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Presentation


• Design basis for Fire Safety in 


railway/metro systems


• Design and management 


issues to be adressed


• Evacuation


• Smoke management


• Operation and organisation


• Citybanan Stockholm







The consequence – safety matters


Baku, Azerbaidjan


289 dead


No


Casaulties
Stockholm, Sweden







In case of fire – design basis


Prevention is the best solution. 


Trains to be evacuated at 


stations or outside tunnel.


Evacuation in the tunnel only


when not possible for the train


to reach station or drive out.  


Measures to facilitate fire


fighting.


TSI Safety in Railway Tunnels
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Evacuation in tunnels


Evacuation: 


• alongside the train in tunnel


• in the tunnel


• from the tunnel to safety







Smoke management in the tunnel


TSI SRT – no requirements


Evacuation phase


Rescue phase


Cost-benefit


Fire Brigade capacity







Rescue and fire fighting


• Information


• Communication


• Transport


• Visibility


• Water for fire fighting







Operation and organisation


Choose systems that can


be managed.


Enhance time-efficiency. 


(The use of pre-alarm and 


alarm routines etc).
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Design teams


Traffic estim.


Safety concept 


Safety evaluation 


tunnel / stations


Dim.no. of persons


Accident catalog


Fire analysis


Evacuation simul.


Dim. train


Dim. fire


Overall 


risk analysis


SITS
Safety in Technical Systems 


and Functions


Banverket 


standards


Safety group 


authorities


A Safety design procedure







Risklevels and simulations
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Doubletrack tunnel 


Tunnellength 6 km


Two underground 


stations


Opens in 2017


Citybanan







Citybanan, Stockholm



















Issues


• Safety to be no.1 in organisation culture.


• Three situations no action taken, correct actions 


taken and worst possible action taken!


• Technical systems too complex to manage.


• Too many false alarms may give rise to necessary


unwanted changes that downgrade performance of


technical safety systems.


• Can crowds be managed?


• Combined accidents/attacks.







Thank you for your attention!








Terrorist Threats to Transport Infrastructure


Hans Brun, Swedish Defense 


College/CATS, King’s College
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Outline


1. The Four Waves of Terrorism.


2. Scenarios


3. Routine Activity Theory


4. How to prepare?


5. Questions







The First Wave


• Anarchists


• 1880-1920


• Targets: assassination of officials







The Second Wave


• Anti-colonial 


• 1920-1960 


• Targets: Security forces







The Third Wave


• The New Left


• 1970-1990


• Targets: hijackings, kidnappings, 


hostages







The Fourth Wave


• Religious terrorism


• 1979-today


• Targets: mass casualties


QuickTime™ and a
TIFF (Uncompressed) decompressor


are needed to see this picture.







A Fifth Wave?


• High tech lone rangers


• Mass casualties


• “Open source Jihad”







Scenarios 


• Fire arms and hand grenades 


• Bombs and suicide bombers 


• Weapons of mass destruction







Fire arms and hand grenades


• Lod airport, Israel, 1972. 26 dead, 80 


wounded 


• Rome and Vienna airport, 1985. 19 dead, 


140 wounded


• Bombay 2008, 10 different attacks. 58 dead, 


104 wounded (in all 164 dead, 308 


wounded)







Bombs and suicide bombers


• Bologna train station 1980. 85 dead, 200 wounded


• Madrid, 2004. 191 dead, 1800 wounded


• London, 2007. 52 dead, 700 wounded


• Several attacks in Russia


- Commuter train 2003 , Yessentuki Station. 46 dead, 


160 wounded


- Moscow subway, 2004. 39 dead, 100 wounded


- Moscow subway 2010. 40 dead, 60 wounded







Weapons of mass destruction 


(CNBR)


• Tokyo subway 1995. Five attacks, 13 dead, 


50 wounded, temporary vision problems for 


at least 1000 persons







Motivated offenders


What to do?
Routine Activity Theory







How to prepare?


• Fire arms and hand grenades
- Active Shooter Protocol


- Treatment of large number of casualties


- Triage


• Bombs and suicide bombers
- Treatment of large number of casualties


- Triage


• Weapons of mass destruction
- Disaster management 


Game different scenarios, coordinate with other actors







Questions?


• Hans Brun


• 0046-70-241 58 53


• hans.brun@kcl.ac.uk








Critical underground 
infrastructure systems from a 
Fire and Rescue perspective


Chief Fire Officer Jan Wisén


Greater Stockholm Fire Brigade
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Stockholm - an expanding city


• Increased density


• High-rise and complex buildings


• Increased transportation demands


• Secure vulnerable infrastructure







Complex underground 
constructions in Stockholm


• Stockholm Metro


• The South Link


• The North Link under 
construction


• The Stockholm City Line
under construction
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Our Challenges 


• Accidents cause expensive 
interruptions and a loss of trust


• Masstransport systems may be a 
target for new threats


• Critical infrastructure protection
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How can we make underground 
constructions safer?
• Discuss safety solutions  in 


the planning process


• Make fire and rescue 
services as a natural partner 
in regional development


• Fire and rescue services in 
the forefront of safety 
research
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In cooperation with the metro 
operator


• Systematic fire prevention


• Scenario exercises


• Contingency planning


• Updated documentation


• Liaison officer 
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Challenges for fire and rescue 
services


• Many people in a relatively small area


• Tunnels and stations connected to other 
complex facilities


• Long evacuation routes


• Long response routes







Evacuation from trains and stations


• Stockholm has several single exit stations  


• In case of fire a train should always 
proceed to the nearest station. What 
happens if it can’t? 
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Rescue operations in under-
ground masstransit systems


• Difficulties with smoke control, especially in single exit stations


• Limited possibilities for BA-operations


• Specialized equipment not always available
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Why METRO?


