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1. ABSTRACT

The problem of structural fire safety in the recgsars has gained a predominant position
within the engineering design, with the affirmatiohPerformance Based structural Codes
and Standards, replacing more and more the traditiBrescriptive Based ones. This is
because nowadays, structures always bigger and coon@lex are designed and build,

with the use of particularly fire sensitive maté&idn modeling such complex structures,

there are important aspects that need to be taiteraccount, especially when setting the
boundary conditions of the structural problem a@éd by the design environment.

In this paper, aspects of the fire risk analysecpdure applied in an industrial facility are

presented, along with the numerical modeling of cbesequent structural behavior. The
aim is to evaluate by means of nonlinear non gsiatip analyses what happens to the
structural elements, and as a consequence tortletuste, when the fire is not restrained.

2. INTRODUCTION

The use of analysis with thermo-plastic material aith geometric nonlinearity and the

modeling of fire action by using of parametric esvallow the correct evaluation of the

real behavior of steel structures subject to fire.

In this context, once these two basic aspects haea understood, they are developed in
steel structures subject to fire action. For th&tsectures the collapse can be quantified
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when they are subject to localized fire, modeledgia parametric curve. The evaluation
of the structural collapse is very tricky and deggefrom many aspects; in particular, in a
Performance Based approach that even is used ildirys subject to fire, it is important

to consider the global vision of the structure lits&€he prescriptions derived by the
exploitation of the Fire Safety Engineering, corseaa aid to the above.

3. FIRE SAFETY ENGINEERING

Although at present there is no internationallyeagr definition of Fire safety Engineering
(FSE), FSE can be defined as the application oineegng principles, rules and expert
judgment based on a scientific understanding ofiiteephenomena, of the effects of fire,
and of the reaction and behavior of people, in otole
» save life, protect property and preserve the enwirent and heritage;
e quantify the hazards and risk of fire and its é8eand
» evaluate analytically the optimum protective andventative measures necessary to
limit, within prescribed levels, the consequencefre.
In the above sense, becomes important the perfamenamaluation of the structure. In
particular, within the FSE approach, two conceptgetfound application:
» The Performance Based Fire Safety Design (PBFSieostructure.
» The Fire Risk Assessment (FRA) of the structure.
As the name suggests, Performance Based Desigenerd, is a design that meets a
specified performance level rather than prescreisic design criteria. The performance
approach for the design of structures begun toiffiesd in the last sixty years, mostly for
facilities with elevated risk of fire. This kind ¢ferformance Based approach, has been
applied in other circumstances, particularly foissgc design. A performance-based fire
safety design starts with an analysis of fire sgesain order to determine which design
alternatives will meet those fire safety goals. Sehegoals are either referred to the
structural performance or to the performance ofsystem in general. In the first case, the
focus is on the structural performance in the presef fire and includes requirements of
fire resistance for the structural elements (eegqniis, slabs, columns) or for the structural
system as a whole (avoidance of excessive vibratioinprogressive collapse, etc.). A very
important step to guarantee a determinate leveht#ty is to verify that the resistance of
the structure under fire is higher than the fireesity (fire resistance > fire severity). There
are three technique of check for the fire resistafic the time, temperature or resistance
domain), as explained among all in the Italian &uaiy Code [1].
The FRA of the structure, is an incorporated pathe PBFSD, and is codified in many
Standards [2,3]. One of the aims of the Standardis provide the methodology on how to
evaluate the scenarios to be considered for fughalysis, by means of standard methods
of Risk Analysis (e.g. qualitative, quantitativeppabilistic etc.).
A framework is set by [4], which provides the tlling key aspects of the risk ranking
process:
* identification of a comprehensive set of possibke $cenarios;
» estimation of probability of occurrence of the soeo
» estimation of the consequence of the scenario;
» estimation of the risk of the scenarios (reflectc@psequence and probability of
occurrence);
» ranking of the fire scenarios according to theskri
By using the above prescriptions, it is possiblepéoform the fire risk assessment of a
complex structural system, such as the one corsiderthe following paragraph.

206



0
6E9vu«3 2UVEDpLO
MetaAikov Kataokeumv

BINZIMOTHTA KAI MYPOMPOZTAZIA

4. FIRE RISK ASSESMENT OF A COMPLEX STRUCTURAL SYSTEM

The structure under inquiry is an industrial fagilin steel, used for the storage and
maintenance of helicopters, therefore it preseritis an elevated fire risk. The facility is
64.64 meters long, 32.85 meters wide and has anmamiheight of 12.9 meters as shown
in Figure 1.

