3

V.

Bdsta resultat far du om du 6ppnar den har PDF-portfoljen i
Acrobat 9 eller Adobe Reader 9 eller senare.

Hamta Adobe Reader nu!



http://www.adobe.com/go/reader_download_se
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SEMINAR

Final seminar with presentation of results

Rosersberg, Stockholm, Sweden
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METRO PROJECT

a joint safety in infrastructure project

METRO is a three year Swedish research project about infrastructure protection. The focus
of the project is on the protection of underground rail mass transport systems, such as
tunnels and subway stations. Both fire and explosion hazards are studied, and aspects such
as evacuation, rescue operations and smoke control are important parts of the project.

As part of the project a series of small-scale, medium-scale and full-scale experiments have
been performed. The main goal with the full scale tests was to develop
design fires for underground rail mass transport systems. In the full-scale

fire experiments, commuter trains provided by Stockholm Public Transport

(SL) were used. The experiments resulted in heat release rate curves for ,
varying conditions (materials, ventilation, etc). These results, together with

the developed mathematical models for gas temperatures, radiation, smoke .

spread, toxicity and extraordinary strain on construction, will be valuable
tools when designing tunnels and planning rescue operations.

A total of nine partners take part in the project. METRO is funded by

five organizations, namely Stockholm Public Transport (SL), Swedish

Civil Contingencies Agency (MSB), the Swedish Transport Administration, the Swedish
Fortifications Agency, and the Swedish Fire Research Board.

The final seminar held at Rosersberg, Stockholm, Sweden will present the results from
the total project and include results from the full scale tests regarding fire, explosion,
evacuation and fire and rescue operations.

You are invited to participate in this METRO Seminar the 10th-11th of December 1012 at
Rosersberg, Stockholm, Sweden.

) www.metroproject.se






SEMINAR

- 10 DECEMBER 2012

12.00 Registration and coffee
13.00 Welcome! Opening speech - Professor Haukur Ingason

13.10 Key note speaker - Ingerid Eknes, Oslo Metro
Safety and Security in Underground Mass Transport Systems

13.40 The METRO project - from idea to final report - Mia Kumm, Md&lardalen University

14.00 WP1 - Design Fires
Carried Fire Load - Mia Kumm
Model Scale Tests - Anders Ldnnermark
Ignition Tests - Alexander Claesson

15.00 Coffee Break
15.30 Full Scale Fire Tests, Arvika 2011 - Anders Ldnnermark

16.30 WP2 - Evacuation
Evacuation from metro cars - Karl Fridolf
Experiments in a smoke filled tunnel - Daniel Nilsson
Evacuation experiment in Stockholm Metro - Karl Fridolf

17.30 Summary of Day 1 - Discussion under lead of the METRO Project Leader -
Professor Haukur Ingason

17.50 End of Day 1

19.00 3-course dinner at the Tre Rosor Restaurant

- 11 DECEMBER 2012

08.30 Key Note Speaker - Gary English, Seattle Fire Department
Implementation of the METRO results in Legislation and Fire Tactics

09.00 WP3 - Integrated Fire Control - Rolf Akerstedt

09.20 WP4 - Smoke Control
Model Scale Tests - Torkel Dittmer
Recommendations for Single Exit Stations - Hans Nyman

10.00 Coffee Break

10.30 WP5 - Extraordinary Strain on Constructions
Overview of Metro Terror aftacks - Lindy Newlove-Eriksson
Model scale tests - Rickard Forsén
Full Scale Explosion Tests - Gero Meyer
Correlations between Tests and Calculations - Anders Bryntse

11.30 WPé6 - Rescue Operations
BA-rescue Moving Speed - Mia Kumm
IR-imaging in Tunnels - Mia Kumm
Experiences from Full Scale Fire Tests - Anders Palm
Rescue Tactics in Metro Tunnels - Anders Palm

12.30 Lunch
13.30 WP1-6 Recommendations from the METRO project
14.45 Coffee break

15.15 How will the METRO project influence future mass-fransport design
Professor Arnold Dix

16.00 Closing Remarks
16.15 End of Day 2





HOW TO REGISTER

Registrations should be made online by filling in the registration form at
www.metroproject.se. The registration is valid when the card payment in connection to the
registration has gone through. Early bird fee is available until 10 October 2012. Registration
will open 10 September 2012.

Registration before or at latest 10 October 2012:
Registration after 10 October 2012:
Banquet dinner 10 December 2012:
After your registration has been processed, you will receive a confirmation e-mail.

Cancellation of registration will be accepted until 1 November 2012, and the total amount
will be refunded less a cancellation fee of €35 plus VAT. We regret that no refund can be
made for cancellations received after 1 November 2012. If you cannot attend, it is possible
to transfer the registration to another member in your organization, which we in that case
need to be informed of prior to the event.

WHERE TO STAY

All reservations are made individually directly to the hotels.

The METRO project has reserved rooms at the following hotels:

PARK INN BY RADISSON STOCKHOLM-ARLANDA www.parkinn.se/hotell-arlanda
Contact meha.patel@rezidorparkinn.com
Per night: Single bedroom 795 SEK incl VAT, Double bedroom 895 SEK incl VAT

QUALITY AIRPORT HOTEL ARLANDA www.qualityarlandastad.com
Contact +46 (0)8 595111 10
Per night: Single bedroom 994 SEK incl VAT, Double bedroom 1157 SEK incl VAT

ROSERSBERGS SLOTTSHOTELL www.rosersbergsslott.se
Contact +46 (0)8-122 020 00
Per night: Single bedroom 1495 SEK incl VAT, Double bedroom 1990 SEK incl VAT

Please refer to "METRO seminar” when you contact the hotel.

HOW TO GET THERE

The journey from Arlanda Airport to the seminar venue Roserberg takes approximately 10
minutes. To get to the venue, keep right when you leave the airport and drive on the Cross
Roads (Tvarvdgen) of the E4 to Rosersberg, turn right at the roundabout to the road 273,
drive approximately 800 meters, turn left immediately after Radisson SAS Hotel, continue
approximately 7 km the T-junction Norrsundavigen, turn left and then immediately right
on to Slottsviagen, continue 2,5 km, and then turn left.

Coordinates to Rosersberg: Lat: N 59 ° 36.727°, Long: E 017 ° 51.445°

MORE INFORMATION

For any queries, changes or cancellations please contact Karin Hellman at
karin.hellman@mdh.se.
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Implementation of results from the
METRO Project

Legislation
Fire Strategy and Tactics






Seattle — pop. 620,000 +1M daily

1182 Staff, 208 On duty, 33Stations, 32E, 11L, 3Boat
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30,000+ fire and life safety SYSTEMS

* Fire Alarm, Standpipes, Sprinklers, Ventilation, etc.
Installed, Tested, Maintained by SFD certified contractors





Seattle Tunnels
(Future, Existing, NonSprk)

1952 Battery Street
1 mile -Deluge
® 1962 Interstate 5
e .5 mile Foam/Deluge
® Air Right
2008 Downtown
1.3mile Deluge
Bus/Rail
2016 SR-99
3.4 miles Deluge
2018 ? 1-90 (3 bores)
2.5 miles Foam/Deluge

2020 ? SR 520
1 mile Unknown
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Work Packages
Read Papers !!

