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ABSTRACT 

Urban risk mitigation is a priority in cities management due to the severe consequences and costs that 

disasters can carry on. Several efforts are focused in prevention through the definition of pre-disaster 

actions, especially in high vulnerable urban areas. In that sense, historical centers represent one of the 

main challenges for risk mitigation, due to two inherent characteristics: their heritage value, related with 

their historic importance, economic role and social symbolism; and their high vulnerability, due to their 

condition of old urban areas, usually complex in terms of architectonic, constructive and urbanistic 

development. Considering the abovementioned, the present investigation is focused on fire risk 

assessment of two historical centers: Quito, in Ecuador, and Guimarães, in Portugal. Both assessments 

are developed through the application of ARICA simplified methodology. Since Quito case study is at 

least 20 times bigger than Guimarães, a multi-scale adaptation had to be considered in order to 

encompass this great difference. Thus, a neighborhood scale is considered for Guimarães, with a 

building-by-building assessment, and an urban scale for Quito, through a neighborhood-by-

neighborhood assessment. The evaluation includes the integration of the results into a geographical 

information system tool (GIS), through which the urban risk is adapted and analyzed in spatial terms. 

The present investigation intends to set the first step towards the application of real interventions to 

reduce urban vulnerability. The results presented aim to conform a practical tool, addressed to city 

councils and pertinent authorities, in order to ease planning and designing of specific actions, within the 

framework of city management taking into account fire risk. 
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RESUMO 

Atualmente, a mitigação de riscos é uma prioridade no planeamento e na gestão das cidades devido 

às potenciais consequências, humanas e económicas, que podem advir da ocorrência de desastres de 

origem natural e humana. Têm sido levados a cabo vários esforços focados na prevenção através do 

planeamento de ações pré-desastre, especialmente em áreas urbanas altamente vulneráveis. Nesse 

sentido, os centros históricos representam um dos principais desafios para a mitigação de riscos, devido 

principalmente a dois fatores inerentes à sua evolução: o seu valor patrimonial, relacionado com a sua 

importância histórica, papel económico e simbolismo social; e sua alta vulnerabilidade, devido à sua 

condição de áreas urbanas antigas, geralmente complexas em termos de desenvolvimento 

arquitetónico, construtivo e urbano. Tendo em conta o exposto, o presente estudo centra-se na 

avaliação do risco de incêndio em dois centros históricos: Quito, no Equador, e Guimarães, em 

Portugal. Ambas as avaliações são desenvolvidas através da aplicação da metodologia ARICA 

simplificada. De forma a ultrapassar a acentuada diferença de escala entre os dois casos de estudo, 

considerou-se uma adaptação multiescala. Assim, foi considerada uma escala do bairro para 

Guimarães, com a avaliação individual de cada construção, e uma escala urbana para Quito, através 

de uma avaliação “bairro a bairro”. Os resultados obtidos de ambas as avaliações são integrados num 

sistema de informação geográfica (SIG), permitido desta forma analisar de forma espacial e integrada 

os diferentes fatores que contribuem para o risco de incêndio. A presente investigação pretende ser um 

primeiro passo para a aplicação de intervenções apoiadas de redução da vulnerabilidade e, nesse 

sentido, os resultados apresentados procuram constituir-se como uma ferramenta prática, dirigida aos 

municípios e às autoridades relevantes, capaz de facilitar o planeamento e a definição de ações 

específicas no âmbito da gestão das cidades em matéria de risco de incêndio. 
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RESUMEN 

Actualmente la mitigación del riesgo urbano es una prioridad en la gestión de ciudades debido a las 

graves consecuencias y costos que los desastres pueden acarrear. Varios esfuerzos se centran en la 

prevención mediante la planificación de acciones pre-desastre, sobre todo en áreas urbanas de alta 

vulnerabilidad. En este sentido, los centros históricos representan uno de los principales desafíos para 

la mitigación del riesgo, debido a dos características inherentes: su valor patrimonial, relacionado con 

su importancia histórica, papel económico y simbolismo social; y su alta vulnerabilidad, debido a su 

condición de áreas urbanas antiguas, generalmente complejas en términos de desarrollo 

arquitectónico, constructivo y urbanístico. Tomando en cuenta lo mencionado, la presente investigación 

se centra en la evaluación del riesgo de incendio desarrollada en dos centros históricos: Quito en 

Ecuador y Guimarães en Portugal. Ambas evaluaciones se desarrollan a través de la metodología 

ARICA simplificada, utilizada en investigaciones previas en el centro histórico del Seixal, Portugal. Sin 

embargo, se consideró una adaptación multi-escala para abarcar los diferentes tamaños: el estudio de 

caso de Quito es, al menos, 20 veces mayor que el de Guimarães. Así, se considera una escala de 

barrio para Guimarães, con una evaluación de edificio por edificio y una escala urbana para Quito, a 

través de una evaluación de barrio por barrio. La evaluación integra los resultados en una herramienta 

del sistema de información geográfica (SIG); de esta manera, el panorama de la exposición al riesgo 

se adapta a términos espaciales. La presente investigación pretende establecer el primer paso para la 

aplicación de intervenciones reales para reducir la vulnerabilidad. Los resultados presentados buscan 

conformar una herramienta, dirigida a ayuntamientos y autoridades pertinentes, para facilitar la 

planificación y el diseño de acciones específicas, dentro del marco de la gestión de ciudades en materia 

de riesgo de incendio.  
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CHAPTER 1: INTRODUCTION 

 
Urban risks are main concerns in the large-scale management of cities. The understanding of these 

phenomena is crucial for the prevention and mitigation of disasters, especially in historical city centers 

due to the vulnerability of its complex morphology. Through history, many catastrophes such as fires, 

floods and earthquakes have devastated plenty of unrecoverable areas, leading to heavy human and 

material losses. This fact is more than a valid reason to promote planning, prevention and mitigation 

strategies. Any intervention related to rehabilitation or requalification of a historical building (or group of 

buildings), demands a deep study of the architectonic and urban characteristics, in order to guarantee 

the maintenance of cultural, social and economic heritage.  

The present thesis, within the framework of the master in Structural Analysis of Historical Constructions 

(SAHC), focuses on the study of fire risk mitigation. The work is developed through two levels of 

application, differentiated by its scale: the historical centers of Guimarães and Quito, both declared as 

Cultural Heritage of Humanity by UNESCO. 

The first level is based in the Integrated Project developed by the group U7 of the ELARCH program in 

the Historical Center of Guimarães. Since its declaration as Cultural Heritage of Humanity by UNESCO 

in 2001 and European Cultural Capital in 2012, the historical center had multiple interventions in different 

scales aiming the conservation of its tangible heritage. The first level is a neighborhood scale approach, 

performed through detailed in situ inspections, public surveys and information collected on-field. The 

research identified areas most vulnerable to fire risks through a 7 months on-field work. It was carried 

out through the study of typologies and constructive characteristics of buildings, lifting of the state of 

conservation of each of the properties evaluated, analysis of vulnerabilities and risks associated to urban 

fires using the methodology of fire risk assessment implemented by (Romeu, JAR, Varum, & Guimarães 

da Costa, 2010) together with the current regulations of Portugal. The data collected is processed and 

compared through multivariable information in order to stablish accurate causes of the fire risk index 

obtained. 

The second level is carried out in the historical center of Quito, Ecuador. Despite of its location, exposed 

to volcanic hazard, floods and seismic activity, is recognized as one of the largest and well preserved 

historical centers in Latin America. Its original grid pattern is preserved since colonization, where the 

urban organization had to adapt itself to the complex topography of a city surrounded by mountains. In 

fact, with few exceptions, the original layout from its foundation in the sixteenth century is still preserved 

and can be identifiable in the core of the center. In 1978, UNESCO declared Quito as Cultural Heritage 

of Humanity; since then, several preservation and risk assessment studies have been performed. In this 

thesis, an urban scale assessment is performed, based on previous vulnerability studies and information 

compilation. The methodology is adapted to evaluate data in an urban scale, embracing 15 

neighborhoods in approximately 325 ha.   
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1.1   OBJECTIVES  

The main objective of the present Thesis is developing a Fire Risk Assessment for the Historical Centers 

of the cities of Quito and Guimarães, due to their importance as Humanity World Heritage Sites declared 

by UNESCO and outstanding old urban areas for their cities. 

The main objective is divided in two groups of sub-objectives, established for each case of study. 

 

1. Guimarães Case Study 

 Develop a historic contextualization of the study area (including urban evolution, 

constructive logics and architectural typology) through the compilation of historical 

documents and contemporary investigations, in order to understand the functioning of 

Guimarães Historical Center and establish coherent strategies for its analysis. 

 Establish a detailed data base of buildings inside the historical center through on-site 

information compilation and surveys, in order to build a reliable information system to be 

analyzed under a Fire Risk Methodology, avoiding loss of accuracy. 

 Assess the Historical Center through simplified ARICA Fire Risk Methodology, in order to 

obtain Risk Indexes used to categorize most exposed buildings to fire and the main causes 

of their vulnerability.  

 Develop a spatial analysis of the results through a geographical information system tool 

(GIS), in order to identify the exposed buildings and vulnerable areas inside a referenced 

map, allowing to set a complete global spatial tool for future interventions. 

 

2. Quito Case Study 

 Develop a historic contextualization of the study area (including urban evolution, 

constructive logics and architectural typology) through the compilation of historical 

documents and contemporary investigations, in order to understand the functioning of Quito 

Historical Center and establish coherent strategies for its analysis. 

 Determine a data base of the historical center through the selection of representative 

buildings, taking into account architectural and constructive values that represent as 

accurate as possible the reality of the historical Center of Quito, in order to build a reliable 

information system to be analyzed under a Fire Risk Methodology. 

 Assess the Historical Center through simplified ARICA Fire Risk Methodology in order to 

obtain Risk Indexes used to categorize most exposed neighborhoods to fire and the main 

causes of their vulnerability.  

 Develop a spatial analysis of the results through a geographical information system tool 

(GIS), in order to identify vulnerable areas inside a referenced map, allowing to set a 

complete global spatial tool for future interventions. 
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1.2   THESIS ORGANIZATION 

 
The present thesis is divided in 8 chapters. Fire Risk Assessment is separated on an individual chapter 

for each case study (see Chapter 4, 5), then, a discussion of both cases is developed in Chapter 6, as 

a conjugation of both analyses. The organization of the work is presented as the following: 

 

Chapter 1 presents a brief contextualization of the thesis work, including an introduction to the cases of 

study, objectives and organization.  

 

Chapter 2 is dedicated to the discussion of the problematic of Fire Risk in old urban areas, through the 

framing of past disasters occurred, the vulnerability of historical centers and the clear advantages of 

pre-disaster actions. 

 

Chapter 3 is dedicated to point out the main differences between the two levels of approach (one for 

each case study). The methodological particularities, study zones and their scope are summarized in 

the approaches tables (see Table 1 and 2) for Guimarães and Quito. 

 

Chapter 4 focuses on Guimarães case study, starting with its historic, urban, architectonic and 

constructive development. Then, it is presented the Fire Risk Assessment for the study case, carried 

out through on-site information compilation and building by building evaluation. The discussion includes 

work organization and the information sources used. Finally, is a presentation and discussion of the 

results.  

 

Chapter 5 is dedicated to Quito case study, following the same scheme of the previous case; starts with 

a framing of historic, urban, architectonic and urban context. Nevertheless, on the Fire Risk assessment 

sub-chapter are pointed out the particularities of the Urban Scale Assessment, including methodology 

considerations, representative buildings for neighborhoods areas and information sources. At the end, 

the results are discussed and, as a closure, the FRI indexes are compared with some Vulnerability 

Indexes developed for the city of Quito (Robert D´Ercole, 2004). 

 

Chapter 6 is dedicated to discussion of the two cases of study, considering their similitudes in the 

methodology and important differences due to their context and scale. The chapter is organized through 

three lines of comparison: Approach, Advantages and Difficulties and Scope. 

 

Chapter 7 and 8 are focused on conclusions for the entire work and references, respectively. 
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CHAPTER 2: FIRE RISK IN HISTORICAL CENTERS 

 
Destruction caused by disasters is increasing every year due to unplanned urban expansion and 

inefficient government´s administration. On average, around 82,000 people are killed annually by 

disasters, with most fatalities concentrated in low- and middle-income countries (Dickson, L. Baker, 

Hoornweg, & Tiwari, 2012). In that sense, urban areas suffer more severe damages than rural 

settlements due to their higher occupation density. According to the World Bank, nowadays more than 

half of the world´s population lives in cities, with an expected increase of 2 billion people in the next 20 

years; an exponential growth that entails to a fast urbanization process. In fact, much of the city 

settlements are developed in high risk areas, as the result of a fast and improvised urbanization 

accompanied by increased competition for land, a gradually decreasing vegetation cover, changes in 

land use, and higher variability in natural environment due to climate change. Furthermore, besides 

anthropogenic hazard, climate change aggregates huge challenges to city planning associated with 

different sources of danger, from geophysical to biological hazard, as it is presented in Figure 1. 

  

 

Figure 1: Natural hazards (Adapted from: Centre for Research on the Epidemiology of Disasters, 
2010) 

 

Urban management is often reactive to disasters, while prevention is almost not taken into account. 

Technical, institutional and financial efforts are focused on post-disasters actions, leaving as a result a 

lack of knowledge and resources on pre-disaster plans and preventive initiatives.  

There are many historical incidents showing the high cost of non-prevention, such as Chile and Haiti 

earthquakes in 2010. Despite differences in terms of intensity (Chile´s earthquake released 500 times 
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more energy than Haiti´s) human losses in Haiti ascends to 200,000 people compared to 528 people in 

Chile. Besides, the massive destruction in Haiti produced economic losses equivalent to 120% percent 

its GDP (Gross domestic product). “Chile has invested in an earthquake-response system and has 

mandated retrofitting of existing structures and earthquake-resistant designs for new structures. 

Conversely, planning, disaster preparedness, and earthquake-resistant building codes were nonexistent 

or outdated in Haiti” (Dickson, L. Baker, Hoornweg, & Tiwari, 2012). This comparison highlights the 

enormous benefits of proactively plans and construction regulations, in the case of Chile, meant a 

substantial advantage avoiding material and human loses.  

Besides geophysical hazard, fire is a significant threat for urban settlements. Throughout world history, 

there are many cases of fires of high proportions, with severe economic and social consequences. 

