
O

B
C

C
a

b

A
R
A
A

K
O
B
S
U
R

1

o
b
m
a
p
c
a
b
E
a
b
t
b

t
w
o
H
e

(
S

1
h

Journal of Cultural Heritage 14 (2013) 449–463

Available  online  at

www.sciencedirect.com

riginal  article

uilding  typologies  identification  to  support  risk  mitigation  at  the  urban  scale  –
ase  study  of  the  old  city  centre  of  Seixal,  Portugal

átia  Santosa,  Tiago  Miguel  Ferreirab,∗,  Romeu  Vicenteb, J.A.  Raimundo  Mendes  da  Silvaa

University of Coimbra, Department of Civil Engineering, Rua Luís Reis Santos, Pólo II da Universidade, 3030-788 Coimbra, Portugal
University of Aveiro, Department of Civil Engineering, Campus Universitário de Santiago, 3810-193 Aveiro, Portugal

a  r  t  i  c  l e  i n  f  o

rticle history:
eceived 9 February 2012
ccepted 4 November 2012
vailable online 7 December 2012

eywords:

a  b  s  t  r  a  c  t

The  old urban  centres  are  marks  of  an  historical  and architectural  heritage  that  should  be  protected
and  safeguarded.  For  such,  it is  fundamental  to  have  a  complete  understanding  of  the  genesis,  regarding
both  building  and  the  urban  mesh.  This  fact is  essential  to  the  support  of  qualified,  conscientious  and
sustainable  rehabilitation  interventions  on  the  old  building  stock.  The  research  carried  out  addresses  the
issue of  the  old  urban  centres  from  the  perspective  of  the  analysis  and  inventory  of  buildings  features.  The
ld city centre
uilding typologies
eismic vulnerability
rban fire risk
ehabilitation

cataloguing  process  of the  building  typologies  is presented  in  this  work  as  a  synthesis  of the  principal
construction  forms,  with  the  old  city  centre  of Seixal  being  used  as  a case  study.  The identification  of
building  typologies  has  supported  a seismic  and  fire  vulnerability  assessment  of  the  old  building  stock.  The
assessment  methodologies  developed  and used  are  based  on the detailed  survey  and  building  inspection,
therefore  the  building  typology  cataloguing  is essential  in  the  analysis  at such  a large  scale.  Then  we

 the  c
discussed  the strategy  for

. Introduction

Old city centres are the physical testimony of the history, devel-
pment and occupation of a city. Despite time, they remain the
est sources of information about the origin and construction of a
etropolis, creating cultural, economic and symbolical references

nd conferring identity to the urban space. This paper presents
art of the results of a project developed in one of these urban
ores, the old city centre of Seixal, in Portugal, focusing on the
ssessment of the urban risk. As part of this project, supported
y the National Strategic Reference Framework (7th Framework
uropean Program) and commissioned by the Seixal City Council,

 complete identification and inspection survey of the old masonry
uildings was carried out on two different domains: (i) architec-
ural typologies and drawings; (ii) structural and non-structural
uilding features.

Considering the building safety as a key factor, particularly in
he case of the old masonry buildings, the analysis developed in this
ork aimed to identify vulnerability levels essential on the support
f planning strategies, urban rehabilitation and risk mitigation [1].
owever, over the course of work there were other points of inter-
st based on other spatial and architectural elements, which have
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onservation  actions  incorporated  in  a broader  risk  management  policy.
© 2012  Elsevier  Masson  SAS.  All  rights  reserved.

proved to be essential for the ultimate project purpose, resulting on
the typification of the evaluated building stock. Through the survey
actions, several similarities regarding buildings internal space orga-
nization, structure and materials have been identified, allowing the
buildings typification creating a catalog, as presented further on.

By definition, typification is the action of typifying, i.e.,
divide/distinguish into types. The concept of type refers to the over-
all or the set of properties common to a number of individuals or
objects, recognizing structural similarities between architectural
objects [2]. In this sense, the opening of the concept and the abil-
ity to change the type when confronted with the model is verified:
“no type is identified itself with one single form, but all forms are
remittable to types”.

Risk mitigation is presently inherent to any conservation or
revitalization strategy of old city centres. The most worrying phys-
ical risks at the national scale are; seismic, fire and flooding.
When assessing the vulnerability of buildings to these risks, it
is essential to first establish the project objectives, before subse-
quently choosing the most appropriate strategy and tools necessary
for building assessment and fulfillment of these objectives. It is
also extremely important to understand the difference between
the detailed approaches used for individual buildings and those
methods most efficient for larger scale analysis of groups of build-
ings, as is the case of this study. With respect to the former, the

use of a detailed methodology implies a very reliable evaluation
with a necessarily in-depth level of information regarding the
building. However, when increasing the number of buildings and
enlarging the area to be assessed, the resources and quantity of

dx.doi.org/10.1016/j.culher.2012.11.001
http://www.sciencedirect.com/science/journal/12962074
mailto:catiaj@student.darq.uc.pt
mailto:tmferreira@ua.pt
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nformation required are also increased, so it is necessary to
esource to grouping of building typologies [3].

. The old city centre of Seixal

.1. Study of the seismic hazard

The study of the seismic hazard associated to an old city centre
nder study is crucial both to outline the orientation principles of its
onservation program and to determine the seismic risk associated
o it, in order to protect more vulnerable areas.