• An unique opportunity to make an impact


• Possibilitiy to influence the direction of the research and to 
contribute with real-life experience


• Competence development for our personnel
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Our main expectations from the 
METRO-project


• Fire development in metro trains


• Maximum heat release rate


• Improved evacuation in single-exit stations


• How explosions affect evacuation and rescue 
operations
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But it is not only an engineering 
question…
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Thank you for your attention.


jan.wisen@ssbf.brand.se
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Martin Brown. 


Director Health,Safety and Environment


London Rail







Rail Overall Philosophy (Do´s)


• Design and build rail vehicles with low flammability 
materials 


• Fires to self-extinguish when external fuel exhausted


• Ensure trains can reach next station, requiring 
resilience in controls , motors, brakes etc


• Design and build the tunnels to have low fire load, 
including low smoke and fume equipment


• Ensure there are clear evacuation plans, which are 
reassessed and tested, and staff are well trained 


• Control ignition sources (arcing remains the biggest 
potential energy source)







Rail Overall Philosophy (Don’ts)


• No tunnel lining protection


• No compartmentalisation


• (Limited) ventilation


• Limited real life testing, due to service we run


• Where tunnels are older, risk assess remedial 
measures


• Don’t mix freight and passengers 







Core standards/references


• ORR Railway Safety Principles and Guidance 


• BS 6853:1999, BS 476 and BS 7974:2001 


• CEN TS 4555


• NFPA 130 


• Regulatory Reform Order 2005 and Fire 
Precautions (Sub Surface) Regulations 2009 


• Yet also apply proportionate risk assessment







London Underground
• 402 Km of track, 11 lines


• 45% in tunnels, 32 km cut 
and cover, 149 km deep bore 


• Cut and cover include  
single, double and 4 track


• Deep bore tunnels  have a 
close fit to train, with head 
clearances in cms


• Some cross passages


• Originally steam, so some 
ventilation shafts, but 
limited forced systems 







London Underground


• 260 stations served, 117 Sub 
surface stations (Section 12)


• Almost no tunnel walkways at 
door level


• Train meet BS 6853 Class 1a


• High standard of fire detection 
equipment on stations, low 
smoke and fume cabling


• Four rail 630 DC system


• Concrete and ballast & sleepers







Wood Green Fire 1982


• Started by a significant 
arc from defective track


• Fire spread under train, 
and burnt hole in floor


• No significant injuries


• Began review of fire 
standards in LU rolling 
stock







King’s Cross Fire 1987


• The King’s Cross fire occurred at an 
escalator shaft, spreading into the 
booking hall. The 30 escalator incline 
provided effective draught to sustain an 
intense fire. 


• Fire (probably) started from a discarded 
match/cigarette lighting flammable 
debris that had accumulated over years 
under the wooden treaded escalator. 


• Public (Fennel) Inquiry, which changed 
culture in LU, and links to Fire Brigade.


• Instigated a programme of massive 
improvement across LU. 







LU fire developments


Over time LU interiors and seats have significantly 
improved, leading to and being influenced by 
BS 6853 and EN 45545, creating low fire load trains.
Fires needed a significant accelerator to be sustained.


We are aware of the potential fire 
loadings from newspapers, suitcases, 
buggies, backpacks, arson. Our aim 
remains controlling the ignition source







1kg wooden test cribs







Lessons from 7/7 bombings


While the blasts from the 
bombs were 
considerable, as can be 
seen, there was  almost 
no fire related damage to 
the interior; simply the 
carriages and the fabrics 
did not catch fire







Some further changes  


• Fire extinguishers have been removed from 
passenger cars, but retained in operators cabs


• Limited ventilation, over 50% on new JLE  


• Through carriages, no fire breaks, now accepted 


• Arcing protection strengthened


• Strong controls on construction, and application of  
Fire watchmen


• Tough fire standards on stations, (but making things 
expensive to develop do new work) 







London Overground


• London’s newest rail system, a surburban 
metro style railway 


• 86 km overall, with 5 different lines 


• Mainly dual voltage, 25 kv AC overhead/750v 
DC trains, with diesels on GOB


• East London Line (ELL) core route is 12.6 km


• Significant tunnels only on the ‘core route’



http://upload.wikimedia.org/wikipedia/commons/thumb/e/eb/London_Overground_logo.svg/288px-London_Overground_logo.svg.png





ELL - railway regeneration


• Parts of this old railway dated 
back to 1840s


• Very age of parts, meant real 
challenges in balance between  
cost/controls - especially on fire


• Mix of refurbishment of the 
existing and new 


• Railway key part of regeneration 
of a poorer part of London



http://upload.wikimedia.org/wikipedia/commons/thumb/e/eb/London_Overground_logo.svg/288px-London_Overground_logo.svg.png