32,85m View B-B
32,82m 9 32,82m R
View A-A
7 IS
ViewB-B  |MAAANAAA S
o =]
— l ~~~~~~~~ A l ,:""
d+ |3
C y C
/ 7,00 m
Section C-C
|VATAVATAVAVAYAY VAVATATAVAVATA | o
B R R S S
i i =}
16,425 m

Fig. 1: Geometry of the facility

The triggering event considered is the fire igmtan a helicopter. In this case, fire ignition
sites are identified on the basis of the most advéwcations (that could have the most
severe affect on the structural performance of famlity). The above scenarios are

identified by carrying out a risk-analysis procesl@iner omitted for the sake of brevity),

considering cause-consequence diagrams as thehona $n Figure 2 for the most prone

to risk zones of the facility.
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Fig. 2: Cause-consequence diagram for fire risk in one axfethe facility

207



0
6E9vu(d 2UVEDpLO
MetaAkov Kataokeumv

BINZIMOTHTA KAI MYPOMPOZTAZIA

This facility presents a relatively complex geomeffhe structure is isolated, it presents
symmetry both in thex and in they direction and it has a truss covering. There &e s
vertical elements, composed by a block of concaetee end of these, start steel elements,
those composes the column.

To assess the safety of this structure in casgefif this case, the performance level that
does not contemplate collapse for all the duratbrfire, has to be guaranteed. As a
consequence, a check in order to evaluate thedsistance is done, by modeling the fire
action by means of the nominal standard curve peaviby [5]. This curve has been
applied only to the elements directly involvedHhte fire action.

To value the fire resistance of this particulausture, three fire scenarios are considered.
These three scenarios are localized in zone oftd®uf, that is about the 2,5% of all
surface of building.

It is important to remember that a localized fseaifire that interests a limited area of the
whole structure, in which, the release of heat,aiesiconcentrated in the area itself.

The choice of important fire scenarios for the csislied is fell on the individuation of
three zones, shown in Figure 3:

3° Scenario

Fig. 3: Fire scenarios chosen.

1. In the first scenario the fire is concentratedhia tentral zone of building, involving
also the central columns.
2. In the second scenario the fire is localized in ¢batral zone of the span without
involving any columns.
3. In the third scenario the fire is localized in th&er zone, involving also the column
of the outer side.
It is very important to highlight the importance tbfe choice of the scenarios; in fact,
should they not correctly depict the reality, theeftformance-Based” Design of the
structure could be compromised.
The analyses performed, implemented in a commecodé (vww.adina.corp account for
the material and geometry nonlinearities, thus dpaible to accurately describe the actual
behavior of the structure. This involves a larggagement in terms of time and memory
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on the computer: for example, for the model of thjgplication with 1205 nodes,
corresponding to 7230 degrees of freedom, the aisalgsts for five hours with a normal
processor. Particular attention is given also #&static scheme of this structure, composed
by a reticular covering and it is so very redungdastshown in Figure 4.
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Fig. 4: Identification of structural element of the buildirview B-B

Some considerations are necessary on the fronhefstructural dependability of the
facility [6], in terms of collapse resistance [f.a structure is redundant, then there are
many alternative load paths, large deformations aewelop without a loss of its load
bearing capacity, and structural failure must beoanted for in a different way. This
phenomenon creates sufficient reserve capacititde anost of such structures to survive
fires with little structural damage. For the abaeason, it is important to make some
considerations about the facets of structural peka

It is possible to verify that the collapse of aghn metal bar, although of a certain
significance, doesn’t compromise the global behrawidhe whole structure. Therefore, the
local collapse of a single (or a limited number)tloé covering bars has to be dealt with
differently compared to the collapse (or loss ofiseance) of the vertical elements
(columns) which do not offer redundancy in thislthnig. The collapse can be evaluated
as a function of the global behavior of the whdtecture, assigning particular importance
to the more resistant elements, and after thahe@olumns.

The trend of the node displacement correspondirthdacolumns affected by the fire are
reported referring to thelscenario (Figure 5).

For this first scenario, the trend of the node 8%4df the central column is evaluated.
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Fig. 5: Displacements of node n°5438 of the column aloagtaxis (scenario n°1)
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For this trend a point of discontinuity seems gatsilsingle out.

In fact, after 800 seconds, which correspondsteagerature of approximately 700°C, the
trend of displacements of thxeaxis of the node n°5438 goes through negativeegaltor
the effect of temperature that initially producasgke thermal expansion, to positive values.
This passage is due to loss of stiffness and sasmist produced by the elevated
temperature, in this way the element starts to skwdbrds the weakest direction. From
what said, it is not possible to suggest that d@f8minutes the structure collapses, but it is
reasonable to think that over this time limit, t@dumn suffers a modification of stiffness
and resistance that, in a Performance Based apprbaghlights the possibility that the
safety of the structure cannot be guaranteed.

