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FRAGILITY ANALYSISOF A STEEL BUILDING IN FIRE

T. Gernay, University of Liege, Belgium & Princeton UniversityJ, USA
N. Elhami Khorasani & M. Garlock, Princeton University, NJ, USA

ABSTRACT

Community resilience to extreme events is an igguancreasing concern in our interconnected and
urbanized societies. This work provides a framewor&valuate the response of a community of buiglin
to fire following earthquake, a potentially highdgstructive cascading multi-hazard event. In aipresy
part of the work, a model has been developed tdigréhe probability of ignition in a building due an
earthquake. Given an ignition in a building, thelability of the structure exceeding certain listtes
must be evaluated in order to quantify the expedtedage loss. Adopting an approach similar toukad

in seismic engineering, fragility functions can Heveloped for structures subjected to fire. The
methodology is described here for a prototype stoey steel frame building. In developing the ftiagi
functions, uncertainties in the fire model, thethesnsfer model and the thermo-mechanical resparee
considered. In addition several fire scenariosférént locations in the building are studied. Td@nand

on and capacity of the system are assessed prisiiahlly in terms of critical temperature. The d@ped
fire fragility functions yield the probability ofxeeedance of predefined damage states as a furnéttha

fire load in the building. Future works will aim tmplement fire fragility functions into a GIS bakesk
assessment software platform for assessment @xihected risk and cost associated with fire foltayvi
earthquake for a community of buildings.

1 INTRODUCTION Adopting an approach widely used in seismic
engineering, we propose to develop fragility

Recent extreme events have emphasized the neddnctions for different typologies of structures to

for disaster-resilient communities. Among the characterize their vulnerability to fire.

major threats to the built environment, cascadingThis paper presents a framework to develop fire

multi-hazard events such as fires following anfragility functions for a steel building. The

earthquake can cause major social and economimethodology is described and applied to a practical

losses in a community as observed for instance irexample consisting in a prototype nine-story steel

the 1989 Loma Prieta and 1994 Northridge eventsframe building.

Structural engineering has a key role to play & th

evolution towards more resilient communities, by 2. METHODOLOGY
addressing multi-hazard analysis and resilient
building design. A methodology to construct fire fragility functions

This research project focuses on the response of far steel buildings is presented in this Section.
community of buildings to fire following Fire fragility is a conditional probability statente
earthquake. In a previous part, a model has beedescribing the vulnerability of a system subjected
developed to predict the probability of ignitionan to a given fire intensity. In developing the fire
building due to an earthquake [1]. This modelfragility functions, it is assumed that a fire thsit
estimates, based on the intensity of an earthquakable to endanger the structure has started; stech fi
and the characteristics of a community, the totalis referred to as structurally significant fire.nde,
number of ignitions expected in the community asthe factors that influence the probability of a
well as their distributions among the different structurally significant fire to happen, such as th
structural types of buildings. As the next ste@ th presence of fire detection or sprinkler systemgeha
present part of the work aims at predicting theno effect on the fragility functions.

expected structural damage due to fire in buildingsA system vulnerability to a certain hazard depends
in which an ignition was detected. This expectedfirst and foremost on the intensity of this hazand.
damage depends on many uncertain parametergeismic engineering, it is common to choose the
related to the building structure, fire scenarieath peak ground acceleratioy as the intensity
transfer processes and thermo-mechanical responseeasure; this parameter appears thus on the x-axis
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of the seismic fragility curves. In fire enginegrin  defining the structural capacity purely as a fumrti