Among these, the great fires of London and Chicago are two of the most striking ones, caused almost 

total destruction of both cities and plenty of human losses.  

 

    

(a)                                                                      (b) 

Figure 2: Chicago fire in 1871. (a) Ilustration of fire and (b) Photography post-fire 

(Source: https://www.nationalgeographic.org/news/chicago-fire-1871-and-great-rebuilding/) 
 

Consequently, in the framework of prevention actions to reduce risk, the present work focuses on fire 

risk mitigation of historical centers, urban areas especially complex due to its vulnerability and heritage 

value. On the one hand, proclivity to vulnerability is associated to their old nature; some of the main 

characteristics are combustible materials present in traditional buildings, high density of constructions 

with narrow unobstructed street widths, inadequate adaption of buildings for non-residential purposes 

and the existence of old electrical installations (Ferreira, et al., 2016). On the other hand, old historical 

centers are characterized for their high heritage value, due to the monuments and historical 

constructions within them, generally, full of attributes of universal importance. As a comparative study, 

the thesis considers two case studies, both historical centers declared as Cultural Heritage of Humanity 
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by UNESCO: Guimarães in Portugal and Quito in Ecuador. The historical center of Guimarães was 

inscribed in the UNESCO World Heritage List in 2001, due to its unity and well-preserved condition, 

including traditional construction systems, architectural typologies (covering the evolution of the city in 

different periods) and its integration in the landscape. According to ICOMOS (ICOMOS, 2001), the 

attributes of the city fulfilled the following criteria: 

 Criterion iii

The early history of Guimarães is closely associated with the establishment of Portuguese

national identity and the Portuguese language in the 12th century.

 Criterion iv

An exceptionally well-preserved town, Guimarães illustrates the evolution of particular building

types from the medieval settlement to the present-day city, and particularly in the 15th–19th

centuries.

Regarding the historic center of Quito, it was inscribed in the World Heritage List in 1978. Despite of 

being one of the largest historical centers in Latin-America, it is also one of the most well preserved, 

with a central area with no major changes since 16th century. According to ICOMOS (ICOMOS, 2001), 

the declaration was based on the following criteria: 

 Criterion ii

From the Spanish founding the original urban trace is preserved, which had to adapt to an

irregular topography; the existing architectural complex in the historic Centre maintains its

authenticity with few modifications. These patterns had a great influence on other cities of the

Royal Audience of Quito, and were the product of native and mongrel labor.

 Criterion iv

The Historic Centre of Quito is an example of Hispanic city in American territory that had to be

incorporated to a specific topography, this natural element was very important in urban design

and in the construction of buildings and streets. The first religious monumental buildings were

built with high quality techniques and materials, the facades were executed with a great artisan

skill under the influence of mannerist patterns and the central naves were covered with the

exceptional Mudejar coffered loop type.

The two countries, and the two areas studied in particular, are not exempt of fire disasters in the 

past; in the city of Guimarães, press articles reveal a total of 9 fires registered in the past 11 years, 

three of them were located in the historic center (See Figure A-2). In the case of Quito, press 

articles taken from 1970 to 2016 reveal fire as one of the main typology of disaster registered 

(Erazo Espinoza, 2009). In fact, most of the accidents are focused on the center of the city, several 

explosions and fires occurred due to its nature of non-industrial, most of the center is occupied by of 

houses, cellars and small commercial locals (Estacio, 2009) . 

It’s important to mention that the collection, developing and sharing of hazard-related information will 

benefit emerging programs in the four phases of risk management: risk reduction, preparedness, 
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response, and recovery (Dickson, L. Baker, Hoornweg, & Tiwari, 2012). For this reason, mapped 

information, survey data collected and risk assessment presented in this thesis, represents a first step 

to develop prevention plans that may be used in future to reduce the degree of exposure of the cities 

studied.  
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CHAPTER 3: MULTI‐SCALE FIRE RISK ASSESSMENT  

 
To avoid inaccurate data, risk assessment is usually based on in-situ inspections and on-field 

compilation of information. However, when dealing with a large number of buildings and over an urban 

center or region, the quantify of resources necessary to perform it (human resources, data availability 

and time) make this kind of approach technically infeasible. Thus, risk assessment has to be performed 

based on assumptions, which, even when carefully considered, naturally affect the accuracy of the 

results and therefore more expedite approaches results more adequate. 

Two assessment levels are addressed in the present thesis, related with two case studies: Guimarães 

and Quito. Since the historical center of Quito at least 20 times bigger than the old city center of 

Guimarães, the main difference between them lies in the application scale of the fire risk assessment 

approach adopted in this work, which had to be adjusted in order to embrace such area.  

On the first level, the assessment is performed through in situ analysis. In this level, the information 

gathered is limited by the relation between the building and its immediate context. Construction 

characteristics, urban morphology and fire management capacity is described for each one of the 

buildings. The result is a high detailed panorama of the area of the old city center of Guimarães, where 

the specificity of the information allows to find sources of fire easily identifiable.  

The second level is performed through the compilation of existing information. Due to the size of the 

historical area, the assessment considers the “neighborhoods” as the most specific areas of analysis. 

In this level, the neighborhood´s information is contextualized to the relation with the city. Urban 

morphology, building characterization, demographic data and fire management capacity are obtained 

from previous studies carried out in the city of Quito, resulting in less specific and detailed outputs. 

 

 

Figure 3: Different assessment scales: from building to city 
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3.1 LEVEL 1 APPROACH 

The methodology used for the case of Guimarães is a simplified version of the ARICA methodology 

(Avaliação do risco de incêndio em centros urbanos antigos), originally developed for the assessment 

of the old city center of Seixal, Portugal (Ferreira, et al., 2016). The original ARICA method aimed to 

evaluate individual constructions considering the same level of exposure for historical and contemporary 

urban areas; evaluating old buildings with the Technical Security Regulation against Fire in Buildings 

published in 2008. Thus, the simplification of the methodology aimed principally to embrace an urban 

area beyond a singular building, accelerate the compilation of information and to optimize the risk 

evaluation.  

The simplified methodology is composed of two global factors: Global Risk Factor (FGR) and Global 

Efficiency Factor (FGE). The FGR have three sub-factors, related with fire ignition (SFI), related with fire 

propagation (SFP) and related with evacuation (SFE). On the other hand, the FGE considers the fire 

combat with only one sub-factor (SFC). At the same time, every sub-factor is related with a series of 

partial factors, identified in Table 1. 

Table 1:Fire Risk assessment methodology - Level 1 approach 
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3.2  LEVEL 2 APPROACH 

 
The case study of Quito was analyzed through the same simplified version of ARICA methodology. 

However, some considerations had to be done to compensate the scale of the city and the limitations 

of the methodology itself. The historical center was divided in neighborhoods, respecting the same 

borders considered by UNESCO in the declaration as World Cultural Heritage (Figure 4)  

To embrace the historical center extent, instead of a building by building assessment, a group of 

buildings were selected as representatives for constructive and morphological characteristics for each 

neighborhood. The selection was based in the previous selection in City of Quito, An architectural Guide 

(Consejería de Obras Públicas y Transportes de la Junta de Andalucía, 2004). On the book, a group of 

buildings are selected from the city as representatives, regarding historical, constructive, artistic and 

architectural importance. This thesis focuses on a deeper selection of historical center constructions. 

Further details on the selection criteria are discussed in Chapter 5.4. 

 

 

Figure 4: Neighborhoods of Quito´s Historical Center 

 

Regarding the methodology, the application of factors, sub-factors and partial factors remained the same 

as the applied on the Level 1 case study. Moreover, in order to evaluate the FRI in a neighborhood 

scale, the demographic information applied in the methodology was taken from the 2010 Census and 

indicators for Territorial Planning of 2013 of the Metropolitan District of Quito (Alcaldía de Quito, 2017)  
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as is shown in Table 2. The demographic information includes, population, general standards of poverty, 

average conditions of housing and average access to services per neighborhood. 

Table 2: Fire Risk assessment methodology - Level 2 approach 

 
Due to the early declaration as World Cultural Heritage Site, several vulnerability studies have been 

carried out in Quito´s Historical Center. Regarding risk assessment, the Metropolitan Direction of 

Territory and Housing developed the study “Vulnerability of the Metropolitan District of Quito” (Robert 

D´Ercole, 2004). From this pre-existing information, a comparative analysis with specific vulnerability 

conditions regarding accessibility, crisis management and FRI index is developed in this thesis. Further 

details are presented in Chapter 5. 

3.3  FINAL REMARKS 

 The fire risk assessment approach applied in both historical centers is a simplified version of 

ARICA methodology. However, some modifications had to be considered in order to embrace 

different scales of the cases of study: in Guimarães at a single building/neighborhood scale and 

in Quito at the urban scale (composed by several neighborhoods).  

 The main difference between these two levels of approach is the procurement of information. In 

the case of Guimarães, data is obtained through on-site inquiries and inspection; thus, there is 

a detail panorama of each one of the buildings within the study area. In the case of Quito, 

information is obtained through previous investigation (Representative buildings from City of 

Quito, An architectural Guide) and demographic data for territorial planning. Then, it is 

expectable and acceptable that the final assessment results could be less accurate than in the 

previous case. 
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CHAPTER 4: GUIMARÃES CASE STUDY 

 
The municipality of Guimarães is located in the northern region of Portugal, in the Minho region, 

specifically in the district of Braga. It has a surface of 242.85 km2 with a total of 48 parishes. With a total 

population of 158124 people, Guimarães is presently the fifth most populated municipality in Portugal  

The Historical Center of Guimarães was declared Cultural Heritage of Humanity by UNESCO in 2001. 

According to ICOMOS, as Advisory Body Evaluator, the city center of Guimarães was inscribed on the 

World Heritage List under the consideration of criteria ii, iii, iv. Criteria ii corresponds to the significance 

of the specialized building techniques developed during the Middle Ages. Criteria iii has to do with the 

history of the city and its importance with the establishment of Portuguese national identity and the 

Portuguese language. Finally, criteria iv is related with the exceptional level of preservation of the town. 

 

 

Figure 5: Largo do Toural, considered the heart of the city 

 
The Historical Center of Guimarães dates from the 10th century. It started as a two elements settlement, 

a monastery and a fort, one in the valley and the other in the hill, respectively. Through centuries, these 

two focal points have continued to grow until they conformed the walled city in the 13th century. 

This core area, which nowadays corresponds to the UNESCO acknowledged area, is surrounded by a 

buffer zone of 45 ha, corresponding approximately to the construction typology of 20th century.  

(ICOMOS, 2001). Nowadays, the population in the core zone is about 1000 people and the buffer zone 

1850 inhabitants. 

According to ICOMOS report, the Historical Center of Guimarães has numerous building from different 

periods that maintain their original constructive characteristics, despite of the change of uses, 



Multi-scale fire risk assessment and mitigation in urban areas

 
 

 

Erasmus Mundus Programme 

14              ADVANCED MASTERS IN STRUCTURAL ANALYSIS OF MONUMENTS AND HISTORICAL CONSTRUCTIONS                      
 

modifications and technology changes. Moreover, there’s plenty of monuments settled around the city 

besides the castle and the original monastery, such as palaces (The Palace of the Dukes of Bragança), 

churches (Nossa Senhora da Oliveira) and convents.  

 

 

Figure 6: Praça de Santiago, in the Historical Center of Guimarães 
(source: http://static.panoramio.com/photos/original/16445558.jpg) 

 
 

4.1  URBAN DEVELOPMENT 

 
Guimarães is a city of medieval origin, recognized by its importance in the establishment and 

development of Portugal as a country. During the 5th century, around years 959 and 968, Countess 

Mumadoma Días ordered to build a “Monastery of monks and nuns of Santa María, São Salvador and 

all saints” in her lands of Vimaranes. In year 986, a castle is built in a hill nearby. The castle was thought 

to protect the monastery from the constant attack of Normans and Moors (Ferrão & Ferrão, La evolución 

d ela forma urbana de Guimarães y la creación de su patrimonio edificado, 2007).  

The two constructions, opposed in uses, typology and location – the castle, a military architecture on 

the hill and the monastery, a religious construction on the plain – constitute the two development cores 

of the city. Years later, these areas were considered as de high village and low village, respectively. 

Both grew gradually until the conformation of the embryo called Guimarães, as it is shown in Figure 5. 

During the 11st century, King Alfonso VI de León offers the county to Count Don Henrique de Borgoña, 

as a gratitude present for his help in the conquer of Valencia. Afterwards, the Count marries Doña 

Teresa, legitimate daughter of the king, and both settle up in Guimarães, in that time, the most important 

city of the county. 

Around the year 1111, their first son Alfonso Henriques is born; he would become the first king of 

Portugal in the future. In the 24 of June 1128, Afonso Henriques confront her mother and the County of 

Trava of Galicia in the battle of San Mamede, close to the castle of Guimarães. This battle would be the 
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start of the Portuguese nation, where Don Alfonso was defending the independence of Portucalem from 

kingdom of León y Galicia. 

The declaration of independence of Portugal dates from 1139. However, Don Afonso Henrique was 

declared as king of Portugal years later in 1179, under the permission of the Pope Alexandre III. In that 

time, Guimarães was proclaimed as the kingdom’s capital. In consequence of that declaration, many 

nobles settled in town and numerous houses were built. Besides, the convent was transformed in a 

prestigious Collegiate under the donations and collaborations of kings and nobles. Thanks to the 

development, the number of pilgrims going to the city increased rapidly; most of them, compromised 

devotes of Virgem Santa María de Oliveira. 

Around 1279, in a city of Guimarães with no more than 2250 habitants, king Dionisio I has ordered the 

construction of a peripheral wall to surround the Convent and the Castle and to cover the entire 

population inside. Besides, street Santa Maria is built in order to join the two cores of the city, in that 

way, the walled city is conformed (Figure 7). 

 

 

Figure 7: Embryo of Guimarães, from 950 to 1279 

 
The occupation process outside the wall began with the settlements of the Franciscans in 1290. An 

extension of the city continued to the exterior, while the city inside wall remained practically unchanged 

until the 19th century, maintaining therefore the original settlement of century XV. On the first half of the 

19th century, most of the works of the first master plan of urbanization are executed. The plan was 

originally proposed in the 18th century. (Ferrão & Ferrão, 2007) 
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Figure 8: The village of Guimarães from 1279 to 1498 

 

 

 

 

Figure 9: The village of Guimarães from 1498 to 1750 
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In 1853, Dona María II elevates the village of Guimarães to the category of city and authorizes the 

removal of the city walls. In that way, the city goes through one of the biggest changes, under new 

norms of hygiene and urban design. After the demolition of the walls, the largos and avenues are built 

surrounding the historical center. Besides, a park is created over the hill where the castle stands. It is 

important to say that the majority of these measures were controlled and aimed to conserve the historical 

center as authentic as possible. 

