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Journal, 58 (2013) Pages 132-141
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On site tunnel structures spalling risk assessment by means of a mobile furnace, ISTSS conference 2013
Pardon, D.1, Pimienta, P.1, Hameury, S.t, Hameury, S.%, Pinoteau, N.2, Peyrac P.3, Larive C.2, D'Aloia, L.2, Clec’h, P.3
1CSTB - Centre Scientifique et Technique du Batiment, Université Paris-Est
2CETU - Centre d’Etudes des Tunnels
22 3DRIEA-IF — Département ingénierie Ouvrages d'Art
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ENSURING FIRE SAFETY OF BUILDINGS

Japan-France Joint Conference, December 10, 2014
Stéphane HAMEURY

OUTLINE

2. Fire Safety Engineering & Research

: cSTB
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FIRE SAFETY
ENGINEERING & FRENCH
REGULATION
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FIRE SAFETY ENGINEERING & FRENCH
REGULATION

FROM PRESCRIPTIVE-BASED DESIGN TO PERFORMANCE-BASED DESIGN IN FIRE
SAFETY

Prescriptive-based design: Performance-based design:

» Deemed-to-satisfy solutions for simple | ¢ Fire Safety Engineering (FSE):

buildings definition of all necessary fire safety
objectives, functional requirements
» Long-felt prescriptive measures and performance criteria
(number of deaths is limited with
prescriptive regulation) « Complex buildings not treated by the

fire safety regulation
» Simplified control for the application of
rules * Promote compensation measures

» Some fire safety practitioners preferto| ¢ Risk analysis
use simple requirements CSTB
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DEVELOPMENT OF FIRE SAFETY ENGINEERING IN

FRANCE
Development of Fire Safety Engineering :

At the international level, through ISO/TC 92/SC 4
At the european level, through CEN/TC 127

At the national level, through a National Project (2005 to 2011) with the objective to lay the
foundations for a harmonious practise of FSE in France http://www.pnisi.fr/

Some FSE approaches according to ISO/TC92/SC4:

Design fire scenarios and design fires PERFORMANCE-BASED DESIGN

Fire and smoke propagation INTRODUCED INTO
Structures in fire FRENCH REGULATION IN 2004
Behaviour and movement of people
Strengthening environmental protection

Active fire protection systems

le futur en construction

T3¢ INTRODUCTION OF FIRE SAFETY ENGINEERING INTO

REs FRENCH REGULATION

Smoke control:
« FSE introduced by Ministerial order of 22/03/2004 only for public buildings

« Practitioners are only Approved Bodies by the Ministory of interior: CSTB (2004),
EFECTIS France (2005), LNE (2008), CNPP (2010) & WSP (2014).

Structures in fire:
* FSE introduced by:
* Ministerial order of 22/03/2004 covering « Structures in Fires »
* Ministerial order of 09/05/2006 modified covering « Covered car parks »
* Ministerial order of 31/12/1999, modified in 2006 covering « Nuclear installation »

* No Approved Bodies but every studies shall be completed with an assessment carried out
by one of the 3 French Resistance to Fire laboratories: CSTB, EFECTIS France, & CERIB

In public buildings, fire scenarios proposed by the Approved Bodies (smoke
propagation) or practitioners (structures in fire) are validated by the

departmental advisory committee of safety and accessibility
cS1B
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SMOKE CONTROL & PERFORMANCE-BASED
APPROACH

Fire Safety Engineering in the field
of smoke control:

IR

* The calculation Models used by
the AB must be provided

* The assumptions and scenarios
shall be in agreement with the
local authorities

* The performance criteria retained
must be clearly identified by the
AB

* The conclusion of the study
related to the performance criteria
must be provided

7 cs1B

SMOKE CONTROL & PERFORMANCE-BASED

Waker
APPROACH

In-situ smoke test might be required by the local
authorities to validate the smoke exhaust systems
installed in the buidling and to validate the conclusion
of the modelling.