a wise choice could be the average fire load (inofthe maximum temperature reached in the section.
MJ/m?2 of floor area), because: (i) the fire loadn®  The structural (capacity) analysis can thus be
of the main parameters affecting the intensity of adecoupled from the thermal (demand) analysis. The
fire [2], (ii) it may vary in a significant rangand  capacity analysis of the structure vyields a
(iii) it has a straightforward definition that isgly ~ probability distribution function (pdf) for the
understood by the different stakeholders involvedcritical temperature associated to a given damage
in fire safety. Consequently, the fire load is ahos state. The demand analysis yields a pdf for the
as the intensity measure for the fire fragilityvas. = maximum temperature reached in the sections of
Given the fire load, the fragility functions yieflde  the structural members, as a result of the fire and
probability of exceedance of predefined damagethermal analyses. The two problems are treated
states. These damage (or limit) states are spéaific separately and, in the end, the outputs of both
the structure under study; they must be defined t@analyses are compared. Failure occurs when the
represent properly successive levels of damagéemperature reached in the section (demand
such as moderate, severe or complete damage. analysis) exceeds the critical temperature (capacit
The development of fragility functions requires the analysis). This procedure is illustrated in the
probabilistic assessment of the capacity of theflowchart of Figure 1.

structure, relative to predefined damage statek, anin a multi-compartment building, multiple fire
the probabilistic assessment of the demand placedcenarios are possible. The fire fragility functon
on the structure due to fire. It must incorporateof the building should encompass these different
explicitly the uncertainties in the fire model, the scenarios to capture the overall fire vulnerahility
heat transfer processes and the thermo-mechanic@herefore, the methodology illustrated in Figure 1
response. is in fact applied several times during the fragili
For structural steel members in fire, the exceeelancanalysis of a building, for varying scenarios (wher
of a damage state depends on the exceedance otlee scenario corresponds to a fire located in the
certain temperature threshold in the section,compartment).

referred to as a critical temperature. This conoépt

critical temperature is convenient because it alow
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Figure 1. Flowchart for the development of fragiliurves for a steel building.
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Each time the methodology is applied (consideringfocuses on the effect of the fire on the gravity
a specific scenario), it yields one fragility cuper  frames only.

damage state, representative of the vulnerability a

the scale of the fire compartment. In the end, theTable 1. Sections of the structural members for

fragility curves associated with a given damage the gravity frame.
state_: but different scenarios m_ust be combined into Level Beam Column
a single curve, representative of the overall 9 W18x40 W1dx43
vulnerability at the scale of the building. 28 W2Ix44  W14x53
5.6  W21x44 W14x68
3. PROTOTYPE STEEL BUILDING aq  W21xd4 W14x82

; W21x44  W14x109
The methodology is applied to a building prototype 12 X X

that consists in a nine-story steel frame building. .
The building is 45.72 m by 45.72m in plan, The concrete slab is 102 mm depth. The steel

sections (beams and columns) are protected with a
directions. The structure is composed of foursprayed fire-resistive material (SFRM) of nominal
i . hickness 39 mm. The nominal values of the steel
moment resisting frames on the perimeter, and fouf"
g P yield strength and Young modulus are 345 MPa

interior gravity frames, see Figure 2. The columns )
of the interior frames are continuous on the nine-arld 200,000 MPa, respectively. The concrete

story but the beams have pinned connection$OMPressive strength is 28 MPa.
(statically determinate beams). The total height of

the building is 37.182 m, divided between a first - DAMAGE STATES

floor of 5.486 m high and the eight other floors of T
3.962 m high. The sections of the beams anq
columns for the interior frame are given in Table 1

consisting of five bays of 9.144 m in the two

he level of structural damage of the building due

o fire will be assessed based on predefined damage

states. For the prototype steel frame building with

> e T — beams with pinned connections, two structural

damage states are considered, one relative to the

M u n u beams and one relative to the columns:

e DS1: Maximum bending resistance of the beam,
when the bending capacity of the beam is
exceeded and the mid-span vertical deflection
increases dramatically;

« DS2: Maximum resistance of the column, when

) L I I} I} A the column fails with a sudden increase in

transversal deflection, whether due to

SRR RN RN exceedance of the buckling resistance of the

| 5@ 30 ft. | column or exceedance of the section plastic
capacity under combined compression and
bending.