London Overground : Trains


• Trains to be built to BS 6853 Class 
1a, but with walk through cars  


• Fire modelling for tunnels based on 
8MW fire on train


• Operating procedures based on 
trains moving to platforms in 
emergency


• End door evacuation the primary 
route in tunnels if stalled


• Cost difference between Cat 1b 
and Cat 1a is only £12,500 per car 



http://upload.wikimedia.org/wikipedia/commons/thumb/e/eb/London_Overground_logo.svg/288px-London_Overground_logo.svg.png





London Overground : Infrastructure


• Existing tunnels risk assessed for 
fire capability


• Utilisation of existing ventilation


• Modern standards applied at new 
stations ventilation


• Improved Tunnel lighting


• Slab Track extension to new track


• SME walkways


• No tunnel lining protection



http://upload.wikimedia.org/wikipedia/commons/thumb/e/eb/London_Overground_logo.svg/288px-London_Overground_logo.svg.png





London Overground : Infrastructure 


• Smoke venting chimneys at 
Dalston Junction


• Forced Ventilation at 
Shoreditch High Street


• Fire detection and fighting 
equipment to LU standards


• ‘Section12’ principles to 
apply on all stations, 
covering procedures, 
equipment and staffing



http://upload.wikimedia.org/wikipedia/commons/thumb/e/eb/London_Overground_logo.svg/288px-London_Overground_logo.svg.png





London Overground : Stations 


• Low fire risk stations


• Fire detection, alarms and fire 
fighting to current LU 
standard (one problem with 
over sensitive system) 


• Fire doors with mag locks to 
create compartmentalisation


• Extensive staff training


• On site exercise pre start



http://upload.wikimedia.org/wikipedia/commons/thumb/e/eb/London_Overground_logo.svg/288px-London_Overground_logo.svg.png





Docklands Light Railway 


• 31 Km of track, of which nearly 5 
km is in 4  tunnels


• RS built to BS 6853, Class 1b


• 45 stations, 4 Section 12 


• Fire detection and protection is 
stations similar to LU


• No tunnel CCTV  


• Reversible tunnel fans in three


• Sideway door level evacuation, 
onto slab track in the tunnels


• Public information points 


• Good lighting, with UPS feeds 







London Tramlink 


• Trams built to low fire load standard 


• One brick tunnel, 3 consecutive sections, 
498 metres long; opened 1885  


• Venting possible between the three tunnels 


• No additional ventilation, nor fire fighting 
or safety communications equipment in the 
tunnel


• Wide walkways for evacuation


• Concrete sleepers, low fume cabling 


• Evacuation exercises undertaken with LFB


• Risk model shows fire as low risk, no 
additional improvements planned



http://www.google.co.uk/imgres?imgurl=http://www.btp.police.uk/images/london_trams.png&imgrefurl=http://www.btp.police.uk/industry/partner_links.aspx&usg=__9FAuHrV6EGwV4MNFwAK4ltoyF_Y=&h=289&w=359&sz=12&hl=en&start=5&zoom=1&tbnid=BlXesF8-k_MVKM:&tbnh=97&tbnw=121&ei=Du1cTueOC5PqgQe--KTyAQ&prev=/search%3Fq%3DLondon%2BTramlink%2Blogo%26um%3D1%26hl%3Den%26sa%3DN%26tbm%3Disch&um=1&itbs=1





Network Rail


• Not part of TfL system as such, but NR  
operate some tunnels thrugh which our 
services run 


• NR also manage tunnels that other 
Train Operators run through into 
London’s rail system


• Most Tunnels are old tunnel (1840 
0nward) some are quite long 
(Sydenham tunnel 2141 yards, 1889), 
and standards are less modern 


• Some are much newer (CTRL, 2006)







Crossrail


• Through gangway trains 
similar to Overground


• Trains will meet BS 1a level 


• Cross passages, and door 
level walk ways for 
evacuation


• Ventilation systems 


• But interesting legacy issues 
as HEX tunnel on opposite 
philosophy







London Transport Streets


• Streets manage 13 tunnels, 11 direct 
and two as DBFO contracts


• There are over 5.5 km of tunnels, 
mainly cut and cover construction


• Built between 1897 and 1993


• Tunnels are fitted/being fitted with 
PA, ventilation systems, CCTV, heat 
and CO detection


• Key difference to the rail tunnels is 
the use by freight and much heavier 
fire loads







Blackwall Tunnel Fire 2009


Blackwall Tunnel Fire : 
Road and wall damage


What went well :


• Only minor injuries 


• Smoke extraction worked well when operated


• Press and stakeholders managed well


• Repaired reasonably quickly


What we learnt :


• No clear strategic control of incident


• Planned evacuation did not all work as expected


• Senior managers being information hungry


• Human Behaviour might be seen to be as expected 


• CCTV positioning not all optimised


• No smoke/heat detection so missed link to vents 


• Damage to core cabling systems 


• Hand over at end of incident 


• SOS phones can easily get overwhelmed



http://3.bp.blogspot.com/_FBR5HNEoZEk/S18SnsxjD0I/AAAAAAAABgI/mhboMbJP8ZQ/s1600-h/Blackwall_Tunnel_Fire_Wall_29_11_09.jpg





Blackwall Tunnel Fire 2009


• Actual tunnel fire


• Group think. As 
fire build, people 
get out of the cars, 
talk and take 
photos


• Tunnel closed 
after for two days 


• Lessons on better 
PA and signage 
being acted on 







London Buses


A recent reminder of the fire risks –


a bus on fire during recent riots in 


Croydon, South London, August.


