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FireFire followingfollowing earthquakeearthquake cancan causecause substantiallysubstantially lossloss ofof lifelife andand
propertyproperty addedadded toto thethe destructiondestruction causedcaused byby thethe earthquakeearthquake andandproperty,property, addedadded toto thethe destructiondestruction causedcaused byby thethe earthquake,earthquake, andand
representsrepresents anan importantimportant threatthreat inin seismicseismic regionsregions



TheThe behaviourbehaviour inin firefire ofof structuresstructures whichwhich havehave beenbeen damageddamaged bybyTheThe behaviourbehaviour inin firefire ofof structuresstructures whichwhich havehave beenbeen damageddamaged byby
earthquakesearthquakes representsrepresents anan importantimportant investigationinvestigation fieldfield sincesince inin
manymany casescases firesfires breakingbreaking outout afterafter aa seismicseismic eventevent leadlead toto aa realreal
catastrophecatastrophe

TheThe lossloss resultingresulting fromfrom firesfires developingdeveloping afterafter thethe earthquakeearthquake maymay bebe
comparablecomparable oror greatergreater toto thosethose resultingresulting fromfrom thethe earthquakeearthquake itselfitself



RiskRisk FactorsFactors relatedrelated toto::RiskRisk FactorsFactors relatedrelated toto::

-- directdirect earthquakeearthquake effectseffects:: damagedamage itselfitself fracturingfracturing ofof gas/gas/ electricityelectricity-- directdirect earthquakeearthquake effectseffects:: damagedamage itself,itself, fracturingfracturing ofof gas/gas/ electricityelectricity
connectionsconnections;;
-- sourcessources ofof ignitionignition:: boilers,boilers, shortshort circuitscircuits fromfrom structuralstructural damage,damage,sourcessources ofof ignitionignition:: boilers,boilers, shortshort circuitscircuits fromfrom structuralstructural damage,damage,
fallenfallen livelive wireswires;;
-- establishemntestablishemnt ofof firefire:: failurefailure ofof activeactive suppressionsuppression systemssystems (sprinklers)(sprinklers)ff ff pppp yy ( p )( p )
-- spreadspread ofof firefire:: wind,wind, damagedamage ofof passivepassive measures,measures, boundaryboundary barriersbarriers
notnot designeddesigned accordingaccording toto modernmodern firefire spreadspread resistanceresistance
-- detection/detection/ extinguishmentextinguishment ofof firefire:: panic,panic, uncertaintyuncertainty ofof firesfires location,location,
traffictraffic congestion,congestion, lossloss ofof waterwater supply,supply, brigadebrigade responseresponse



EvenEven ifif nono firefire developsdevelops immediatelyimmediately afterafter anan earthquake,earthquake, thethe
ibilitibilit ff d l dd l d fifi ff tiff ti thth t tt t tt bb d t ld t lpossibilitypossibility ofof delayeddelayed firesfires affectingaffecting thethe structurestructure mustmust bebe adequatelyadequately

takentaken intointo account,account, sincesince thethe earthquakeearthquake inducedinduced damagesdamages makesmakes thethe
structurestructure moremore vulnerablevulnerable toto firefire effectseffects thanthan thethe undamagedundamaged oneonestructurestructure moremore vulnerablevulnerable toto firefire effectseffects thanthan thethe undamagedundamaged oneone

-- damagedamage ofof structurestructure
-- damagedamage toto firefire protectionprotection
-- damagedamage toto nonnon--structuralstructural firefire

protectionprotection



Structural systems may serve two main functions during a fire Structural systems may serve two main functions during a fire 
ttevent:event:

1.1. To continue to support loadsTo continue to support loads
so that building occupants can exit safely and firefighters have so that building occupants can exit safely and firefighters have 
sufficient time to respond and control the firesufficient time to respond and control the fire

2.2. To serve as a barrier and/or support other barriers to fire propagationTo serve as a barrier and/or support other barriers to fire propagation
excessive deflection may contribute to the instability and failure of excessive deflection may contribute to the instability and failure of y yy y
a  partition wall, which could allow the fire to spread into adjacent a  partition wall, which could allow the fire to spread into adjacent 
compartments. compartments. 



