the regions where the vibration was 

felt with some intensity, although no record of 

major material damage was observed. 

2.3 Isoseismal Maps proposed 

in 1969 

Isoseismal maps were proposed by Trêpa [3], 

Mendes [4] and Mezcua [5] with considerable 

differences in the intensity attributed to the 

southern regions of Portugal. Mendes [4] 

suggests an intensity of VIII at the end of Cape 

St. Vicent, while Trêpa [3] proposes a wider 

area with the same intensity, covering Aljezur, 

Vila do Bispo, Sagres and Bensafrim. However, 



3 

 

the maximum intensity attributed by Mezcua [5] 

in the entire region of Algarve is VII.  

All the studies suggest an intensity of VI and VII 

to the center and center-south region of the 

country, respectively. 

3 Analysis and Treatment of 

the Collected Information  

The damage collected in each district was 

separated by housing/private buildings, 

churches and public buildings/monuments. 

Based on the EMS-98 [1], each building was 

associated with a vulnerability class and a 

degree of damage. Afterwards, the Isoseismal 

Intensity Map for the districts was obtained. 

3.1 European Macroseismic 

Scale (EMS-98) 

When applying the EMS-98 [1] it is essential to 

access the census existing at the time under 

study, in order to apply the quantity definitions 

of “few” (0-10%), “many” (11-50%) and “most” 

(51-100%) suggested, for the buildings 

affected. 

3.1.1 Vulnerability Classes 

The vulnerability classes are used to discern the 

behavior of buildings when an earthquake 

strikes. Consequently, the EMS-98 [1] proposes 

6 decreasing classes of vulnerability (A to F) 

depending on the type of structure in question. 

3.1.2 Damage Class 

The damage suffered by the building is 

assessed by assigning a damage class 

according to its degree and extension: from D1 

(negligible to slight damage with no structural 

damage and/or slight non-structural damage) to 

D5 (total or partial collapse of the structure). 

3.1.3 Damage probability matrices 

Damage probability matrices can be created, as 

the example presented in Table 3.1, for class B. 

Table 3.1 – Damage probability matrices obtained for 

vulnerability class B (based on the EMS-98 [1]) 

 

3.2 Lisbon’s District 

The consequences in this district were vast and 

consisted, essentially, in the partial or total 

collapse of protruding elements and the 

opening of cracks, primarily in buildings of older 

construction. The partial or total collapse of few 

buildings also occurred, and some had to be 

demolished, due to their state of deterioration. 

Public buildings/ monuments and churches 

were also affected.  

It was possible to classify 906 housing/private 

buildings, 12 churches and 21 public buildings/ 

monuments.  

3.2.1 Building types 

In 1969, the city of Lisbon was divided into 53 

parishes and the building types found can be 

summarized in stone masonry, concrete and 

wood. Stone masonry buildings can be divided 

in Pre-Pombalino (buildings that resisted the 

earthquake that occurred in 1755), Pombalino, 

Gaioleiro and Placa buildings.  

The wooden buildings, assigned with class A, 

were prefabricated wooden structures with fiber 

cement plates as roofs or made of cardboard 

and/or the remains of other materials.  

To the Pre-Pombalino buildings class A or B 

was assigned, depending if the building was 

composed of well-kept and paired stone 

masonry walls or poor masonry walls (adobe or 

clay mortar), respectively. To the Pombalino 

and Gaioleiro buildings class B was assigned. 

The main difference between the two is that the 

first one is characterized by having a “cage” 

structure on the interior walls on the floors 
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above the ground floor, used to improve the 

structure’s capacity to resist horizontal actions. 

With a maximum of 4 floors, the ground floor, 

essentially built by arches and masonry vaults, 

is used for commercial areas or warehouses.  

The Placa buildings, assigned with class C, are 

distinguished by the existence of floors in 

weakly RC slabs that discharge directly into the 

walls. The RC buildings were assigned with a 

vulnerability class C or D, depending if it had 

earthquake-resistant design or not. 