In early 20th century, during the 80´s, an intensive rehabilitation process is carried out through the 

historical center, aiming to preserve the traditional construction techniques, the materials and the original 

urban plot. 

As already referred, in 2001 Guimarães is declared as Cultural Heritage of Humanity by UNESCO due 

to its exceptionally well conserved historical center, wherein it is possible to observe several referents 

of Portuguese architecture: materials and techniques that, in many cases, are found in Africa and 

America.  

 

4.2   ARCHITECTONIC AND CONSTRUCTIVE TYPOLOGY 

 
According to the inform of UNESCO for the nomination of Guimarães as Cultural Heritage of Humanity, 

the historical center count with different types of constructions that can be classified in different historical 

periods of the city. The constructions are classified in 12 main architectural types that, despite their 

differences, dialogue in the city landscape: 

 

Bourgeois Houses of XVI century 

Granite stone is used in low level and high level is made with taipa de rodizio, a traditional construction 

system. In the historical center are still two constructions with this typology. 

 

Noble urban houses of XVI century 

These houses are the result of transformations and adaptations of existent constructions. The main 

characteristics is the use of carving granite in facades. These constructions were generally used by 

nobles. 

 

Projection Houses 

Constructions typical from the XVII century, composed by granite and taipa de rodizio. These 

constructions are characterized by the existence of one floor standing out over another. 

 

Portico Houses 

Constructions from XVII century. The materials are the same of the houses of the same period of time, 

however, these houses were usually located nearby plazas. The porticos were used for public activities, 

such as markets or outside events. 
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Urban Nobel Constructions of XVII century 

Houses built in stone masonry, with coat of arms and balcony windows in the upper levels. It is possible 

to see vestiges of details in the chamfered doors. 

 

Philippines houses 

Houses from XVII century, built in granite stone with classic molding in the lower floors and high 

decorated molding in the upper floors. 

 

Urban houses of smooth facade 

Constructions from XVII and XVIII centuries. Built in granite and taipa de rodizio. Also built with 

perpendicular walls without any wall plaster or ornamentation. 

 

Urban Noble houses from second half of XVIII century 

Houses built in granite stone, with coat of arms. Usually occupy smaller areas than the noble houses of 

the XVII century, with stairs and courtyards inside the construction. 

 

Urban Noble Houses of Transition of XVIII and XIX centuries 

These houses present several different characteristics among them, showing a clear tension between 

new and old typologies. They result from a time when the city of Guimarães was undergoing a period of 

important changes. 

 

Pombaline Constructions of XIX century 

Mostly located in Largo do Toural, these constructions are built in granite masonry and tin revoke. They 

are identifiable by the uniformity, equilibrium and sobriety of their architecture, which has raised as a 

result of the regulations adopted by Junta das Obras Públicas of the city. 

 

Constructions coated with tiles, XIX century 

Built with granite masonry and coated with traditional painted tin-glazed ceramic tiles. After the city of 

Porto, Guimarães was one of the first cities using tiles 

 

Constructions coated with tiles, XX century 

Constructed in granite masonry, coated with monochromatic and polychromatic tiles of several sizes 

and colors. 

 

Regarding the above listed constructive typologies, it is worth noting that there is a common denominator 

between them, both in what concerns the construction techniques and the materials used. Within the 

scope of fire vulnerability, materials composition is a crucial factor due to three main causes. First the 

capacity to hold fire, gases and heat inside a space for a determined time. Second, for the natural 
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combustion behavior of the elements, regarding its tendency to contribute to fire propagation. Finally, 

the degradation velocity of walls, slabs and ceilings, taking into account its contribution for the final 

resistance to high temperatures (Romeu, JAR, Varum, & Guimarães da Costa, 2010). 

In that line, the main construction systems present in the Historical Center of Guimarães are granite 

masonry walls and taipa de rodizio and taipa de fasquio. The first was generally used in facades and 

ground floor walls and the second group, because of its light nature, is founded in upper floors. 

 Taipa de rodizio  

It is a system composed by wood frames, where the vertical elements are generally distributed 

every 50 cm. The space between them is filled with sun-dried clay bricks, covered together with 

a clay mortar. The system can be found with horizontal elements, in the frame, and without 

horizontal elements. 

 Taipa de fasquio 

It is a system based on a structure of vertical bars laying on peripheral beams, the same that 

are placed right above the structural masonry walls located in the ground floor. The vertical 

bars, usually of square section (7 cm) are arranged every meter approximately and are closed 

on the top with a beam. The frame structure is closed with wooden planks disposed vertically, 

leaving gaps of about 4 cm between them. Finally, a series of wood strips called fasquios are 

placed horizontally, leaving small gaps of 2cm. The final layer is traditionally constituted by a 

lime based mortar.  

(a) (b) 

Figure 10: Examples of walls in: (a) taipa de rodizio; and (b) taipa de fasquio 
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4.3 FIRE HISTORY IN THE HISTORICAL CENTER OF GUIMARÃES AND PILOT 
PLAN FOR FIRE FIGHT AND SAFETY 

During the last 11 years, 3 out of 9 fires registered in Guimarães have occurred inside the study area. 

Fortunately, no deaths were reported during the events, however, they have resulted in significant 

material damages, not only in the buildings directly affected by fire (the sources) but in contiguous 

constructions as well.  

In response to those events, the Municipality of Guimarães has developed a Plano Piloto de Luta contra 

Incêndios e Segurança (Pilot Plan for Fire Fight and Safety), which is divides the study area in two 

distinct zones: the zone declared as Humanity Heritage Site and the surrounding area. As shown next 

in Tables 3, the plan was developed in five main phases: 

 

Table 3: The Pilot Plan for Fire Fight and Safety 
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4.4 FIRE RISK ASSESSMENT IN THE HISTORICAL CENTER OF GUIMARÃES 

As complementary information for the pilot plan mentioned in the previous section, a fire risk assessment 

is carried out in the Historical Center of Guimarães. The assessment is performed through the 

application of the already mentioned modified ARICA method (Ferreira et al., 2016), refer to Section 3.1, 

to the zone of the historical center classified as a World Heritage site. 

It  is  important  to  refer  that  the  results  presented  and  discussed in the present section result from a 

continuation of a previous work developed within the framework of Unit 7: Integrated project, of the 

SAHC Master. Building inspections and social characterization of the Historical Center of Guimarães 

were carried out during the project; for further information please see (Baquedano, Grauss, 

Nochebuena, & Socarras, 2017). 

The assessment of the fire risk in the study area is based on an extensive in-field data survey, gathered 

through door-by-door inspections and interviews. In order to encourage public participation and increase 

the amount of data obtained, the survey approach proposed by the original methodology was 

simplified (see Figure A-3). Thus, the survey approach used in the case of Guimarães was shortened 

and divided in two parts: one for the habitant/owner of the house; and another for the survey 

interviewer; resulting in the following details: 

 Information taken from the building habitant/owner: Building use, conservation state of the

structure and installations, fire load, security equipment and type and number of evacuation

ways.

 Information taken from survey interviewer: building characterization (including building height,

underground floors and conservation state), structure (including structural components,

nonstructural walls, windows and spans)

 Exterior fire combat conditions (accessibility, water availability and extinctors)

To better organize the survey campaign, the study area was divided in seven zones defined according 

with the logic of the city historical growth addressed in Section 4.1 (see Figure 11). From these seven 

zones, Zone 1 and Zone 7 were not considered in the assessment because: Z1 held singular historical 

buildings, which are not evaluable with this approach (such as the Guimarães Castle); and Z7, which 

are composed of contemporary buildings not related therefore to the medieval typology. 
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Figure 11: Project area and zone delimitation 

 
The analysis in the five zones evaluated was performed for the majority of the buildings through the use 

of inspection datasheets. A specific datasheet was used to survey each building and besides specific 

information necessary to apply the fire risk assessment approach, some further information was also 

included, namely building characterization, an exterior photography and general observations. 

At the end, the compiled data is integrated into an open source Geographical Information System (GIS) 

tool which allows to manipulate and map the outputs in a spatial manner. 

 

4.3.1 Evaluation Criteria and Information Interpretation 

Regarding the field work, the data obtained from the already referred in situ inspections was 

complemented with the following information. 

 CAD plans provided by Guimarães Municipality: through the process of in situ inspection, 

corrections to occasional inaccuracies existing in the original plans were carried out. 
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 Identification of non-evaluable buildings: as it is shown in Figure 11, historical and administrative 

buildings are not considered in the present analysis because of their peculiar features. 

 Construction codification and photographic record: creation of a database for each one of the 

buildings including an identification code and an exterior photography to facilitate future 

identification. 

 

 

Figure 12: Building codification 

 
After information is coded and organized, ARICA modified methodology was applied to every single 

construction. However, due to the nature and the level of detail of the information itself, some 

modifications to the original approach have to be considered. The adjustments depended on specific 

aspects of study, such as the access to information, people availability to participate in the study and 

time constrains. The variations and evaluation criteria used in this work as summarized next in Table 4. 

Besides the adjustments in the application of the methodology, there were also considered some 

assumptions associated to information compilation, which were implemented to facilitate information 

gathering in in-situ inspections: 

 

 Joint Buildings 

This assumption was applied when, as a result of a previous intervention, two different buildings 

are connected by one or more floors. In those cases, these buildings were considered as one 

for the methodology application. 
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 Mixed Use 

In buildings with different uses, the most critic one was considered in the evaluation. 

 

Table 4: Variations and evaluation criteria followed to apply the fire risk methodology  
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4.3.2 Discussion of Fire Risk Assessment Results  

The fire risk assessment methodology was applied to a study area of about 15900 m2. As it was already 

referred, for the analysis purposes buildings were divided in two groups: evaluable and not evaluable 

buildings.  

The first group is mostly composed by housing, commercial and mixed uses, with a total of 436 buildings. 

From these, it was possible to obtain detailed information of 269 and undetailed data of 90 constructions 

(including 29 constructions of Z7, not related with the typology analyzed). The remaining 45 buildings 

were abandoned. The second group included the buildings that, due to their monumental characteristic, 

such is the case of libraries, museums or churches, were considered non-evaluable. Figure 13 illustrates 

the different groups of buildings (detailed, non-detailed, empty and non-evaluable) over the study area. 

 

 

Figure 13: Identification of the different building groups considered for the fire risk assessment 
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The first step towards the fire risk assessment involved the identification of the different types of use 

associated with each building to analyze. Despite most of the buildings corresponded to mixed uses, it 

was necessary to identify the worst-case scenario in order to use that specific case for evaluation (see 

Figure 14). 

A total of 107 buildings combine a commercial use (bars, restaurants and offices) in ground floor with 

residential use in the upper floors. There are 55 buildings with exclusive residential use and 58 with 

other types of use (than residential). As for the remaining, 40 buildings have a commercial use (34 out 

of 40) or other types of use (4 out of 40) in the ground floor, while the upper floors are empty.  

 

 

Figure 14: Types of building use in the Historical Center of Guimarães  
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Fire risk index (FRI) results, mapped in Figure 15, allows to the level of fire risk associated to each 

building in the Historical Center of Guimarães. It is important to remember that FRI factor was obtained 

from the global factors specified in Table 1. The index is divided in 4 levels of gravity: Low, Moderate, 

High and Extreme Risk, as it is shown in the scale bar of Figure 15.  

From the analysis, it is possible to observe a high number of buildings (161 in total) in Moderate Risk. 

Moreover, 92 constructions are in High Risk range, most of them located in streets without an 

appropriate access for fire vehicles. Finally, only 16 buildings are considered in Low Vulnerability, 

representing only the 6% of the total number if buildings analyzed. In that line, only these 16 buildings 

can be considered as safe and do not need any intervention to reduce fire risk. 

 

 

Figure 15: Distribution of Fire Risk Index (FRI) results 
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4.3.2.1 Sub-factor Associated with Fire Ignition

Figure 16 presents the results of the partial-factor SFI.1, which evaluates the overall conservation state 

of the buildings. This information is of great significance since the low conservation state of buildings in 

old city centers is one of the most important fire risk factors.  

As can be seen in Figure 14, in general buildings present a reasonable to good conservation state. A 

total of 160 buildings are in reasonable conservation state, 99 in good conservation state and only 10 

were found to be in bad conservation state. It is worth noting that during the inspection work, 2 buildings 

were identified as in ruin and 9 are being rehabilitated. 

Figure 16: Mapping of partial-factor SFI.1: Building Conservation State 
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Figure 17 presents a map with the results of partial-factor SFI.2, which relates with the current state of 

the electrical installations, an information that was directly obtained from the in-situ survey. It was 

possible to verify that the electrical installations of a total of 138 buildings were completely refurbished 

in the last 10 years. For those cases, it was assumed that the electrical installations are in good 

conservation state.  

62 buildings have partially refurbished electrical installations, while for the remaining 69 they in poor 

state (non-refurbished). It is important to note that most of the buildings classified in High Risk regarding 

FRI, have electrical installations that haven’t been refurbished in the past. This is an important parameter 

if it is considered that electrical installations in bad state are a common cause of fire ignition in old urban 

centers. 

 

Figure 17: Partial-factor SFI.2: Electric Installations 
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Regarding partial-factor SFI.3: Gas Installations, which results are depicted in Figure 18, a total of 151 

buildings, about 56% of all edifications, have no gas installations or gas is supplied by canalization. The 

other 118 buildings use gas bottles, divided depending on the location of the bottle: 9% of the 

constructions have the gas bottles outside; in 23% of the cases the gas bottle is stored inside but in a 

ventilated location, while in the remaining cases (about 12%) gas bottle is inside in a non-ventilated 

location. It should be highlighted that, as for partial-factor SFI.1, some constructions categorized as High 

Risk in FRI, have gas bottles in non-ventilated locations.  

 

 

Figure 18: Partial-factor SFI.3: Gas Installations 
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As for the partial-factor SFI.4: Fire Load Nature, since it was assumed that all buildings have little 

relevant fire loads (resulting from material with low combustibility and activation coefficients) the map 

corresponding to SFI.4 is not presented. 