ASSESSMENT OF POSTASSESSMENT OF POST--EARTHQUAKE FIRE BEHAVIOUR EARTHQUAKE FIRE BEHAVIOUR 
OF STRUCTURESOF STRUCTURES

EvaluationEvaluation ofof thethe effectseffects ofof earthquakeearthquake--inducedinduced damagedamage onon firefireEvaluationEvaluation ofof thethe effectseffects ofof earthquakeearthquake inducedinduced damagedamage onon firefire
resistanceresistance andand collapsecollapse modesmodes

SCOPESCOPESCOPESCOPE

D l tD l t ff ll ff b thb th fifi f tf t dd i ii i d id iDevelopmentDevelopment ofof aa proposalproposal forfor bothboth firefire--safetysafety andand seismicseismic designdesign
codescodes:: aa comprehensivecomprehensive methodologymethodology forfor thethe firefire designdesign

hi hhi h h ldh ld di i i hdi i i h bb l dl d ii i ii i ddwhichwhich shouldshould distinguishdistinguish betweenbetween structuresstructures locatedlocated inin seismicseismic andand
nonnon--seismicseismic areasareas



ThisThis requiresrequires aa multimulti--disciplinarydisciplinary approachapproach thatthat considersconsiders::qq p yp y pppp
-- firefire sciencescience (modelling(modelling ofof fire)fire);;
-- modellingmodelling ofof materialmaterial behaviourbehaviour underunder elevatedelevated temperaturestemperatures;;gg pp ;;
-- structuralstructural engineeringengineering forfor modellingmodelling thethe earthquakeearthquake inducedinduced
damagedamage andand forfor thethe analysisanalysis ofof thethe damageddamaged structurestructure underunder elevatedelevated
temperaturestemperatures



ANALYSIS METHODOLOGYANALYSIS METHODOLOGY

-- IdentificationIdentification ofof thethe seismicseismic damagedamage state,state, accordingaccording toto prepre--fixedfixed
performanceperformance levels,levels, byby meansmeans ofof nonlinearnonlinear pushoverpushover analysesanalyses oror byby
nonnon linearlinear timetime historyhistory incrementalincremental dynamicdynamic analysesanalysesnonnon linearlinear timetime--historyhistory incrementalincremental dynamicdynamic analysesanalyses

-- AnalysisAnalysis underunder firefire ofof structuresstructures alreadyalready damageddamaged byby earthquake,earthquake,
t tit ti ff hh i li l d fi dd fi d ff l ll lstartingstarting fromfrom eacheach previouslypreviously defineddefined performanceperformance levellevel

-- CorrelationCorrelation betweenbetween thethe seismicseismic performanceperformance levelslevels andand thethe behaviourbehaviour
ofof correspondingcorresponding damageddamaged structuresstructures underunder firefire inin termsterms ofof firefire
resistanceresistance andand collapsecollapse modemode..

-- DefinitionDefinition ofof integratedintegrated seismicseismic andand firefire designdesign criteriacriteria



FIREFIRE MODELSMODELS (EN(EN19911991--11--22))

NominalNominal standardstandard ISOISO 834834:: doesdoes notnot taketake intointo accountaccount anyany physicalphysical
parameterparameter andand cancan bebe farfar awayaway fromfrom realityreality

NaturalNatural firesfires::
-- parametricparametric firefire:: considersconsiders thethe firefire loadload density,density, thethe openingsopenings andand
thethe coolingcooling phasephase
-- combinedcombined “Two“Two Zone”Zone” andand “One“One Zone”Zone” modelmodel:: considersconsiders thethe
firefire loadload density,density, thethe openings,openings, thethe coolingcooling phasephase andand thethe prepre--
flashoverflashover phasephase inin whichwhich thethe compartmentcompartment isis divideddivided inin aa hothotflashoverflashover phasephase inin whichwhich thethe compartmentcompartment isis divideddivided inin aa hothot
upperupper zonezone andand aa coldcold inferiorinferior oneone



DESIGNDESIGN FIREFIRE LOADLOAD DENSITYDENSITY (EN(EN19911991--11--22))

, , 1 2δ δ δ= ⋅ ⋅ ⋅ ⋅f d f k q q nq q m
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δ1 δ2 δ3/4 δ5 δ6/7 δ8 δ9 δ10 Πδn

Before
earthquake

0,61 0,87 0,73 0,87 0,78 1,0 1,0 1,0 0,26

After
earthquake

1,0 1,0 1,0 1,0 1,0 1,5 1,5 1,5 3,38
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EXAMPLES OF APPLICATIONEXAMPLES OF APPLICATION
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DellaDella Corte,Corte, GG..,, Faggiano,Faggiano, BB..,, Mazzolani,Mazzolani, FF..MM..,, OnOn thethe structuralstructural
G  +  Ψ  Q  

,, ,, gg ,gg , ,, zz ,zz , ,,
effectseffects ofof firefire followingfollowing earthquakeearthquake
COSTCOST CC1212 FinalFinal Conference,Conference, Innsbruck,Innsbruck, Austria,Austria, 20052005

P-SLS frame

StructuralStructural analysisanalysis underunder seismicseismic actionaction:: damagedamage distributiondistribution andand extentextent
-- different acceleration records and multiple levels of earthquake different acceleration records and multiple levels of earthquake 
intensitiesintensities
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ResultsResults L/H 1 I /I 0 63 M /M 0 54
1.4ResultsResults