WP1 — Design Fires

WP2 — Evacuation

WP3 — Integrated Fire Control

WP4 - Smoke Control

WP5 — Extraordinary Strain on Constructions
WP6 — Fire and Rescue Operations

WP7 — Project Management

METRO - A joint Safety in Infrastructure Project






Key Results

*Design Fire Size and Growth Rate
e Carry On fire load impact

*High Risk of ‘older cars’
eEvacuation design/ operations

*VVulnerable Populations

Strategy / Tactics

*No Easy Answers

METRO - A joint Safety in Infrastructure Project






Divide into : Newer / Older
Tunnels/ Trains

METRO PROIJECT:

? Tunnel Operators who know results?
? Fire Durability for these results?
?-tunnels with Vent for this HRR

? -tun/trains with fire suppression

? -tun/trains evac times

METRO - A joint Safety in Infrastructure Project






US Legislation/
Codes/ Standards

Code of Fed. Regulations
Seattle Fire Code
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U.S. Department
Of Transportation

Federal Railroad Seattle Building Code BEATILE
Administration *

ELTS NFPA 130 (*amended)

Passenger Train Fire CFR 49

Safety

Other: NFPA, ASTM, etc.
ASTM E 2061-03,

o Q
Standard Guide for *http://www.seattle.gov/fire/FMO/firecode/nfpa/
Fire Hazard NFPA-130%20-%202010%20Edition.pdf

Assessment of Rail
Transportation
Vehicles,”

’ 1
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NIST Fire Safety in Passenger
Rail

METRO - A joint Safety in Infrastructure Project






U.S. Flammability and Smoke Emission

Requirements for Passenger Rail Cars

MATERIALS

FLAMMABILITY

SMOKE EMISSION

a . Test Performance Test Performance
Category® Function ® e o
ategory Procedure Criteria Procedure Criteria
Cushions, matiresses ASTM D 3675 I, < 25 ASTM E 662 Doy s o
Passenger seats, Seat frames, mattress frames ASTME 1682 Iz = 35 ASTM E 6582 D (1.5) = 100; Dg (4.0) = 200
sleeping and dining car
Seat and toilet shroud, food trays ASTME 162 I = 35 ASTM E 652 Dy (1.5) = 100; Dy (4.0) = 200

components

Seat upholstery, mattress ticking and FAR 25853 Flame time < 10 s ASTM E 862 D; (4.0) = 250 coated
covers, curtains (vertical) Burn length < 6in ‘ Dy (4.0) = 100 uncoafted
"."\-fallz ceiling, partition, t::_ll:—les and shelves, ASTME 162 ls = 35 ASTM E 662
Panels windscreen, HVAC ducting ASTME 119 as appropriate © ASTM E 662 D, (15) = 100; Dy (4.0) < 200
Window, light diffuser ASTME 162 l5 = 100 ASTM E 662
R nominal evacuation
Structural ASTME 119 time, at least 15 min n.a. n.a.
Flooring ASTM E 648 CRF = & kWm? ™ P
Covering = ASTM E 662 Dg (1.5) = 100; Dg {4.0) = 200
ASTME 162 lg = 25
Insulation Thermal, acoustic ASTME 182 o =25 g ASTM E 662 D, (4.0) = 100
Window gaskets, door nosing. A ,. 16 . . (A DY <
Elastomers diaphragms, roof mat ASTM C 542 Pass ASTM E 662 Dy (1.5) = 100; Dg (4.0) < 200
Eé‘fﬂ’ig;ﬁfﬂigc End cap roof housings ASTME 162 I < 35 ASTM E 562 D, (1.5) = 100; D {4.0) < 200
Component Box Covers Interior, exterior boxes ASTME 182 Iz = 35 ASTM E 6582 D (1.5) = 100; Dg (4.0) = 200

SOURCE:

FRA Guidelines (1989) [4], NPRM {1997} [5]

FTA Recommended Practices (1984) [3]
Amitrak Specification No. 352 [41]
MFPA 130 (1997) [42]

Federal

Rail Administration

oo

d
e
f

g

Categones and functions follow the FRA guidelines. FTA recommend
practices are similar, but not identical
FTA and NFPA 130 requirement is D (1.5) = 100; Dg (4.0) = 200

“May use test critenia for floors or criteria appropriate to the physical locations
and magnitude of the major ignition, energy, or fuel lcading sources.”

Amtrak requirement is C.R.F. = 6 KWim?

NFPA 130 only
FRA anly

Amtrak requirement is Iz = 35

E ;&
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Metro & International Fire Standards e.g.

»-BOStrab — Verordnung tiber den Bau und Betrieb der Stassenbahnen
(Regulations on the construction and operation of light rail transit
systems)

-International Union of Railways (UIC) Code 564-2, Regulations Relating
to Fire Protection and Fire-fighting Measures in Passenger-carrying
Railway Vehicles or Assimilated Vehicles Used on International Services,

-British Standard Code of Practice for Fire Precautions in the Design and
Construction of Railway Passenger Rolling Stock (BS 6853:1999

*-CSN 28 1300 the basic tramway vehicles requirements

«-DIN5510 standard (Preventative railway fire protection in railway
vehicles) to define the details of the fire testing required for the rolling
stock.

e-European Union- Fire protection of rail vehicles is described in the draft
European Technical Specification series CEN/TS 45545 Parts

- European Railway Companies UIC 564-2, products used in trains





Metro and International Fire Standards

NF F16-102, April 1992, ‘Railway Rolling Stock Fire Behaviour: Material
choosing, application for electric system’, and NF F16-103, July 1989, ‘Rolling
stock: fire protection and fire fighting — design arrangements

" UNIFER PrE10.02.977.3 "Guidelines for fire protection of railway, tramway and
guided path vehicles”

-TSI (Technical Standard for Interoperability).

EN 1991 - Eurocode 1: Actions on structures, is the European Standard for
designing load-bearing structures. It includes characteristic values for various
types of loads and densities for all materials which are likely to be used in
construction.

EN 1991-1-5 gives principles and rules for calculating thermal actions on
buildings, bridges and other structures including their structural elements.
Principles needed for cladding and other appendages of buildings are also
provided.

EN 1991-1-5 describes the changes in the temperature of structural elements.
Characteristic values of thermal actions are presented for use in the design of
structures which are exposed to daily and seasonal climatic changes. Structures
not so exposed may not need to be considered for thermal actions




http://en.wikipedia.org/wiki/European_Standard



Metro Future Changes to NFPA 130

2 Referenced Publications —Other
5 Stations -, standpipes ( exit stairs not increased)
7 Emergency Ventilation System
8 Vehicles- fire resistance
prescriptive-based vehicle fire performance
9 Emergency Procedures
Annex D Rail Vehicle Fires
Annex E Fire Hazard Analysis Process
Proposed:
G-2 On board suppression with credit for reduced MW from train fire
Annex H - Fire Profile Methodologies (Includes Vehicle Fires)

-H4 Trash/Luggage/Wayside Electrical Fires assumed 1-2 MW.
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General Concerns A —

eHazard analysis B
. Fizgd Guidewa
Impact on time - LamiLang
5o Far
*Fuel load (Diesel) Ty T

eStation sprinks
*Cable (2196)

eEvacuation
°FRA door open
*Evac distances
*Exit Widths

’ 1
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Sample HRR Metro (7 — 31 MW Peak)

Country Metro Line Peak HRR
Singapore North South Line 24 MW
Singapore East West Line 24 MW
Singapore North East Line 15 MW
Singapore Circle Line 10 MW
Australia New South Link 10 MW
Hong Kong Line 5 MW
Hong Kong Airport Express Line 10 MW
Thailand Chaloem Ratchamongkhon MRT line, 7 MW
Greece Metro 10 MW
UK Heathrow Express <8MW#*
UK City Thames link 16 MW
USA Mount Lebanon Tunnel light rail transit, 13.2 MW
USA Amtrak Tunnels 31.1 MW
USA Ventilation system upgrade study for Washington [18-23.1 MW
DC(WMATA) system
A
)
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Structural Fire Protection