Figure 19 presents the map with the global distribution of the Global Risk Factor associated to Fire 

Ignition (SFI). Within the map, a total of 253 buildings present Low Risk and only 16 ascend to Moderate 

Risk. Despite of having several buildings with non-refurbished gas installations and gas bottles located 

inside the building in non-ventilated compartments, the values obtained for Fire Ignition factor resulted 

low due to the nature of the materials present in most of the buildings.  

 

 

 

 

Figure 19: Mapping of the sub-factor SFI: Fire Ignition 
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4.3.2.2 Sub-factor Associated with Fire Propagation 

Figure 20 presents the distribution of the partial-factor SFP.1, which evaluates the gap between aligned 

openings, an important characteristic due to its high contribution to fire propagation by the outside of the 

building. From the analysis of Figure 20 it is possible to observe that zones Z3, Z4 and Z5 present higher 

amount of buildings with distances between aligned openings below the legal limit of 1.10 m, which 

clearly represents a risk factor for fire propagation. To a large extent, this situation can be explained by 

the architectonic and constructive characteristics of these buildings.  

In the whole study area, only 29% of the buildings (78) don’t present gaps lower to 1.10 m, having the 

remaining two or more gaps lower than 1.10 m. 

 

 

Figure 20: Partial-factor SFP.1: Gap between aligned openings 
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Regarding partial-factors SFP.2: Safety Teams and SFP.4: Fire Compartmentalization, these two 

partial-factors were not mapped due to their homogeneity over the whole study are. Nevertheless, in 

regard of these two aspects it is worth mentioning that most of the buildings assessed lack of safety 

teams and, as for fire compartmentalization, most of them are built of stone masonry walls and wooden 

partition walls and floors. This aspect is associated with the resistance to fire of the constructive 

elements; in the simplified version of the ARICA methodology, the valuation considered only four 

aspects: the exterior walls, the interiors, slabs and bays. Besides, wood was considered the reference 

material, due to its predominant existence in historical buildings. In that sense, wooden elements are 

characterized for easy propagation of fire. 

Figure 21 presents the distribution of partial-factor SFP3 dedicated to fire detection, alert and alarm. In 

this case, residential buildings are exempt of this requirement; however, commercial buildings must 

have an Automatic Fire Detection System (SADI) and manual detection system (button system, SDI-b), 

under anti-fire regulation. Most of the buildings, including bars, restaurants and hotels only present the 

automatic fire detection system when the code also requires a manual fire detection system based on 

alarm operator buttons. 

In summary, 37% of the buildings follow the regulation requirements, 19% only presents one of the two 

fire detection systems required and 41% do not have any fire detection system. 
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Figure 21: Partial-factor SFP.3: Fire Detection, Alert and Alarm 

 
Figure 22 presents the overall distribution of partial-factor SFP.5: Fire Load. The evaluation of this sub-

factor is based on fire load density of the materials with greater predominance inside the buildings 

assessed. The value of the partial-factors (SFP) considered in this work for each material are 

summarized in Table 5. 

Table 5: Partial-factor SFP.5 considered for each material 
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The distribution presented in Figure 22 shows a total of 4 constructions in high exposure, an amount 

that can be considered low in relation with the total. On the other hand, several buildings oscillate 

between a low and moderate exposure. Considering that several constructions in the historical center 

have a commercial use (see Figure 14), the majority keep materials with a considerable fire load density 

such as office utensils, archives or textiles. 

Figure 22: Partial-factor SFP.5: Fire Load 

Regarding the distribution presented in Figure 23, a 38% of the constructions are in high risk exposure. 

Most of the constructions share the same lack of detection and alarm systems, the presence of gaps in 

aligned openings lower to 1.10m and contain materials with fire load density moderate or high. Besides, 
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38% of the constructions present a moderate risk, composed mostly by residential buildings and 

constructions with bar and restaurant use. These uses are usually processed under a hard process of 

inspection, then, the majority function according to regulations. 

Finally, a 3% of buildings present an extreme risk exposure; mainly, due to their use as cellars and 

workshops or commercial uses without abidance to the regulations. 

Figure 23: Distribution of sub-factor SFP: Fire Propagation 

4.3.2.3 Sub-factor Associated with Fire Evacuation

Figure 24 presents the map of partial-factor SFE.1 regarding evacuation and escape routes. The 

elements considered in this partial-factor were: number of users, number and free width of the exit ways 

and, finally, average inclination of vertical ways (usually the stairs). In the Historical Center of 
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Guimarães, the average width of the evacuation ways range between 0.90 and 1.00 m, with a few cases 

with a width lower than 0.80 m. On the other hand, high inclined vertical ways limit the possibility of 

evacuation, especially in the upper floors. Besides, as an old urban area, the case study has a 

considerable amount of people with limited mobility, especially elderly people.  

Regarding partial-factor SFE.2, related to safety teams and evacuation exercises, most of the 

inhabitants of the historical center of Guimarães stated that in the past years they have participated in, 

at least, one fire simulacrum.  

Figure 24: Partial-factor SFE.1: Evacuation and escape routes 

Following the same logic, the distribution of the results obtained for partial-factor SFE.3, which evaluated 

the building characteristics, is given in Figure 25. Three criteria, already analyzed, are taken into account 
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in this partial-factor: the presence of security teams, the presence of fire detection and alert systems 

and the existence of exit ways with proper signaling. Moreover, this partial-factor is corrected through a 

factor related to the number of floors. Although this is not possible to observe in Figure 23, is it important 

to stress that the results have shown that no-equipped buildings are, mostly, those of commercial and 

service use. 

Figure 25: Partial-factor SFE.3: Buildings characteristics 

Regarding sub-factor SFE, associated with evacuation, it results from the combination of the three 

partial-factors previously addressed and its distribution of the study area is depicted in Figure 26. From 

the analysis of this figure it is possible to see that about 41% of buildings assessed present a risk level 

from High to Extreme and also that these buildings are mainly located in Zones Z3 and Z6. Actually, in 
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the latter there are 5 buildings in Extreme Risk, which represents the highest concentration of buildings 

with extreme risk in one single zone. 

Figure 26: Distribution of sub-factor SFE: Evacuation 

4.3.2.3 Sub-factor Associated with Fire Combat

The partial-factor SFC.1 evaluates the building external combat on the basis of two criteria: building 

accessibility and ease of access to water. Results presented in Figure 27 shows that 68% of the building 

have a limited fire combat capacity, whereas 32% have an efficient fire combat. 



Multi-scale fire risk assessment and mitigation in urban areas

In terms of building accessibility, two criteria are considered: condition of the streets of access (width, 

height and inclination) and the distribution of hydrants (See Figure A-1). Due to its homogeneity in the 

results, height and inclination criteria had no relevance to the assessment. As for the width of the 

streets, its importance is undeniable for building accessibility. Actually, if a value of 3.50 m was taken 

as a minimum reference width, most of the streets inside the historical center of Guimarães do not 

comply with this criterion. If this result is confronted with the fire risk index (FRI) results presented in 

Figure 15, this reality can be particularly harmful. This exact confront is presented Figure 28, when    
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In terms of ease of access to water, most of the Historical Center of Guimarães has revealed to be in a 

favorable situation due to the fact that every building is located at less than 100 meters of a hydrant. 

Nevertheless, the absence of fire reels must be underlined here as a negative aspect.  

Figure 27: Partial-factor SFC.1: External Fire Combat 
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 is plotted together with the width of street. From this output, it is possible to observe that 69% of the 

buildings categorized as High to Extreme Fire Risk are not accessible and 31% are moderately 

accessible, which implies a street width higher to 3.50m and a moderate vehicular flow. Usually, these 

streets are located close to the periphery of the urban mesh. 

Figure 28: Street accessibility 

Regarding the partial-factor SFC.2, which evaluates the existence of means of fire combat inside the 

buildings (such as fire extinguishers), the results show that 75% of the constructions comply the norm 

considering the use of the building. There are however 7% of buildings where the number fire 

extinguishers in lower than what is established in the norm and 18% where there is no fire extinguisher. 

Regarding last partial-factor SFC.3: Security equipment, the results show that none of the buildings have 

a security team. 

Thus, and finally, Figure 27 shows the distribution of the sub-factor that evaluated the fire combat, taking 

into account the partial factor analyzed previously. Results show that more than half of the buildings 

(about 65%) have risk levels categorized as High or Extreme. 
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Figure 29: Distribution of sub-factor SFC: Fire Combat 

 

 

4.3.3 Comparative Results 

In order to better understand the fire risk in the historic center of Guimarães, beyond abstract indexes, 

the following results present the general Fire Risk Index compared with two types of data: empty upper 

floors and total inhabitants. In the first case, empty upper floors are efficient propagators of fire due to 

difficulty to detect the ignition of fire. In the second case, total habitants show the potential amount of 

people in risk in case of fire. 

Thus, Figure 30 shows the distribution of the empty upper floors together with FRI. A total of 20 buildings 

in the Historical Center Guimarães are presently empty, being that the majority of them are building of 
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commercial use with empty upper floors. It is important to note than some buildings share partition walls 

with empty floors. As is easy to understand, this characteristic raises the possibility of fire propagation. 

 

 

 

Figure 30: FRI vs Empty Upper Floors 

 
 

Regarding the confront between the Fire Risk Index and the number of inhabitants, the result presented 

in Figure 31 is illustrative. Approximately 30% of the population considered in this study lives in buildings 

whose FRI range from high to extreme. It is worth referring here that the distribution of buildings with 

high to extreme fire risk is homogeneous over the historical center; this situation implies a need for the 

adoption of fire risk mitigation strategies, not only in specific locations, but in the entire area. 
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Figure 31: FRI vs Number of Inhabitants 

4.5   FINAL REMARKS 

 Historically urban development of Guimarães has been particularity uniform. Since the

conformation of the two cores (castle and monastery) in the 10th century until the overthrow of

the peripheral wall in 1853, most of the architectural elements remained intact and organized in

the urban distribution. This particularity allowed to identify and study in detail the historical center

and its buildings, namely taking into account their well-defined architectural typologies,

differentiated by the materials and the construction techniques used. These characteristics

allowed to define different zones within the study area, which were subsequently used in the

present investigation.
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 Previous studies carried out by Guimarães Town Hall and the Fireman Department have

represented a very important starting point for this research. The Plan “Plano Piloto de Luta

contra Incêndios e Segurança” and the information provided by the Firemen department (city

plans, hydrants location, fire chronology, fire combat equipment, fire regulations) are

fundamental elements to evaluate some of the factors that compose the methodology applied.

These elements were complemented with on-site field work, which was also indispensable to

support and validate the information obtained from some previous studies, namely regarding

historical and urban development.

 Despite the information had been gathered on site, some loss of accuracy is expectable due to

the way how inquiries were performed. Some of the data provided by the buildings’ occupants,

such as the existence of fire detectors, extinguisher existence and gas provision, and some data

without inspection depends entirely of the occupant of each building. In this sense, some of the

answers provided may not entirely reflect the reality of the building state.

 Considering the Fire Risk Index (FRI), only 6% of all building located in the Historical Center of

Guimarães present Low level of Risk, which means that almost all buildings assessed are at

risk. From the analysis of the partial-factors, it has been found that the main causes for this

situation are associated with the factors inherent to the urban mesh itself. Characteristics such

as access ways, evacuation routes and vertical communications inside buildings are especially

sensible and inefficient, particularly taking account the actual safety requirements.

 The comparison between the population and the FRI results is crucial to fully understand the

risk associated with a certain building or urban area, providing not only an approximate measure

of potential human losses but also its distribution within the study area. In the case of the

Historical Center of Guimarães, about 30% of the population is exposed to high to extreme fire

risk, suggesting that immediate actions should be taken in order to mitigate that risk.
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CHAPTER 5: QUITO CASE STUDY 

 
The city of Quito is located at a height of 2,815 meters above sea level, in the heart of the Andes under 

the slopes of the Pichincha volcano, bordered by the Panecillo and the Itchimbia hills.  

Its foundation took place in 1534 under Spanish colonization. Quickly, it became capital of governance 

and episcopate and one of the most important colonies to the Spanish crown. Later in 1830, after a hard 

independence process, the city became the capital of the new state Ecuador and had a fast development 

process during the 19th century, promoting a fast expansion in the south-north axis due to its natural 

limitations on the sides.  

Nowadays, Quito is a modern metropolis holding the largest historical center in America. The city covers 

a total surface of 422.802 ha, divided in 33 rural and 32 urban parishes, with a population of 2.2 million 

people. Owing to its rich cultural and architectonic heritage, the city of Quito was inscribed on the 

UNESCO World Heritage List in 1978. 

 

 

 

Figure 32: Urban growth Quito city (FLACSO Ecuador and PNUMA, 2011, p. 57) 

 
The urban shape of Quito is an elongated settlement with an accelerated and dispersed growth. The 

city has suffered unbalanced changes due the rugged topography that surrounds the area, poor 

interventions and high densification. A demographic increment of 7 times have been noticed between 

1950 and 2010, from 319.000 to 2.231.705 habitants (FLACSO Ecuador and PNUMA, 2011). Then, is 

not a coincidence that 70% of the constructions are illegal, 53% of housing is informal and the city 

equipment is concentrated in the core of the city, leaving the borders as disordered appendages. On 

the other hand, the city of Quito, as the capital of the Republic of Ecuador and part of the Metropolitan 
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District, is a center for economic, financial and national and regional business, center tourism, culture 

and education, and at the same time an important region of production and consumption of scale. 

Due to the transformation experienced both in demographic terms as in its economic base, the DMQ 

has become a center of character regional macro-level, both in the Andean context and at the national 

level. 

 

 
Figure 33: General map of Quito city (source: http://www.gifex.com/images/0X0/2011-11-01-

14762/Map-of-Quito-2009.jpg) 

 
Right in the middle of the city, locates the Historical Center of Quito occupying a total of 376.14 Ha. It is 

a representative area of Spanish colonial architecture arrived to the most important cities in south 

America during the first half of 16th century. Quito has the peculiar characteristic of maintaining its 

evolutionary process without major changes; in fact, the original layout of the central area, including 

streets, urban disposal and architecture imagen has been maintained to this days. 