The old city centre of Seixal is located in the Lower Tagus Val-
ey (LTV), one of the most populated and developed regions of SW
beria, as well as the area with the highest level seismic hazard
4]. Located in a passive continental margin, but under the influ-
nce of the convergent relative motion between Africa and Eurasia
lates, the LTV is exposed to very large earthquakes offshore Portu-
al, together with moderate to large events caused by the rupture of
ocal interpolate faults [5]. Fig. 1 shows the morphology of the ocean
oor which is responsible for the high seismicity of the contact area
etween the plates mentioned above.

Since the Benavente earthquake of 1909 with a magnitude of
s6.3 – derived from early seismographic records [7] –, it has been

enerally recognized that LTV fault zone is an important seismic
ource. However, in the instrumental period the LTV had no signif-
cant seismic activity [5]. In the absence of significant instrumental
eismicity, the seismotectonics of the LTV fault zone has been
nferred mainly from geophysical data and historical data. Accounts
f earthquake damage in Lisbon in 1344 [8] may  indicate an onshore
ource for this event [9]. However, only with the Vila Franca earth-
uake of 1531, with magnitude M6.5-M7 and MMI  intensity IX in
isbon and surrounding towns (Fig. 2), was it possible to determine
hat the rupture occurred along the Tagus Valley [10]. The epicen-
ral area of the Setubal earthquake of 1858, with M7.1 [11] was
ocated on the continental platform south of the Arrábida Range,
ot far from the coast [8]. Coeval accounts support the hypotheses
hat the LTV fault zone may  have ruptured in 1975 as consequence
f the destructive offshore M8.5 Lisbon earthquake [5].

According to the Portuguese National Annex of EC8, and due
o the regional seismotectonic characteristics, two scenarios are

onsidered in the Portuguese seismic hazard map  (Fig. 3a): (i) a
eismic scenario labeled seismic action 1, characterizing long dis-
ance severe magnitude earthquakes; and (ii) a seismic scenario
abeled seismic action 2, characterizing short distance moderate

Fig. 1. Rupture zone Az
Heritage 14 (2013) 449–463

magnitude earthquakes. These maps were constructed considering
a reference period of 475 years [12].

Concerning the seismic zonation of the Portuguese territory, the
same two  scenarios are distinguished. In one of these two scenar-
ios, the territory was  divided in 278 mainland counties in function
of a reference peak ground acceleration, agR, corresponding to the
reference period of 475 years. Fig. 3b illustrates the mainland Por-
tugal hazard maps for exceedance probability of 10% in 50 years as
well as the reference peak ground motion acceleration, agR, for the
considered seismic zones. Note that according to this zonation, the
old city centre of Seixal is integrated into seismic zones 1.3 and 2.3
for type 1 and type 2 seismic action, respectively.

2.2. Inspection and appraisal of buildings

As part of the renovation and rehabilitation of this part of the
city, a complete identification and inspection survey of old masonry
buildings was carried out on three different domains:

• architectural typologies and drawings;
• structural and non-structural building features and defects and;
• socio-demographic characterization.

All data were recorded and gathered using detailed inspection
checklists developed in the scope of this research work and used
to survey each construction element (roof, faç ade walls, timber
floors, internal partition walls, services efficiency). The inspec-
tion and diagnosis checklists were structured by building criteria
that have been previously defined in a hierarchic manner (Table 1
presents the purpose of the main checklists developed). This data is
then processed in a database management system integrated into
a GIS application developed to manage, compare and analyze the
information collected. The use of the information gathered in the
database is of particular importance to the seismic vulnerability
assessment of old masonry buildings at an urban scale, as further
explained in Section 4.

This unique opportunity allowed the appraisal, diagnosis and
inspection of building stock dating from the 17th to the 20th cen-

turies, using detailed checklists. The information collected enabled
the seismic vulnerability and fire assessment of the whole building
stock, with diverse construction features. The development of such
a building inventory is a key factor in assessing at such a large scale.

ores-Gibraltar [6].
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Fig. 2. Historical seismicity of the Lower Tagus Valley and surrounding region [5].

Fig. 3. a: mainland Portugal hazard maps for an exceedance probability of 10% in 50 years; b: mainland Portugal seismic zonation with reference peak ground accelerations
per  county.
Adapted from [12].
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Table 1
Main checklists developed for detailed inspection of buildings.

Checklists

A General information of the building
B1  Evaluation of roofs and coverings
B2  Evaluation of external faç ade walls
B3 Evaluation of floor slabs and coverings
B4  Evaluation of interior partition walls, ceilings, windows sashes
C  Evaluation of structural quality and safety
D1  Evaluation of ventilation, salubrity and natural lighting
D2  Evaluation of thermal and acoustic conditions
E1  Evaluation of the efficiency water systems and sewerage networks
E2  Evaluation of the electrical network and telephone wires
E3  Evaluation of fire risk and security
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.3. Implementation of a GIS tool

Risk management of urban areas is in many cases undertaken
ithout the use of a general planning tool. A primary conse-

uence of this aspect is that technicians and decision makers (city
ouncils or regional authorities) do not have a global view of the
rea under analysis, which could compromise the operationally of
heir decisions in terms of rehabilitation strategies and risk mit-
gation measures. This fact justifies the need for a multi-purpose
ool connected to a relational database within a GIS environment,
hrough which it is possible to perform integrated analysis of the
roject and manage data regarding old masonry building stock
haracteristics, conservation states, seismic vulnerability, damage
nd loss scenarios, cost estimation and risk-impact assessment
3].