Road, examples Rail, examples At the fire
HRR MW vehicles vehicles METRO boundary
5 1-2 cars ' ISO 834
10 Small van, 2-3 cars, ++ ' Electric locomotive Low combustible ISO 834
passengers carriage
20 Big van, public bus, multiple " ' Normal combustble ISO 834
vehicles passengers carriage
2@ 30 Bus, empty HGV Passengers carriage . ISO 834
S . | | 2 carriages
< 50 Combustibles load on truck Open freight wagons ) o ISO 834
= s with lorries than two)
— Qo .
e 'S 70 HGV load with combustibles HC
g (approx. 4 tonne)
n | ;
o 150 Loaded with easy comb. HGV | | RWS
; (approx. 10 tons)
2]
@ 200 or | Limited by oxygen, petrol Limited by oxygen RWS
higher | tanker, multiple HGVs

Table 1: UPTUN fire resistance recommendations (Ingason, 2006)





HRR (MW}

6.0 4

5.0 4

—

4.0 4

3.0 -

-1

2.0 1

1.0 7

Fire Growth ?

Thir P|W Stacked
Wardrabe  \wead Pallets
Methanol + 1.5 m {157 High
Fool + Upholstered
* Furniture

v
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Innerspring

Matiress

+ Solid Wood
Cabinets
o
200 400 &00 00

Time (5)





Metro Project in Legislation

Determine revision cycle
Prepare recommended changes
Submit for change

NFPA 130
Change process starts in 2014
New version in 2016 (2017 version)

Table 1: UPTUN fire resistance recommendations (Ingason, 20006)





Strategy and Tactics
Fire Service Objectives — ‘LIPEC’

e LIFE SAFETY X 4
 INCIDENT STABILIZATION

* PROPERTY CONSERVATION

e ENVIRONMENT

e CRIME SCENE PRESERVATION

OR

People, Property, Economy, Credibility





Incident Command

Information
ID Problem ssss
Expected
People/ Systems/ Fire (Scope)
Problems vs Resource —
Capacity/ Capability
Strategy Tactics (Survivability)

METRO - A joint Safety in Infrastructure Project






Command Information (Note times)
1. PreFire

SCOPE # people/Train, FGR (time) HRR
(water/vent)

2. Pre Arrival
3. On scene
People?
4. Tunnel Recon Team

] METRO - A joint Safety in Infrastructure Project |=






Recon - Remote Op Vehicle






People are Unwilling to change
behavior without a believable risk

Evacuation..

Problems (METRO PROJECT)

edoor-opening mechanisms on
trains

ethe vertical distance between t
tunnel floor

*the lack of lighting,
euneven walking surfaces

*VVulnerable Pop.

METRO - A joint Safety in Infrastructure Project






NATIONAL COOPERATIVE HIGHWAY
RESEARCH PROGRAM

Developing Improvements for
Evacuating Tunnels During Emergencies

2012-2013

METRO - A joint Safety in Infrastructure Project






FF Expectations
Tunnel Train Fire

Fire Brigade expectation 20? MW,
i.e. size of a bus on Fire

METRO - A joint Safety in Infrastructure Project






Train Fire What changed..

What they found is over 75 MW / car

METRO - A joint Safety in Infrastructure Project






CCTV - Instant Replay






Walk through trains??!!
*AE ‘L\ l‘i' ; L
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Fire Department Capacity / Capability

1) FIRE-ALARMS AND COMMUNICATIONS
SYSTEMS

2) FIRE DEPARTMENT
3) WATER SUPPLY

International Standards Organization (ISO)
analysis of municipal fire-protection capabilities

‘DO WE HAVE ENOUGH RESOURCES,
WITH TRAINED PEOPLE TO
HANDLE FUTURE PROBLEMS ?’

METRO - A joint Safety in Infrastructure Project






AIR MANAGEMENT! pzzsgn

X min Bottle

_? Entry time

+  Work time
+ Return time
+__Safety time

HOW LONG?






FF Rules of Engagement

Command. - Hard Question #1
Do we put FF at risk??

1. We will take great risk to save life,

2. We will take some risk to save property,

3. We will risk nothing for life or property
already lost.






Survivability profile
Is there anyone to save?

Victims
close to heat

Die from respiratory burns

Victims
remote from the fire

die from toxic smoke

METRO - A joint Safety in Infrastructure Project











Survivable? For How long?

Where are the people ??!!






Los Angeles Newhall pass fire
R Survivable?
Ty T | 550 feet/ 3% Grade
31 Trucks

s il "Sierr 3
SRLLR North Portal 8%
+. ‘L 4 MILE






Flashover

Structural
stability

Civilian y
survivability "';

Fire progression

10 12 14 16 20

0 2 4 & 8
Fire Department H H "( } '{ }"

response/action Notificati : fcal meotln s
e otification Response Set up & fire attack Final extinguishment
time {in minutes) alarm, dispatch, & travel time

& turnout time

http://www.usfa.fema.gov/pdf/efop/efo44310.pdf
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Survivable
? ? Do We Send FF ??

Heat Radiated Inside
Conductive s Outside
Convective ' "™ Under Car

Gas  Toxic " Behind Car
> or Front of car

Other Car

{

METRO - A joint Safety in Infrastructure Project






4 car consist, fire in #1)

Inside
Outside
Under Car
Behind Car
Front of car
Other Car






600 c at 3 minutes

Inside
Outside
Under Car
Behind Car
Front of car
Other Car

3067

3067






Inside
Outside
Under Car
Behind Car
Front of car
Other Car






Inside
Outside
Under Car
Behind Car
Front of car
Other Car






10% 02

Inside
Outside
Under Car
Behind Car
Front of car
Other Car






Can FF save victims In

One tube, no exits, no vent
N






Add Second Tube/ X Passages
N IC






Hard question 2
Change Strategy/ Tactic/ Systems during

incident
Ventilation, Add/ Reverse
Suppression, (Water on Fire = Steam ?)

1 METRO - A joint Safety in Infrastructure Projec






Green patients and rescue train, RED patients
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Tunnel Walkway 23” wheels
/ 24” walkway

Rescue train and Traction
power

Cross Passages ? Rescue Train
Stairs to Surface
From Station
Rescue Train

05/30/2009 10

24
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http://firegeezer.com/files/2011/06/simplon-a-firetrain-20min.jpg



Other Risk in Tunnels

Combined Use — Freight and Passenger rail






Fire load - Diesel? Rubber Tires






Tunnel Train Fire - May 28 2011

685-meter tunnel on the JR
Sekisho Line Hokkaido

6 car train, 120 m long

Broken axle in car 5-
Derailment

240 people
40 people were treated .

Primarily Airway burns

http://www.foxnews.com/world/2011/05/28/ja
pan-train-operator-comes-accident/











Future ?

On board detection / ventilation

On board LIVE camera feed to central
Train Tunnel Infra Red Cameras

Wider emergency walkways

Require fire/ smoke doors between cars
Fire hardening to prevent car to car fire
Seminars for Fire Responders





Rail Fire Suppressmn

e Tunnel
Suppression






QUESTIONS? HELP?