Zénith Strasbourg
| (2006)

Brest Arena (2014)
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SMOKE CONTROL & PERFORMANCE-BASED
APPROACH

The recognition by public authorities of competences of the
AB is based on the followings:

* Knowledge of the regulation
* Aptitude to dialogue with the authorities

* Competences in risk analysis, design of fire scenarios,
fire modelling and smoke control

* Knowledge about buildings and particularly in the design
of smoke control and dimensioning of equipment relating
to it

* Independence of the personnel in charge of the studies
(no interest in the projects and not remuneration related
to the number of studies carried out and/or with their

results

STRUCTURES IN FIRE & PERFORMANCE-BASED

APPROACH

Fire Safety Engineering in the field of structures:
1. Examination of the fire scenarios

2. Agreement of the authorities on the selected fire scenarios
3. Design of the natural thermal actions
4

Design of the thermo mechanical behaviour (no collapse for all fire
duration)

Validation of the study by a notified laboratory

o

Establishment of conditions of use of the built environment in order to
control the fire scenarios during the life of the building

7. Engagement of the owner to respect these conditions before beginning of
construction

cSTB
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T8¢ STRUCTURES IN FIRE & PERFORMANCE-BASED

257 APPROACH

| Perimeter of project  fe---- — v -
Preliminary review of A
2 the study | Approval of the study |
Fire safety objectives
and associated <— A J
criteria 2

Evaluation of the proposed
solution

| Follow-up of construction |

v
Follow-up of the
exploitation of the
building (work)

N
Proposal for a design
solution

\ 4
Selection of fire
scenarios

Solution conform
to the
objectives ?

Significant
changes?

\ 4
Choice of methods and
tools of evaluation

S

YES

Modifications

11 e futur en co

STRUCTURES IN FIRE & PERFORMANCE-BASED
APPROACH: EXEMPLES

Paris — La Canopée des
REES /&\
¥ e

FSE study realised by CTICM &
CSTB

Construction by Castel et
Fromaget
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Tower Phare :

70 storey with a height of 284 m

FSE study realised by EFECTIS France

Assessment of the study by CSTB as
Notified Body

== Projection verticale au droit de la fagade
du tiers

STRUCTURES IN FIRE & PERFORMANCE-BASED
APPROACH: EXEMPLES

Begles — Parking Domofrance
Caracteristiques :

Type : new

Surface: 26 000 m2
Nombre car places: 571
Nombre of levels : 6

FSE study: E2C Atlantique
Construction : Vilquin
Assessment of the study by CSTB as Notified Body
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FIRE SAFETY
ENGINEERING &
RESEARCH

csSTB
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WHY TO DO FIRE SAFETY RESEARCH ON
SUSTAINABLE BUILDINGS?

OBJECTIVE: Guarantee the fire safety level of green buildings by the development

of performance-based approach of fire safety (reaction and resistance to fire)
Protect people
Limit economical loss
Retroffiting post-fire event

/Context

UQ’)
4
Ageing of the Risk aversion
\ population

. . )l Support innovation

mmy PERFORMANCE- and i

ew architectura € building sector

&Eracﬁceﬁt wrel BASED DESIGN OF )
FIRE SAFE BUILDINGS

csTB
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RESEARCH ASPECTS IN FIRE SAFETY ENGINEERING

-Thermal flow models

-Active protection: Interactions -Material mechanical properties

between watermist/ sprinkler and -Size effect
smoke -Structure effect
-Flame through walls -Material thermal -Spalling -Effect of connections & partition walls
-Uncertainty in CFD calculation properties -Cooling -fire spread on facades
| |
v *, v
Gas temperatures Thefmal Mechanical
& thermal flux conduction analysis

Fire

source Temperature Fire structural
| fields resistance

l Tested structure

f

-Failure criteria
-Failure prediction
-Retrofitting
-Probabilistic
approach of fire
safety level

cs1B

|
-Representativity of standard
curves
-Inhomogenoeus heating

-measurement of
-Inhomogeneous temperature strain/displacements
measurements -hybrid tests

17

TOOL DEVELOPMENT FOR THE ASSESSMENT OF FIRE

SAFETY LEVEL (SCHEMA-SI)

Stocihastic Computation and Hybrid Event Modeling Approach for Global Fire Safety
Analysis

Discrete
Physical events(activation of
phenomena safety measures,

(burning object, opening failure, human
smoke movement, inciple SCHEMA-SI: Numerical action, flashover)
growth rate of fire, \Er\, '

muldti-lrgJom two-zone simulation of continuous and discrete

mode

phenomena with stochastic
approaches to calculate a frequency of
random drawing of occurrence of non-desired events Defined by safety

