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Abstract
Despite the fact that in recent years Portugal has not seen the occurrence of high-magnitude earthquakes,
it remains threatened by these events due to its geographic location. Since the 1960s, reinforced concrete
has been the most used material for new constructions, however the historic urban centers are dominated
by old unreinforced masonry (URM) buildings which techniques and construction materials have evolved
since the Great Lisbon earthquake that occurred in 1755 with a magnitude around 8.5. Given the presence
of these buildings in areas of signi�cant seismicity, a comprehensive research is needed to assess the
seismic risk and de�ne mitigation policies. This kind of studies are often supported by empirical methods
and based on expert judgment due to the high variability of the building stock and lack of information.
The main purpose of this work is: i) to provide analytical fragility curves, supported by nonlinear static
analysis, for the entire population of old masonry buildings, built before the introduction of the �rst
design code for building safety against earthquakes (RSSCS) in 1958; ii) de�ne vulnerability curves to be
used by the technical community for seismic risk assessment of pre code URM buildings. The
characterization of the building stock geometry and material properties is based on the previous
information collected, which was useful to de�ne representative archetypes and typologies.
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Figure 1

Main features of old masonry buildings
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Figure 2

Archetypes adopted to represent the population of old masonry buildings in Portugal
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Figure 3

Mechanical properties generated: a) compressive strength; b) K factor; c) shear modulus; d) material
density; e) cohesion; f) friction coe�cient
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Figure 4

Macroelement validation: a) setup of experimental cyclic test; b) damage pattern (experimental and
numerical damage pattern representation); c) and d) comparison of experimental and numerical cyclic
force–displacement curve and hysteretic total energy dissipation, respectively
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Figure 5

Archetypes of masonry old buildings modelled in Tremuri

Figure 6

Seismic action for Portugal: a) horizontal elastic response spectrum in EC8 format; b) seismic zonings I
and II ¬ interplate scenario and intraplate scenario, respectively (CEN 2004) Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
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whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.

Figure 7

Median values for maximum spectral acceleration (top row) and interstorey drift (bottom row)
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Figure 8

Capacity curves for archetypes A1, A3, B2, C1, and C3, with 3, 4 and 5 stories heigh and rigid �oors
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Figure 9

Capacity curves for archetypes A1, A3, B2, C1, and C3, with 3, 4 and 5 stories heigh and �exible �oors
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Figure 10

Seismic performance (red point) for a building with four stories, archetype B2 and type I-rigid typology,
considering 308-years return period, soil type B and all seismic zones de�ned for Portugal
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Figure 11

Seismic response in terms of interstorey drift for buildings with four stories high, 308-years return period,
soil type B and seismic zone 1.3

Figure 12

Seismic response in terms of interstorey drift for buildings with four stories high, 308-years return period,
soil type B and seismic zone 2.3
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Figure 13

Fragility curves for archetypes grouped by number of �oors, typology and type of �oor (rigid and �exible)
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Figure 14

Mean values and dispersion proposed to characterize the fragility by number of �oors and typology
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Figure 15

Vulnerability curves archetypes grouped, four stories high, soil type B and seismic zone 1.3
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Figure 16

Seismic demand for buildings with four stories high, soil B, and seismic zones 1.3
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Figure 17

Seismic demand for buildings with four stories high, soil B, and seismic zones 1.3