Gary.English@Seattle.gov B Y \¥
[zuns pape |



mailto:Gary.English@Seattle.Gov

mailto:Gary.English@Seattle.Gov



References

Applicable standards in TSI on Safety in Railway tunnels in the trans-
European conventional and high speed rail system (2008/163/EC)

https://hseep.dhs.gov/pages/1001 About.aspx

Numerical Simulation of the Howard Street Tunnel Fire, Baltimore,
Maryland, July 2001
http://ntl.bts.gov/lib/jpodocs/repts te/13754 files/13754.pdf

Fire evacuation in underground transportation systems: a review of
accidents and empirical research, Karl Fridolf, Lund University, 2010

Selecting design fires, Leif Staffansson, Lund University, 2010
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http://ntl.bts.gov/lib/jpodocs/repts_te/13754_files/13754.pdf



Howard Street Fire
Baltimore, USA
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Safety and security
IN Mass transport systems

Ingerid Elise @stbye Eknes
Oslo T-banedrift AS






Welcome to Oslo!

e Oslo metro
 RiIsk picture

e Fire risk

e Evacuation

e Security
 Future challenges






Oslo metro

. 82 million passengers/year L T
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Safety management

People

Technical

Organisation
systems






Risk picture

Risk = Probability x Consequence

Major contributors:

Oslo T-bane Ftier titak
Hel

ele banen Litt farlig Farlig Kritisk Meget kritisk |Katastrofalt
) ersons ni Yy trains s 1 Beyesig oo Aoy Al Aok o
permane permanente  |dedelig sl kade, |dedelig=kade, |dedeligskade,
personskader |skader person 2- 10 personer |= 10 persone
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2. Collisions ]
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3. Derailment, e |
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hazards and fires
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Fire safety challenges

e Old tunnels

 Deep stations

 Reliability, availiability and maintainability
e Less staff






Fire scenarios

« Known potential from other metros
e Minor arson
e Technical fires: cables and arcing











Evacuation

Availiable time > Necessary time

* Fire development  Detection

« Smoke movement ¢ Alert
 Prepare evacuation
e Movement






Evacuation

Basic strategy: Evacuate trains at stations
 Training

e Signals

 Trains






Avalliable time

e Material selection
e Sprinklers in some areas

« Smoke control systems
(fans, curtains)






Necessary time

 Fire detection In trains and stations
« Radio communication, alarm if trains stops
 Evacuation through side-/front doors






Evacuation In tunnels






Old

Evacuation In tunnels
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Evacuation along the track






Security






Security

Basic strategy: Listen to the police
 Design

 Prevent access to critial equipment
 Detect danger early

o Stop operation, limit operation or
continue operation?






Future challenges

 Improve safety in old tunnels

 Passenger increase
Deep stations (elevators, escalators)

 Everyone on board,
regardless of physical abilities






Thank you!

Ingerid.eknes@tbane.no
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How will the METRO Project
influence future mass-transport
design?

Professor Arnold Dix
Suentlst & Lawyer

A om (UK, Chin ralia),
i ters School University o fW yd y M dic
Former Adjunct Assouate Profes of Engineering Q



http://www.arnolddix.com/



Safety — Metro Perspective

e Our Metro Systems are as safe today as they were
yesterday.

 We are professionally obliged to consider the
implications of the Metro Project results in our
work.

e How we use these results is a matter of of
collective and individual judgement and wisdom.





Fire Load Issue

 Without accelerants or significant added fire
loads — even old Swedish rolling stock can

perform well in a non intentional fire
challenge.





September 2012 — “New Scientist”

e P37 “Truth Decay”

e “How fast does our change in knowledge ...make
what we know at any given moment become

untrue , or replaced with a closer approximation
of the truth”

e “..many medical schools inform their students
that within 5 years, half of what they have been
taught will be wrong — and the teachers dont
know which half it will be...”





Innovation

 Nothing more than a change in our
understanding of “truth” and “knowledge”





Innovation

* Integrate it within existing risk and knowledge
frameworks





Risk Management & Advice

Not about perfect knowledge
Not an “exact” sport

Not just about an exact number — not a “yes”
Or o

Sd
Sd
Sd

no”

oout judgement.
oout wisdom

pout being reasonable





What Do Courts Look For?

 They check the facts

 They look for an expert “thinking”

 They look for
— expert judgement.

— expert wisdom





Courts Don’t Demand Perfection

* The Courts have long recognised that technical
advice is not, and cannot be, considered perfect.

e Eg "Those who hire (experts) ... are not justified
in expecting infallibility, but can expect only
reasonable care and competence. They purchase
a service not insurance.”

 Cagne v. Bertran 43 Cal 2d 481 (1954)





However, it is not usually sufficient to
simply follow a standard or practice if
you should know better:

— "The mere fact that a [ professional] ...follows a
common practice does not necessarily show that
[they are] not [at fault], though the general
practice of prudent men is an important
evidentiary fact. Acommon practice may be
shown by evidence to be itself [unacceptable ]”.

e [ettice v Council of the Shire of Muswellbrook
[2000] NSWSC 81




http://www.austlii.edu.au/au/cases/nsw/supreme_ct/2000/81.html



METRO — My perspective as Lawyer &
Scientist

e — Are the researchers and their results
credible?
— Who are they
— Is their a hidden agenda
— Are the methods credible

— Are the claims within the boundaries of the
research?





Who they are...
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Yes — Credible Competent Research
Team





Hidden Agendas?

 Recent replacement of entire fleet of trains
— Looking to buy/develop C30 trains





Infrastructure is aged










Limited Egress

*Very Limited cross passages
Narrow tunnels
*High train floors

*No ladders or handles in rolling stock





My View?

We must be mindful the findings may
have significant impacts for the
SPONSOrs

Conclusion: Credible





Financial constraints

e Always a risk that results may drive costly
changes.

* Credible





Are the claims within the boundaries of the
research?

Native language is Swedish
Most conclusions appear constrained

Exception: some of the inferences drawn for test

packages could be interpreted excessively when read in

English

— Eg ventilation modelling should not be extended to define
standard designs

— Fire Size of burning X1 train does not mean future fires will
be bigger than expected — it means they credibly could be
bigger (subject to detailed analysis).










 Without accelerants or significant added fire
loads — even old rolling stock can perform well
in @ non intentional fire challenge.





EG — | asked a trusted colleague to run
a real sensitivity analysis on a specific
tunnel configuration.





STATION VENTILATION CASE STUDY

20MW “Ultrafast” Design Fire

Platform screen doors e Using aerodynamic separation of

Deep station caverns _ platform from mezzanine and

Over-trackway, mezzanine and over-platform exhaust using .

tunnel ventilation plant at each station end mezzanine from access shafts to
_ 3 . .

190-290 m®/s net exhaust capacity per station . . protect egress/access routes

Minimisation of open connecting areas between station public

areas

wEIvmm

" Stacey





Example: METRO inspired design
review

e “Station strategy of aerodynamic separation for
smoke management not too sensitive to ultimate
fire PHRR. The proposed emergency ventilation
strategy could accommodate a much larger fire.

e A larger design fire for the station may
necessitate the need for duct cooling systems to
limit impact on fans.

e Larger design fires will make open stations that
only rely on over-mezzanine high level extraction
more difficult to implement”






Challenge

* Incorporate new information in our design
reviews.





New Information

e The data from the Metro project now forms
part of our global “database” for tunnel safety
experts.

e Credible





Professional Obligation





e Fires in trains/carriages could grow bigger than
earlier expected (77 MW in the full scale tests)
means the risk of larger fires should be
considered.

e Fires in trains may grow in “steps” (unclear which
variants trigger the steps)

 Perhaps the SP intervention did something we
don’t yet understand to the step change
mechanism?