Detailed investigation has yet to be 


finalised, but the evidence is clear.


Occurred in the main streets, but 


inside a tunnel things would have 


been much worse.


Fire resistance standards for buses 


much weaker than rail,  but London 


has for 7 years has supression 







Comparisons Rail and Road


Outline Bow tie diagrams – we are currently developing the details


Our initial work shows how on Rail we tend to concentrate the 


controls on the prevention, stopping the fire event, while on Road 


the emphasis is on the post event mitigation controls. 


Rail Road







Tolerability of Risk


• Society ´sets´ levels for 
the tolerability of risk


• This varies over time and 
by sector


• Often this is deployed for 
a single factor


• But how do we deploy for 
overall customer benefit ?


• Making fire protection 
affordable







Conclusions


• We are convinced that the primary focus is creating 
trains that won´t normally catch fire 


• Yesterday (until about 1 hour 40 minutes into the 
test) the evidence here seemed to support that, does 
anything after that time change our view ? (No) 


• Tests highlight the importance of research based, 
appropriate risk assessment  


• The future must ensure that we deliver overall 
customer benefit at acceptable cost, and that 
incudes how we set and interpret fire standards







Thank you for you attention


martinbrown@tfl.gov.uk
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Blast loading and respons from explosions in Metro systems


Tobias Carlberg
Swedish Defence Research Agency 


2011-09-14


• Studies


• Calculations


• Model Tests


• Full Scale Test


• Conclusions so far


Work Package 5 Extraordinary strain on structures
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Work Package 5 Extraordinary strain on structures


Objective:


• Estimate the effects of blast waves from explosions in a train carriage placed in a tunnel and thus 
produce research results with relevant information that can be used for contingency planning to ensure 
safer rescue operations in underground facilities in case of a deliberate attack in a mass-transport 
system. 


2011-09-14


WP5 devided in Work Elements


• WE 1 - Litterature study of previous incidents and attacks


• WE 2 – Litterature study of previous experimental & theoretical work with explosions in tunnels


• WE 3 – Pressure calculations


• WE 4 – Pressure tests


• WE 5 – Component damage calculations


• WE 6 – Component damage tests


• WE 7 – Full scale test 


WE1
Study


WE2
Study


WE7
FS.Test


WE6
Comp.Test


WE5
Calc


WE4
Mod.Test


WE3
Calc
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Compilation of important parameters from previous incidents and attacks with explosions on mass transport 
systems


The Attack


• Mode of delivery (placed or carried)


• Location of charge (inside/outside of train)


• Location of train, (inside/outside of tunnel)


Work Element 1 - Literature study


2011-09-14


Work Element 1 - Literature study


Technical Details of the explosive device


• Charge weight
• Type of explosive 
• Origin of explosive (home made or military)
• Incendiary (capable of causing fire) 
• Casing







2011-09-14


Consequences of the explosions


• Injury outcome on human (injured/killed)
• Damage outcome structures (to the train/outside the train)


Work Element 1 - Literature study


2011-09-14


WE2 - Literature study


Study of previous theoretical and experimental work with explosions in tunnels


A lot of research has been made on explosions in tunnels and explosions in different vehicles through 
the years of FOI/FOA but not much on those together. And we have never studied an explosion 
on a train in a tunnel.


Tunnel


Vehicles


Vehicles
in tunnel?
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Work Element 3 Pressure calculations


Numerical simulations of pressure with the software Autodyn.


Parameters included in the calculations:


• Charge weight


• Location of charge


• Venting areas


• Interior (seats, humans, etc)


• Tunnel cross section


• Number of carriages


2011-09-14


Work Element 3 Pressure calculations


Volume and gauge placement


Result in one point


3-D result in carriage
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Work Element 4 Pressure tests


Experimental tests of pressure in the carriage and pressure in the tunnel outside the carriage


Compatibility with the theoretical calculations


Varying possibilities:


• Charge weight
• Venting area
• Tunnel cross section
• Number of carriages
• Interior


Scale 1:10 of train carriage and tunnel


2011-09-14


Work Element 4 Pressure tests


Construction of the model


Strong frame!
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Work Element 4 Pressure tests


Construction of the model


Gauge placement train


Gauge placement tunnel


2011-09-14


Work Element 4 Pressure tests


Construction of the model


Venting possibilities
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Work Element 4 Pressure tests


Construction of the model


Tunnel model


2011-09-14


Work Element 4 Pressure tests


Detonation in tunnel without train


Small Charge


Medium Charge


Large Charge
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Work Element 4 Pressure tests


600 frames / sec, mediumsize charge on train in tunnel, scale 1:10 


2011-09-14


Work Element 4 Pressure tests


600 frames / sec, mediumsize charge on train in tunnel, scale 1:10 
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Work Element 4 Pressure tests


600 frames / sec, mediumsize charge on train in tunnel, scale 1:10


2011-09-14


Work Element 4 Pressure tests


600 frames / sec, mediumsize charge on train in tunnel, scale 1:10 
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Work Element 4 Pressure tests


600 frames / sec, mediumsize charge on train in tunnel, scale 1:10 


2011-09-14


Work Element 4 Pressure tests


600 frames / sec, mediumsize charge on train in tunnel, scale 1:10







2011-09-14


Work Element 4 Pressure tests


600 frames / sec, mediumsize charge on train in tunnel, scale 1:10


2011-09-14


Calculations of damage to components is initiated with focus on carriage windows.