Portal frames:Portal frames:
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MultiMulti--storey frames:storey frames:

Effect of the seismic design option (ULS or SLS)Effect of the seismic design option (ULS or SLS)
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During the pre-earthquake fires the undamaged frames collapsed on themselves without
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During the pre-earthquake fires, the undamaged frames collapsed on themselves, without 
appreciable lateral  displacement
The earthquake-induced damage produces a lateral stability type of collapse mechanism



Faggiano,Faggiano, BB..,, Esposto,Esposto, MM..,, Mazzolani,Mazzolani, FF..MM..,, Landolfo,Landolfo, RR..,, FireFire analysisanalysis onon steelsteel portalportal framesframes
damageddamaged afterafter earthquakeearthquake accordingaccording toto performanceperformance basedbased designdesign

COSTCOST CC2626 Workshop,Workshop, Prague,Prague, CzechCzech Republic,Republic, 20072007

Pushover analysis of simple steel portal frames under horizontal loads aiming at the damage Pushover analysis of simple steel portal frames under horizontal loads aiming at the damage 
identificationidentification

Definition of the performance levels, which correlate seismic intensity and damage extentDefinition of the performance levels, which correlate seismic intensity and damage extent

Fire analysis of the damaged structuresFire analysis of the damaged structuresFire analysis of the damaged structuresFire analysis of the damaged structures

SEISMIC PERFORMANCE 
LEVELS -PL (SEAOC Vision 2000)
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ResultsResults

FireFire resistanceresistance ofof thethe portalportal framesframes inin relationrelation withwith thethe span/span/ heightheight ratioratio thethe sectionsection factorfactorFireFire resistanceresistance ofof thethe portalportal framesframes inin relationrelation withwith thethe span/span/ heightheight ratio,ratio, thethe sectionsection factorfactor
ofof steelsteel profilesprofiles andand seismicseismic performanceperformance levelslevels

In all cases the collapse mechanism is a beam mechanismIn all cases the collapse mechanism is a beam mechanismIn all cases, the collapse mechanism is a beam mechanismIn all cases, the collapse mechanism is a beam mechanism

L/H = 1 L/H = 2
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ResultsResults

TheThe structurestructure adaptedadapted forfor seismicseismic actionaction hashas anan importantimportant reservereserve ofof resistanceresistance inin casecase
ofof aa regularregular firefire situation,situation, butbut alsoalso inin casecase ofof aa firefire afterafter anan earthquake,earthquake, consideringconsideringff gg ff ,, ff ff ff q ,q , gg
thethe correspondingcorresponding damagesdamages forfor thethe codecode earthquakeearthquake.. ThisThis conclusionconclusion waswas emphasisedemphasised
consideringconsidering bothboth standardstandard ISOISO andand naturalnatural firefire modelsmodels..

ForFor thethe scenarioscenario withwith allall firefire fightingfighting measuresmeasures availableavailable (no(no flashover)flashover) inin aa firefire
situationsituation bothboth unprotectedunprotected steelsteel structuresstructures resistedresisted toto thethe firefire actionaction..

AfterAfter earthquake,earthquake, thethe structurestructure designeddesigned forfor thethe strongerstronger earthquakeearthquake resistsresists atat thethe
fullyfully developeddeveloped fire,fire, eveneven ifif itit isis damageddamaged byby thethe seismicseismic action,action, whilewhile thethe structurestructure
d i dd i d i lli ll ff hh f d lf d l l dl d bi ibi i lllldesigneddesigned practicallypractically fromfrom thethe fundamentalfundamental loadload combinationscombinations collapsescollapses..



FURTHERFURTHER DEVELOPMENTSDEVELOPMENTS

ParametricalParametrical analysesanalyses focusingfocusing onon thethe influenceinfluence ofof somesome parametersparametersyy gg pp
asas:: span/span/ height,height, overstrength,overstrength, seismicseismic damagedamage

D fi iti f l d i di ti b d l t itD fi iti f l d i di ti b d l t itDefinition of rules and indications, based on correlatons among site Definition of rules and indications, based on correlatons among site 
PGA PGA –– performance levels performance levels –– fire design objectives, in a PBD fire design objectives, in a PBD 
approach considering different fire scenariosapproach considering different fire scenariosapproach, considering different fire scenariosapproach, considering different fire scenarios

FireFire modelsmodels:: standardstandard firefire (for(for moremore generalgeneral results)results) andand naturalnatural
firesfires (more(more realisticrealistic information,information, althoughalthough refferedreffered toto specificspecific cases)cases)



Thank you y
for your attention !