HRR (MW)
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80
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Perhaps : Compartmentalisation in
trains will impact survivability

e -well designed dividing sections between train
and platform not only help against smoke
spread but also make the fire development
slower.

e Blast information suggests smoke doors within
rolling stock and/or pressure escape vents
could also be used for blast risk and smoke
risk mitigation.





Fvacuation from trains in tunnels

The challenges of evacuation and emergency
intervention in tunnels has been highlighted.

It is by no means clear that luggage will remain on
the train. If luggage gets in the tunnel presumptions
about evacuation speeds and flash over fires in the
tunnel might not hold true.





Design fires in metros/stations





Evacuations in tunnels





Luggage

 Importance of luggage as fire load in trains
documented and partly quantified.

— When left on train may “tip” fire into fully
developed mode.

e Regulation of carry on luggage a natural
response

— No accelerants





Way finding

e Documented limitations of “good ideas” that
don’t work so well.

 The potential advantages of multiple sensory
signage (eg sound exits)





Explosions

e -current knowledge about how an explosion in
a train inside a tunnel could affect the

possibilities for evacuation are now on our
agenda.





Evaluation of methods and fire and
rescue tactics in metros

e In these tests —and in incidents | have
investigated — communications for emergency
services personal is difficult due the noise
from ventilation systems and other tunnel

activities.





Seeing through smoke

 Has its place for fire fighting and emergency
services personal.





Conclusions

 We are compelled to consider these SP results by:

— our professional duties as experts and

— our legal obligations as those entrusted with public safety
to consider these results.

— These results are credible and scientifically based

— SP well deserve congratulations for its contribution to
world knowledge on underground railway, terrorist risks
and emergency services intervention
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METRO
Laboratory fire experiments with a
1/3 train carriage mockup

Alexander Claesson,
SP Technical Research Institute of Sweden

-





Short background

* Preliminary ignition tests
* ODbjective
— Ignition source impact on the possibility of
a flashover

— Governing parameters in the process from
ignition to flashover






Experimental setup

e 1/3 train carriage mockup

. | ‘ - ‘.‘ | /i) t‘w g \’\:;‘éll::“i'
| i k}}‘ %;’ LR
r i w! ,*; 5 L
ﬁ METRO — A safety in infrastructure co-operation project
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Experimental setup

e Combustible materials from a realistic
subway car

Ignition

s1 S3 S5 57 S9

52 S4 S6 58 510
Doo

METRO — A safety in infrastructure co-operation project
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Experimental setup

* Ignition source






Experimental setup

e SIX tests with increasing amount of fuel

Test 1 Test2z ~ Orening
H r Door
Test3 = Opening - Test 4 Opening
H | Door | ﬁ I Door |
P - ﬂ]-. P OED JrEH
- TeSt 5 Opening . — Test 6 pening
5 . B B | [ E l ]
ﬁ a
Do = Door

ﬁ METRO — A safety in infrastructure co-operation project





Results fromtest 1, 2 and 3

Heat Release Rate
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Results from test 4

Heat Release Rate
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Results from test 5

&
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Results from test 6

Heat Release Rate
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Observations

e Heat release rate of initial fire

— HRR of initial fire intest 1, 2, 3 and 5 was in the
range of 400 — 600 kW

— HRR of initial fire in test 4 and 6 was in the range
of 700 — 900 kW or higher.

 Maximum heat release for this compartment
— 3.5 MW was observed in both test 4 and 6

-





Observations

* Flame spread followed about the same
pattern in all tests

9=

52 54 56 58 510






Observations

 Weak vertical flame-spread in test 5

— Low heat flux towards

fuel ahead of the flame
front

>

Ign :@ P
s1 53 || [re—— | 59

-—

4 =

52 54 56 58 510

Z

v

Picture from test 5 after extinguishment
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Observations

e Arrangement and amount of fuel

= sS4

Lﬂ METRO — A safety in infrastructure co-operation project
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Conclusions

 Train seats are not sufficient fuel

 |gnition source must produce an initial fire of
approx. 700 — 900 kW

« Fuel disposition is critical in the vicinity of the
Ignition source

 Combustible or non-combustible linings will
have a significant effect on the fire spread






End of presentation

Questions ?

| \
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METRO — Model Scale Tests

Anders Lonnermark, SP
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Tasks within WP1 (Design fires) in METR
Folam. | '. *. i .
Field study on luggage =) ’faﬂ '

Fire tests: "Carried fire load”






Aims for the model-scale tests

* Fire development and fire
Spread

* Influence of materials

* Influence of fuel load

* Influence of openings
 Influence of ignition location

e Conditions inside the carriage

« Radiations towards equipment
and structures

e Design fires

VR
) v/
ﬁ METRO — A safety in infrastructure co-operation project . W{;
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X1

The wagons
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Scaling

* Froude scaling:

u2

Fr=—
gL

e Scale: 1:3
« Same material but scaled geometrically

ﬁ METRO — A safety in infrastructure co-operation project





Experimental set-up

Side view
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Materials

« Walls/celling: non-combustible boards;
In some tests 1 mm HPL

 Floor: Either non-combustible boards or
pine plywood |
e Seats: PUR

METRO — A safety in infrastructure co-operation project
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Fire sources (1)
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Fire sources (2)
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Experimental procedure

Lining and floor covering

1

2 -

3 W & C: HPL; F: plywood
4 W & C: HPL; F: plywood
5 W & C: HPL; F: plywood
6 -

7 -

8 -

0 -

10 W & C: HPL; F: plywood

-

Crib F1

Crib F1-F3
Crib F1-F3
Crib F1-F3

Crib F1 + Long.
Crib F1 + Long.
Crib F1 + Long.

Crib F1 + Long.

Crib F4 + Long.
Crib F1 + Long.

DR1,DR2,DR3
DR1,DR2,DR3
DR1,DR2,DR3
DR1,DR2,DR3
DR1,DR2,DR3
DR1

DR1,DR2,DR3

WR1,WR2,WL1,WL2

DR1,DR2,DRS,
floor opening

DR1,DR2,DR3

DR1,DR2,DR3,
DL1,DL2,DL3





Results: Influence of material

____-.

HRRmax

Time,max (min) 3.7 2.5 3.0 27.3 54.5
Lining X X X

Long. wood cribs X X
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Results (2): Longitudinal wood cribs
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Results (3): Lining material

1000 I I I I I I

70
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Results: Openings
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Results: Oxygen concentration
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Conclusions (1)

 The fuel load (amount, type and
placement)

* The lining material, although difficult to
ignite, can significantly affect the fire
Spread

e Size and position of ventilation openings
Important






Conclusions (2)

* The Interaction between luggage, lining
material and seats Is important for the
fire spread and maximum size of a fire






More information

Lonnermark, A., Lindstrom, J. and Li, Y.Z. (2011). Model-
scale metro car fire tests, SP Report 2011:33, Boras,
Sweden.

Lonnermark, A., Lindstrom, J., and Li, Y. Z. (2012).
"Model Scale Metro Carriage Fire Tests - Influence of
Material and Fire Load", Second International Conference
on Fires in Vehicles, pp 159-169, Chicago, USA, 27-28

September.

-






Thank you for your attention!