Calculations of injuries to people is initiated.


Work Element 5 – Component damage calculations
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Tests of structures in railway carriages and tunnels such as windows, luminaries etc.


Execution Q4 2011


Shock Tube IV, Märsta


Work Element 6 – Component damage tests


2011-09-14


Work Element 7 - Full scale test inside a carriage in a tunnel


Execution of the full scale test


• Charge weight


• Location of charge


• Location of gauges


• Video recording (inside and outside carriage)


Expectations on the full scale test


• Same result as the calculations and model tests


• Answers on structural damage that we have not been able to test
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Conclusions so far


Succeeded to reproduce the results from calculations in WE3 in model scale tests


Things that directly affect the impact of the blast


• Charge weight


• Location of charge


• Interior in the carriage


• Tunnel cross section


• Number of carriages


• Structural resistance of the railway carriage


2011-09-14


Questions, thoughts?







Thank you for your attention
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Introduction


Extraordinary strain on construction (WP5)


•Structural response of the carriage and the tunnel


due to an explosion inside the carriage.


•Creation of simulations


•Accomplishment of small-scale tests


•Comparison to reality (full-scale test)


Gero Meyer
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Problems the first responders had to face


Gero Meyer


Background
Incidents


•Heavy smoke and serious fire


•Debris and sharp edges


•Broken light systems


•Unknown working conditions and 


limited excess


•Defective communication system


•Crutial pictures of dead bodies and limbs
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Problems the rescue operators had to face


Gero Meyer


Background
Incidents


•Lack of information


•Sending the right amount of rescue


services to the right location


•Panic in the streets


•Broken down traffic system
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Background
Killed 


persons


Wounded


persons


Number of 


bombs


Size of bomb(s) Type of Explosive


Paris 1995-07-25 4 62 1 Several kilos -


Moscow 2004-02-06 39 129 1 - -


Madrid 2004-03-11 191 1842 10 Ca. 10 kg for each 


bomb


Goma-2 ECO


London 2005-07-07 52 +4 


suicide 


bombers


700 4 - Home-made organic 


peroxide-based device


Mumbai 2006-07-11 190 625 7 - High explosive 


hexogen (RDX)


Moscow 2010-03-29 35 40 2 Equiv. 1,5-4 kg TNT Plastic explosive / high 


explosive hexogen 


(RDX)


Minsk 2011-04-12 12 204 1 Equiv. 5-7 kg TNT -


Gero Meyer
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Background


Gero Meyer


Incidents
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Gero Meyer


Background


Location of the charges 


Explosives
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Background


Problems and risks of measuring explosions


Measurement


•Different impact angles


•Frequency response of the sensors


•Too low eigenfrequency of the gauge


•Vibrations in the fixture


•Sensors exposed to the hot explosive gases


Gero Meyer
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What do we expect?


Gero Meyer


Consequences to the structure due to the explosion


•Shattered windows of the affected and the adjacent car 


•Opened up carriage walls from the explosion


•Burst open metal sheets and rods with sharp edges


•Debris covering the site


•Problems with the technical components inside the train


•Possibility of a following fire
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What do we expect?


Approximately 10 kg high explosive


Madrid 2004Madrid 2004


Gero Meyer
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What do we expect?


Apoximately 5 kg high explosive


Minsk 2011 Minsk 2011


Gero Meyer
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What do we expect?


Apoximately 5 kg high explosive


Moscow 2010 Minsk 2011


Gero Meyer
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What do we expect?


Mumbai 2006


Approximately 10 kg high explosive


Gero Meyer
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Conclusions


Gero Meyer


•Underground mass transport systems are sensitive targets


•Big lack of knowledge in this area


•Time and city chosen by the terrorists are random


•Type of explosive device and hiding place of the 


explosive are not predictable


•Many problems and risks are to be kept in mind during 


the measurement of explosives
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Thanks for your attention!


Gero Meyer








Evacuation of a train inside a tunnel 


– An experimental study


Karl Fridolf, METRO WP2







Lund University / The Department of Fire Safety Engineering and Systems Safety / Karl Fridolf


Work package 2 - Evacuation


• Co-operation


– Lund University


– Stockholm Public Transport


• Overall objective


– Investigate how train passengers can be safely


evacuated


– Present data for design process







Lund University / The Department of Fire Safety Engineering and Systems Safety / Karl Fridolf


Work package 2 - Evacuation


• Three evacuation experiments


– ”Small” scale (December 2010)


• Evacuation of a train into a tunnel


• Flow and person density


– ”Medium” scale (June 2011)


• Evacuation inside a smoke filled tunnel


• Movement speeds and effects of technical installations


– ”Full” scale (Autumn 2012)