The “Conservation Status Report of City of Quito” developed by the World Heritage Center in the 

framework of the Four Hundred Committee Session of sites formally selected by ICOMOS (ICOMOS, 

2016), describes the general management of the site within local and international structure. In the 

inform, The Historical Center of Quito is described as the following: 

“The Historic Center of Quito is characterized by maintaining unity and harmony in its urban, 

architectural, and landscape structure. The construction of the city was based on the orthogonal grid 

layout of colonial origin, in which the grid had to be adapted to a territory bordered by ravines and hills. 

Exceptionally represents, as a whole, the syncretism between the Spanish and the ancestral cultures. 

It was built in pre-Hispanic territory, in a strategic location unique in the American Andes given its 

proximity to the equator. This determined the existence of an area with multiple ecological floors and 

one of the largest biodiversities in the world. Its construction, on the other hand, included the knowledge, 

resources, elements of cosmovision, and the contribution of indigenous labor.” 
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Image 1: Historical Center of Quito, night view (http://www.trilhaseaventuras.com.br/wp-
content/uploads/2016/02/Vista-de-Quito-Credito-Quito-Turismo.jpg) 

 

 

Image 2: San Francisco Square (http://www.quito.com.ec/que-visitar/centro-historico) 

 
 

5.1   URBAN DEVELOPMENT 

 
The first settlements in Quito date back from the pre-ceramic period, approximately 10.000 to 4.000 

years b.C. However, an important occupation occurred during the 15th century, when the Inca conquest 

reaches the north side of the Andes, including Quito. The Inca strategy considered the slowly integration 

of minor populations known as señoríos étnicos into its own structure, thus the Quito region was selected 

as a shelter against the Quitu-Cara resistance, thanks to its accidental topography bordered by hills and 

ravines. 

After the Inca’s occupation, in the beginning of the 16th century, Quito was invaded by new colonizers. 

In 1534 the Spanish colonization began with the occupation of the Inca’s religious constructions as a 
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“continuity of the control instruments”, the settlement as a symbolic and tangible superposition of the 

previous occupation (FLACSO Ecuador and PNUMA, 2011).  In the beginning, a village called San 

Francisco was distributed over a grid design, a typical Spanish colonial model reflecting the political, 

spatial and economical organization in the colony (see Figure 34). The village quickly became a start 

point for new conquer expeditions around the area; from there many cities were founded, such as 

Cuenca, Loja and Guayaquil. During its development, the historical center went through multiple 

difficulties and adaptations in order to adapt the topography. The grid design was made with blocks of 

100 x 100 rids (83,5 x 83,4m approximately) and in many cases had to be changed to follow the path of 

old constructions and hills borders. 

 

 

Figure 34: Plan City of Quito, 1734, Dionisio de Alcedo y Herrera (source: 
http://sthv.quito.gob.ec/historica/q1734.jpg) 

 

During the 17th century, the city of Quito and its surroundings have suffered a marked urban growth due 

to the textile production. The city starts its expansion to the north and south side, leaving the core almost 

intact until the end of the 19th century. 
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Figure 35: Detailed mid-18th Century plan of Quito, Ecuador (Taken from the atlas of Prevost d'Exiles' 
influential travel book, Histoire Generale des Voyages) 

 
During the 20th century, the urban planning of the historical center had mostly to do with institutional 

considerations, including social and political interests regarding heritage areas. The plans have 

approached the conservation of the historical center under different priorities, taking into account the 

representative value of historical resources (buildings, landscapes, equipment) at that time. Besides, 

the city had already a considerable portion of territory growing to the north and south of the original 

center. The most important changes are mentioned in the following, including the plans, context and 

implementations: 

  

 The Jones Odriozola Plan in 1942, considered a polynuclear scheme with the aim of 

decentralizing the functions of the unique center of Quito and creating at least another core in 

the north-center part of the city, known as La Mariscal. Despite of establish a first historical 

center limitation, this first plan did not consider preservation measures beyond individual 

heritage monuments. 
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Figure 36: Historic Center limitation 1975 (Cifuentes, 2008) 

 

 The 1967 Urbanistic Director Plan of Quito worked as a technical scheme of regulations for 

Odriozola´s plan. The objective was to expand it to relatively new areas of the city. For the first 

time, a general guide for the use of heritage territory is given in concordance with the stipulations 

of the Venice chart (1967). Also in that year, the Pilot Plan for Monumental Preservation of Quito 

is released. 

 

 

Figure 37: Historic Center Limitation, 1984 (Cifuentes, 2008) 

 
 Due to the intensive expansion of the city in 1980´s decade, a plan denominated “Quito and its 

Metropolitan Area 1973-1996” is released. It establishes urban area borders and regulations for 

organization and control of the city expansion. During this phase, a quick intensification of 

economic activities in the historic center produces a migration wave to peripheral areas.  
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 After being declared as UNESCO World Heritage Site in 1978, the initiatives to preserve the 

Historical Centre of Quito became a main concern in urban planning. Furthermore, after a 

catastrophic earthquake in 1987, a special entity called Fondo de Salvamento (FONSAL) is 

created to manage the restoration and preservation works.  

 

 

Figure 38: Historic Center Limitation 1988-1991 (Cifuentes, 2008) 

 
 Nowadays, the Metropolitan Institute of Heritage (new denomination of FONSAL), in 

collaboration with international organizations, manage the regulations of the historical area.  

Since the beginning of 21th century, municipal policies aim for strengthening the city region that 

is the Metropolitan District as a strategic management center within the framework of the 

country-region's overall development. Currently, the plan Equinoccio 21, Quito hacia el 2025 

proposes an organization of the heritage areas under four main axes: economic, political, social 

and territorial. 

 

 

Figure 39: Historic Center Delimitation 2008 (Cifuentes, 2008) 
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5.2   ARCHITECTONIC AND CONSTRUCTIVE TYPOLOGY 

 
The city of Quito had an important urban growth under the colonization process. Architecture and 

constructive typology followed guidelines from the Catholic Church, whose power dominated the politic, 

social and spiritual behavior of Quito of XVI century.  

Religious architecture was the most important, where the most developed constructive techniques, best 

materials and high-quality craftsmanship were used. In that way, sophisticated construction methods 

were rapidly learned and applied by indigenous and mestizos in religious constructions, such as the use 

of unknown materials and techniques as lime and bricks in arcs, vaults and domes. One example is the 

church of Compañía de Jesús, remarkable for its baroque facade made totally in volcanic gray stone 

and its interior covered of gold leaf, being one of the most significant examples of baroque architecture 

in south-american colonial context. 

 

 

Figure 40:  Iglesia de la Compañía de Jesús (source: https://a.travel-assets.com/findyours-
php/viewfinder/images/res60/66000/66256-Iglesia-De-La-Compania-De-Jesus.jpg) 

 
Besides monumental architecture, housing building followed different construction logics, the main idea 

was to adapt the Andalusian house to the Andean context. In that sense, the central courtyard 

surrounded by corridors was the most common house organization. “Practical solutions were sought 

with the prime aim of satisfying the family´s need for shelter, safety and privacy. Modest materials such 

as adobe and wood were used with such good results that the same model passed virtually intact from 

one generation to the next until early 20th century” (Consejería de Obras Públicas y Transportes de la 

Junta de Andalucía, 2004, pág. 42). Is important to notice the housing in colonial Quito oscillates 

between one and two floors due to the high seismic activity present in the region.  

The present thesis focuses its work in the analysis of constructions following the model of Andalusian 

house, due to its high reception in the urban development of the city of Quito, mostly in popular housing. 
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Taking into account that courtyard architectural typology quickly became into the traditional construction 

system of the historical centers of several capitals in the colonial America (Silva, 2001), even nowadays 

in Quito, most of the habitants of the historical center lives in houses of this typology with same 

constructive characteristics as the used on its conception, back in the centuries 15th and 16th. 

  

Figure 41: House of the seven courtyards (source: 
http://www.bienalesdearquitectura.es/index.php/es/i-biau/6562-i-biau-ecuador-finalista-casa-de-los-

siete-patios) 

 
In order to understand the typology, Figure 41 shows one of the most representative buildings 

following these logics: House of the seven courtyards (also taken into account in the present thesis 

analysis). This is the biggest house with 4000m2 of construction and the one with more courtyards in 

Quito historical center. It is possible the building is the result of the union of two separated properties 

and the construction of several courtyards through century 19th and 20th, becoming an emblematic 

house for the historical center. 

However, despite its value, the famous house suddenly became a problem for the city, as it said in the 

Architectural Guide of Quito: “In 1971, at which time it was occupied by more than 300 people, the 

building was purchased by the City Council, not only because of its emblematic value but also with a 

view to tackling the problems of overcrowding. It nevertheless turned out to be nothing more than an 

act of demagogy since the authorities did nothing for more than twenty years” (Consejería de Obras 

Públicas y Transportes de la Junta de Andalucía, 2004, pág. 181). 
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5.3 FIRE RISK ASSESSMENT: URBAN SCALE 

 
The Fire Risk assessment used in the previously discussed case study of Guimarães conceives the 

application of the methodology to all buildings located within a delimited area. Since Quito is analyzed 

for a urban scale, it was not feasible to analyze all constructions inside. Instead, a group of buildings 

were carefully selected and used as representative for a neighborhood area.  

From the exposed, the first step of this analysis comprised the identification of the buildings considered 

typologically representative of Quito building stock. For such, the book Quito, an architectural Guide, 

was used here as a major reference. Aiming at covering the “most significant example from every 

historical period up to the present day…considering the systematization of historical and graphic 

information extracted from different archives, books, magazines and technical reports together with the 

interview with many contemporary architects” (Consejería de Obras Públicas y Transportes de la Junta 

de Andalucía, 2004), the book contains a selection of 334 buildings distributed along Quito, each of 

which presented and fully characterized through plans, photography and historical reviews. For the final 

selection of the buildings, two criteria were considered: architectural typology and location.  

As for the first criteria, the architectural typology, the presence of a central courtyard house was 

considered as the most representative feature. This typology, characteristic of the colonial and 

postcolonial architecture in the city of Quito, is associated with housing use in the conception of the 

edification. Naturally, great part of these buildings has suffered enormous variations over the time, both 

in use and physical state and in this sense, it is worth highlighting that, as it is established in the Fire 

Risk Assessment Methodology, only the contemporary use of the building is considered in the present 

analysis.  

Table 6: Building selection 
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Second criteria, the location, considers the nearness between the representative building and the 

neighborhood (its centroid). It is important to note that some neighborhoods don’t have a representative 

building inside their limits, such as “La cima de la Libertad” or “El Centro Popular de Artes y Oficios”, or 

the only potentially representative building located within their limits is not evaluable with the fire risk 

assessment approach used in this work. This is the case, for example, of “La Libertad” neighborhood, 

where the only building for which there is detailed information is a monumental construction. For this 

reason, some buildings have to be repeated between close neighborhoods. Moreover, in some cases 

due to the lack of other examples meeting the first criteria, only one building is considered as 

representative. 

Another annotation is the importance of the topography in the urban settlement. The irregular terrain of 

Quito has created a sudden reduction of construction density in the peripheral areas. For this reason, 

there is a lack of representative buildings in the neighborhoods closer to the mountain borders (see 

Figure 42). 

Table 6 presents the final selection, composed by a total of 20 buildings for 14 neighborhoods of the 

historical center. As depicted in Figure 43, each building is systematized through a datasheet containing 

the building identification (name and location), an architectonic plan with general use and an external 

photography. The datasheets are used to obtain part of the information necessary to evaluate the FRI, 

particularly, the SFI sub-factor which is closely related with the building characteristics (Data sheets for 

all representative buildings are detailed from Figure A-4 to Figure A-14). 

 

 

Figure 42: Building Location 
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Figure 43: Example datasheets for the representative buildings 

 

 

5.3.1 Evaluation Criteria and Information Interpretation 

To evaluate the representative buildings with the FRI methodology, some assumptions had to be made 

in order to compensate natural incompatibilities between the detail of the existing information and the 

scale of analysis. Besides, external sources had to be incorporated. Conveniently, the 2010 census of 

the Metropolitan District of Quito (hereinafter DMQ) comprises data organized by parishes and its 

corresponding neighborhoods. 

In that line, some inner characteristics of the representative buildings were replaced with characteristics 

associated with neighborhood. The replacements were considered in order to decrease the uncertainty 

of the application.  

The variations and the criteria followed to evaluate each one of the original FRI sub-factors, as well as 

the corresponding sources of the information used, are identified in the following tables. 
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Table 7: SFI sub-factor considerations 

 

 
As shown in Table 7, sub-factor SFI, Fire Ignition, is directly related to the building characteristics. 

Features as the number of levels, underground floors and conservation state, were obtained directly 

from the description available in Quito, an Architectural Guide (Consejería de Obras Públicas y 

Transportes de la Junta de Andalucía, 2004). In addition, gas and electric installations are considered 

for the neighborhood average in order to represent, in a more accurate way, the reality of the study area. 

The data is taken from 2010 census, where, as already referred, the information is organized by 

neighborhoods and divided into several categories; in this case, the basic services category embraces 

the access to potable water, availability of gas and electric energy and quality of the ways of access. 

 

Table 8: SFP sub-factor considerations 

 
 
 

As for sub-factor SFP, Fire Propagation, assumptions were based on the Fireman regulations for DMQ.  

Since there are not mandatory regulations for alarm systems, compartment doors and emergency 

signaling were considered as non-existent in residential buildings located within the study area. For non-

residential buildings, this information was inferred from the identification of the building use and the 

Fireman regulations in force for that specific use (such as cultural, commercial or administrative). 
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Table 9: SFE sub-factor considerations 

Regarding sub-factor SFE, Evacuation, it was graded according to the original methodology, without any 

assumption or adaptation. The width of the evacuation routes and number of exits were counted and 

measured in the architectonic plans. Finally, in what concerns sub-factor SFC, Fire Combat, it was 

measured through a detailed urban plan of historical center of Quito gently provided by Colegio de 

Arquitectos del Ecuador. The plan includes topography levels, streets width, squares distribution and 

land allotment. Moreover, on the basis of the study Vulnerability of Quito (Robert D´Ercole, 2004) it was 

possible to estimate the distribution of relevant elements and infrastructures, such as fire hydrants and 

fireman stations.  

