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Structural behaviour of composite steel-concrete buildings in fire
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Structural behaviour of composite steel-concrete buildings in fire
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Full-scale experimental fire tests on concrete slabs reinforced with FRP bars
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Full-scale experimental fire tests
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Observations after tests

Slabs S4-S5-S6: Fiber failure at midspan
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Section: end of slab




Application of FSE to Car Parks of C.A.S.E. Project for L’Aquila

Building description: Analysis of the
structural characteristics

C.A.S.E. Project — L’Aquila (Italy)
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Design Fire Scenarios

Localised fire (Pre-flashover) From INERIS (2001) guideline_

Fire scenario L1

Fire scenario L2
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Structural models

Global analyses with non linear software SAFIR2007_
Substructure Static scheme
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3D-Detailed analyses with software ABAQUS/standard_
Column

Loads on column corresponding
to actions from global analysis

Performance Level 4:

Checks in terms of resistance
and limitation of damage
(differential vertical
displacements in the columns)

Global Analyses Results

Fire scenario L2 — Global Analysis
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Introduction: Fire Safety Engineering

The “Fire Safety Engineering” (FSE) is the application of engineering
principles, rules and expert judgement based on a scientific
assessment of the fire phenomena, the effects of fire and both the
reaction and behaviour of peoples, in order to:

Fire Safety
Engineering
//“—‘ﬁ
“Fire Protection
Engineering

- save life, protect property and preserve the environment and
heritage,

- quantify the hazards and risks of fire and its effects,

- evaluate analytically the optimum protective and prevention
measures necessary to limit, within prescribed levels, the
consequences of fire (ISO/TR 13387-1).

Structural Fire
Engineering

A branch of Fire Safety Engineering is the Structural Fire Engineering.

Structural Fire Engineering deals with specific aspects of passive fire protection in terms of
analysing the thermal effects of fires on buildings and designing members for adequate
load bearing resistance and to control the spread of fire (C. Bailey).
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Fire Safety Performance Levels

Fire Safety Goals

The main objective of fire safety checks concerns the mechanical resistance
and stability, in fire situation, of the structure.

STAGE I:
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Approfal of design fire scenarios by Italian Fire
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fire resistance is not required, where
consequences are acceptable or where risk is
negligible

STAGE lI:
Quantitative
Analysis

maintaining the fire resistance requirements,
which ensure the lack of partial and/or complete
structural collapse, for a sufficient time with
evacuation of occupants

maintaining the fire resistance requirements,
which ensure the lack of partial and/or complete
structural collapse, for a sufficient time with
emergency management

limited damage of the structures after fire
exposure
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Fire Safety Performance Levels

Fire Safety Goals
The main objective of fire safety checks concerns the mechanical resistance

and stabillity, in fire situation, of the tower.
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Selection of Design Fire Scenarios through Fire Risk Assessment

Fire Scenario
qualitative description of the development of a fire with time identifying key

events that characterise the fire and differentiate it from other possible fires. It
typically defines the ignition and fire growth process, the fully developed stage,
decay stage together with the building environment and systems that will impact

on the course of the fire (EN1991-1-2)
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Selection of Design Fire Scenarios through Fire Risk Assessment

Fire Risk Assessment procedure

identification of a comprehensive set of possible fire scenarios;

R

B Fvent tree

estimation of probability of occurrence of each fire scenario;
estimation of the consequence of each fire scenario;

estimation of the risk of each fire scenario (combination of the
probability of a fire and a quantified measure of its consequence);

5. ranking of the fire scenarios according to their risk.

time-sequence path from the initiating condition through
a succession of intervening events to an end-event.

Technical references

o |ISO/TS 16732: “Fire safety engineering — Guidance on fire risk assessment”. Draft 2010.
e ISO/DS 16733: “Fire safety engineering - Selection of design fire scenarios and design

fires”. 2005.

Fire ignition

YES

Selection of Design Fire Scenarios

Alarm

Sprinklers

Sprinkler

Main events:

Barrier

1

YES

Secondary events:

v doors state (open or closed)
v' windows state (open or closed)

may be taken into account
by the fire model

Probability of occurrence of each event and consequence value of each fire scenario are

obtained both by direct estimation from available data and engineering judgment.




Selection of Design Fire Scenarios: Probability of occurrence

1st Event : first aid suppression

Available statistic data show that the probability of detecting fire manually and
automatically is 69%. By considering that in 4% of cases, there’s no manual or automatic
detection system, this probability reaches 72%.