• Evacuation of a subway train in Stockholm Metro


• Flows, densities, movement speeds, technical


installations







Lund University / The Department of Fire Safety Engineering and Systems Safety / Karl Fridolf


The ”small” scale experiment


• Focus on the evacuation of a train inside a tunnel


– Flow rates at door


– Density in train lobby


– Effect of different variables on the evacuation process


• Floor material inside tunnel


• Vertical distance from train to tunnel floor


• Presence of a ladder


• Lighting conditions


• Placement of handles inside train







Lund University / The Department of Fire Safety Engineering and Systems Safety / Karl Fridolf


The ”small” scale experiment


ScenarioHandlesLightingLadderDrop


Experiment


1.4 m


Yes Standard No 1


No


Standard No


2


8


Increased No 3


Standard Yes 4


0.7 m No


Standard Yes 5


Standard No 6


Increased No 7







Lund University / The Department of Fire Safety Engineering and Systems Safety / Karl Fridolf


The ”small” scale experiment


• Experiment performed on 


two separate days


– Day 1: Smooth material


– Day 2: Rough material


• Participants were students


– Day 1: 46 participants


– Day 2: 38 participants


– Enough to create a queue


HandlesLightingLadderDrop


Experiment


1.4 m


Yes Standard No


No


Standard No


Increased No


Standard Yes


0.7 m No


Standard Yes


Standard No


Increased No







Lund University / The Department of Fire Safety Engineering and Systems Safety / Karl Fridolf


The ”small” scale experiment


• Train design based on X1


• Tunnel design based on actual dimension in Stockholm 


Metro







Lund University / The Department of Fire Safety Engineering and Systems Safety / Karl Fridolf


The ”small” scale experiment


Dimensions [m] Train Train lobby Tunnel


Height 2.7 2.7 4.1


Width 2.31 2.31 0.85


Length 6.09 1.9 6.09
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Lund University / The Department of Fire Safety Engineering and Systems Safety / Karl Fridolf


The ”small” scale experiment


• VIDEO







Lund University / The Department of Fire Safety Engineering and Systems Safety / Karl Fridolf


The ”small” scale experiment


Average
Flow


HandlesLightingLadderDrop


Experiment


1.4 m


Yes Standard No (1) 0.32 p/s


No


Standard No


(2) 0.49 p/s


(8) 0.48 p/s


Increased No (3) 0.51 p/s


Standard Yes (4) 0.49 p/s


0.7 m No


Standard Yes (5) 0.52 p/s


Standard No (6) 0.50 p/s


Increased No (7) 0.50 p/s







Lund University / The Department of Fire Safety Engineering and Systems Safety / Karl Fridolf


Thank you!


• For more information


– Please visit http://www.metroproject.se/


– Or contact me, karl.fridolf@brand.lth.se


• I’ll be here all day 



http://www.metroproject.se/

mailto:karl.fridolf@brand.lth.se






Brandforsk


The Swedish Fire Research Board


Per-Erik Johansson


2011-09-13







Brandforsk


• Brandforsk initiates, coordinates and finances 


research in the fire area


• The resources come from insurance companies, 


governmental agencies, industry and local fire 


brigades in cooperation


• The research is carried out as project by 


universities, research institutes, consultant 


companies and other organisations


• Established in 1979 – 200 MSEK (22 M€)







Brandforsk


• Brandforsk is a non-profit organisation


• Administered by the Swedish Fire Protection 


Association


– Decrease fire casualties and property loss


– Influence the society (decision makers)


– Helping people and organisation to take their fire 


prevention responsibility


www.brandforsk.se







Research Program


1. Assessment of Fire Protection Measures


2. Interaction between Humans, 


Technology, Organisation and Society


3. Fire Protection in Buildings


4. Fire Protection in Transportation


5. Active Fire Protection Systems


6. Fire Protection and Risks in Industrial settings


7. Fire and the Environment







Tunnel projects


• 15 projects since 1991


• Total approximately 1 M€


• SP, FOI, Brandskyddslaget, MdH







The companies investing 2,5 million $ 


on Arson prevention



http://www.msbmyndigheten.se/default____138.aspx?epslanguage=SV





Thank you!


Questions








Full scale fire experiments 


conducted in the BARBARA-


project


Rickard Hansen







The BARBARA-project


- 3 year long project (2010-2013).


- Mälardalen University, LKAB, Atlas 
Copco, Björka Mineral, SKB etc.


- Aimed at improving fire safety in mines 
and tunnels during construction.
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Loader – Toro 501







Drilling rig – Atlas Copco 


Rocket Boomer 322







Test site











Set up







Ventilation – Tempest MGV L125







Loader fire


• ~4,5 hours


• Front tyres and hydraulic hoses from the 
waist and forward never ignited.







Drilling rig fire
• ~2,5 hours


• The low voltage cable on the reel and the 
hydraulic hoses ~4 m forward of the cab never 
participated in the fire.







Further work


• Analysis of the data.


• Reconstructing the total heat release 
rate curve.


• Analysis with respect to the minimum 
time limit of air supply in refuge 
chambers.


• Etc.
11







Questions?