Table 10: SFC sub-factor considerations 

5.3.2 Discussion of the Fire Risk Assessment Results 

The information processed through FRI methodology was spatially mapped using the open source 

software QGIS. Geographical localization allows to determine zones under major exposure and possible 

people affected in each one of them. For this purpose, Fire Risk Index results are not only analyzed 

individually, in Figure 42, but also compared with sociodemographic information taken from the 2010 

Census of the Metropolitan district of Quito. This way, it is possible to understand risk in non-abstract 

terms but based on a comprehensive knowledge of real social factors, such as the total number of 

potentially affected people and most vulnerable groups (disabled and young and old population). 
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The GIS maps given in the following Figures (44-47) are presented both with a graphical and an intensity 

scale, where the latter contextualizes the actual situation of the historical center in relation to the total 

scale of the Fire Risk Index.  

Figure 44: Fire Risk Index 

As presented in Figure 44, values obtained for the neighborhoods that compose the Historical 

Center of Quito have a moderate risk as worst-case scenario. Neighborhood Gonzales Suarez is the 

one that presents the highest FRI value, with 1.27, which represents a level of 
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fire risk close to high. Taking into account that Gonzales Suarez embraces great part of the most 

emblematic heritage buildings in the historical center of Quito (more than one dozen colonial churches, 

administrative buildings, including the Governmental palace, museums and monuments) this value was 

somehow expectable. However, it is important to point out that the core of the historical center has 

immediate access to fire combat equipment and emergency facilities; according to the Crisis 

Management Vulnerability map (Robert D´Ercole, 2004, pp. 244-265), “Gonzales Suarez and 

surrounding areas have a low vulnerability for its quick access to fireman station, hospital and principal 

ways of access and communication in the city”. 

 

Figure 45: FRI vs Total Population 
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FRI compared with the total population is presented in Figure 45, the two most populated 

neighborhoods, El Tejar y La Loma appear to have a Low Risk Index. However, neighborhood San 

Roque is the third most populated neighborhood and appear to have a moderate risk exposure, with 

4768 people. In comparative terms, this value is higher than the entire population of the Historical Center 

of Guimarães.  

On the other hand, San Roque appears to embrace the biggest amount of people in risk in all the historic 

center with a 10% of total population approximately. Besides, neighborhood Gonzales Suarez, the 

neighborhood with higher FRI, appears to be the fifth most populated neighborhood, with 4134 people 

exposed.  

 

Figure 46: Fire Risk Index vs Disabled Population 
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In terms of Disabled population presented in Figure 46, La Loma neighborhood appears to have the 

highest amount of disabled population with 276 people, with a low risk in terms of FRI. On the other 

hand, San Roque appears as the second most populated with 243 people; in this case, the second most 

populated area appears to have a moderate risk. San Roque has elevated amount of people in Total 

population and disabled, appears to be the most exposed neighborhood taking into account the first two 

comparisons. 

Moreover, neighborhood Gonzales Suarez appears to have a total of 230 disabled people, being in the 

fourth place for the historical center. Gonzales Suarez have a population density of 71,7 hab/ha, which 

is a low value compared to the average of historical center of 121,7 hab/ha (Alcaldía de Quito, 2017). 

As it was told, expectable results taking into account that Gonzales Suarez embraces more 

administrative and monumental buildings than any other neighborhood in the Historical Center. 

 

Figure 47: Fire Risk Index – Young and Old Population 
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In terms of Young and Old population presented in Figure 47, values are obtained from Census of 2010, 

with an age range considering elderly people older than 65 years old (official elderly age considered by 

the Government of Ecuador) and childish range minor to 5 years old. 

La Loma appears to have the highest amount of population in the three comparison figures: total 

population, disabled population and young and old population. On the other hand, San Roque appears 

to have again the most unfavorable situation with 758 people potentially exposed to a moderate risk.  

 

5.4 FIRE RISK ASSESSMENT VS VULNERABILITY OF QUITO 

Vulnerability of Metropolitan District of Quito (Robert D´Ercole, 2004) is an investigation carried out in 

response to the occurrence of a series of events that over the past years have threatened the city: from 

strong earthquakes (1987 earthquake) to volcanic eruptions, floods and landslides. The investigation 

was developed by the Municipality of the Metropolitan District of Quito (DMQ) and by the Institut de 

Recherche pour le Développement (IRD) in France. It was planned as a “methodological, conceptual 

and operative program to impulse the scientific knowledge in risk, contributing in parallel specific tools 

to reduce vulnerability in the district” (Robert D´Ercole, 2004, pp. 3, 4). The philosophy of the work is 

based on the idea of a risk reduction through the identification and protection of the most important 

elements in the territory, known as “essential spaces”. For this reason, the entire investigation lasted six 

years and was published in two volumes related to each one of the stages. In the first volume, entitled 

“Essential Spaces of DMQ” (2002), the main territorial elements are identified, mapped, ranked and 

studied from its relationship with the city. The second one, “Vulnerability of DMQ” (2004), addresses the 

exposure of the essential elements to potential threats on the DMQ. The study is developed through 

several approaches and scales, where the vulnerability data is processed specifically with geographical 

and demographic formats. 

Within Volume 2, part of Chapter 9 focuses on the study of vulnerability indicators at a neighborhood 

scale. The analysis is divided in four types of vulnerabilities: sociodemographic, accessibility, threats 

exposure and crisis management capacity. Is important to notice, the sum of the four vulnerability types 

referred above results in a global vulnerability, also applied for each neighborhood.  Vulnerability values 

are expressed as series of maps containing all the neighborhoods in Quito city, including the heritage 

area of the Historical Center (see Figure 48). Vulnerability maps are painted according to a Vulnerability 

Scale, based on an exposure index graded from 1 to 7; where higher values represent higher 

vulnerability for each case of vulnerability. “All these indicators were mapped, variably and globally. 

They were designed so that comparable values of equal weight could be presented, regardless of the 

form of vulnerability. The resulting maps thus show an increasing 7 degrees of vulnerability. Adding the 

corresponding values to the four partial indices and then proceeding to a discretization in 7 classes” 

(Robert D´Ercole, 2004, p. 244).  

The criteria used for the elaboration of the indicators included demographic data, urban mobility 

organization (such as access streets, closeness to exit ways), neighborhood preparation for crisis and 
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availability of disaster combat equipment. The specific criteria used to obtain the vulnerability indicators 

are summarized in Table 11. 

The main objective of comparative study presented and discussed herein is to identify weaknesses and 

potential intervention areas in the neighborhoods of the Historical Center of Quito. Thus, a crossover of 

variables is made between the fire risk index results and different vulnerability indexes.  

In the present work, three out of four indexes are chosen to be compared with FRI assessment: 

Sociodemographic, Accessibility Grade and Crisis Management vulnerability. Threats Exposure 

Vulnerability is not taken into account because considers several threats besides fires (floods, 

earthquakes, landslides), thus, information of this criteria is not directly associated to Fire Risk 

Assessment. 

Table 11: Vulnerability of neighborhoods in Quito. Adapted from (Robert D´Ercole, 2004, p. 243) 

 

  

 

Vulnerabilities Indexes are compared with two factors of the present work: FRI factor and SFI sub-factor. 

FRI factor is compared to Sociodemographic and Crisis Management Capacity Vulnerability; these 

comparatives analysis aims to parallel the population capacity and preparation to face disaster events 

with the fire risk index values obtained in the present thesis. It is important to notice that the information 

managed in the vulnerability study is specifically organized in neighborhoods, following the same 

delimitations used for the analysis of this work. 

SFI sub-factor is compared with Accessibility and Crisis Management Capacity Vulnerabilities. This sub-

factor is selected from among the others due to its direct relation with Building Characteristics. Through 

the comparison of SFI sub-factor with vulnerabilities indexes is possible to identify weaknesses of each 

neighborhood through its relation with three possible causes: Building Characteristics defects (SFI sub-
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factor), Accessibility problems (Vulnerability of Accessibility) and Low capacity against crisis (Crisis 

Management Capacity Vulnerability) 

The comparative analyses are represented through maps on the following order: 

 FRI – Sociodemographic Vulnerability 

 FRI – Crisis Management Vulnerability 

 SFI – Accessibility Vulnerability 

 SFI – Crisis Management Vulnerability 

 

Figure 48: Vulnerability Index for Quito neighborhoods, adapted from (Robert D´Ercole, 2004, pp. 262-
265) 
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Figure 49: FRI – Sociodemographic Vulnerability 

 

Regarding FRI – Sociodemographic Vulnerability, Figure 49 presents a prejudicial situation in the 

Historical Center, with several neighborhoods in Level 6 of High Vulnerability.  

Neighborhoods San Roque, La Tola and San Diego, appears to have the most prejudicial situation with 

Vulnerability Index 6 and Moderate Risk. In that sense, San Roque’s situation presents an expectable 

result, taking into account its unfavorable situation in previous analysis of FRI vs Total, Disabled and 

Young and Old Population. San Diego and La Tola are considered as high vulnerable in this analysis, 
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due to criteria considered only in Vulnerability of DMQ investigation, such as Education Level, Access 

to Electrical Service and number of habitants per room. In that line, due to the same considerations, 

neighborhood Gonzales Suarez appears as the opposite situation, with the lowest value of Vulnerability 

in the Historical Center despite its population of 4134 people (see Figure 45), among the highest on the 

case study. 

On the other hand, neighborhood El Placer has the most favorable situation in Vulnerability Index and 

FRI Index. Is probable that the main cause is due to its total population, with only 1712 habitants (see 

Figure 23), the lowest in the Historical Center. 

 

 

Figure 50: Crisis Management vs FRI 

In what concerns Crisis Management Vulnerability, presented in Figure 50, the results indicate a low 

vulnerability within the study area. Taking into account the three criteria for this vulnerability type: 



Multi-scale fire risk assessment and mitigation in urban areas

 
 

 

Erasmus Mundus Programme 

70              ADVANCED MASTERS IN STRUCTURAL ANALYSIS OF MONUMENTS AND HISTORICAL CONSTRUCTIONS                      
 

Distance to Hospitals, Quickness Firemen teams intervention and Existence of brigades; the Case Study 

area appears to have a low vulnerability. One cause is because is due to its central location respect to 

the entire city, considering “a marked opposition between the central and peripheral districts. Clearly, 

the capacity levels of crisis management in the neighborhoods located in the extreme north and in the 

extreme south of the City are the lowest” (Robert D´Ercole, 2004, p. 245).  

Moreover, the situation of brigades in Historical Center presents a favorable situation, considering that, 

back in the year 2000, the Historical Center counted with more than 278 brigades constituted. In that 

sense, according to Vulnerability of DMQ, brigades are considered as “groups of people with the same 

needs, working on specific topics (community work, training, etc.) to improve their situation in the 

community. The action carried out in the neighborhoods also concerns, directly or indirectly, the 

reduction of risks in crisis management.” (Robert D´Ercole, 2004, p. 205).  

 

 

Figure 51: SFI vs Accessibility Vulnerability 
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As illustrated in Figure 51, SFI vs Accessibility Vulnerability, the entire area of the Case Study appears 

to have a moderate SFI index, which implies small variations between 1.00 and 1.30 from one to another 

neighborhood. It is important to notice that Moderate Risk level of SFI sub-factor is the higher level 

possible in the Historical Center, taking into account this is the maximum level for FRI Index. 

On the other hand, Vulnerability in Accessibility in the Historical Center appears to be low. Are easily 

identifiable neighborhoods with worse scenarios due to their locations closer to the sloping land, such 

as the case of El Placer, El Tejar, La Loma and San Sebastian. Regarding Accessibility, “neighborhoods 

in the margins of the urban area of Quito, which not only are far from the main traffic routes, but also 

have a rather steep slope and a relatively limited number of accesses. In fact, the three variables that 

make it possible to construct the degree of accessibility tend to accumulate and accentuate the 

contrasts, with the flat areas being generally near the major axes, while the steep ones are far from 

them.” (Robert D´Ercole, 2004, p. 245). In that line, is expectable to have Gonzales Suarez 

neighborhood with the lowest level of vulnerability, due of its location right in the center of the city, or La 

Alameda, due to its connection to the north side of the city.  

 

Figure 52: SFI vs Crisis Management Vulnerability 
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Regarding Figure 52, SFI vs Crisis Management Vulnerability appears to be a homogenous result in 

all the area of the case study. As it was told before, sub-factor SFI presents a moderate level for all the 

historical center; at the same time, Vulnerability Index presents low values with very subtle variations 

(range between 2 to 3) for the Crisis Management in all the neighborhoods as well.  

 

 

 
 

 
 Figure 53: Comparative charts for FRI Index vs Vulnerability Indexes 
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Figure 54: Comparative charts for SFI Index vs Vulnerability Indexes 
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To continue, the following charts previously presented represent the analyses presented previously as 

maps. On the charts, is possible identify subtle differences between the neighborhoods (such as small 

increments in Indexes in the Fire Risk Assessment or Vulnerability) that are not identifiable in maps due 

to the scale of the representation. 

Within Charts analysis, is possible determine neighborhoods with most exposure to risk; through the 

specific comparison the two group of indexes: Fire Risk Assessment Indexes (FRI, SFI) and Vulnerability 

Indexes (Sociodemographic, Accessibility and Crisis Management). Then, the neighborhoods with a 

combination of high values on both indexes, are considered as the major exposure to risk 

neighborhoods. The neighborhoods with one high index out of two compared, are not considered as the 

most exposed to risk. 

To continue, is a summary of the most vulnerable neighborhoods in each one of the charts presented 

before: 

 FRI – Sociodemographic Vulnerability ( Figure 53) 

In this chart, San Diego neighborhood is clearly the most exposed, with the highest level of 

vulnerability in historical center (level 6 in vulnerability index) and also one of the highest FRI 

index. On the other hand, neighborhoods La Tola y San Diego appears as a second group most 

exposed to risk. Some other neighborhoods. 

 FRI – Crisis Management Vulnerability ( Figure 53) 

In this chart, neighborhoods San Diego y La Alameda appears to have the higher from the 

historical center, with same values in both indexes. The third most exposed is neighborhood 

San Juan, due to its FRI slightly higher than the other neighborhoods. 

 SFI – Accessibility Vulnerability (Figure 54) 

In this chart, neighborhood San Sebastian appears to be the most exposed neighborhood due 

to its high SFI Index. Following the list, is neighborhood El Tejar, and at the end, sharing the 

third place are neighborhoods La Loma and El Placer. 

 SFI – Crisis Management Vulnerability (Figure 54)  

In this chart, there are two most exposed neighborhoods with same values in both indexes: San 

Sebastian y San Diego. Following is neighborhood La Chilena. 