The GIS application software adopted in this study was ArcGis
.3 [13]. The GIS environment combines geo-referenced graphical
ata (vectorized information and orthophotomaps) with build-

ng parameters information, allowing to store, handle, elaborate,
nalyze and represent spatial variables. In this specific case, each
olygon (corresponding to a building) is associated with several
eatures and attributes allowing their visualization, selection and
earch (Fig. 4). This complex architecture also permits to cor-

elate/compare different sets of data through different actions
ncluding for example: topologic overlay, spatial query, buffering
etwork analysis; often with the help of ortho-rectified imagery
14].

Fig. 4. Database and G
All routines were programmed and compiled in Visual Basic®

and in an ArcGis 9.3-compatible [13] programming language on a
Windows platform. Various modules were developed via numeri-
cal algorithms for different tasks, including: visualisation of general
information and results by zones, vulnerability assessment, dam-
age and loss estimation for different earthquake intensities and
information of the building parameters and features used to esti-
mate vulnerability. All database information associated with the
GIS application can be periodically updated and as such the latter
is a valuable tool for the management of the old building stock,
allowing data storage as well as having the capacity for spatial
analysis enabling the visualisation of data and results for different
earthquake scenarios [3].

3. Types of residential buildings in the old urban centre of
Seixal city

3.1. Framework

Located on the riverbank, Seixal building was adapted to the
conditions of the land, developing till the last century, along a
strip that follows the coastline and bends inland to the south

(Fig. 1). Although the exact conditions and date of its foundation
are unknown, a brief presentation of the historical facts, which sup-
port our interpretation, will be presented next based on historical
documentation.

IS framework.



C. Santos et al. / Journal of Cultural 

M

e
t
a
c
s
a
e
t
t
B

l
t
s
o

d
e
i
[
s

Fig. 5. Aerial view of the old city centre of Seixal.

unicipal Ecomuseum of Seixal.

Concerning the old city centre of Seixal (Fig. 5), three different
xpansion periods have been identified: the oldest one, related to
he original core which developed around the city church square,
s was the case of most of the Portuguese cities, and nowadays
orresponds to the most labyrinthic areas of the urban mesh; the
econd phase related to the expansion along the river, towards east;
nd finally the third phase, in the 20th century, in which the urban
nvironment bends inland [15]. The first two phases correspond to
he formation of the actual riverfront strip of buildings while the
hird and last phase corresponds to the formation of the so-called
airro Novo (Fig. 6).

Another possible interpretation of the urban environment evo-
ution of Seixal may  be observed in a 1988 study developed within
he framework of the church square restoration process [16]. Fig. 7
hows a synthesis of the local cartography, which enables the dating
f some expansion periods.

The urban city centre of Seixal presents a clear overlap of
ifferent construction periods, translated in a considerable het-

rogeneity of the buildings, clearly expressed on the street profile
nventory recently carried out by the Almada Archeological Centre
17], which highlights this aspect. This fact, justified by the con-
tant need to adapt buildings to the requirements of each period

Fig. 6. Evolution of the old city centr
Heritage 14 (2013) 449–463 453

(socio-economical, demographic or constructive), makes the pro-
cess of definition and separation of buildings into different types a
harder task. However, there are constructive, formal and organiza-
tional aspects, which present some repeating patterns. The visible
features on the outside are frequently related to similar internal
aspects. Based on the inspection surveys carried out, it was possible
to typify the old building stock of Seixal.

For the typological classification of the building stock, several
parameters were analyzed and assessed: the building size, config-
uration and volume; number of floors; distribution systems and
internal space organization; building materials and the relative
construction period (note that given the lack of precise informa-
tion about the buildings construction dates, only an internal dating
was possible).

In the old city centre of Setubal, a nearby city, the Direcç ão Geral
dos Ediícios e Monumentos Nacionais (DGEMN) had already con-
ducted a simpler exercise, which aimed at the building typology
identification [18,19]. The results available, reflected in a compre-
hensive and well documented study, with the definition of types
and subtypes of buildings based on minor changes on the faç ade
walls. Similarly, concerning the old city centre of Seixal, several
building types were identified. Five base building typologies, which
strongly relate the origin and the relation between the interior and
the exterior building features, were identified. Firstly, the identi-
fication of the typologies was instinctively related to the metric
and principal faç ade composition (resulting from elements such
as doors, windows, balconies, etc.), and subsequently supported
by reference values obtained from the in situ measurements and
observations.

3.2. Narrow front buildings

In the old urban centre of Seixal, the most common buildings
are organized in simple and small sized units organized in a band
layout presenting a front faç ade with around 4 to 7.5 m width and
one flat per floor. Originally most of these buildings present a two-

floor faç ade, which is systematically subdivided in the principal
faç ade into three opening vertical alignments. The first floor usually
presents a middle larger opening, where a balcony that is built using
one single stone cantilever can be observed.

e of Seixal: expansion periods.
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Fig. 7. Cartographical time-history of Seixal area presen

Regarding its interior organization, these buildings present four
ompartments per floor (Fig. 8a and b). The main entrance leads
irectly to the living room – the biggest compartment of the
wellings and with an opening to the outside and from which is
ccessed the kitchen and the bedroom, spaces with similar areas

nd configurations which are differentiated by the existence of
ome specific elements, such as the fireplace chimney. The floor
lan of the top floor follows the same order. When compared with
he other compartments, the living room is a privileged area, having

Fig. 8. Narrow front buildings: a and b: tridim
 the “Study for the recovery of the church square” [16].

a balcony and a bay window oriented to the street. The remaining
compartments are directed to the rear faç ade. It is important to
stress that buildings with higher depth enable the increase of inter-
nal compartments (Fig. 8c).