• rickard.hansen@mdh.se
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METRO - A safety in infrastructure co-operation project


Panel discussion


• Question and answer session


• Panellists
- Anders Lönnermark, SP Technical Research 


Institute of Sweden - fire researcher


- Bo Wahlström, Faveo Management - fire and 
risk consultant


- Gary English, Seattle Fire Department - 
rescue service


- Martin Brown, Transport for London - metro 
operator/owner
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METRO


METRO – A safety in infrastructure cooperation project







One aim– many parts


The aim with the METRO project is to,
through a joint research effort,
make traveling, working and
performing rescue operations in
metros safer!


METRO – A safety in infrastructure cooperation project







Background
• Started as a intended EEA project


together with Hungary after the FM
financed Svédületes! 2004.


• Initiated by MU, SL and SSBF. MU
and LU worked with the applications.


• Became a national Swedish project
2009, with mainly Swedish funders.


• Financed by SL, SCCA, SFA,
the Swedish Fire Research Board,
the Swedish Traffic Administration
and Formas.


METRO – A safety in infrastructure cooperation project







Participants


METRO – A safety in infrastructure cooperation project







Cooperation


Bomb-
ardier


Jern-
husen


HKA


TCS
Hässlö


Funders:


SL, SFRB,


SCCA, SFA,


STA,


Formas


FB
Arvika


METRO – A safety in infrastructure cooperation project







• WP1 – Design Fires (SP, MU and GU)


• WP2 – Evacuation (LU, SL)


• WP3 – Integrated Fire Control (SL)


• WP4 – Smoke Control (MU)


• WP5 – Extraordinary strain on constructions
            (FOI, MU, SFA)


• WP6 – Rescue Operations (MU, SSBF)


• WP7 – Project Management (MU, LU)


METRO – A safety in infrastructure cooperation project


Work packages







WP1 – Design Fires
• SL Field Study


• Fire tests “Carried fire load”


• Model scale tests (Formas)


• 1/3 lab-tests


• Full scale fire tests September 2011


METRO – A safety in infrastructure cooperation project







Why full scale tests?
• Design fires.


• Information regarding ignition and fire spread.


• Information regarding boundaries for flash-over.


• Correlation between model and
full scale.


• Basic info - preconditions for
fire and rescue operations.


• Full scale tests are important to
validate calculations and
simulations!


METRO – A safety in infrastructure cooperation project







Full scale tests


• September 2011.


• SP responsible for WP1, FOI for WP5.


• Seminar in connection to full scale tests.


• Ignition tests, two tests intended to go to
fully developed fires and one explosion
test


METRO – A safety in infrastructure cooperation project







The Brunsberg tunnel


• Made available to the project by the Swedish Traffic
Administration.


• The tunnel is 276 meters long.


• The air flow in the tunnel will be directed by large
PPV fans borrowed from Höga kusten – Ådalen.


• On site help from the Arvika Fire Brigade


METRO – A safety in infrastructure cooperation project







WP2 - Evacuation


• Literature review.


• Lab-tests (train to track).


• Walking speed tests performed in
full scale tunnel in Stockholm.


• Full scale evacuation test
in Stockholm metro.


• Development of egress model.


METRO – A safety in infrastructure cooperation project







WP3 – Integrated Fire Control


• Surveys in cooperation with WP1, WP2
and WP6.


• Interaction between technical and
organizational fire protection.


METRO – A safety in infrastructure cooperation project







WP4 – Smoke Control


• Literature Survey.


• Single exit stations.


• Choice of system for further calculations
running.


• Collection of in-data, from WP1, for
CFD-simulations running.


METRO – A safety in infrastructure cooperation project







WP5 – Extraordinary strain & stress


• Literature surveys (occurred attacks,
earlier performed tests, calculation
models).


• Model scale tests.


• Full scale tests.


METRO – A safety in infrastructure cooperation project







WP6 – Rescue Operations
• Literature survey.


• Studies of transportations speeds.


• Studies of the fire and rescue services
command and control at rescue
operations under ground.


• Studies of IR images under ground.


• Full scale tests.


METRO – A safety in infrastructure cooperation project







Main objectives


METRO – A safety in infrastructure cooperation project







Expected results 1


METRO – A safety in infrastructure cooperation project







Expected results 2


METRO – A safety in infrastructure cooperation project







Expected results 3


METRO – A safety in infrastructure cooperation project







Questions?


haukur.ingason@sp.se


daniel.nilsson@brand.lth.se


maria.kumm@mdh.se


METRO – A safety in infrastructure cooperation project
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Carried fire load
in underground mass-transport


systems
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Why?


•Does it represent a larger fire load than


the train interiour?


•Few studies on HRR and energy content


for bags and clothes


•Are there items, alone or in combination,


that could cause flashover inside the train?


•Accurate base for full scale tests.
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How?


•Field study on metro and


commuter trains in


cooperation with SL and MTR


•Study of the fires in Baku and


Kaprun


•Fire tests, single items, at SP


•Fire tests of 1/3 train


interiour at SP
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Photo: B Andreasson
Larger bags in the ailes, smaller bags in lap, between feet or


at the seat beside. Prams and bikes close to exit doors.







5


•In total 299 bags.


•Mean weight was 4,4 kg at weekdays and


4,9 kg at weekends and travel days (in total


4,65 kg).


•87% of passengers carried some type of


luggage.


•Prams and bikes at exit doors.