By considering a probability of success equal to 87%,
p(1st Event)=62%

2"d Event: smoke detector effectiveness

Smoke detectors reliability decreases during time, if maintenance operations aren’t
provided. In the examined case, by considering that system works for a year, and one
maintainance operation is provided for each year, it can be assumed
p(2M Event)=70%

3th _4th Eyent: sprinkler activation and effectiveness

Statistic analyses, carried out in USA (with reference to time period 2003-2007), show that,
during fire event in building with office use, sprinkler activates in 96% of cases, and the
system is effectiveness in 99% of cases.

p(3" Event)=96% - p(4™" Event)=99%

5th Event: barrier effectiveness

Available data show that barrier effectiveness, in building provided by sprinkler, is equal to
99,6%, while is equal to 92,8% in other cases.
p(5h Event)=99,6%

Selection of Design Fire Scenarios: definition of consequences

Numerical index of consequence
Scenario | 1%event | 2™event | 3" event | 4™event | 5" event | Damage (%) Decription
SS1 YES 0% Damage is limited to thing
involved in fire
SS2 NO YES YES YES 0.08% Damage is limited to
¥ room
SS3a NO YES YES YES YES 0.3% Damage is limited to
2 rooms
SS3b NO YES YES NO NO 0.3% Damage is limited to
2 rooms
SS4a NO YES NO NO YES 2.5% Damage is limited to the
compartment (15 rooms)
SS4b NO YES NO NO NO 5.0% Damage is limited to the
entire floor (30 rooms)
SS5 NO NO YES YES 0.3% Damage is limited to
2 rooms
SS6a NO NO YES NO YES 2.5% Damage is limited to the
compartment (15 rooms)
SS6b NO NO YES NO NO 5.0% Damage is limited to the
entire floor (30 rooms)
SS7a NO NO NO NO YES 50.0% Collapse of a
part of building
SS7b NO NO NO NO NO 100.0% Collapse of
entire building




Case Study: Design Fire Scenarios definition

First aid Alarm Sprinklers Sprinkler Barrier
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Performance Level 1V : limited damage
Performance Level lll : resistance for all fire exposure time

Fire Safety Performance Levels

Fire Safety Goals

The main objective of fire safety checks concerns the mechanical resistance
and stabillity, in fire situation, of the tower.
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Choice of the fire model

The post-flashover fire is obtained through different model:

v' one-zone model, which assumes
homogeneous temperature, density, internal
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Case Study: Fire Scenario SS7a — One zone model
Table E.5 — Fire growth rate and FHA, lor different pancies
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Case Study: Fire Scenario SS7a — One zone model

; First aid Alarm activation Sprinkler Sprinkler Barrier
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Case Study: Fire Scenario SS5
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Case Study: Fire Scenario SS7a — One zone model
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Fire model: EN1991-1-2 Approach

Table E.5 — Fire growth rate and FHR, for different occupancies

Table E.2 — Factars 5,
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Fire model: EN1991-1-2 Approach

0 Temgo (min)
1] 15 30 45 B0 5 490
1400 4
Temperature (°C)
1200
OZONE - Q=750 MJim?
1000 - environment

800

600 -

400 -

200 -

AF25

m

Q=750 MJ/m?

=750x0.37TMJ/m?

— one-zone
. fire model

t;=30 min

40 &0

80

>

1400 + i :
Temperature (°C)
1200 }
OZONE - Q=750MJ/m?
1000 (environment)
800 - /
600
OZONE - Q=278 MJ/m?
200 - /(enwronment)
200
\\
0 ' Time (min)
0 20 40 60 80 100 120
1400
Temperature (*C)
1200
1000

800 -

600 -
400 -

200 -

Time (min 0+
100 ( 1%

OZONE - Q=278 MJ/im?
(environment)




Comparison between Scenario SS7a and EN1991-1-2 Approach
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Summary and Conclusions

» Fire Safety Engineering, in accordance with Italian and European standard,
allows the definition of safety goals and different performance levels,
associated to defined design fire scenarios.

» The identification of design fire scenarios is carried out by means of Fire Risk
Assessment, applying the event tree approach and the risk ranking evaluation
according to ISO-16732 Guidelines: it has been shown that different design fire
scenarios may be related to different fire performance levels (e.qg. resistance
of structures for highest risk fire scenario and limited damage for the most
probable fire scenario).

» The choice of design fire scenarios determines the identification of key events
that characterise the fire and differentiate it from other possible fires.

» Traditional Eurocode approach concerns the mechanical resistance and
stability of structures, with reference to a single fire event, in which the
effective value of fire load is modified in a semi-probabilistic way by means of
partial safety factors, in order to take into account the events that can affect
fire development.

» A comparison between the two approaches has been proposed.
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