These damage states are illustrated in Figure 3.

5@ 30 ft.

Figure 2. Plan view of the prototype 9-story staglding.

The perimeter frames, designed for seismic
resistance, are made of relatively heavy protected
steel sections. For instance, the moment frame
columns sections range from W14x342 to

W14x665. As such, they are not likely to be

affected significantly by a fire, and this has been
confirmed by a previous study [3]. In contrast,

gravity frames have a higher utilization ratio, and

they are most likely to reach their critical Figure 3. Damage states for the steel frame bujldin
temperatures first [4]. As a consequence, this work
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5. PROBABILISTIC FIRE ANALYSIS assumption is conservative compared to concrete
walls, because the latter result in a higher therma
For a steel building in fire, the demand placed oninertia. Of course, other assumptions could be made
the structure due to fire can be expressed in termand would not modify the presented methodology.
of the maximum steel temperatures reached in th@he model adopted to generate the time-
sections of the structural members. In order totemperature evolution in the compartment under
evaluate these maximum steel temperatures, a firstudy is the natural fire model developed by Quiel
analysis must first be conducted to predict theand Garlock [6]. This model is based on the study
evolution of temperature in the compartment. of the real fire that developed in the One Meridian
The development of the fire in a building dependsPlaza (1MP) Building of Philadelphia. The natural
on many uncertain parameters. For instance, ifire curve is dependent on the maximum fire
depends on the ignition location, the fire load th temperature and can be scaled accordingly (Figure
openings in the compartment and the thermal). To determine the maximum fire temperature, the
properties of the boundary of enclosure. All thesemethod from Annex A of Eurocode 1991-1-2 is
parameters have sources of uncertainty, and thegdopted [7] and applied for different levels ogfir
influence the spatial and temporal variabilitylet load between 100 and 2000 MJ/m2.
gas temperature. Since the fragility analysis ef th As a result of the probabilistic fire analysis ek of
building aim at evaluating its structural reliatyili  time-temperature curves is thus generated for each
in fire, this analysis should deal explicitly withe  fire compartment under study.
uncertainties that affect the system. Howevess it i
nelth_er pracfucal nor relevant to conS|der_ qll 1400 o = 2000
possible configurations and sources of uncertantie 1200
Based on literature and engineering judgment, only 1000 |
the most significant sources of uncertainties are”. _ |
selected, considering a trade-off between
computational efficiency and accuracy.
The location of the fire is a priori unknown. Tlgs
a major source of uncertainty and the vulnerability
of the building may depend significantly on this 0
parameter. Consequently, different analyses will be
conducted to consider the different possible
locations (i.e. fire compartments) and evaluate the
response of the structure in each case (see the mai
loop in Figure 1).
For a given fire location, the development of the 6. PROBABILISTIC THERMAL
fire depends on random parameters that govern thANALY SIS
evolution of gas temperature with time in the
compartment. Among these, fire load has aThe next step consists in assessing the temperature
paramount importance and was chosen as thevolution in the sections of the structural members
intensity measure of the fire hazard. Thus, difiere This is done by conducting heat transfer analysis,
levels of fire load, ranging from 100 to 2000 MJ/m?2 using the time-temperature fire curves plotted in
of floor area, are considered in the analysis (see Figure 4 as an input.
secondary loop in Figure 1). Other parameters, sucfihe heat transfer processes depend on the thickness
as the opening factor or the thermal properties ofind thermal properties of the insulating material,
the boundary of enclosure, are assumed here to d8e thermal properties of steel and the section
deterministic, based on a typical compartment ofgeometry. These parameters have sources of
the prototype building. It is assumed that the svall uncertainties that will influence the temperatures
and ceiling of the prototype building are linediwit the sections. Sensitivity analyses for steel member
gypsum plaster board, with the following properties protected with SFRM have shown the prevailing
[5]: conductivity ky = 0.48 W/mK; specific heat importance of the thickness and conductivity of