3.2.2 Summary of damages observed 

For housing/private buildings, a total record of 

1286 occurrences were obtained, where the 

highest incidence related to damage to 

chimneys and cracking. The most severe 

damage was seen in downtown, where there is 

a larger abundance of Pre-Pombalino and 

Pombalino buildings.  

Of the 12 churches identified, all of class C, the 

main damage was the opening of cracks and 

the collapse of decorative stone or ornaments. 

The degree of damage attributed varies 

between D2 (67%) and D3 (33%). Of the 21 

public buildings/monuments accounted, 43% 

presented a grade D3, 29% D2 and 19% D4, 

with the main damage corresponding to the 

opening of cracks (39%). The most affected 

class was B (71%).  

3.2.3 Estimation of Macroseismic 

Intensity for Lisbon 

As shown in Figure 3.1, class B buildings (83%) 

were the most affected, and according to 

Figure 3.2, the most affected ones were the 

Pombalino (54%) and Gaioleiro (34%).  

Overall, the highest incidence of damage 

corresponds to the grade D3 (64%) which is in 

accordance with the high number of failed 

chimneys. Damage corresponding to a grade 

D4 represents only 5% of the sample. 

 

Figure 3.1 - Vulnerability classes affected and respective 

degrees of damage in the city of Lisbon 

 
Figure 3.2 – Degree of damage for class B in the city of 

Lisbon 

For the present work, the method applied for 

attribution of intensities is the one showed in 

Table 3.2, for the parish of Anjos.  It was 

considered that the best adjustment is given by 

choosing the lowest value of the interval, which, 

for this parish, corresponds to an intensity of VII.  

Table 3.2 - Final intensity value obtained for the parish of 

Anjos 

 

The isoseismal map obtained for the parishes of 

the city of Lisbon can be seen in Figure 3.3. 

Although it was not possible to gather sufficient 

information on the totality of buildings affected 

for the rest of the district, intensities were 

assigned by consulting various descriptions 

collected from the population and the results 

obtained can be found in Figure 3.4. 

 

Figure 3.3 – Isoseismal Map for each parish  
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Figure 3.4 – Isoseismal Map for the district of Lisbon 

3.3 Setubal’s District 

Setubal’s district was also severely affected, 

with the partial or total collapse of protruding 

elements and the opening of cracks. A few 

buildings and a factory collapsed, with other 

buildings having to be demolished due to their 

deteriorating state. Public buildings and 

churches were also affected.  

3.3.1 Summary of damages observed 

In 1969, the city of Setubal was divided into 6 

parishes. It was possible to identify 59 

housing/private buildings, 7 churches and 6 

public buildings/monuments.  

The building types existing in 1969 are those 

previously mentioned for Lisbon.  

Once again, for housing/private buildings, the 

highest incidence refers to damage to chimneys 

and the opening of cracks.  

Of the 7 churches analyzed, all of class C, the 

main damage observed was the collapse of 

decorative ornaments (34%) and 57% 

presented with damage degree D2. 

Only public buildings were identified with most 

of the damage occurring in primary schools. 

The main damages consisted in the collapse of 

chimneys and falling plaster. Of the 6 buildings 

analyzed, 4 were of class B (50% with D2 

degree) and 2 of class C with a D3 degree.  

3.3.2 Estimation of Macroseismic 

Intensity for Setubal 

According to Figure 3.5, the highest incidence 

of damage occurred in  class B buildings (75%) 

with a degree of damage of D3.  

 

Figure 3.5 - Vulnerability classes affected and respective 

degrees of damage in the city of Setubal 

The isoseismal map obtained for the parishes in 

the city of Setubal is presented in Figure 3.6. In 

Figure 3.7, are the results obtained for the rest 

of the district. 

 

Figure 3.6 - Isoseismal Map for each parish  

 

Figure 3.7 - Isoseismal Map for the district of Setubal 

3.4 Faro’s District 

Faro’s district was, undoubtedly, the most 

affected district with reference to more than 400 

buildings destroyed. There were total or partial 

collapses of protruding elements, walls and the 

opening of extensive cracks. 