METRO — Model Scale Tests

Anders Lonnermark, SP
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Tasks within WP1 (Design fires) in METR

G i

Field study on luggage

Fire tests: "Carried fire load”
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METRO —
Full-Scale Fire Tests, Arvika 2011

Anders Lonnermark, SP
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Tasks within WP1 (Design fires) in METRO

i R
iy | 7

Field study on luggage

Fire tests: "Carried fire load”

Model scale tests (scale 1:3)

1/3 commuter train carriage mock-up
Full-scale fire tests in September 2011
Correlations between different scales

Design fires

g METRO — A safety in infrastructure co-operation project






Aims for the full-scale tests S

* Fire development
e Conditions inside the metro car
e Conditions inside the tunnel

 Radiations towards equipment and
structures

e Conditions and possibilities for fire and
rescue operations

 Scale and computer modelling
Design fires






The old Brunsberg tunnel
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The old Brunsberg tunnel (2)

Brunsberg tunnel

Bilddatum: 1-1
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Width and height

W =5.9-6.8m

Wa\,g =6.4m

H=6.7-7.3m

Hayg =6.9m
160 m 2.89 3.94 6.83 6.98
180 m 3.06 3.24 6.30 6.84
190 m 2.76 3.37 6.13 6.78
200 m 2.71 3.60 6.31 7.25

METRO — A safety in infrastructure co-operation project 2
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X1: Refurbished
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Indicated hazard levels
(CEN/TS 45545-2:20009)

X1 refurbished

Wall lining HL2 HL3
Complete passenger seat HL3 HL3
Passenger seat upholstery HL1 HL1
Floor Not classified Not classified
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The carriage in the tunnel






Experimental set-up

"0m”" = east 96 m,

west 180 m
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Ventilation

A MGV L125 traller mounted PPV ventllator
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Test series

Test 1: Fire under the carriage
Test 2: Fire in an X1
Test 3: Fire in a refurbished X1

o
L/
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Measurements In test 1
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Temperatures in test 1

Test 1: Temperatures near ignition source
500
_ T, In the floor
450
TC, Near the bottom of the door
400 = == «TC_ Near cable above the ATC
350 e TC, At the top of the ATC
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Test 2

" N ) e S e e
guls IR M A e

. Large cabin bag or truck (14 kg) D Middle size bag (10 kg) . Cabin bag (5,3 kg) . Sports bag, shoulder bag (3 kg) . Backpack (3 kg)

Type of luggage Amount Weight (kg) / bag
Large cabin bag or truck 4 14

Middle size bag 5 10

Cabin bag 15 5.3

Sports bag, shoulder bag 27 3

Backpack 28 3

Total 79 4.44 in average
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Test 3

wll=l = PR TR IR, S
- W. _piy - FpﬂTD .l ﬁ. DE' r

. Large cabin bag or truck (14 kg) D Middle size bag (10 kg) . Cabin bag (5,3 kg) . Sports bag, shoulder bag (3 kg) D Backpack (3 kg)

Type of luggage Amount Weight (kg) / bag
Large cabin bag or truck 4 14

Middle size bag 5 10

Cabin bag 15 5.3

Sports bag, shoulder bag 23 3

Backpack 32 3

Total 79 4.44in average
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Theory
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Measurements In the tunnel
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Measurement station
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Measurements In the carriage
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Smoke measurements
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Ignition In test 2 and test 3
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Video
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Velocity in the tunnel
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HRR: Different methods
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HRR: Test 2 and test 3

100

—Test 2, HRR(T)
----- Test 3, HRR(T)
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HRR curves
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Temperatures near the ignition source

Test 2 and 3: Temperature near the ignition source
1600
1400
1200
o
2 1000
2 M
£ 300 M ——Test 2, P10, 29cmfrom the
© W "
g ceiling
£ 600 .
o W"\ Test 3, P10, 29cmfrom the
400 N_/..NJ( _— ceiling
200
0 Test 2 and 3: Temperature near the ignition source
0 2 4 6 8 10 1600
Time [min] 1400
_ 1200 ‘
o
o 1000
s o\,
® 800 ——Test 2, P10, 29cmfrom the
g’. \ ceiling
E 600 Lhwnh
g “\..\)_,\N\ Test 3, P10, 29cmfrom the
400 \M\\ — ceiling
200 — ]
0
0 50 100 150
Time [min]

METRO — A safety in infrastructure co-operation project

bl
‘J-\C.ynur 'u:f
Tence <

2, ’ence &
T





Test 2: Temperature near the ceiling in the wagon
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Temperatures in the tunnel

Temperature [°C]
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Temperatures: Backlayering

Test 2
Temperature near ceiling
1000
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800 I
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'E' 600 1mm
‘E 500 w=TC, -20m, 0.3m fr ceiling
qé- 400
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igg l e====TC, -50 m, 0.3m from ceiling
0
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Oxygen concentration

Test 2: Oxygen concentration in the train wagon Test 3: Oxygen concentration in the train wagon
25 2
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Heat flux

Test 3: Heat Flux in front of the train Test 3: Heat Flux behind the train
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Pulsations
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After the t
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Conclusions (1)

 Significant difference between the two
types of X1 wagons
— The lining seems to make the difference
— Both types of seats are relatively good

e A maximum HRR of 77 MW In both
cases

* The timing of fire development for the
two cases are similar when the fire
starts to spread






Conclusions (2)

* Luggage can have a significant
Influence on the fire spread

« Pulsations occurred during the two Iarge
fire tests

 The tunnel (concrete) was not very
much affected by the fire
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Design fires

e A fast t? curve with a maximum of 60 MW has been
suggested as design fire for ventilation systems,
representing a worst case arson situation with a
train carriage at a station with doors open.

e For trains with proven high fire resistant quality of
lining material, seats, windows, etc. on a station, a
medium t? curve with a maximum of 20 MW has
been suggested.

e For atrain with door closed in a metro tunnel: a
medium t2 curve with a maximum of 20 MW has
been suggested.






More information

Lonnermark, A., Claesson, A., Lindstrom, J., Li, Y. Z., Kumm,
M. and Ingason, H., "Full-scale fire tests with a commuter
train in a tunnel”, SP Technical Research Institute

of Sweden, SP Report 2012:05, Boras, Sweden, 2012.

Lonnermark, A., Lindstrém, J., Li, Y. Z., Ingason, H., and
Kumm, M., "Large-scale Commuter Train Tests - Results
from the METRO Project", Proceedings from the Fifth
International Symposium on Tunnel Safety and Security
(ISTSS 2012), pp. 447-456, New York, USA, 14-16 March,
2012.
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Introduction

Disastrous outcome for passengers
Destructive force for infrastructure

Taking confidence of passengers in transport system

A study of previous incidents in technical perspective has been accomplished.

“Analysis of some explosion incidents in mass-transport systems”

Only few train tests been done






Objective

Define and study the effects of the explosion in underground
mass transport systems in perspective to

the response of the building structure
the response of used materials

Collect valuable data for a correlation with small-scale tests as
well as for verification of computer simulations

Create a training and education situation for first responders at
the test site

Explore technical and practical problems that would have
occurred during an evacuation






Full-Scale Test

Execution of tests

Responsibility lay with FOI

Test site in Brunsberg - Sweden

-





Full-Scale Test
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Full-Scale Test

The Instrumentation
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Full-Scale Test

Video

All doors and windows were
closed at time of explosion.