The vertical accesses are developed on one of the mid  gable

walls, leaving the remaining area free for the compartments. The
stair position, usually shooting stairs with reduced width, simulta-
neously enables the connection and independence from the floors,
with access to the exterior and the ground floor. In this way, the

ensional model; c: geometric survey.
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Fig. 9. Wide front buildings: a and b: tridimensional model; c a

uilding can be occupied as a whole or, alternatively, be divided
nto two completely independent flats. This situation is reflected in
he principal building faç ade, which has two doors on the ground
oor, one of these invariably placed against the gable wall, to access
he interior vertical access.

These buildings present a parapet wall or eaves. The parapets
ay  have originally arisen in the noblest buildings, being subse-

uently simplified and adopted in current buildings. Except the case
f some particular situations (ex. buildings in corner position with
hree or four sloped), the roofing is typically two sloped. Attic win-
ows are frequently observed as an evolution of the progressive
ccupation of the roof spaces.

.3. Wide front buildings

Buildings consisting of wide front are usually multifamily build-
ngs, with more than 8-m width and two floors with two  flats each.
he distribution system lies in the centre of the building (Fig. 9a and

). The elevations usually show sequences of five openings verti-
ally aligned (Fig. 9c). On the ground floor there is a central opening,
hich leads to the stairs and two other doors with direct access to

he ground-floor flat compartments.

Fig. 10. Row building: a: external view; b: or
external view; e: exemplificative plan of a wide front building.

The interior organization of the floors shows the living rooms
facing the main street, as a hall area, and the kitchens and bed-
rooms located on the opposite side (Fig. 9d and e). As in the previous
model, the reduced number and dimension of the compartments
in each flat is related both with the living styles and the existence
of basic sanitary equipment (sinks, bath, etc.), which fulfill contem-
porary lifestyle needs that nowadays are required.

In these buildings, the vertical access is located in a central
position in order to serve both flats (right and left). Because of its
location in the middle of the floor plan, the high-sloped stairs are
supported over lathwork partition walls.

Due to its bigger dimensions, these buildings appear as a result of
the availability of larger dimension of building lots or of the aggre-
gation of smaller adjacent buildings. This fact justifies the birth of a
new multi-familiar solution, materialized into what some authors
consider a “double house” [20,21].

3.4. Row buildings
In the old city centre of Seixal, there are several urban areas of
row buildings. These sets correspond to the repetition of minimum
units. The first row buildings were built essentially in the early 20th
century as a result of the need to accommodate the new employees

iginal project; c: tridimensional model.
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ho came to work in the booming local industries. The floor plant
exibility, which enabled growth and changeable use of compart-
ents through the simple addition of modules, represented a huge

dvantage for the investors who found in this constructive system
n economic way to accommodate a large number of employees.

The row buildings are visually characterized by a long frontage
nd a continuous roof and trim (eaves or parapet) (Fig. 10a–c).
s shown on Fig. 10a, externally these buildings present regular
nd aligned openings, arranged according to the interior. From
he standpoint of its seismic behavior, a large frontage dimension

ay  be considered vulnerable. In this sense, it is fundamental to
uarantee a good connection between the mid  walls or gable end
alls.

.5. Simple ground floor buildings

The industrial development of the city led to the growth of the
rban mesh in southern direction, resulting in the foundation of
he so-called Bairro Novo and in the emergence of a new type of
uildings with a refreshed image and a new internal organization
Fig. 11a and b). These new buildings belong to the first half of the
0th century and follow the principles of an affordable housing,

imiting the construction to the essential.
The main corridor, which had already appeared for other build-

ng typology, is one of the structural elements of this building type.
nlike the first types where the spaces communicate directly with
ach other, the corridor is in a central position of the plan, linking
ll the compartments.

In Bairro Novo, building walls are made of solid and perforated
red clay bricks that are thinner in comparison with the previous
uilding types, decreasing from 55–5 cm to 30–0 cm.  The build-

ngs are slightly elevated from the street level and at the rear there
re small individual patios and courtyards, accessible through the
itchen.
.6. Singular buildings

In the urban mesh of the old city centre of Seixal, there are some
uildings with particular interesting features, not suitable in none

Fig. 11. Ground buildings: a: geome
Heritage 14 (2013) 449–463

of the classes previously listed. The nobility, history, occupation
or functions of these constructions overtime, make them unique
within the urban mesh.

Buildings of greater nobility become evident either because
of the quality of their construction or because of its external
appearance of different architectural elements, reflecting the high
socioeconomic status of its owners. Externally, these buildings fre-
quently present some distinctive elements such as parapets, friezes,
ceramic tiling, stone balconies, bay windows or rounded wedges.
High inter-story heights are also frequent features in this type of
buildings. The plan is more elaborated: the vertical accesses and the
compartments are wider and in a larger number. The roofing sys-
tem presents more complex solutions, registering the presence of
mansard roof trusses, uncommon in the rest of the building typolo-
gies.

