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Previous Presentation Infrarisk- Workshop 2020

Multi -hazard Different hazardous events threatening the same exposed
elements(with or without temporal coincidence)

Source: Gallinaet al. (2016)

Multi -vulnerability A variety of exposed sensitive targets (e.g. population,
infrastructure, cultural heritage, etc.) with possible different
vulnerability degreesagainstthe varioushazards.

Fire Earthquake Flood
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Previous Presentation Infrarisk- Workshop 2020

Fire
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FireVulnerability Assessment in Cultural Heritage

Selection of Vulnerability Indicators 

through literature review

Vulnerability and exposure
Assessment of 

potential impacts

Indicator-based methods for risk in cultural heritage

Hazard

Selection of existing data

Large groups of cultural heritage assets can be assessed with limited resources through the use of simple and reliable indicators
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Å Theproposedindexis the resultof an in-depth literature reviewof existingFireVulnerabilityIndicators(FVIs)(Salazaret al.,

2021). Thisindexcomprisestwenty-one FVIs, selectedto measurethe level of damagedue to fire in built heritageassets,

that areorganizedin four categories:

Å (1) the propertiesof the built elements(ὖὄὉ),

Å (2) the utilities (Ὗ),

Å (3) the firefightingmeasures(Ὂὓ) and

Å (4) the emergencypreparednessplanning(Ὁὖὖ).

Introduction

Luis Gerardo Flores Salazar / Development of Multi-hazard Risk Indicators for Immovable Cultural Heritage (Fire Vulnerability Assessment)

Å Themethod wasdesignedsuchthat it may be applied to different types of heritage buildings in different contextsand

countries,andusedautonomously(i.e. independentlyof specificcodes).

Å Methodsfor the fire riskassessmentof culturalheritagearescarcerandhavelimitations,suchasonly beingapplicableto a

singletype of heritage,to specificcountriesor not consideringspecificcharacteristicsthat heritagebuildingspresent.

In Salazar et al. (2021), the cultural value is a 
FVI but is not considered (in this index) to 

assess expected level of damage
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Fire Vulnerability Assessment in Cultural Heritage

G1ïProperties of the Built Elements (PBE)

P1Fire Load Density

P2 Fire Resistance

P3Finishes and linings

P4Compartmentation

P5Adjacent constructions

P6 Vertical propagation

P7Conservation status

P8Firebreaks/Buffer Zones 
(horizontal propagation)
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╖
╖

Thefirst categoryrefersto indicatorsrelatedto thephysicalproperties

of thebuildingandimmediatesurroundingsthat influence the impact

of a fire to its their cultural value.
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Fire Vulnerability Assessment in Cultural Heritage

G2ïUtilities (U)

P9Electrical installations

P10Gas installations

P11Heating, ventilation and 
air conditioning (heating 

equipment)

P12CCTV systems
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╖

The secondgroup of indicators is basedon the characteristicsand

componentsof theexistingutilities that can facilitate the occurrence

or propagation of a fire due to their maintenanceconditions, or

contribute to increasingthe overall fire safety.
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Fire Vulnerability Assessment in Cultural Heritage

P13Alarm and 
detection system

P14Smoke control 
system

P15Active suppression 
system

P16Water Supply

P17Fire rescue services

G3 - Firefighting Measures (FM)
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╖

The third group involves indicators that account for fire

mitigation measures once it starts.
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Fire Vulnerability Assessment in Cultural Heritage

FVI-18 Emergency planning

FVI-19 Compartment height 
level 

FVI-20 Evacuation and 
egress routes

FVI-21 Signage and 
emergency lights

G4 - Emergency Preparedness Planning (EPP)
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╖

The fourth group reflects indicatorsthat accountfor the availability of

evacuation measures and emergency strategies implemented to

safeguardthe construction and its movableheritage assetsgiven their

cultural value.
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Fire Vulnerability Assessment in Cultural Heritage

Å The score of each category is obtained by the

worst FVI performance, which is defined by the

higher indicator score, (each indicator is scored

among5 DamagePotentialClasses(DPC).