*Normal speed video:
- inside coach of explosion (failed)
- inside connected coach (failed)

*High speed video 300 f/s:

- close to east tunnel adit
- resolution 512*384 pixels

-





Full-Scale Test

Measurement Values

Gauge:| Az A2 A3 B4 Os5 06 O7
p: 550 200 170% 1 32 32 34
ip: 940 590 800 780 550 480 450
1 940 1260 1500 780 1100 960 1000

p = peak-pressure (kPa),
I, = first impulse plateau (Pas)
I, = total impulse density (Pas)

Gauge A3 is recording the reflected pressure and therefore supposed to
be greater in value.






Full-Scale Test

Measurement Values

Gauge: | Az A2 A3 B4 Os5 06 O7

p = peak-pressure (kPa),
I, = first impulse plateau (Pas)
I, = total impulse density (Pas)

Gauge A3 is recording the reflected pressure and therefore supposed to
be greater in value.
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Full-Scale Test

Measurement Values

Gauge:| Az A2 A3 B4 Os5 06 O7
p: 550 200 170% 1 32 32 34
ip: 940 590 800 780 550 480 450
1! 940 1260 1500 780 1100 960 1000

p = peak-pressure (kPa),
I, = first impulse plateau (Pas)
I, = total impulse density (Pas)

Gauge A3 is recording the reflected pressure and therefore supposed to
be greater in value.






Full-Scale Test

Measurement Values

Gauge:| Az A2 A3 B4 Os5 06 O7
p: 550 200 170% 1 32 32 34
ip: 940 | 590 800 780 550 480 450
1 940 1260 1500 780 1100 960 1000

p = peak-pressure (kPa),
I, = first impulse plateau (Pas)
I, = total impulse density (Pas)

Gauge A3 is recording the reflected pressure and therefore supposed to
be greater in value.
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Post test documentation

Pictures of the post test
documentation are not
available as copies.
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Conclusions

 Difficulties in measuring explosion in complex geometries
« Considerable structural damage in coach with explosion

 Considerable hazard due to broken and launched interior
furnishing

« Serious problem with jammed doors of the adjacent carriage
* No fire initiated by this explosion
* Plenty of dust observed from west end of tunnel

« Excellent training opportunity for participating fire brigades






Report

More information can be found in:

[1] Meyer G., Berglund R., Lonnermark A., Kumm M., "Full-Scale Commuter Train
Explosion Test", not yet published, 2012.

[2] Meyer G., Kumm M. and Janzon B., "Analysis of some explosion incidents in
mass-transport systems", not yet published, 2012.
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Introduction

Work Package 5 — Extraordinary Strain on Structures

Work Element 3 - Calculations of pressure distributions and load
at explosion in a carriage inside a tunnel

Made with the hydrocode AUTODYN






Objective

Simulate blast propagation and loads inside and
outside of coach

Increase the understanding of the phenomena involved
Study parameter variations

Comparison with small scale experiments

Comparison with full scale experiments





Numerical Simulation

Set-up

Designed as hollow box with
rigid steel plates as seat
structures o
Variations:
Carriage length: 24 m; « charge weights (1,5 and 10 kg)
Cross-section: 3x3 m e venting area (2, 6, 18 and 45 m?)
Tunnel length: infinite; * charge position
Cross-section: 5x5 and 7x7 m « presents of adjacent carriage






Small-Scale Test

Test set-up

Performed by FOI and MDH -

Scale 1:10
Varying charge weights

Varying venting area (180 and 1800 cm?)

1200
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Comparison

Computer Simulation <> Small-Scale Test
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Simplified model
Good agreement
Steps

Plateaus

Differences
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Conclusions (1)

* The presence of seats has a clear influence on pressure inside
the coach

e Comparing charge weights 1 kg and 10 kg TNT, both with 2 m?
vent area, it can be seen that the impulse density for the higher
charge weight is approximately ten-fold for all gauge locations

* The total impulse density on the dummy coach is almost
unaffected when the vent area is changed from 2 m? to 45 m2,
However how fast the impulse loading occur differs. The first plateau
shows a clear dependence on the vent area

* The peak pressure and impulse density in the tunnel and on the
dummy coach was reduced by about 50 % with the larger tunnel
area 7x7m, compared to the 5x5 m tunnel





Conclusions (2)

 The influence on pressure and impulse in the tunnel with the
dummy coach present or not is not very significant for the 7x7 m
tunnel, however more significant for cases with 5x5 m tunnel

« Comparison between calculations and small scale tests show
similarities in shape of the pressure curves although there were
differences

* Even if the model coach was aimed to be rigid some deformations
occurred. It was noted that even small alterations of geometry
(deformations due to repeated blast was shown to possible cause
large differences in peak pressure at some locations

* Experiments and simulations have provided increased confidence
in ability to simulate this type of scenarios to determine the explosion
pressure inside and outside the car and to be able to study variations
of conditions such as coach aeometrv and window desians





Report

A report with more detailed information has been accomplished:

[1] Bryntse A. and Meyer G., ” METRO - Calculated pressure from explosion in train
coach", FOI-RH-1211-SE, 2011.

It is available at the official webpage of the METRO project.
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WP4 Smoke control

e WP 4 — Smoke control
— Literature survey
— CFD-simulations
— Model scale tests

o _ _ _ MW MALARDALENS HOGSKOLA
METRO — A safety in infrastructure co-operation project W ESKILSTUNA VASTERAS





WP4 Smoke control

e Purpose

— The purpose Is to examine and evaluate
smoke control systems in single exit
underground stations

&






WP4 Smoke control

Escalator

Track

Platform single exit

Platform

Track
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WP4 Smoke control

e Literature survey - results

Very few articles describing single exit stations
Two principles, mechanical and thermal smoke ventilation

The drawback of thermal smoke ventilation is that it is
sensitive to air flows, and mechanical smoke ventilation
creates turbulence

Smoke ventilation is a part of a fire safety solution
Platform screen doors were described in a few articles

&





WP4 Smoke control

e Smoke control systems

— A pressurizing (positive pressure) supply
alr system,;

— A mechanical exhaust air system, with
extraction points (dampers) above the
track area

With and without platform screen doors

VA
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WP4 Smoke control

— A pressurizing (positive pressure) supply air system

Escalator shaft

Track

Platform

—airflow






WP4 Smoke control

Exhaust air abstraction points

NS

Track == ]=-—= .zc>|£|<:,:. e[ =[] <
platform
T —,
L Iy
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== ] == J=o —==[ = == ==
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WP4 Smoke control

e Criterion — what do we want to achieve?

— Different criteria's results in different
capacities

— Smoke-free platform, lobby or escalator
shaft?

