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how can we account for firefighter 

safety in the design of buildings?

follow the codes 

let’s design and prove it’s safe using PBD 
(Performance Based Design)
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15

goals

humble approach to use performance 
based design for firefighter safety

joint effort of fire department and fire engineering teams for 
complex non-standard fire scenarios

peer review and support from Fermilab, Lund University, 
ESS, …
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evolution of society 
LODD statistics, increasing awareness

cost for the community (social and economical)

LODDs and injuries not acceptable
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LODDs and injuries not acceptable

research on tactics

science based SOPs
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LODDs and injuries not acceptable

research on tactics

science based SOPs

engineered fire safety design for 
firefighter safety
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urban

wildland

industrial

complex fire scenarios anywhere
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what is a complex scenario?

safety critical aspects for firefighting

requires a complex analysis 

requires non-standard tactics

requires special firefighting equipment
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complex fire scenarios at CERN

CERN Super Proton Synchrotron
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complex fire scenarios at CERN 

CERN Super Proton Synchrotron

23
PBD for Firefighter Safety

A. Arnalich, HSE-OHS-XP
Aug 2018 - EDMS 2011531v1

23

24



9/03/2019

13

fire department 

fire department role in fire safety ?
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fire department role in fire safety ?

consequence reduction layer

28
PBD for Firefighter Safety

A. Arnalich, HSE-OHS-XP
Aug 2018 - EDMS 2011531v1

27

28



9/03/2019

15

fire department as a consequence reduction layer

balance risk vs benefit
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firefighter safety 

codes, regulations: prescriptive approach

performance based: engineering approach

31
PBD for Firefighter Safety

A. Arnalich, HSE-OHS-XP
Aug 2018 - EDMS 2011531v1

firefighter safety in the codes

prescriptive requirements

easy to apply

no risk analysis
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firefighter safety in the codes
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firefighter safety in the codes

“…safety of rescue teams is taken into consideration”

how?
what are de limits of safe firefighting?
(conditions, crew size, equipment, resources, engagement policy,…)
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firefighter safety in the codes

scope of application

what to do with non-standard scenarios?
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performance based design (PBD) 

for firefighter safety in the codes

engineering approach

prove the performance (firefighter safety)
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performance based design (PBD) 

for firefighter safety in the codes

engineering approach

prove the performance (firefighter safety)

37
PBD for Firefighter Safety

A. Arnalich, HSE-OHS-XP
Aug 2018 - EDMS 2011531v1

performance based design (PBD) 

SFPE NFPA guide for PBD as a base

common application for life, property loss

not so common for firefighting
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performance based design (PBD) process
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performance based design (PBD) process for FF safety
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project scope

establish
firefighter safety goals

trial design

assessment of
firefighting safety valid design ✅
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performance based design (PBD) process for FF safety

41

project scope

establish
firefighter safety goals

trial design

valid design ✅
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assessment of
firefighting safety

performance based design (PBD) process for FF safety
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project scope

establish
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assessment of
firefighting safety

acceptance criteria
criteria stated in engineering terms with 
which the adequacy of any developed 
trial designs will be judged acceptable

• building specifications
• exposure limits for FF
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building specifications
firefighter safety acceptance criteria expressed in building performance
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building specifications
firefighter safety acceptance criteria expressed in building performance

Melbourne Metropolitan Fire Brigade

CP1 Structural stability during a fire.
CP2 Avoiding spread of fire.
CP9 Access provided to and around a building for fire 
brigade vehicles and personnel.

DP5 Fire isolated exits.

EP1.3 Fire hydrants.
EP1.5 Fire fighting equipment in a building under 
construction.
EP1.6 Facilities to co-ordinate fire brigade intervention.
EP2.2 Evacuation time of occupants.
EP3.2 Emergency lifts.