An emblematic example of this typology is the building of the
pharmacy Soromenho (Fig. 12a and b): a single family flat on the
upper floor with a commercial occupation on the ground floor. The
interior decorative aspects are very noble with stuccos and hand
painting decorations. Externally the building presents a parapet
and rounded wedge, covered with ceramic tiling.

The building of the Female School is another singular case
(Fig. 13a and b), associating nobility with specific occupation. Being
one of the tallest buildings in the Luiz de Camões square, it has
a viewpoint over the river on the rooftop. The building also has
a large number of compartments, elaborated finishing details and
high quality construction details, as exemplified by the air-box that
ventilates the timber ground floor.

A synthesis of the different building typologies exposed and
discussedin the old city centre of Seixal is presented in Table 2.

4. Internal systems of access and distribution

4.1. Vertical access
During the building inspections, interesting aspects related to
the interior vertical access were identified, which allowed the
establishment of relationships between the solutions adopted over
time and building types. In general, starting from the primitive

tric survey; b: exterior view.
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Fig. 12. Soromenho pharmacy: 

omposition, there are two types of staircases: shooting stairs
nd stairs with two opposite sloped sections with intermediate
evels.

In the first housing typology presented (narrow front buildings),
he shooting stairs system, which is normally the solution for the
lder buildings, develops against the gable end walls. This system
as only one flight between floors and is characterized by a sharp

nclination generally coinciding with low ceiling heights.
Over time, the stairs have been extended and adapted to build-

ng changes. The increase of the ceiling height, related to issues
f hygiene and salubrity, and the need for comfort were factors
hat contributed to increase the stair width. In buildings with three
oors, the shooting stairs have two flights of stairs with interme-
iate landing. In cases of four floors or three floors and an attic, the

ast flight of stairs is perpendicular to the gable end wall, inflect-
ng direction to the central space. This “L” shaped stairs usually
ndicates that the building increased a floor over time.

The shooting stairs were also used in wide front buildings and

n row buildings, more recent types, in which the vertical accesses
ccupy a central position, while trying to save space and divide the
ats (Fig. 12). “This location is justified by the generalization of wide

Fig. 13. Old female school: a: exteri

unicipal Archive of Seixal.
rior view; b: geometric survey.

front buildings, with two flats – left and right – by floor, attaining struc-
tural symmetry with obvious advantages, for example, for resistance
to the action of earthquakes” [22].

A different stair system corresponds to the introduction of two
opposite sloped flights of stairs, referring to buildings of the early
20th century such as single-family dwellings, multifamily buildings
and row buildings, however varying its location within the floor
plan.

The existence of two  flights of stairs result in the faç ade increase,
due to the greater width compared to the shooting stairs – and
has the advantage of always occupying the same area and posi-
tion, since they overlap in plan, creating a vertical column of access.
Moreover, the required necessary depth is smaller and it is possi-
ble to light the staircase through zenithal skylights since the width
between sections is clear and allows daylight to pass into the build-
ing.

Regarding the shooting stairs, which start immediately after
entering the ground floor, there is a relocation of the vertical

accesses to an interior module, in both situations along the gable
wall or at the axis of the faç ade. This has contributed to the devel-
opment of a receiving area at the entrance floor and allowed the

or view; b: 1912’s blue prints.
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Table 2
Synthesis of the old city centre of Seixal building types.

Description Floor plans Facades front

Narrow front buildings
one flat per floor; three vertical
windows alignments

Wide front buildings
two or more flats per floor; more
than three vertical window
alignments

Row buildings
long facade wall; thin mid  walls;
continuous pitched roof; regular
window openings

Single ground buildings (Bairro Novo)
interior corridor; thinner
compartment walls; use of clay fired
bricks

Singular buildings
ex: noble buildings of the river side
bank

tion of the vertical accesses.

u
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Fig. 14. Evolutive rela

pper floors to create compartments on both fronts, and the stairs
n an intermediate position (Fig. 14).

.2. Horizontal access

Associated to the construction of the early 20th century there
s another element of distribution and access: the corridor. Consis-
ent with the growing need for privacy, the corridor emerges as the
urrent solution for the organization of internal circulations and as
n element of connection/separation of internal spaces (Fig. 15).

The distributing corridor is common in row buildings of Bairro
ovo, organizing all house space distribution. Before the introduc-

ion of the corridor, the main entrance point ruled the housing
ynamics, whether it was the front door, on the ground floor level,

r the stairs landing, on the upper floors. From there, paths allow
he direct passing between compartments, assuming the living
oom (which was commonly crossed) as a common space of pas-
age to other compartments. With the distribution centered in the Fig. 15. Comparison of organization schemes: with and without corridor.



C. Santos et al. / Journal of Cultural Heritage 14 (2013) 449–463 459

 sanita

c
a

4

r
s
s
r
t

o
(
m
n
M
b
t
u
p
o
c

d
f
s
c

t
t
m
b

a
t
s
a
c
l
b

5

5

N

Fig. 16. Building alterations: a: construction of attachments; b: creation of

orridor, spaces gained autonomy and the house gained a reception
rea located at the main entrance.

.3. Main changes to the original types

With time, the buildings were refurbished, expanded or
etrofitted, motivated by the adequacy to comfort and hygiene
tandards, space requirements or adoption of contemporary con-
truction techniques and materials. During the fieldwork, were
ecorded several cases with visible changes from the original, from
he floor plan organization to the exterior faç ades.