 

As a final from the comparison, the identified neighborhoods of the charts previously presented in Figure 

54 (SFI – Vulnerability indexes), are ordered in a single table (Table 12). FRI charts are not taking into 

account due to the fact that some sub-factors from Fire Risk Assessment are already considered in 

Vulnerability Analysis developed by (Robert D´Ercole, 2004). On the other hand, sub-factor SFI takes 

into account explicitly building characteristics; thus, there are not repeated criteria in the comparative 

analysis.  

The most exposed neighborhoods identified, are those with higher indexes in each one of the charts. 

Combining the result, is possible to the neighborhoods most exposed and, in consequence, those where 

interventions should be prioritized. 
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What is more, in order to identify possible lines of intervention, most exposed neighborhoods are 

identified for each one of the indexes analyzed: SFI, Crisis Management and Accessibility. In that way, 

weaknesses of the most exposed neighborhoods can be tracked and, later, lines of intervention can be 

proposed according to the index associated. 

Table 12: SFI vs Vulnerability Indexes 

 
 
 
Table 12 shows the most exposed neighborhoods in the Historical Center of Quito. In this case, 

neighborhood San Sebastian appears to be the most exposed area, due to its elevated indexes in all 

the comparative analyses. Is possible to conclude that San Sebastian is the neighborhood where the 

actions should be prioritized from all the case study. Besides, is possible to apply any of the lines of 

intervention: Buildings characteristics improvement, Accessibility upgrading or optimization of Crisis 

Management. 

Moreover, other neighborhoods El Placer and El Tejar, appear to have vulnerability in Accessibility, thus, 

any intervention should be directed in this line of action. Finally, Neighborhoods La Chilena and San 
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Diego appear to have weaknesses in Crisis Management, in consequence, future interventions to 

reduce vulnerability should be focused in this line of action. 

 

5.5 FINAL REMARKS 

 The historical centers of Quito city and Guimarães are two diametrically different case studies. 

The historical analysis carried out shows that hilly topography, colonial architecture, size, 

construction logics and exponential urban growth, are some of the main differences. Based on 

this contrast, an alternative approach was developed for the case study of Quito city, focusing 

on the scale of the historical center and the feasibility of embrace the entire area. Following this 

statement, the analysis was carried out in a neighborhood scale with the support of typologically 

representative buildings.  

 The methodology used in the assessment is an adaptation of ARICA simplified, a variation of 

the one used for the historical center in Seixal Portugal by (Ferreira, et al., 2016). However, 

information is not obtained from in situ inspection; instead, sociodemographic, economic and 

urban data is obtained from previous investigations for the metropolitan area of Quito, in 2010 

Census (Alcaldía de Quito, 2017). 

 The selection of representative buildings for an historical center is a complex challenge. It has 

to consider architectural, historical and urban criteria. The present work takes their buildings 

from the previous study entitled “Quito, an architectural Guide” (Consejería de Obras Públicas 

y Transportes de la Junta de Andalucía, 2004), wherein the selection was made considering all 

the mentioned approaches and provides elemental information used for the application of the 

methodology. 

 Due to its neighborhood organization, the Census of DMQ 2010 has also provided essential 

data for the present work. For the scale of Quito Case Study, they were used several indicators 

of demography, poverty, economy and service access for the Fire Risk Assessment.  

 Vulnerability of DMQ (Robert D´Ercole, 2004) is a detailed analysis of Quito, containing different 

vulnerability indexes that allow to identify specific problems for a determined neighborhood. The 

comparison between Fire Risk Assessment and Vulnerability indexes, allows to determine the 

more exposed neighborhoods and its principal weaknesses. In Quito case, Sociodemographic 

vulnerability appears to be the worst weakness, with high indexes in all the neighborhoods.  

 Finally, possible interventions were identified on the basis of the weaknesses founded in 

neighborhoods through the combination of indexes of Vulnerability and Fire Risk Assessment. 

However, beyond their identification, further studies are compulsory to determine specific 

actions to reduce fire risk. These actions are closely related to intervention in an urban scale, 

such as the implementation of disaster combat equipment for Crisis Management Vulnerability 

(fireman stations, hospitals, neighborhood brigades), accessibility enhancement (such as 

implementation of ways of access and exit) and improvements in general construction. In Quito 
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case, San Sebastian, El Placer, El Tejar, La Chilena and San Diego neighborhoods are those 

identified as the most vulnerable and therefore it is in these neighborhoods that fire risk 

mitigation interventions should be focused. 
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CHAPTER 6: DISCUSSION OF THE CASE STUDIES 
The present thesis focuses on two historical centers, similar in their nature of old urban areas, both 

declared by UNESCO as World Heritage Sites, however different in their history, location, morphology 

and, more important, in their context and scale. In order to understand these differences, the present 

chapter confront them through a discussion divided in three sub-chapters: Approach, Main Advantages 

and Limitation and Scope. The discussion aims at determining possible hits, failures and limitations of 

the investigation, in order to fully understand future challenges and to propose recommendations for 

following works. 

 

6.1 APPROACH 

From the beginning, the approach to adopt was admittedly different for each one of the case studies. 

The two levels were planned in order to answer to the main differences of the historical centers: scale 

and context.  

 Guimarães case study was based on an approach previously applied in the Historical Center of 

Seixal, Portugal, based on ARICA modified methodology (Ferreira, et al., 2016). The work 

process followed similar guidelines: a typological study of the constructions that led into a 

zoning, the evaluation of each building based on a field inspection and the spatial representation 

of the results in a geographical information system tool (GIS). As in the case of Seixal, the 

methodology suffered slight adaptations due to difficulties in the procurement of information and 

inner characteristics of the historical center; such are the case of the assessment of the gas 

(SFI.2) and electrical Installations (SFI.3), where the conservation state were assumed on basis 

of the general conservation state of the building (the adaptations made are described in Table 

5). 

 The approach for Quito case study had to be adapted to the strict limitation of a non in-situ 

analysis. For this reason, part of the information used in the methodology was obtained from 

previous investigations. Fortunately, since Quito is listed as World Cultural Heritage (the first in 

history together with Kraków, Polony in 1978) several previous investigations were carried out 

in the city, many of them, focusing on its historical center. An example of this is the “Vulnerability 

of DMQ” by (Robert D´Ercole, 2004), an investigation developed in four years, focused on 

mapping data of complex databases, such as health centers and their capacity of management, 

private corporations with anti-disaster equipment, urban accesses ways and, particularly 

important for the present work, neighborhood information classification.  
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6.2  MAIN ADVANTAGES AND LIMITATIONS 

As already referred, the case study of Guimarães has followed a work process previously used in past 

investigations, which based on a Fire Risk Assessment methodology designed for a building by building 

evaluation. In that sense, the most important advantage is related with accuracy; since data is obtained 

on site, it is highly precise and updated to the current reality of the site. Any particular case, observation 

or unusual information can be tracked and added to the assessment and, in that way, the investigation 

can be adapted depending on specific needs. In the case of Guimarães, thanks to on site assessment, 

it was possible to adapt the methodology and to assume some assumptions, such is the case of the 

determination of a non-evaluable zone due to the nature of their monumental constructions (Zone 7, 

according to Figure 9). 

However, on site assessment also presents difficulties on its execution, mainly related with work team 

cost and time constraints. Despite of the size of the Historical Center of Guimarães historical, it was 

necessary to have a five-people team during a period of seven months to carry out the inspection, 

including surveys (Baquedano, Grauss, Nochebuena, & Socarras, 2017).  

As for the Historical Center of Quito, guarantee the accuracy of the assessment results was the main 

difficulty. As mentioned, the information used to process the analysis was based on previous studies, 

usually with general scopes and outdated data. Taking as an example, the representative buildings 

obtained from “Quito, An architectural Guide” (Consejería de Obras Públicas y Transportes de la Junta 

de Andalucía, 2004) were carefully selected to represent the building typology most representative of 

each neighborhood. However, it is important to note that the two buildings selected for each 

neighborhood (selection criteria is detailed in Table 7) may not represent the exact reality of an entire 

area. Furthermore, since the guide was published in 2004, some important changes may have not been 

noticed. Nevertheless, it is worth highlighting that the present thesis was developed based on various 

investigations that allowed to gather enough information for the assessment. Due to this background, 

the analysis was developed with lower operational cost (Quito case study assessment was developed 

only by the author in a period of approximately three months). 

 

6.3  SCOPE 

Due to the specificity and the detail of the assessment carried out in Guimarães, it was possible to 

identify, with a very acceptable level of accuracy, the main causes of risk and their location through the 

mapping of the factors and sub-factors evaluated. Besides the general panorama mapped in the FRI, 

specific indexes reveal how certain zones can be exposed to risk due to different reasons, such as the 

building location, gas and electrical installations, current use, number of inhabitants, existence of fire 

combat equipment inside the building and even the quality and size of the ways of access.  

Taking into account that the assessment is seen as a tool to design risk mitigation strategies, the level 

of specificity of this case allow to develop prompt and clear interventions. In the case of Guimarães, the 

assessment developed in the present thesis opens a panorama of possibilities that can be executed at 
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different levels, with strategies at an urban, neighborhood and building scale. It is important to mention 

that possible interventions to manage and mitigate risk are directly related to the City Council or to civil 

protection authorities and that some improvements are related with urban scale interventions, such as 

fire simulacrum, urban street design or extinguishers implementation. 

Regarding the Quito Study Case, the assessment is not so detailed and consequently its action frame 

is more limited. As a urban analysis embracing a large-scale historical center, the assessment presented 

a panorama with neighborhood as the most detailed scale of the study. This means that the causes of 

risk cannot be identified at a building or street level, since there is not enough information to design 

interventions. In that sense, the level 2 analysis performed in this work can be understood as a first step 

for a large-scale assessment, where the most vulnerable neighborhoods are identified; then, it’s possible 

to determine in which one is necessary to carry out a more detailed assessment in order to get 

information at a building scale. Finally, it is important to mention that, due to the vulnerability studies 

developed in Quito, it was possible to define potential of axes of action (See Chapter 5.4: Crisis 

Management, Accessibility, Building Characteristics) beyond fire risk assessment.  

 

6.4   FINAL REMARKS 

 The present thesis is guided under two different approaches, designed considering the scale 

and context of the case studies. Guimarães case uses the approach of ARICA simplified 

methodology (previously used in the Historical Center of Seixal), and focuses in a building by 

building assessment, covering a small urban area. In the case study of Quito, it was applied the 

same methodology, however at a much larger Urban Scale. Analysis is performed through the 

evaluation of representative buildings of neighborhoods areas. Quito study case is supported 

by previous studies of vulnerability assessment and architectural characterization of the city. 

 The main advantage identified in the case of Guimarães is related to the accuracy of the 

assessment, since the building by building evaluation resulted in a highly detailed panorama of 

the level of fire risk existing in historical center. However, such a detailed investigation is very 

demanding in terms of workload and time. On the other hand, Quito assessment is carried out 

without a significant investment of time; however, it depends entirely of previous information 

available and its specificity. Fortunately, Quito counted with several previous investigations 

used as support for the present work, due to its early declaration as World Humanity Heritage 

in 1978. 

 The scope of both assessments is directly related to their accuracy. The case study of 

Guimarães is a highly detail evaluation that can provide specific information to develop, in a 

direct way, strategies and actions to mitigate risk. On the contrary, Quito Case Study has the 

neighborhood area as the most specific scale. In that sense, it should be understood as a first 

step in Risk Assessment, where the most vulnerable neighborhoods are identified and further 

studies can be focused on them. The analysis developed in Quito can be useful as a 
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representative example of how to perform the assessment of large scale urban areas, as a 

previous step for on-site based evaluation.  
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CHAPTER 7: CONCLUSIONS AND RECOMMENDATIONS  

 

7.1 WORK SYNTHESIS 

The present thesis focused on the fire risk assessment for two historical centers: Quito and Guimarães, 

both declared as World Heritage Sites by UNESCO. Both cases were assessed through ARICA 

simplified methodology; however, each case were evaluated under different approaches, related to their 

context, location, history, urban development, size and architectural and constructive characteristics. 

Guimarães case study was analyzed through a Level 1 approach, considering a neighborhood/ building 

scale; Quito, on the other hand, was analyzed through a Level 2 approach, considering an urban scale 

(several neighborhoods). 

In both cases, the final result was a Fire Risk panorama, including the identification of most vulnerable 

neighborhoods, in Quito case study, and buildings, in Guimarães. The work also aimed at providing data 

and tools for posterior definition of fire risk mitigation strategies. 

 

7.2 MAIN CONCLUSIONS  

The main conclusions obtained in this work are distributed in the end of each chapter throughout the 

entire document as Final Remarks. The present section brings together the main conclusions, ordered 

and divided according to the chapters wherein they were presented. 

 

7.2.1 Fire Risk Assessment in Two Levels approach 

 The main difference in the two levels of approach is the procurement of information. In the case 

of Guimarães, data is obtained through on-site inquiries and inspection; thus, there is a detail 

panorama of the study area, with highly accurate data of each building. In the case of Quito, 

information is obtained through previous investigation: Representative buildings from “City of 

Quito, An architectural Guide” (Consejería de Obras Públicas y Transportes de la Junta de 

Andalucía, 2004) and demographic data for territorial planning. Due to this fact, it is expectable 

to have less accurate results in the final assessment, with neighborhood as the most specific 

scale possible. 

 
7.2.2 Guimarães Case Study 

 Historically, urban development of Guimarães has been particularity uniform. Since the 

conformation of the two cores (castle and monastery) in X century, until the overthrow of the 

peripheral wall in 1853, most of the architectural elements remained intact and organized in the 

urban distribution. This particularity allowed to identify and study in detail the historical center; 

a clear example of that is the well-defined architectural typologies, differentiated by their 
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materials, constructive techniques and apogee period. These characteristics are detailed in the 

Report of ICOMOS (ICOMOS, 2001) and allowed to define Zones for analysis in the present 

investigation. Based on this zonation, it was possible to group buildings with similar 

characteristics and perform the analysis in a more efficient and effective way; as an example, it 

is worth noting the early identification of a non-evaluable zone, releasing time for other 

investigation activities.   