Fonte de Louseiros, was severely affected, 

were of the 16 houses present, only 1 remained, 

in very poor conditions. In Bensafrim, more than 

50 houses collapsed and in Vila do Bispo nearly 

70% were gravely damaged.  

3.4.1 Summary of damages observed 

The total number of buildings affected was not 

possible to obtain due to lack of information, and 

therefore, the analysis of the intensities focused 

essentially on the level of municipalities, 

primarily in Portimão and Loulé. The high 

incidence of damage is mainly due to the large 
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number of existing adobe or clay mortar 

constructions, currently discouraged on account 

of its poor seismic performance in areas with 

high earthquake hazard.  

In 1969, the district of Faro was divided into 16 

municipalities. 40 housing/private buildings (7 in 

Loulé and 33 in Portimão), 34 churches and 13 

public buildings/monuments were analyzed. 

In housing/private buildings, the main damage 

consisted of significant displacement between 

walls and floors, the opening of cracks and the 

partial collapse of roofs.  

For the 34 churches, the main damage 

consisted in the opening of cracks (40%). 68% 

presented a D3 degree and 21% D4. The 

vulnerability class varies between B and C, the 

first one being the most affected.  

Of the 13 public buildings/monuments, 63% 

presented with a D3 degree, 23% D2 and the 

highest occurrence corresponds to the opening 

of cracks (42%). The vulnerability classes 

identified varies between A, B and C.  

3.4.2 Estimation of Macroseismic 

Intensity for Faro 

The highest incidence of damage occurs in 

buildings of class A (54%) (see Figure 3.8) and 

the isoseismal map obtained is shown in Figure 

3.9. 

 

Figure 3.8 - Vulnerability classes affected and respective 

degrees of damage for Loule and Portimao 

 

Figure 3.9 - Isoseismal Map for the district of Faro 

3.5 Comparison of the results 

obtained with other studies 

According to Figure 3.10, the intensities 

obtained show some differences in relation to 

the values suggested in previous studies, 

namely regarding the southwest areas of 

Algarve, where some, as previously mentioned, 

have attributed an intensity of VIII. The 

maximum intensity obtained was VII.  

 

Figure 3.10 - Comparison between the results 

obtained and the intensities defined by other studies 

4 Case Study 

4.1 General Characterization 

The set of buildings under study, showed in 

Figure 4.1, is located in Cacilhas (Setubal).  

Only buildings 3 and 5 were built when the 

earthquake struck but all four were modeled.  

There are 2 T4 apartments per floor from the 4th 

to the 19th, with a ceiling height of 2.8 meters. 

The 1st and 2nd floors are used for commercial 

areas and the 3rd floor for offices, all with a 

ceiling height of 3.5 meters. In building 9, the 

basement is used for parking of light vehicles, 

while the “half basement” in building 7 is for 

commercial areas. 

In Figure 4.2, the 3rd floor plan is presented, 

where there is an increase of the plan floor 

dimension. From the 4th floor, the main structure 

is almost a square tower. It is a type of setback 

since its plan floor dimension reduces 

substantially.  
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Figure 4.1 – Set of buildings under study [6]  

 

Figure 4.2 - 3rd floor plan 

4.2 Description of the effects 

felt during the earthquake 

According to eyewitness living at the top floor at 

the hour of the earthquake, the shake was quite 

strong, causing the ceiling lamps to oscillate 

violently (about 90º) and a movement, in the 

transversal direction, in the tens of centimeters 

is described. With the data obtained from the 

accelerograph of LNEC, the present work 

intends to analyze the accelerations and 

displacements verified on the top floor.  

4.3 Structural Design 

The structural elements were designed 

according to the regulations that were enforced 

at the time of their execution (1967-1969), with 

the aid of plan analyzes carried out by LNEC.  

With direct foundations at the base of each 

column, the solution consists of isolated or 

continuous footings and foundation beams. For 

the columns, a seismic coefficient of 10% for the 

housing part and 15% for the commercial 

spaces was enforced. Regarding sections, its 

dimensions vary in terms of its location on the 

floor plan, decreasing in height. The beams and 

slabs have also different sections depending on 

their location, with the slabs having main 

reinforcement in one or both directions. There 

are 2 small central elevators with a front 

stairway giving access to the upper stores and 

a second stairway existing only to give access 

to the 3rd. It has no resistant walls and since it 

was not possible to obtain information of the 

material used for the filling walls, it was 

assumed that they were made of perforated 

brick masonry, given the construction period. 