The most frequent cases are the construction of attachments
n building faç ades, in the area of patios or internal courtyards
Fig. 16a). Furthermore, also appears the creation of new compart-

ents inside the buildings, changing the original floor plans. The
eed for space or specific areas is the main cause of such changes.
ost of the inspections revealed that there was also the presence of

uilt-in toilets, connected to the sewage system. Very often, under
he attic stairs (or the space above the entrance, on the first floor) is
sed to develop the sanitary facilities, not disturbing the other com-
artments (Fig. 16b). In other situations, these facilities are built
utside the house or from the division of larger area compartments,
hanging internal distribution.

One of the most frequent changes observed is the faç ade ren-
ers and coatings. The replacement of the original wooden window
rames by more recent materials such as aluminum is very expres-
ive, and the use of cement based renders and acrylic or plastic
oats, accelerate degradation in some cases.

The building alterations with greatest impact occur at the struc-
ural level, namely the opening of large glazing areas/windows in
he principal faç ades (Fig. 16c) and the suppression of load-bearing

asonry walls, compromising the shear strength capacity of the
uilding.

Another important structural alteration worth noting is the
ddition of reinforced concrete floors, stairs and roofs, which lead
o the overloading the masonry walls. To the weight of these new
tructural elements, connection issues to the existing structure are
lso a problem. Not always visible, but worth noting, are also the
ases where the steel tie rods were interrupted or disabled at floor
evel of roof ridged level, substantially reducing the overall building
ehavior to horizontal actions (earthquakes).

. Risk mitigation and intervention strategies
.1. Vulnerability assessment and risk evaluation

Part of the broader definition of risk provided by the United
ations Disaster Relief Office, vulnerability may  also be represented
ry facilities under the staircase; c: opening of large windows and glazings.

by a variable in a mathematical formulation used in risk evaluation.
It is agreed by most authors, such as [23–28], that absolute risk
can be expressed as the result of the mathematical relationship
between hazard vulnerability and exposure:

Rie|T = | (Hi ⊗ Ve) ⊗  E|T (1)

where R is the probability of exceedance of a certain level of loss of
an exposed element e, as a consequence of the occurrence of a seis-
mic  event of certain intensity i, H is the probability of exceedance
of a certain level of seismic activity of intensity I, during a specific
recurrence period T, V is the vulnerability, that is the intrinsic pre-
disposition of a certain element e to suffer damage resulting from
a seismic event of intensity I, E is the exposure of the elements at
risk, reflecting the value of the elements exposed [3].

In this case, vulnerability is defined as the seismic vulnerabil-
ity of building to suffer a certain level of damage when subject
to a seismic event of defined intensity [29]. On one hand it
is used to indirectly measure reduction in building structural
efficiency and on the other hand, a building’s residual abil-
ity to guarantee its expected use and function under normal
conditions [3].

The methodology applied in this work, in the evaluation of the
vulnerability of the old city centre of Seixal, is based essentially on
the GNDT II level approach [30], for the vulnerability assessment of
residential masonry buildings. This methodology is based on post-
seismic damage observation and survey data covering a vast area,
focusing on the most important parameters affecting the building
damage, which must be surveyed individually. Overall vulnerabil-
ity is calculated as the weighted sum of 14 parameters used in the
formulation of a vulnerability index. These parameters are related
to four classes of increasing vulnerability: A, B, C and D. Each param-
eter represents a building featured influencing building response to
seismic activity. A weight pi is assigned to each parameter, ranging
from 0.5 for the less important parameters (in terms of structural
vulnerability) up to 1.5 for the most important as shown in Table 3
[3]. Although the vulnerability index value obtained through the
weighted sum of the 14 parameters ranges between 0 and 650, for
easy to used, this value was normalized to fall within the range
0 < Iv < 100.

Despite being based on expert opinion, the definition of each
parameter weight can be a source of uncertainty. Regarding this
aspect, Vicente [27] states that if the inspection of buildings is
carried out in detail and if accurate geometrical information is avail-
able, this method could be considered robust and the uncertainty
in the assignment of vulnerability classes to each parameter could

be accepted [3].

The methodology proposed here requires accurate knowledge
of building characteristics, which can only be obtained via thor-
ough and detailed inspection. In accordance with this, evaluation
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Table 3
Seismic vulnerability index (Iv).

Parameters Class Cvi Weight

A B C D pi

P1 Type of resisting system 0 5 20 50 0.75 Vulnerability index

I∗
v =

14∑

i=1

Cvi × pi

P2 Quality of the resisting system 0 5 20 50 1.00
P3  Conventional strength 0 5 20 50 1.50
P4  Maximum distance between walls 0 5 20 50 0.50
P5  Number of floors 0 5 20 50 1.50
P6  Location and soil conditions 0 5 20 50 0.75
P7  Aggregate position and interaction 0 5 20 50 1.50
P8  Plan configuration 0 5 20 50 0.75
P9  Regularity in height 0 5 20 50 0.75 Normalized

index
0 ≤ Iv ≤ 100

P10  Wall façade openings and alignments 0 5 20 50 0.50
P11  Horizontal diaphragms 0 5 20 50 1.00
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P12  Roofing system 0 

P13  Fragilities and conservation state 0 

P14  Non-structural elements 0 

f vulnerability was undertaken in two phases. In the first phase,
n evaluation of vulnerability index, Iv, was made for those build-
ngs for which detailed information was available (99 out of 504).
n the second phase, a more expeditious approach to the assess-

ent of the remaining buildings was adopted in function of the
ean values obtained from the detailed analysis of the first group,

onsidering the building typologies presented along Section 2 and
ection 3.