GP4.4 Fire safety system in an alpine area 
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exposure limits for firefighters
firefighter safety acceptance criteria based on fire dynamics
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exposure limits for firefighters
firefighter safety acceptance criteria based on fire dynamics

Melbourne Metropolitan Fire Brigade
UK Home Office

• Air temperature
• Visibility
• Humidity
• Incident thermal radiation
• Air flow past the firefighter
• Time for which they are exposed

Example 
Hazardous Condition 

• Maximum Time: 25 minutes 
• Maximum Air Temperature: 100°C (in lower layer)
• Maximum Radiation: 1kW/m2 

“ …building design should facilitate condition that do not 
exceed Hazardous Condition” 
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hands on 
CERN Super Proton Synchrotron

complex fire scenarios at CERN

CERN Super Proton Synchrotron
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acceptable fire detection

limited fire suppression

no firefighting water supply
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project
scope

firefighter
safety goals

trial
design

firefighter safety
assessment

valid
design

Life Environment Property Continuity of operation
A B C D

1 Occupants shall be able to 
evacuate through protected areas, 
free from smoke/gas and other 
hazards at any time

Limit the release of polluting 
(incl. activated) agents to the 
environment in case of 
incident

The continuity of 
essential services and 
structural stability is 
assured in case of fire or 
gas release and other 
incidents

Limiting the downtime in 
case of incident

2 Victims and other occupants, not 
able to self-evacuate, shall reach 
protected areas, and wait there to 
be rescued by the intervention 
teams

Limit the volume of polluted 
(incl. activated) water 
released to the environment 
in case of incidents

An incident shall not 
cause other potentially 
dangerous accidental 
events

-

3 Rescue teams shall be able to 
intervene safely and according to 
current CERN SOPs

- Limiting the property loss 
in case of incident

-

Source CERN EDMS 1770088v1. La Mendola (2017). Methodology proposal for performance-based safety design, La Mendola, 2017 

safety objectives
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acceptance criteria
criteria stated in engineering terms with 
which the adequacy of any developed 
trial designs will be judged acceptable

• building specifications
• exposure limits for FF
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04 Firefighter safety requires that closest safe area for 
firefighting (no imminent risk and no breathing apparatus 
needed) is less than 450m away from the door of the fire 
compartment.

05 In order to ensure firefighter safety and protection: during 
offensive operations, extinguishing media available for attack 
and search & rescue teams matches fire development, allowing 
firefighter protection and fire control under 3 minutes:

- 3 extinguishers of 9kg CO2 if fuel mass is below 25kg;
- 100L portable CAFS on trailer up to 5MW;
- or 500LPM water hose line up to a maximum HRR of 20MW.

06 Firefighter safety is only guaranteed if engaged teams remain 
in communication at all times with surface incident command 
post 

07 Structural stability of the premises during operations

acceptance criteria
building specifications
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acceptance criteria
building specifications

04 Firefighter safety requires that closest safe area for 
firefighting (no imminent risk and no breathing apparatus 
needed) is less than 450m away from the door of the fire 
compartment.

05 In order to ensure firefighter safety and protection: during 
offensive operations, extinguishing media available for attack 
and search & rescue teams matches fire development, allowing 
firefighter protection and fire control under 3 minutes:

- 3 extinguishers of 9kg CO2 if fuel mass is below 25kg;
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450m?
firefighting limitations based on air supply
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firefighting limitations based on air supply
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firefighting limitations based on air supply
450m = 20 minutes on the fire + safe egress

!
!
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CFRS%AIR%CONSUMPTION!AND$ACCESS$SPEED$IN$TUNNELS!!

Abstract!
!
Report!of!an!air!consumption!test!with!twin!cylinder!SCBA!in!LHC!in!order!to!have!an!approach!of!what!is!a!
firefighter!air!consumption!and!access!speed!in!case!of!a!fire!in!underground!experiments!at!CERN.!
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supporting!approximately!30!kilos!of!weight,!without!carrying!other!fire!equipment!as!a!hose,!for!
exemple.!In!a!real!intervention,!more!equipment!might!be!needed.!!We!use!several!cones!to!mark!the!differents!points!in!the!tunnel!!(as!a!safety!fire!doors)!were!the!
control!of!air!and!time!was!done.!The!first!part!was!done!with!CFRS!tractor!to!simulate!the!arrival!of!
the!team.!!