4.4 Modeling 

The set of buildings was modeled using the 

program SAP2000 v20.2.0 [7] and a linear 

analysis was performed. 

4.4.1 Mechanical Characteristics of 

Material 

In the description of the project provided, it is 

stated that the type of concrete used is B225 

and the steel adopted is A40T steel, which are 

equivalent to a C20/25 concrete and a steel 

A400 for the current legislation. For the filling 

walls, the Italian norm [8] was used to obtain its 

mechanical characteristics.  

4.4.2 Modeling of structural and non-

structural elements 

For the structural elements, frames were used 

for the columns and beams and thick shells for 

slabs. The walls were represented by inclined 

diagonals and corrections were introduced to 

reflect the openings when they were present.  

For the foundation, it was considered, simply, 

built-in columns at the level of the terrain. There 

is a small inclination of the road that boarders 

the buildings 7 and 9, so a small excavation was 

practiced. The behavior of the basements was 

simulated by restricting the displacements to 

the middle and top of each column. In building 

7, these restrictions were not imposed on the 
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south side to simulate the “half basement” 

behavior.  

4.4.3 Actions 

The combination of actions adopted is the one 

prescribed in EC0 [9], defined in Equation 4.1. 

∑Gk,j "+" AEd "+"∑ψ
2,i

.Qk,i (4.1)  

Where AEd corresponds to the design value of 

the seismic action. For the permanent actions, 

Gk,j, the self-weight is automatically defined for 

each element, and the remaining loads were the 

ones specified in the project. For the variable 

actions, Qk,i, some alterations were performed 

to the values considered in the project since 

they were inferior to the ones defined in the 

current regulation. For ψ
2,i

, the value of 0.3 and 

0.6 was adopted for the housing/office and 

commercial areas, respectively.   

4.4.4 Model calibration 

The complete model was calibrated with the 

results of in situ measuring vibrations, by 

introducing more walls through shell elements 

and inclined diagonals to represent the filling 

walls. It was also considered a diaphragm 

behavior for the slabs as well as an increase in 

the concrete elasticity modulus to 33 GPa. 

The results can be seen in Table 4.1 and in 

Figure 4.3 the final model is presented. 

Table 4.1 - Final frequencies obtained 

 

 

Figure 4.3 - Final Model (3D North view) 

4.4.5 Response to the February 28, 1969 

earthquake 

The model was subjected to a ground motion 

recorded on the north anchorage pillar of the 

Tagus bridge in Lisbon, shown in Figure 4.4 

and the response spectrum in Figure 4.5. 

 

Figure 4.4 – Accelerations of the 1969 earthquake 

 

Figure 4.5 – Response spectrum for 5% damping 

4.4.6 Accelerations and displacements – 

comparison of the response with the 

eyewitness’s behavior 

Since the buildings were empty except for the 

top floor, a value of 1 kN/m2 for the live loads 

was adopted only for this phase. The structure 

was subjected to an input of 27 cm/s2 applied at 

the base, which caused and absolute maximum 

acceleration at the top of 86 cm/s2 (see Figure 

4.6).  

 

Figure 4.6 – Orbits of the absolute accelerations 

registered at the top floor 
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The result obtained is sufficient to excite the 

lamp in resonance and cause a large angle of 

rotation. Although the description refers to 

angles of 90º, through the experiences 

executed, the value obtained corresponds to a 

rotation angle of about 45º, which is still an 

appreciable value.  

In terms of displacements, the eyewitness 

relayed a sense of large displacements. 

However, a maximum displacement of 1.75 

centimeters was obtained at 24 seconds. It is 

concluded that the descriptions obtained were 

overestimated. In fact, what was felt was the 

high acceleration at the top floor, resulting in the 

sensation of very sudden movements caused in 

the structure.  