As in the case of seismic vulnerability assessment approach,
he fire risk assessment at the urban scale is evaluated in a sim-
lar manner. Four main factors are evaluated through a number of
artial factors that evaluate specifically different aspects related to
re initiation, development and propagation, building evacuation
onditions and fire combat access (Table 4).

The interventions in old city centers should address the reduc-
ion of fire occurrence probability, development and propagation,
imiting fire initiation, containing the fire development and prop-
gation, guarantee of good evacuation as well as fire combat, in
articular accessibility issues. The evaluation of the global fire risk,
RI, is given by Eq. (2):

RI = 1.20 × FGII + 1.10 × FGDPI + GFEE + FGCI

4
(2)

.2. Mitigation of seismic risk and urban fire

The characterization of the building, systematized by the defi-

ition of representative types, and registration of the main changes
ere complementary processes to understand better the case

tudy, and support the important task of the global project: seismic
isk and urban fire assessment. Regarding these specific domains,

able 4
lobal evaluation factors and respective partial evaluation factors [31].

Global Factor 

Risk, FGR Fire initiation, FGII

Fire development and
propagation, FGDPI

Building evacuation,
FGEE

Efficiency, FGE Fire combat, FGCI
20 50 1.00
20 50 1.00
20 50 0.50

such studies are really important on the support of emergency
planning and risk mitigation strategies.

Seismic vulnerability assessment of Seixal buildings carried out
observe that for moderate seismic hazard, as the case of the region
of Vale Inferior do Tejo, the damage level associated with a seismic
event can be raised, due to the high seismic vulnerability of the
building (Fig. 17) [32].

There is a good correlation between the building fragilities
observed and recorded during the building-by-building inspection
campaign and the structural and constructive features. On this mat-
ter, it is important to list the interventions carried out after the
original construction, which negatively influence the seismic per-
formance of buildings, with particular emphasis:

• interruption of the structural system through the opening of win-
dows/glazings at the ground floor;

• the suppression of masonry walls at the ground floor;
• increasing the number of floors and replacing the roofing struc-

ture, by a reinforced concrete structure.

It is important to spatially identify the buildings, which were
submitted to these intrusive changes, regarding to their overall
structural behavior [33,34].

From the set of weaknesses observed and recorded during the
several inspection campaigns, disconnections between orthogonal
walls and faç ade walls, the presence of large-scale fissures, the

degradation and weathering of masonry stand out. Notice the his-
torical, social and cultural importance of these buildings, factors
that emphasize the need for urgent implementation of an inte-
grated program of rehabilitation and refurbishment [35,36].

Partial Factor

Conservation state of the construction (A1)
Electrical installations (A2)
Gas installations (A3)
Nature of fire density load (A4)
Distance between vertical openings (B1)
Security teams (B2)
Fire detection, alert and alarm (B3)
Fire compartmentalization (B4)
Fire density loads (B5)
Building escape routes (C1)
Building geometry and height (C2)
Correction factors (C3)
External fire combat conditions (D1)
Internal fire combat conditions (D2)
Fire brigade and team (D3)
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Fig. 17. GIS result – mapping

Regarding the urban fire hazard, inspections allowed to
bserve the main difficulties related to the outbreak, develop-
ent and spread of fire, as well as combat conditions accessibility

nd evacuation of buildings. The building assessment revealed
onstraints related to the type of function developed, often
omprising a significant risk, motivated by high fire loads and
torage of highly combustible materials and by inadequate pro-

ection of technical electric and gas facilities. Another cause
f concern is the significant percentage of vacant buildings,
hich have high fire loads, being often used for storage pur-
oses.

Fig. 18. GIS result – mapping of t
 seismic vulnerability index.

Concerning the building evacuation, the main difficulties are the
reduced width of corridors and passage units, and the high slope of
the stairs. The fire fighting is compromised by narrow streets and
alleys with tight bending radius. Some buildings have only pedes-
trian access, conditioning the combat and evacuation process. The
accessibility and reliability of fire hydrants are fundamental and for
this case, that does not always fulfill the fire code standards [37].
The most vulnerable building stock to fire risk combines major
structural problems, considerable fire loads, absence or deficiency
of means of detection, warning and alarm, reduced or condi-
tioned accesses. In Fig. 18 it is represented by the mapping of fire

he fire vulnerability index.
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ulnerability index for the riverside area of the old urban centre of
eixal [38].

To reduce the fire vulnerability in the old urban centre of Seixal,
here are a set of measures to be implemented, the first one being
he cleaning of the inside of vacant buildings, alerting owners and
esidents to the consequences in case of fire. The identification of
igher risk areas (buildings with high fire load, higher percentage of
acant buildings, occupied by inhabitants with reduced mobility),
ith narrow accesses and the maintenance and strategic location

f fire hydrants allow more efficient planning of emergency and
re fighting operations.

As referred, the change of use or functionality of these build-
ngs is common. The problem lies in the adaptation of the building
o the new functions. For example, there are small business ser-
ices operating without any concern to adapt the building to new
equirements or protection measures to minimize fire hazard. It
s not possible for the old buildings, due to their features, to
espect all the fire code regulations associated with the absence
f a defined classification of old materials. However, rehabilitation
ctions should be based on the best adaptation to the existing and
ot prescriptive adaptation of the buildings to minimize the fire
isk.