!

4 RESULTS!OF!THE!TEST!
According!to!the!data!!collected!and!table!in!Annex!2,!we!had!the!following!results:!!
1. The!time!for!cover!300!meters!with!CFRS!tractor,!!turn!it!in!order!to!place!it!in!scape!position,!

prepare!the!material!and!enter!in!the!emergency!zone,!was!around!4’45’’.!2. The!average!access!speed,!walking!with!the!equipment!without!visibility,! was!59!meters!per!
minute!for!the!binome!1,!the!only!one!who!did!the!total!of!900!meters.!3. The!average!air!consumption!for!access!and!regres!for!these!four!firefighters!was!53.5!l/min!

4. With!this!data,!we!can!extract!the!first!calculations!for!an!approximation!of!real!working!time!for!
firefighting!in!CERN!tunnels:!
!

a. Taking!in!account!that!the!capacity!of!the!twin!air!cylinder!is!a!minimum!of!3672!liters!(2!
x!6,8! l!capacity!x!270!bars!minimum!charge,!considering! air!as!a! ideal!gas!for!easier!
calculations)!

b. Deducting!815!liters!for!access!and!regress!in!the!worst!case!scenario!(53,5!!l/min!for!
15’14’’!)!

c. Also!deducting!748!liters!coming!for!the!55!bars!of!the!SCBA!reserve!that!never!have!to!
be!used,!only!in!case!of!a!very!rare!and!really!extrem!situation!d. The!result!is!2100!liters!of!air!for!extinction!of!the!fire.!With!these!litres,!and!depending!
of! multiple!factors! (physical! requirements! of! the! extinction! and!other! works,! stress,!
temperature,! physical! conditions! of! the! firefighters,! etc.)! we! should! carry! our!
intervention,!not!using!the!rest!of!the!autonomy!of!the!SCBA!for!this!purpose!but!just!as!
our!own!safety.!

!

5 CONCLUSSIONS!

!
a. This!is!one!of!the!first!tests!of!these!characteristics!that!has!been!done!in!CFRS.!!This!test!was!

very!limited!due!to!a!lack!of!time!in!the!tunnel,!and!lack!of!personal!that!was!engaged.!In!order!
to!be!more!precise,!we!should!repeat!the!test!with!more!binomes!engaged,!so!we!can!have!a!
realistic!approach!of!the!times!and!speed!needed!in!a!real!intervention.!!b. Because!of!the!limited!data!collected!due!to!organizational!problems,!for!the!moment!we!should!
apply!a!safe!correction!factor!in!order!to!use!these!results!for!following!analysis.!c. Access! speed! and! air! consumption! should!be! taken! into! account! in!the! deployment! of! any!
tactical!approach!for!fire!intervention.!d. Facilities!at!CERN!like!LHC!or!SPS!are!unique!and!need!a!special!study!and!specific!protocols!for!
CFRS!interventions.!Might!be!mandatory!that!previous!and!subsequent!test!are!done!in!order!to!
verify!the!practicality!/!effectiveness!of!these!specifics!protocols.!

!
!

!
!

EDMS!1534990! Page!6!of!7!

 
Picture 4. Face piece with black cover without any visibility 

 
 

on 
Picture 5. First binome walking the first section 

 
 

!!

!

Picture 6. Collecting data. 
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how can we account for firefighter 

safety in the design of buildings?

follow the codes 

let’s design and prove it’s safe using PBD 
(Performance Based Design)
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successful outcome

in fire safety is

team work and excellence 
in fire education, 

fire research,

fire prevention, 

fire protection,

fire codes and standards

fire safety engineering, 

firefighter training,

firefighter safety,

....

and fire operations
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art.arnalich@cern.ch
CERN Fire Safety Engineering Team

CERN, accelerating science

thanks for your attention
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