Cg = 840 J/kgK; densitypg = 1440 kg/m3. This SFRM [8]. As a result, the latter are treated as
random parameters in the model, whereas SFRM

600
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Figure 4. Natural fire model [6] scaled as a functdf the

maximum fire temperature.
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density and specific heat are treated as deterniginis Lo
For the SFRM thickness, a lognormal distribution 0s |
is assumed with a mean value equal to the nomina
value of 39 mm plus 1.6 mm and a coefficient of
variation of 0.2 [9]. Regarding the SFRM I \ 1000 faim®
conductivity, the probabilistic model proposed by 300 MJ/m? 2000 MJ/m2
Elhami Khorasani et al. [10] is adopted. On the I
other hand, thermal properties of steel are treaded 0.0 N . -
deterministic due to their relatively low variances 100200 300 400 500 600 700 800 900 1000

. Maximum Steel Temperature [ °C]
th-e properties are taken from Eurocode [11]. Figure 5. Distribution of maximum steel temperaturéhe
Different methods can be empl_oyed to conduct the fourth floor column for different levels of fire 4al,
heat transfer analyses, ranging from advanced considering variability in SFRM thickness and
numerical methods (FEM) to simple calculation thermal properties.
models that have been validated for prediction of
the temperature evolution in protected steel
sections. One advantage of the propose
methodology, in which the thermal part (demand
assessment) and the structural part '(capaci.ty_ PROBABILISTIC STRUCTURAL
assessment) are treated separately, lies in itaNALYSIS
flexibility: the method used to solve the thermal

problem does not need to be the same as for thepis section investigates the structural respofise o
structural problem. Hence, the most efficient the puilding subjected to fire, in order to assbes

approach for each analysis can be adopted. probabilistic capacity of the building with regards
Here, the thermal analyses are performed using thg, the predefined damage states.

finite difference formula of EN 1993-1-2 Section kgliowing the methodology of Figure 1, the

4.2.5.2 [11]. This formula, also referred 10 as capacity is assessed in the temperature domain.
lumped mass approach, yields the uniformpyence, the objective is to define the pdf of the
temperature in the cross-section of a steel membegiitical temperatures associated with each damage
at each time step and it can be_ used for msula?egtate for the prototype steel frame building.

and bare steel members. It is chosen for itSThe capacity of the system depends on parameters
computational efficiency and its wide acceptanceyith uncertainty, among which the most significant
among the structural fire engineering community. 5re the mechanical properties of steel at high
Eor a given structur_al cross-section and a giVertemperature and the applied gravity loads.
time-temperature  fire  curve, Monte Carlo Regarding the reduction of the steel mechanical
Simulations are 'conducted using the _EUVOCOdeproperties with temperature, the probabilistic
formula and varying the thermal properties of the ,qdel from [10] is adopted. Randomness in the
insulation material (thickness and conductivity). gravity loads is also considered. The factors agpli
For each fire curve, 1000 realizations are computed, the dead and live loads are respectively 1.@5 an
The process is then repeated for the same) 74 and these factors are weighed by probabilistic
compartment using a different fire load, yielding |ad factors according to [8].

the distribution of maximum temperature in the The capacity assessment is done using Monte Carlo
steel section corresponding to each fire load. Thesjmylations (MCS) based on non-linear FE
same methodology is then applied to each differenkyctural analyses. Although more computational-
cross-section type in the building. _ ly efficient methods (such as simple calculation
As a result, the distribution of maximum mogels) would be preferable in the framework of
temperature reached in the sections of the strictur probabilistic analysis, the choice of the FE method
members is obtained, e.g. see Figure 5 for thgo, the structural (capacity) assessment is didtate
_column of the fourth floor. The result is presen_ted by the complexity of the response for the studied
in the form of the complementary cumulative girycture in fire. The gravity loads and mechanical

distribution function of the maximum steel properties of steel are taken as random variables.
temperature.