.3. Strategy for the conservation and structural and
on-structural rehabilitation

The seismic and urban fire risk assessment, in addition to serving
n the support of emergency planning, also supports the rehabilita-
ion actions. For such, it is important to evaluate before intervening,
dentifying the constraints of the various building types with regard
o reoccupation salubrity levels and structural safety.

Conservation and rehabilitation actions should be guided by
espect and safeguarding of the heritage, through interventions
onsistent with the traditional construction techniques and materi-
ls. This principle should apply both to the structural rehabilitation
nd non-structural rehabilitation to avoid accelerated degradation
rocesses originated by the interaction of different construction
echnologies and materials.

Sustainable rehabilitation involves a global intervention on
alls, floors, glazings, etc. For instance, roof rehabilitation implies

aising the roof, retrofitting or replacement of structural elements,
eplacement and realignment of the secondary support structure
timber rafters and purlins), replacing tiles or slates and installing
nsulating and waterproofing layers.

Urban rehabilitation goes beyond heritage and historical issues,
ncluding a social and economic dimension. Revitalizing cities mini-

izes the desertification and marginalization due to the physical
nd social deterioration of urban space. In Portugal, there are some
ood examples of sustainable interventions in old urban centres,
amely the cases of Guimarães, Porto, Évora and Beja. In Beja, for
xample, the Local Technical Office has developed a “Safeguard-
ng and Recovery Plan of the Historical Centre” (1982), defining
hree important strategical objectives: to protect the building from
emolition actions and mischaracterization, to privilege conserva-
ion or substitution, promote and support rehabilitation as a way
f ensuring the future of the historical centre [27].

Additionally, public equipment, infrastructures, effective trans-
ort system and activities, able to hold the population interest,
ust be guaranteed as a part of a sustainable and revitalizing strat-

gy integrated with the risk management policy.
. Final conclusions

From the research carried out in the old urban centre of Seixal,
everal types of buildings can clearly be defined: with narrow
Heritage 14 (2013) 449–463

front, wide front, row, ground floor and singular buildings. In
all types there were variations due to changes of structural and
non-structural elements, particularly the faç ade [39]. Typifications
assumed greater importance, allowing to organize and systematize
the knowledge on the old building stock.

The evolution of buildings over time leads in general to the
increase of the area and number of compartments. Simultaneously,
multifamily models began to be used, such as the left right build-
ing and housing bands. The time of industrial growth has led to the
development of other type of building – the ground floor single-
family dwelling in Bairro Novo.

In a later stage, second half of the 20th century, took place the
adaptation of building spaces to the new demands of comfort and
hygiene, leading to better lighting and ventilation conditions and to
the introduction of sanitary facilities. Some interventions not com-
patible with the original solutions and materials such as cement
based renders, plastic coatings and aluminium window frames,
have distorted the image of the old building stock and are cata-
lysts of accelerated degradation processes. Other changes have an
impact due to the structural consequences, for example the open-
ing of large spans for windows/glazings in the front wall or the
suppression of resistant elements at the ground floor level, often
resulting from the change of use of the building. These changes of
use or occupation of a building are acceptable as long as they don’t
motivate structural and architectural intrusive interventions and
are properly guided [40].

The old urban area has suffered from temporally unframed alter-
ations that are not compatible with the traditional construction
techniques. This trend should be stopped under the risk that in the
near future the number of buildings intervened in such a manner
can compromise the authenticity of the old building stock. To pre-
vent this from happening, it is essential to define correct strategies
of rehabilitation for the whole urban area or specific zones as a way
to preserve and qualify the urban heritage.

To carry out the conformed action of urbanism and architec-
ture is essential to know beforehand the cities’ urban evolution
and the architectural and constructive features of the buildings
and internal compartment distribution, as well as the changes and
systematic defects, intervening in consciousness with the past and
commitment to the future.

It should be noted that this work of typification and assess-
ment of seismic and fire risk of the building should be seen as a
starting point for the implementation of local policies of interven-
tion, reversing the current degradation process of the old building
stock. It is urgent to create specific legislation to safeguard heritage,
outlining guidelines, defining building management and urban risk
mitigation strategies and levels of action, establishing criteria for
the intervention in these old masonry buildings.

The following steps to be taken in the future: development of
the framework and validation of a comprehensive database and
improved GIS tool for local authorities responsible for urban reha-
bilitation and renewal processes; integration and update strategy
of this database within a GIS environment for risk management of
buildings; prompt creation of earthquake and urban fire scenar-
ios validated by decision makers and technicians for urban areas,
enabling the estimation and forecasting of direct and indirect eco-
nomic and physical impacts.
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intervenç ão, Ediç ões Orion, 2003.

23] C. Caicedo, A.H. Barbat, J.A. Canas, Vulnerabilidad sísmica de edificios, Moni-
grafía CIMNE IS-6, Barcelona, 1994.

24] O.D. Cardona, “Estimación holística del riesgo sísmico utilizando sistemas
dinámicos complejos,” PhD Thesis. Universitat Politècnica de Catalunya.
Barcelon, Spain, 2001, (in Spanish).

25] A. Coburn, R. Spence, Earthquake protection, Wiley Online Library, 2002.
26]  R.K. McGuire, Seismic hazard and risk analysis, Earthquake Engineering

Research Institute, 2004.
27] R. Vicente, “Estratégias e metodologias para intervenç ões de reabilitaç ão
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