4.5 Seismic Evaluation  

The structure was subjected to 3 different 

seismic actions. Two dynamic linear analyzes 

were carried out: an analysis taking into account 

the seismic action of 1969 and, later, an 

analysis considering the seismic action 

recommended by the EC8-1 [10] where a 

behavior coefficient of 1.5 and 3 was adopted. 

Based on the security check performed on the 

project of 1967, a linear static analysis was also 

executed.  

4.5.1 Linear dynamic analysis by 

response spectrum  

The structure is founded on a type B foundation 

soil and affects seismic zones 1.3 and 2.3 for 

the type 1 and type 2 earthquakes, respectively, 

and it is inserted in the importance class ϒII. 

Regarding the behavior coefficient, used to 

consider the non-linear behavior of the 

structure, the EC8-3 [11] suggests the value of 

q = 1.5 for existing RC structures.  In fact, the 

structure does not present enough ductility to 

consider a higher value, due to insufficient 

confinement of the longitudinal reinforcement 

steel bars. However, it was also decided to 

analyze the structure considering a value of q = 

3, in order to observe the differences if the 

structure could be considered to have an 

average ductility, which, at the time, was not 

practiced or known.  

It was concluded that the first modes of 

fundamental vibration are conditioned by the 

type 1 earthquake. Therefore, this was the 

action considered in the analysis.  

4.5.2 Linear static analysis  

This analysis was performed only on building 5, 

to be in accordance with what was executed in 

the project description of 1967, and it was 

subjected to a system of parallel forces, that 

corresponded to the weight of each floor 

multiplied by the seismic coefficient previously 

referred. In addition, the accidental torsion 

effects were also considered by applying both 

positive and negative torsion moments of 

vertical axis to each floor. All the values were 

applied to the center mass of each floor.  

4.5.3 Safety check 

The resistant capacity of each column was 

evaluated by checking whether the existing 

reinforcement would be sufficient to verify the 

safety for shear and combined bending and 

axial stresses.  

For the 1969’s seismic action, all the columns 

are properly reinforced to withstand that motion. 

For the remaining analyzes, the static one 

produced stresses more severe to the structure, 

where the longitudinal reinforcement present 

was not sufficient to withstand the combined 

bending and axial stresses in a few columns. 

The same was observed for the dynamic 

analysis by response spectrum for a behavior 

coefficient of 1.5. If, at the time, the ductility 

factor was considered and the structure was 

design to have an average ductility, the 
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adoption of a coefficient behavior of 3 did not 

show problems of reinforcement for the 

stresses generated. In terms of shear 

resistance, for both dynamic and static analysis, 

the main problem occurs in the first 3 floors, 

where the reinforcement present is not sufficient 

to resist the stresses generated.  

5 Final Considerations 

The study performed for the earthquake of 

February 28, 1969, provided the compilation of 

various information that was scattered in 

several places and compare the results 

obtained with the studies published at that time. 

The analyses of a wide range of buildings 

affected, in the city of Lisbon and others to the 

south, allowed to determinate, in each one, the 

areas with the greatest seismic impact and 

which are the most vulnerable construction 

types. It was concluded that the buildings with 

vulnerability classes A and B were the ones 

more vulnerable. 

For the second part of the present work, the 

analysis executed on a RC building in Setubal, 

showed that the accelerations of 27 cm/s2 

imposed on the ground as recorded during 

1969, caused accelerations at the top of the 

building sufficient to cause oscillations and high 

rotation angles in a lamp hanging from the 

ceiling. This was in accordance with the 

descriptions provided by the eyewitness. In 

terms of structural safety, for a seismic action of 

intensity similar or lower to the one that 

occurred in 1969, the stresses generated are 

quite reduced and do not cause structural 

damage. However, having introduced the 

current seismic action (EC8-1 [10]) with a 

behavior coefficient value of 1.5, the existing 

reinforcement is not sufficient to withstand the 

stresses generated. The static analysis carried 

out in accordance with what was executed in the 

1967 design, produced even more severe 

stresses in the structure.  
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