600 MJ/m?

1-CDF

he curves of Figure 5 represent probabilistically
he thermal demand placed on the system due to fire
hey will be used to construct the fragility curves
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7.1 FINITE ELEMENT MODEL The stress-strain relationship for steel at high
temperature is adopted from Eurocode [11] and the
The building structure is modeled in the non-linearrelationship from concrete is taken from Gernay et
finite element software SAFIR [12] developed at al. [13]. The evolution of yield strength and Young
University of Liege. SAFIR allows conducting a modulus with temperature is evaluated using
thermal analysis of the sections of the structuralprobabilistic models [10], to account for the
members, followed by a structural analysis of theuncertainties in these parameters.
building at high temperature. Here, the response oFigure 7 presents the structural model, with the
one interior frame is studied in its plane, meaningdeflected shape at collapse (amplified two times)
that the model is built in two dimensions. for a fire in the second bay of the fourth floor.
First, a two-dimensional thermal FE analysis is
conducted for each heated member (beams and - STOCHASTIC FE SIMULATIONS
columns) using cross-sections that are discretized
in fibers. The modeling of the beam section |, the FE simulations, a set of values is randomly
includes a 2.3 m effective width of concrete slab,sg|ected for the gravity loads and the evolution of
i.e. one quarter of the span, see Figure 6. steel mechanical properties with temperature. Then,
e the temperature in the section of the structural
members is increased over time, which leads to a
decrease in their load bearing capacity and an
increase in the displacements. This temperature
increase is conducted until the predefined damage
states are reached. At the time when a damage state
is reached, the temperature in the corresponding
structural member is recorded as the critical
temperature. The procedure is then repeated for a
o ) new set of values for the random parameters.
Then, a structural analysis is performed using#hre The critical temperature is independent on the
noded, two-dimensional beam elements (Figure 7)particular time-temperature evolution curve in the
The time-temperature evolution in each fiber saction, Obviously, the time at which a structural
results from the previously conducted thermaldamage state is reached depends, amongst others,
analysis. The structural analysis takes into actounyy, the physics of the fire and thermal properties o
geometrical and material non-linearity, including ipe structure (e.g. level of thermal protectiordt y
large deflections. The composite effect of theine temperature at which this damage state is
concrete slab is taken into account in the strattur (o5ched is independent on these parameters. This
analysis assuming a full transfer of horizontakshe itical temperature concept, which is at the lifse
at the steel-concrete interface. the methodology illustrated in Figure 1, is for
instance prescribed in Eurocode [11], and its
validity for the specific structure studied heresha
also been verified by FE simulations.
As a result, the temperature evolution in the
sections of the structural member, used as an input
in the structural FE analysis, can be any time-
— temperature relationship. In this work, the
evolution of temperature in the sections is
computed by a deterministic thermal FE analysis,
considering the standardized ASTME119 fire and
no thermal protection on the steel members. Since
- - - -~ = — this fire is monotonically increasing, so is the
S I temperature in the sections, so that any subsequent
structural analysis can be run until complete failu
i.e. until attainment of all damage states. Notd th

Figure 6. Thermal analysis of the protected beam.

Figure 7. Structural model of the building.
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this methodology cannot be used to study damage
states specific to the cooling phase (such asaensi

Beam (DS1)
002 T

—— Data from FE analysis

0018+ H
— Fit with normal distribution

failure in the connections). It is important to @ot ooislk
that the thermal FE analysis is run only once, in 0014}
order to generate a temperature history in the oo} /F\
sections; this temperature history is then usedlin 2 onf \
the structural FE analysis run in the MCS. Another © ooost /
temperature history could be used and would lead 0005
to the same results in terms of pdf of critical 0004r
temperature. 000z
9160 480 500 520 540 560 580 6[;0
7.3  PDF OF CRITICAL TEMPERATURE =iiieal | emperature | &)