Monte-carlo
simulation with

intial conditions objectives (death of

and events
i ' people, death of
?hcec lfji?(?g during several people,

economic loss)

A. Muller, F. Demouge, M. Jeguirim, Ph. Fromy “SCHEMA-SI : A HYBRID FIRE SAFETY ENGINEERING TOOL - PART | : TOOL THEORETICAL BASIS”, Fire Safety

Journal, 58 (2013) Pages 132-141
A. Muller, F. Demouge, M. Jeguirim, Ph. Fromy “SCHEMA-SI : A HYBRID FIRE SAFETY ENGINEERING TOOL - PART Il : CASE STUDY”, Fire Safety Journal, 58 (2013)

Pages 58-64
cSTB
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INTERACTIONS BETWEEN WATERMIST/ SPRINKLER

AND SMOKE
Room-corridor test facility Watermist system
* Room 12 m? & 2,15 m high * Pressure= 110 bars
+ Corridor 9 m long & 2,35 m high * d;=235um :
* Natural ventilation *  Flowt = 27,5 I/min

Combustion
* Heptane
e Surface = 0,09 m2
e HRR =275 kW

Interaction between watermist/sprinkler and
smoke m=p

19 LA No direct spraying of watermist on

INTERACTIONS BETWEEN WATERMIST/ SPRINKLER

AND SMOKE

Fire source + smoke stratification Numerical model using FDS

Temperature & opacity measurements
. . 250
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% 100
: w H
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RESEARCH ASPECTS: CONCRETE BEHAVIOUR IN

FIRE CONDITION

General features
Concrete: good general behavior under fire exposure

However observations after real fires can show :
- spalling
- cracks
- More rarely, collapses
- In some cases, observed phenomena have not been observed Spalling
in laboratories (punching shear failure for example) .

Important research
However, the understanding of several phenomena is limited

Program
- Concrete structures mechanical response Saint-Gothard tunnel
- Spalling (which depends on geometry, boundary conditions, ...)

- Connections

21 le futur en constructio

Mobile Furnace
Oil-fired furnace equipped with 2 burners designed for in-situ tests.

Round-flamed Steel frame
oil burners support
Mobile oil tank (1000
Calcium silicatejilll L)

insulating
board
Turbo blower
Heat- (15kW) &
resistant combustion air
steel frame supply

On site tunnel structures spalling risk assessment by means of a mobile furnace, ISTSS conference 2013
Pardon, D.1, Pimienta, P.1, Hameury, S.t, Hameury, S.%, Pinoteau, N.2, Peyrac P.3, Larive C.2, D'Aloia, L.2, Clec’h, P.3
1CSTB - Centre Scientifique et Technique du Batiment, Université Paris-Est
2CETU - Centre d’Etudes des Tunnels
22 3DRIEA-IF — Département ingénierie Ouvrages d'Art




Large size (9 m height—7m lo

= Mechanical loading

B Advanced metrology
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";.t ”  VULCAIN TO SUPPORT FIRE SAFETY
ENGINEERING:

Context
Number of large size constructions 2
Actual classical procedure :
tests on 3 m x 3 m + extrapolation (with safety margin)

VULCAIN 1st test on higher partition wall (6 m x 3 m) :
Safety margin has been confirmed =» Possible cost saving

Scientific approach
Test conditions closer to the real situation

* size, geometry, boundary conditions, thermal load ...
Experiments and modeling coupled approach Non linear behavior
Modeling: designing the tests Second order effect
T i Better results understanding
Test: Improvement/validation of the models

24
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VULCAIN TO SUPPORT FIRE SAFETY

ENGINEERING:

Introduction

Hybrid Fire Test (HFT) = test on a substructure
where data is exchanged in real time with a
simulation.

- Temperatures and displacements are
injected in the simulation,

SIMULATED
r Substructure

rempentye ||

- Loads calculated by the simulation are
applied on the test structure.

Benefits
Loading closer to the real case

Capacity to “test” larger size structures

25

VULCAIN TO SUPPORT FIRE SAFETY
ENGINEERING: INHOMOGENEOUS FIRE LOADS & 3D

le futur en construction
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