Commuter trains







6


•In total 323 bags.


•Mean weight weekdays 3,5 kg and 4,5 kg weekends


and travel days (in totalt 4,2 kg).


•82% of passengers carried some type of luggage.


•Barnvagnar vid utgångsdörrar.


Metro
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And what was in the bags?
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Photo: Budapest Fire Department


More interesting info...


•Newspapers were effictively


tidied from the trains at end


stations.


•28% of the passengers with


luggage carried some sort of


pressurized can.


•On 75% of the studied time it


was approx. 2 prams/train set.
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Photo: Budapest Fire Department


The pram...


•Max HRR 831 kW.


•Burned for approx. 15 minutes.


•No relevant difference to other


brands – a smaller ignition test


(pram cover) of two other brands


of the same year model (2010) was


carried out.
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Photo: Budapest Fire Department


A small example...
•If 82% of 1200 passengers in a metro


train carry luggage of a mean weight of


4,2 kg… it becomes 4133 kg of


combustible material.


•If the content is diveded as in the study,


the energy content is approx. 24,5 GJ


electronics/plastic, 33 GJ clothes/mix


and 27,5 GJ food/paper…


•…i.e. 85 GJ.
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Photo: Budapest Fire Department


To be compared to...


•Dehli metro (with steel seats) = Full train set: 2 trailer cars with


drivers cabs and 2 powered intermediate cars - approx 160 GJ


•For upolstered seats approximately  170 kJ adds/seat….


•The carried fire load then represents ! 50% of the total train fire load
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Photo: Budapest Fire Department


In Baku and Kaprun...


•In Baku left luggage in car 5  and in car 4, where the fire


begun, contributed to the fire development. Left luggage in the


non fire-affected cars could be documented.


•In Kaprun skies, snowboards and other equipment were left


and contributed to the rapid fire development.


Foto:Per Rohlén
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From SL to SP...
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Photo: Budapest Fire Department


“Leftovers”...
•All bags were weighed before the


tests.


•Non combusted material weighed


after test and  type estimated.


• Fire load calculated both by


HRR-curves + unburned material


and estimated on the energy


content of the weighed original


materials.
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Photo: Budapest Fire Department


Some results...
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Photo: Budapest Fire Department


The report...


www.mdh.se/biblioteket/diva


SiST report 2010:04 – Carried fire


load.








SEMINAR PROGRAM
DAY 1 – 13 SEPTEMBER 2011


08.00 Bus from Scandic Hotel Torggatan 9, Arvika


08.30 Coffee and registration at ENGgården conference centre close to the test site


Buses to test site and visit in tunnel. Please check your group number on the 
delegation list. More information about safety instructions will be given on the bus.
Robust clothing is recommended for the tunnel tour. Hi Vis (high visibility) vests will be 
placed in the busses..


09:10 Departure to the tunnel - Group 1 (responsible Haukur Ingason)


For Group 2 and 3 information about the METRO project will be given by Lic of Eng. 
Mia Kumm and Dr Daniel Nilsson


09:35 Departure to the tunnel - Group 2 (responsible Eva Sara Karlsson)


10:00 Departure to the tunnel - Group 3 (responsible Gero Meyer)


11:10 Group 1 returns to ENGgården


For Group 1 information about the METRO project will be given by Lic of Eng. Mia 
Kumm and Dr Daniel Nilsson


11:35 Group 2 returns to ENGgården


12:00 Group 3 returns to ENGgården


12.00 Lunch


13.00 Tests on large screen at conference centre and short presentations of results from the 
METRO project and other Swedish fire in tunnel-research projects.
Some of the speakers are Per-Erik Johansson (Swedish Fire Research Board), Gero 
Meyer and Rickard Hansen (Mälardalen University) and Karl Fridolf (Lund University).


16.00 Closing remarks


16.30 Buses to Scandic Hotel, Torggatan 9, Arvika


19.00 Dinner at Scandic Hotel 


METRO SEMINAR
13 – 14 of September 2011


ENGgården, Brunskog, Sweden
& observation of full-scale fire test







09.00 Buses from hotel Scandic Hotel, Torggatan 9, Arvika


09.30 Opening of day 2


09.40 Critical underground infrastructure systems from a fire and rescue perspective - Fire 
Chief Jan Wisén, Greater Stockholm Fire Brigade


10.10 Terrorist threats to transport infrastructure - Hans Brun, King´s  College


10.40 Coffee break


11.10 Fire safety in the London Underground – Mr Martin Brown, Director of Safety, Health 
and Environment, Transport for London


11.40 Fire safety design for tunnels and stations – Fire Safety Engineer Bo Wahlström, Faveo 
Management


12.10 Lunch


13.10 Evacuation from metro trains – Dr Daniel Nilsson, Lund University


13.40 Carried fire load in mass-transport systems – Lic of Eng. Mia Kumm, Mälardalen 
University


14.10 Coffee break


14.40 Summary of results from fire tests – Dr Anders Lönnermark, SP


15.10 Blast loading and response from explosions in metro systems – Mr. Tobias Carlberg, 
FOI


15.40 Panel debate: Tunnel Safety. Moderator Dr Daniel Nilsson.


16.15 Closing remarks – Professor Haukur Ingason


DAY 2 – 14 SEPTEMBER 2011