. . . . o Column (D32)
Considering a fire in the building second bay @ th 001 T Data from FE anlyeis
fourth floor (see Figure 7), 40 realizations are 0012} —— Fit with normal distribution {
computed using the software SAFIR and the il
probabilistic distributions for gravity loads and /\
steel mechanical properties. g /

For each structural analysis, the time at which the & oo
damage state is reached in the beam and in the

0.004
column is recorded. The evolution of temperature N\,
with time in the sections of the beam and the 0002} N
column is known as a result of the thermal FE o= o = — Géoﬁ
analysis. Hence, the time corresponding to the Critical Temperature [°C]

attainment of a damage state can be mapped to the o & Distibution of the critical t e th

H H Igure o. Distribution o € criucal temperatuaog the
ahv.erage temperature in the section of the member aEeam damage state (DS1) and column damage sta, (DS
this time. _ considering a fire in the"2bay of the # story.
As a result, the pdf of capacity related to each
damage state is obtained in terms of critical . ] -
temperature in the steel section. For instanceln Section 8.1, the methodology to derive a fragili
Figure 8 shows the pdf of the critical temperaatre Curve corresponding to a given damage state (e.g.
which the damage state in the beam (DS1) and ithe column damage state) and_a given fire location
the second bay of the fourth floor. the fourth floor) is illustrated. The same
For other fire locations, the distribution of czisi ~ Methodology applies to the other fire locations and
temperature (i.e. the capacity) will be different, d@mage states. __ _
because of different cross-sections of the strattur /N Section 8.2, the fragility curves corresponding
members or applied gravity loads. Therefore, the_dlfferent fire Ioca_tlons in t_he bwldmg_are comédh
probabilistic structural analysis must be repeatedn order to derive a single fragility curve per
for each fire location in the building for whicheth damage state for the prototype building.

\s/gzglsant parameters have different nominal 81 FRAGILITY CURVES EOR ONE

SPECIFIC FIRE LOCATION
8 FRAGILITY CURVES The fire is assumed to develop in the second bay of
the fourth floor and the focus is here on the figgi
curve for the column in this compartment (section
W14x82). The pdf of capacity and the
complementary cdf's of demand have been plotted
in Figure 9(a) for this column. The different cusve
for demand correspond to different levels of fire
load.

The probability distributions for demand and
capacity obtained in Sections 6 and 7 allow for
deriving analytical fragility functions for the
building.
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(a) Distributions of Capacity and Demand (b) Fragility Curve
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Figure 9. The fragility points are obtained by colwion of pdf of damage state and complementafyptdemand.

For a given fire load, the conditional probabilitfy 8.2  COMBINED FRAGILITY CURVES

failure can be computed using Eq. 1, i.e., by

convolution of the pdf of capacity and the Using the procedure of Section 8.1, fragility cueve
complementary cdf of demand corresponding toassociated with the beam and the column damage

this fire load. states are constructed for each different
o —*l-r 4 Eq. 1 compartment fire locations in the building. Due to
Pl = Jo [ - DIHfi(“)]fC(“) ¢ q- the number of possible fire scenarios, this resnlts

In Eq. 1, Pru, is the probability of failure many different fragility curves associated with the
conditional to the occurrence of a fité:: the column dama_ge state and many different fragility
demandD and capacityC are random variables CUVes associated with the beam damage state. In

characterized by their pd(-) andfc(-); andry, view of trle pfr(;c_elz_s of fire _dis?s;[cer e_l\_/taluatioraof
is the cdf of the demand relative to the fite community of bulldings, a single fragiiity curverpe

Repeating the operation for each fire load Ieveldama(‘:]e state should be used to model the
yields several points relating the fire load leaet vulnerability of an entire prototype building

» e . ) representative of a given typology.
glﬁ)condltlonal probability of failure, see Figure A method has been proposed in the literature [14]

Then, the fragility function is built by fitting dhe for constructing combined fragility curves from

. . . 7 individual fragility curves developed for structare
obtained points, assuming that it is a lognormal_ ...~ . " : )