 Regarding global factor (FRI), only 6% of all the constructions in the Historic Center of 

Guimarães are in Low level of Vulnerability, which means that almost all the study area is 

currently in an “unsafe” situation. During the analysis of the sub-factors, the main causes of this 

phenomenon appear to be associated to the characteristics of the area. Aspects like the access 

ways, evacuation ways and vertical communications inside buildings, are especially difficult and 

inefficient due to its character of historical, not designed to comply with the current safety 

standards.  

 The comparison of the total number of inhabitants with FRI is crucial to determine the level of 

risk of the zone, providing an approximate amount of potential human losses and its distribution 

within the study area. In the case of Guimaraes, a 30% of the population resident in historical 

center is exposed to high or extreme fire risk, suggesting that immediate actions are needed. 

Besides, it is important to note that the distribution of buildings in high or extreme risk is fairly 

homogenous, which suggests that actions are needed in the entire area of study. 

 
7.2.3 Quito Case Study 

 The hilly topography, the colonial architecture, the construction logics and the exponential urban 

growth, are some of the main differences found between the Historical Center of Quito and the 

Historical Center of Guimarães. Based on these contrasts, and taking into account the scale of 

the analysis required for the assessment of Quito city, a different approach had to be developed 

and applied. Thus, instead of being based on a building-by-building evaluation, as in the case 

of Guimarães, for Quito the analysis was carried out in a neighborhood scale with the support 

of representative buildings.  

 The methodology used in the assessment was ARICA simplified, a variation of the one used by 

(Ferreira, et al., 2016) in the fire risk assessment of the historical center of Seixal in Portugal. 

However, in this case, the information was not obtained from in situ inspection; instead, 

sociodemographic, economic and urban data was obtained from previous investigations carried 

out in the metropolitan area of Quito, namely from the 2010 Census (Alcaldía de Quito, 2017) 

wherein the information is provided in parishes and neighborhoods organization.  

 The main weaknesses of the neighborhoods are identified through the comparison of different 

Vulnerability Indexes and Fire Risk Assessment results. Vulnerability indexes for Quito were 

obtained from a previous investigation presented by (Robert D´Ercole, 2004). From tis 

comparison, San Sebastian, El Placer, El Tejar, La Chilena and San Diego Neighborhoods were 
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identified as the most vulnerable ones from the 14 analyzed. Thus, as a primary conclusion, 

future interventions should be focused in these areas. 

 Beyond this identification, further studies are compulsory to determine specific actions to reduce 

fire risk. These actions are closely related to intervention in an urban scale, such as the 

implementation of crisis response strategies and infrastructures (fireman stations, hospitals, 

neighborhood brigades), accessibility enhancement (such as implementation of better ways of 

access and exit) and other general improvements.  

 

7.2.4 Discussion Quito versus Guimarães  

 The main advantage of Guimarães case study is related to accuracy of the data used in the 

assessment, arising from the building by building evaluation made. As a result, it was possible 

to obtain highly detailed panorama of the fire risk in the study area. However, such detailed 

investigation entails significant costs, both in terms of workload and time. On the contrary, Quito 

assessment was carried out without a representative investment of time. However, it depends 

entirely on the availability of previous information that can be used for the assessment. 

Fortunately, Quito counted with several previous investigations that could be used in the present 

work, great part of those resulting from its early declaration as World Heritage Site in 1978. 

 The scope of both assessments is directly related to their accuracy level. Guimarães case study 

is a highly detail evaluation that can provide specific information to develop, in a direct way, 

strategies and actions to mitigate risk. As for Quito case study, the neighborhood area was 

taken as the most specific scale and therefore this analysis can be understood as a first step in 

Risk Assessment, from which the most vulnerable neighborhoods can be identified and further 

studied resorting to more detailed approaches. In that sense, the assessment performed in 

Quito is useful for locations of large extension, as a previous step for further on-site based 

evaluation. 

 

7.3 FINAL COMMENTS 

The assessment of two historical centers allows to perceive the relevance of fire risk assessment as a 

useful proactive strategy. The main utility of the comparative investigation is the contrast of realities, on 

the basis of which it is possible to understand exposure to risk under different circumstances and to find 

out different sources of vulnerability. The cases analyzed are particularly interesting due to their nature 

of World Heritage Sites (both cases have been inscribed in the UNESCO list several years ago) and 

their latent exposure to risk. This fact suggests that in both cases there is still a challenging amount of 

work to do in order to mitigate fire risk, in a path where the assessment should be seen as a very first 

step to reach specific interventions. Furthermore, the assessments carried out suggest that, actions 

needed to mitigate risk are closely related with governments, town halls and competent authorities; due 

to the nature of the interventions that exceed the building scale and, mostly, are associated with urban 



Multi-scale fire risk assessment and mitigation in urban areas

 
 

 

Erasmus Mundus Programme 

86              ADVANCED MASTERS IN STRUCTURAL ANALYSIS OF MONUMENTS AND HISTORICAL CONSTRUCTIONS                      
 

intervention, equipment implementation and occupation regulations. In that sense, the present thesis is 

another support and request for the commitment of the responsible authorities, in order to outline real 

actions to mitigate risk and build proactive plans against fire disasters.  

 

7.4 FURTHER RECOMMENDATIONS AND FUTURE WORKS 

The development of the present thesis was divided in two different approaches, adapted to the reality 

of each case study. Following the same line, the recommendations are organized in two groups, 

considering specific differences, approaches and results. Besides, recommendations and future works 

are proposed considering the present thesis work as the first step of the risk mitigation process. 

 

7.4.1 Guimaraes case study 

As it was told, the assessment carried out in Guimarães embraced the majority of the historical center, 

excluding monumental buildings and constructions without relation with the medieval period. 

Considering the detail of the information, the future considerations start from the assessment and 

propose possible future steps to follow, divided in three action-frames: information concatenation, 

feasibility and hierarchy of the information and Intervention management.  

 Information concatenation 

Regards the need for a multi-risk approach (considering floods, landslide, earthquakes, floods) 

through the development and superposition of various types of risk-related databases in order 

to generate an integrated tool for city management. According to past investigations on urban 

risk, integrated urban risk assessment “allows for undertaking assessments at different levels 

of complexity based on a city’s overall goal and resources. Each city is unique and will have 

different needs with regard to increasing resilience to natural hazards and climate change. Their 

development priorities might be different - some may emphasize improving the built 

environment, while others may seek to improve institutional capacity for reducing and planning 

for disaster risk. Generally, a city’s size, available human resources, political autonomy, 

leadership, and financial condition will drive the priorities and potential directions for city 

development.” (Dickson, L. Baker, Hoornweg, & Tiwari, 2012, p. 21) In this sense, the 

investigation carried out in the present thesis represent only one part of the information that 

conforms risk assessment for the city of Guimarães. 

 Feasibility and hierarchy of information 

Regards the identification and planning of priority actions to be carried out in the case study 

area. In order to accomplish this objective, it is necessary to identify the major weaknesses and 

to propose specific actions to mitigate them. It is worth noting that the previously mentioned 

multi-risk approach is highly related with this action frame, in the sense that it allows for the 

design of more effective interventions, embracing risk in its entire dimension (various types of 

anthropic and natural risks besides fire). 
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 Intervention management 

Regards the need for collaboration and political will in order to execute actions. Actually, much 

of the sources of risk founded in the present investigation are related with urban issues and, 

consequently, directly related with city management authorities. In that sense, the creation of 

an inclusive platform with the aim of promoting the discussion and the execution of risk 

mitigation strategies, in close cooperation between the society and the competent authorities, 

is a key strategy to avoid the limitation of plans as theoretical proposals. 

 

 7.4.2 Quito case study 

The analysis of Quito case study was limited by the scale of the historical center; consequently, the 

information reached the neighborhood as the most detailed scope of the assessment. For this reason, 

the following recommendations and future works are focused on two action-frames, remarking the 

particularities respecting the case of Guimarães. The action-frames are: Intervention Management and 

Assessment from the outside. 

 Intervention Management 

Regards the importance of executing affective actions in the case study. Great part of the 

investigations used as support for the present work have revealed a solid knowledge of Quito 

situation regarding risk; from vulnerability analysis (Robert D´Ercole, 2004), environment and 

weather change (FLACSO Ecuador and PNUMA, 2011) to complex analysis of natural hazard 

(Municipio del Distrito Metropolitano de Quito, 2015). This background suggests that future 

works using the city of Quite as case study should be focused on the use of this information. 

 Assessment from outside 

It was the major challenge faced in Quito case study: an assessment without the possibility of 

on-site work. Despite the methodology used in this work for assessing fire risk be based on in 

situ observation, it was possible to perform an assessment and use data from previous 

investigations. In this regard, it is important to underline that this strategy is not unusual in risk 

assessment; there are many strategies of information procurement, including existing datasets, 

interviews, expert’s judgements or satellite images (Dickson, L. Baker, Hoornweg, & Tiwari, 

2012). In that sense, possible future works following the line of the present thesis can be focused 

on the improvement and development of alternative information procurement strategies that 

consider outside sources of information, including new technological-based tools. 
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ANNEXES 

CONTENT 

 
The following annexes are organized in two groups: Support documentation and Breakdown of 

methodology factors. The first group incorporates the information used to develop the analysis of both 

of the cases of studio. For Guimarães case, includes the plan of hydrants location, plan of registered 

fires, the data sheet model used for the surveys. For Quito case, is included the data sheets of the 

representative buildings used in the assessment. 

On the other hand, second group regards the factors and sub-factors of simplified ARICA methodology, 

used for both case studies. There is a breakdown for every sub-factor with the respective calculation 

process according to the values assigned in the methodology. 
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Fires occurred in the Historical Center of Guimarães: 

 

 
Figure A- 2: Fires occurred in the Historical Center of Guimarães 
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Survey sheet Model for Guimarães assessment: 

 
 

 

 

Figure A- 3: Survey sheet Model for Guimarães assessment 
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Representative Buildings for Quito case study: 

 
Figure A- 4: Representative buildings of Quito and their location 
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Figure A- 5: Data sheet of representative buildings 1 
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Figure A- 6: Data sheet of representative buildings 2 
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Figure A- 7: Data sheet of representative buildings 3 
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Figure A- 8: Data sheet of representative buildings 4  
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Figure A- 9: Data sheet of representative buildings 5 
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Figure A- 10: Data sheet of representative buildings 6 
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Figure A- 11: Data sheet of representative buildings 7 
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Figure A- 12: Data sheet of representative buildings 8 
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Figure A- 13: Data sheet of representative buildings 9 
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Figure A- 14: Data sheet of representative buildings 10 
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BREAKDOWN OF METHODOLOGY FACTORS 

The present annex contains the methodology factors breakdown. The arithmetical process of each sub-

factor is described based on the values assigned to each of the partial factors. The partial factors are 

organized in tables, composed by the values assigned and their respective considerations.  

 
 

Table A- 1: Methodology factors 

 
 

Fire Ignition Sub-factor (SFI) 

This factor is obtained through the arithmetic average of the following four partial factors. 

Partial factors of Building conservation state (SFI.1): 

Table A- 2: Building conservation state 
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Partial factors of Electric installations (SFI.2): 

Table A- 3: Electric installations 

 

 

Partial factors of Gas installations (SFI.3): 

Table A- 4: Gas installations 

 

 

Partial factors of Fire load nature (SFI.4): 

The factor is determined as the product of the combustibility coefficient and the activation coefficient 

Table A- 5: Fire load nature 

 

 

Fire propagation sub-factor (SFP): 

The present sub-factor is obtained through the arithmetic average of five partial factors. 
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Gaps between aligned openings (SFP.1): 

Table A- 6: Gaps between aligned openings 

 

Safety and security teams (SFP.2): 

Table A- 7: Safety and security teams 

 

 
 
Fire detection, alert and alarm (SFP.3): 

Table A- 8: Fire detection, alert and alarm 
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Fire compartmentalization (SFP.4): 

Table A- 9: Fire compartmentalization 

 
 
Fire loads (SFP.5): 
 
The list of the fire loads densities of the materials is available in the Office N. 2074/2009. In order to 

obtain normalized values according to the other partial factors, the value is obtained through quotient 

between the density of the fire load of the material and 1000.  In this way, the lower limit is 0.10 and the 

higher is 5.00. 

 
Evacuation sub-factor (SFE): 

This sub-factor is obtained through the product the arithmetic average of partial factors SFE.1 

(Evacuation and escape routes) and SFE .2 (Building properties) with the Evaluation correction factor 

SFE.3. 

 
Evacuation and escape routes (SFE.1): 
The initial value is 1.00, then the following values are added. 

Table A- 10: Evacuation and escape routes 

 
 
Building properties (SFE.2): 
 
This sub-factor is obtained through the arithmetic average of three partial factors, two of them previously 

considered: Safety and security teams (SFP.2) and Fire detection, alert and alarm (SFP.3). The 

remaining partial factor is related to Evacuation simulacrum, explained in the following table. 
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Table A- 11: Evacuation simulacrum 

 
 
 
Evaluation correction factors (SFE.3): 

Table A- 12: Evacuation correction factors 

 
 
Fire combat sub-factor (SFC): 

This value is obtained through the arithmetic average of the partial factors: Building external fire combat 

factors (SFC.1), Building internal fire combat factors (SFC.2) and Security teams (SFC.3). 

 

Building external fire combat factors (SFC.1): 

This partial factor considers the conditions of the street ways (Table A- 13) and Distance to Hydrants 

(Table A- 14) 

Table A- 13: Conditions of the street ways 
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Table A- 14: Distance to hydrants 

 
 

Building internal fire combat factors (SFC.2): 

Table A- 15:  Building internal fire combat factors 

 

 

Fire risk  

Fire risk of the building is obtained through the quotient between the Global fire risk factor of the 

building and the Reference risk factor. 

 
Global fire risk factor of the building:  

Global fire risk factor is obtained through arithmetic average of the 4 global factors previously described 

(Fire Ignition, Fire propagation, Evacuation and Fire combat), increasing the first two factors in 1.20 and 

1.10 respectively, as is described in A-Table 16. 
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Table A- 16: Global risk factor, weight consideration for the global factors 

 

 

Reference risk factor: 

According to the methodology, this factor is obtained through the product of the reference values of each 

partial factor. The reference risk factor is obtained through the association of these 4 partial factors with 

their respective weight, considering the arithmetic average of these 4 values of reference as the 

reference risk factor. Depending of the type of use of the building, the reference risk factor can be 

obtained through the following expressions. In this case, Fc corresponds the correction factor used 

previously in Table A- 12 

Table A- 17: Reference risk factor 

 

 