Level of Damage under fire effects

Å The estimationof the level of damageunderfire

Ὀ considersthe interconnectednessbetween

dependent or similar fire vulnerability

indicators through the sum of the product

betweenthe scoreof eachcategory(Ὃ) and its

correspondingweight(ὡ ) accordingto:

Ὀ Ὃ ὡ

Ὃ ὓὥὼὖȟ
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Damage Potential Class (DPC) codeand corresponding value

A=0

╖

╖

╖

╖
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A B C D E

0 25 50 75 100

B=25

C=50

D=75

E=100

The Damage Potential Class (DPC) expresses the

expected impact (from A to E) to the immovable

asset under assessment, also accounting for some

aspectsthat can contributeto the damageof movable

assetsby consideringspecificities that could increase

thesusceptibilityin a fire.

Damage Potential Class

Fire Vulnerability Assessment in Cultural Heritage
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B=25

C=50

D=75

E=100

Multi-Attribute Scoring Criteria (Level of Damage) 

Fire Vulnerability Assessment in Cultural Heritage

Group
Copping 

(2002)

Lopes et 

al. (2011)

Wen et 

al.(2012)

Arborea et 

al. (2015)

NFPA 914 

(2015)
µ

Final 

Proposed

PBE 37 21.1 45.69 40.6 28 34.48 35

U - 22.2 5.15 7.5 - 11.62 17.5

FM 35 34.2 21.36 22.1 33 29.13 30

EPP 28 22.5 27.8 19.8 26 24.82 17.5

100 100 100 90 87 - 100
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Fire Vulnerability Assessment in Cultural Heritage

Ὃ ὖὄὉ ὓὥὼὖȟ ȡ πȢσυ
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Fire Vulnerability Assessment in Cultural Heritage

!ǎǎƻŎƛŀǘŜŘ ŎŀǳǎŜǎ όƛƴ ǊŜŘύ ƛƴǾƻƭǾŜŘ ƛƴ ƎǊƻǳǇ ¦ ό¦ǘƛƭƛǘƛŜǎύ Ғ ур҈

Electrical
14.69%

Chimney
7.69%

Accidental
13.89%

Arson
41.26%

Unknown
9.09%

Cooking
6.59%

Cigarette
1.10%Spread to

0.30%

Hotwork
1.70%

Appliance
1%

Explosion
1.00%

Vehicle
0.30%

Sauna
0.10%

Sunlight
0.30%

Lightning
0.40%

Candle
0.70%

Woodburner
0.10%

Electric Htr
0.10%

Kiln
0.10%

External
0.50%

Other
6.79%
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Multi-Attribute Scoring Criteria (Level of Damage) 

Database of Fire in Historic Buildings January 2017 ςJune 2020 (https://www.fireprotect.me.uk/fires.html)
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Level of Damage Score

Fire Vulnerability Assessment in Cultural Heritage

Å Light damagerefers to caseswhere the cultural assetis

expectedto sustainnegligibledamageandsafetyis ensured,

buta regularmonitoringof thesituationis recommended.

Å Mediumdamagerefersto situationswheretheculturalasset

cansufferdamagethatmaybepartially recoveredin caseof

fire.

Å Heavy damagerefersto casesthat may involve irreparable

damageor thetotal lossof theculturalasset.
Heavy Ὀ = <70-100

Following the qualitative approach of Romãoet al. 

(2016), three levels of damages were proposed

Light Ὀ = 0-35

Medium Ὀ = <35-70
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Corus

Archive

+2.7

+5.1

Conference 
Room

Storage 
Area

+2.7

+2.7

Plan View First Floor (m)

Ground Floor plan (m)

Sacristy

+0.13 

Exhibition 
room

+0.13 

Nave

+0. 00 

+0.13 

Altar

Main Chapel

+0.13

+0.64

Case Study - Misericórdia de Esposende - Church
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