L ) with similar structural attributes. In this casket
function in the form of:

individual fragility curves represent specific fire
F(q) = o[22 Eq. (2) locations in the building. The objective is to
combine them in order to derive a fragility curve

with q the fire load (MJ/m?) that characterizes the (one per damage state) that does not depend on the
fire and®[] the standardized normal distribution |gcation of the fire, but captures the overall

function. The two parametecsand( characterize  yyinerability of the building.

the fragility function; they must be determined to The idea consists in assuming that the combined
maximize the best fit with the data points resgitin fragility curves can also be approximated by
from the analysis. This fit is performed using the |ognormal functions, in a form similar to that af .E
maximum likelihood function. o (2). The two parameters, mean and standard
The same process is applied for deriving thegeviation of the combined lognormal distribution,
fragility functions relative to the other damage are calculated on basis of the corresponding
states and other fire compartment locations. parameters for the individual fragility curves,
taking into account the relative likelihood of each
fire scenario. The reader is referred to [14] faren
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comprehensive information about the combinationthe other hand, in case of failure of both the beam
process. and the column, the structure is said to experience
In the end, the column DS fragility curves “severe damage”. The probability of not reaching
corresponding to different compartment fire any of the two considered structural damage state i
locations are merged into one single column DSobtained as the complement of the probability of
fragility curve for the entire building (and simila DS1, i.e. 10% for g of 600 MJ/m?>.
for the beam DS fragility curves).
The combined fragility curves associated to the two9. CONCLUSIONS
damage states for the entire building are plotted i
Figure 10. Based on the average value of the firelhis study proposes a novel methodology for
load that is expected in the building, the building developing fire fragility functions for steel
fragility curves yield the probability of exceeding buildings and applies it to a nine-story steel feam
each damage state, conditional to the occurrence difuilding.
a structurally significant fire in one compartmeht = The methodology developed in this work can be
the building. applied for constructing analytical fire fragility
In this probabilistic model, it is not necessary to curves for other typologies of steel structurese On
assess in which particular compartment the firekey aspect for steel structures lies in the sejgarat
develops. Instead, the model provides abetween the thermal and the mechanical problem,
probabilistic assessment of the degree of damagtaking advantage of the fact that the capacity and
for a building similar to this prototype buildinig demand can be characterized in the temperature
which a compartment fire develops somewhere andiomain.
despite the active fire protection measures, reacheThe fragility curves presented as an application
a point where it is able to endanger the structuracharacterize the vulnerability of a prototype multi
stability. The effect of the passive fire protentio story steel frame building in fire. They can be
(SFRM) are incorporated in the fragility curves.  applied in a probabilistic fire disaster assessroént

a community of buildings. First, the probability of

:: _____________ 000 %,_----‘:‘_’_'Beam Damage structurally significant fire in a community of

s | e Stite (bS1) buildings is estimated, per year or per accidental

o7 | /. S (bogy % event (e.g. following an earthquake). Second, the
206 | ! fragility curves are used to predict the level of
z - moderate damage . .o T
goor [} structural damage for each individual building
el subject to a fire as a function of the fire loadkis

I building. These results eventually allow for an

I i j_ estimation of the expected damage loss due to fire

severe damage . .
0o LL R in the community.

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Fire load o [Ma/n] Buildings within a community are made of varied

_ _ 3 _ structural types and materials. Hence specific
Figure 10. Combined fragility curves for the profm nine-  r44jity curves are needed to characterize differe
story steel frame building, representing the overal f Eurth ks shall f shan t
vulnerability of the building. types of structures. Further works shall focusien |
development of reliable and accurate fire fragility

For instance, assuming that the fire load is etual fynctions for these different types of structures.
600 MJ/mz (in average) in the building, Figure 10

shows that the probability of exceeding the beamACKNOWL EDGEMENTS
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The latter situation can be referred to as a

“moderate damage” in the building due to fire. On
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