Similar considerations stand for the third scenatmnsidering the displacements of the
node n°5438 and n°5436 of the extreme columns sutgdire (the graphs are omitted for
the sake of brevity).

In Figure 6 the deformed configuration along thandy axis, referring to theiand 3
scenario are shown, an in Figure 7, the deformefigurations on the BB plane.

Initial conficuration obtained by Scenario n°l Initial configuration obtained by Scenario n°3
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Fig. 6: Deformed configurations over the x and jsaf the ¥ and 3% scenario, view A-A
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Fig. 7: Compared configurations of the three scenarios ctaned, view B-B.
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The results referring to thd®2scenario are omitted since this scenario doesmtlve the
columns, therefore, for what said before, it doeks@d to structural collapse.

From the evaluation of other nodes in tffésgenario, specific points of discontinuity are
pointed out. These points do not correspond tacttieapse of the structure but they show
that in excess of them, the upholding of the penéoice level may not be guaranteed.

From these consideration it is possible to concltiag for the scenarios involving the
columns, after 800 seconds, corresponding to adeatyre of 700°C, the structure shows
an abrupt change in stiffness, and therefore,témgperature represents a critical state that
can make this structure less safe regarding &iatslity.

5. CONCLUSIONS

In this paper, the performance of a complex stmagctunder fire is assessed. To this aim, the
application of nonlinear analysis on the thermoJma@ic behavior of materials and on
structure as a whole, together with the appropfis¢éemodeling in pragmatic scenarios,
consents to:
» demonstrate and verify the performance of the 8iraan terms of resistance to fire
during the design phase;
 identify in a proper way, the operations necestagbtain the expected performance
requirements during the retrofitting phase; thisactice, coherent with the
Performance-Based Design philosophy, allows todaesitensive procedures, often
uselessly expensive and, sometimes, illusory atg48].
The effective behavior of steel structures subjedire is rather complex, and therefore,
their evaluation must to be assessed consideriaggtbbal behavior of the structure.
Furthermore, the definition of collapse of a stasetis connected to many aspects: among
all, very important are those related to the stmattand thermal modeling of the problem
under examination. What said indicates that onliywubn linear non stationary analysis is
possible to obtain realistic numeric results.
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ITEPIAHYH

To wpdPANpUa TG TVPAGPAAELN TOV KATACKELAOV TO. TEAEVLTAI XpOVia, £xel AAPeL 1oydovsa
0éom oTOV TOUEN TOV GTATIKOD KOl OUVOUIKOD GYESIGLOD, LE TNV KoOEP®ON KAVOVIGLOV
aEloAdOYNoNG TOV KOTOOKEL®V Pdost emMOLUNTOV GTOX®OV GULUTEPLPOPAS, Ol OToiol
avTikafiotovy pe otabepd PHate TOVG TOPAOOGLOKOVS TEPLYPAPIKOVS KOVOVIGHOVG.
Avto d10TL, ™ onuepov MUéPa, oYESALOVTOL KOl KATOOKEVALOVTOL SOMIKG GUCTHUATO
peyoldtepa Kot OA0 Kol o GUVOETH, KAVOVTOS ¥p1on WieTtaipwg evaictntov oty eoTid
vAikov. Katd v mpocopoinon t€T01ov cUVOETOV KATOOKEV®DV, VIAPYOVY CNUAVTIKEG
oy mov ypswalovtar va. AneBodv v Gy, €0IKA KOTA TOV OPIGHO TOV OPLIKOV
ocuvONKOV TOv €EUPTOUEVOL OO TOV TEPPAAAOVTIO YDPO GTATIKOD KOl OLVOULKOD
TPOPANUATOG.

210 GpOpo avTO, TOPOVOIALETOL HEPOG TNG O1adIKOGING AVAALGNG PIGKOL TPOEPYOUEVOD
amo TupKoylt o€ éva Pounyovikd Ktipro, pall pe v amoppéovca  aplOunTikn
TPOCOMOIMOoN TNG SUVOMIKNG OVELIGTIKNG GUUTEPLPOPAS TOV SOHKOV cvothuatog. O
61dY0G elval 1 EKTIUNGCN TG CLUTEPLPOPAS TOV SOUKOV GUGTHUATOG KATA TNV ovENoN TG
Beppokpaociog, owc erakdAovbo g eEATAMONG TG POTLAC.
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