&





WP4 Smoke control

e Model scale tests

Based on an underground station in Stockholm,
Zinkensdamm

1:20, 12 m long, 1 m wide

one entrance/exit and two platforms linked to each other at
one point via a platform-level stairwell/escalator lobby

two platforms and two track areas

The two smoke control systems that were used were
pressurisation via the escalator shaft, powered by a fan, and
an exhaust air system above the tracks

Two fires; 33 kW (60 MW), 11 KW (20 MW), propane burner
Different flow rates were tested

VA
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WP4 Smoke control
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WP4 Smoke control

e Model scale test
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WP4 Smoke control

e Model scale tests — movie

K\ A _. ..
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WP4 Smoke control

e Model scale tests — results

both smoke control systems work to prevent smoke from entering
the lobby and escalator shaft

the criterion was the temperature increase in the lobby
rough initial flow rate values for the CFD simulations
under-ventilated fire phenomena was observed at low air flow rates

&





WP4 Smoke control
e CFD — model

Based on an underground station in Stockholm, Zinkensdamm and
the model scale tests

— FDS, 0.2x0.2x0.2 m grid size
— criterion : the escalator bottom lobby must be kept clear of smoke
— maximum heat release rate is achieved after one minute

— no consideration to air currents caused by external factors such as
wind, train movements, or differences in temperature or height
(chimney effects) in the tunnel system

— simulations with no, one and two platform screens

&





WP4 Smoke control
e CFD — model
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WP4 Smoke control

« CFD - Supply air, 80 m3/s, 60 MW, no platform screen

>
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WP4 Smoke control

« CFD - Supply air, 40 m3/s, 60 MW, with platform screens on both sides

mmmmm

Frame: 0
Time: oo | ]
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WP4 Smoke control

 CFD - Exhaust air system , 180 m3/s, 60 MW, no platform screen

nnnnnnn

Frame: )
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WP4 Smoke control

 CFD — Exhaust air system , 135 m3/s, 60 MW, no platform screen

mmmmm
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WP4 Smoke control

 Exhaust air system , 180 m3/s, 60 MW, with platform screen on both sides
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WP4 Smoke control

e Results

— supply air system
e 20 MW: 20-40 m3d/s
« 60 MW: 40-80 md/s

— exhaust air system
e« 20 MW: 75-100 m3/s
e« 60 MW: 180 m3/s

-

&





WP4 Smoke control  Advantages and disadvantages of the two different smoke control systems.

System Advantages Disadvantages
Pressurising supply Relatively simple to install ~ Does not smoke from the
air system in existing stations etc. tunnels: long lengths of

tunnel can suffer from
Requires no duct systems  smoke

Requires lesser air Smoke can reach the other
quantities than a platform

mechanical exhaust system
Mixed smoke layer

Mechanical exhaust An effective system that Large air quantities
ventilation system extracts smoke from the required

tunnel system.
A system of air ducts is

In comparison with the required
pressurising system, lesser

areas are affected by smoke

and heat

o _ _ _ MW MALARDALENS HOGSKOLA
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WP4 Smoke control

e Conclusions

— The choice of criteria for control of the spread of smoke and
temperatures is decisive in determining the capacity of a
smoke control system

— The results show that both the pressurizing supply air
system and the mechanical exhaust air system provide
effective smoke control

— Platform screen doors reduces the smoke spread between
the two platforms

&
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WP2: Evacuation
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On the topic of safety...

The most crucial aspect of a building’s
safety in the face of fire is the possibility
of a safe escape.

Kobes et al. (2010)






On the topic of accessibility...

The transportation system, including the

underground rail transportation system,

shall be designed so that it can be used
by anyone, independently of disability.

oth article of the Convention on the
Rights of Persons with Disabilities






Altogether...

 Continuous increase of URTS

* Trend to build exceptionally long
tunnels
— Channel Tunnel, 50.5 km

— Gotthard Base Tunnel, 57 km
* Accessibility continuously improved

=|ncreasing demand on society to handle
fire and evacuation safety in URTS -,






Purpose and objective

* Why?
— Investigate evacuation possibilities
— Investigate behaviour and movement

— Investigate beneficial effects of technical/
physical installations

— Provide data for computer software

* What?
— Results and data for FSD process
— Design recommendations

.






Participants

* Lund University + Stockholm Public
Transport

UNIVERSITY

ﬁ METRO — A safety in infrastructure co-operation project
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Funding

* Interreg IV A
— (Oresund — Kattegatt — Skagerrak)

| S

* 4k

Europeiska
utvecklingsfonden

EUROPEISKA UNIONEN Interre g VA
ORESUND - KATTEGAT - SKAGERRAK

* Swedish funding
- METRO
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Activities

1. Literature review

2. Questionnaire
survey

3. Experiments

a. Small-scale experiment (lab)

b. Medium-scale experiment (field)

c. Full-scale-experiments{field)

4. Data for computer software

ﬁ
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Scenario of interest

Train evacuation in tunnel

1. Evacuation of train
2. Evacuation of tunnel

< ~1400 m
Rinkeby

Tensta
, Train 1
______ I
<—>

.






Small scale experiment

« Evacuation of train
* Objective
— Study effects of train exit configurations on
flow rate of people through the exit

— Identify problems associated with
evacuation for vulnerable populations

— Identify design improvements

.






Small scale experiment

* Flow experiment -« Interview study
with students with senior citizens
and elderly






Small scale experiment

* Experimental rig
— Train design based on X1 train
— Tunnel design based on Stockholm Metro

6.1m 315m
} 23m
X T L _——
1,1 u u 1,1
S : 1 : 1 Em(ﬁr%ﬁncy 1 : 1 :
A : : : : '9 Tunnel Halogen : . : . HID
L spotlight :
f L (am] (am]
1 ~
£ ' 3 " i
n n c
o Train lobby I = Tunnel
1
! Seat 0-7m Sea











Small scale experiment

* Flow rate experiment with students

» Exit configurations iyt
— Tunnel floor material sass ‘
— Train exit height ‘

— Presence of
emergency ladder

— Lighting conditions -_

In tunnel |
— Presence of extra handles in lobby

2.7 m

41m
_|

.






Small scale experiment

* Flow rate experiment with students

» Exit configurations iyt
— Tunnel floor material sass ‘
— Train exit height ‘

— Presence of
emergency ladder | [ ]

— Lighting conditions
In tunnel |
— Presence of extra handles in lobby

2.7 m

41m
_|

.






Small scale experiment

* Flow rate experiment with students

» Exit configurations iyt
— Tunnel floor material sass ‘
— Train exit height |

— Presence of
emergency ladder | [ ]

— Lighting conditions
In tunnel |
— Presence of extra handles in lobby

2.7 m

41m
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Small scale experiment

* Flow rate experiment with students

» Exit configurations iyt
— Tunnel floor material sass ‘
— Train exit height ‘

— Presence of
emergency ladder

— Lighting conditions
In tunnel

_ Presence of extra handles in lobby

2.7 m

41m
_|

.






Small scale experiment

* Flow rate experiment with students

- Exit configurations i
— Tunnel floor material D
— Train exit height

— Presence of -
emergency ladder | [ ] O

— Lighting conditions

— Presence of extra
handles in lobby

2.7 m

41m
_|

.






Small scale experiment

* Flow rate experiment with students

» Exit configurations iyt
— Tunnel floor material sass 'Y
— Train exit height

— Presence of
emergency ladder | [ ]

— Lighting conditions
In funnel |
— Presence of extra handles in lobby

2.7 m

41m
_|

.






Small scale experiment

* Flow rate experiment with students
« 84 participants

— 49 Men

— 35 Women

— 18-44 years old (average 23 years old)

* Performed on two separate days
— 9 scenarios a’ 5 minutes
— 46 participants day 1
— 38 participants day 2

.






Small scale experiment

* Flow rate experiment with students
* Procedure each scenario

6.1m
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1 1
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Small scale experiment

* Flow rate experiment with students
 Procedure, demonstration

g METRO - A safety in infrastructure co-operation project






Small scale experiment

* Interview study with SC and E
» Semi-structured interviews

* One-on-one

* Performed inside
* the model

g METRO - A safety in infrastructure co-operation project





Small scale experiment

* Interview study with SC and E

* 19 participants
— 8 senior citizens (4M/4W)

* Mean age: 69 years

— 11 people with disabilities (2M/9W)
 Mean age: 65 years

* Reduced balance, coordination problems and
general weaknesses and stiffness






Small scale experiment

* Interview study with SC and E

* Special focus
— Perceived ability to exit train at height x
— Floor material
— Lighting conditions
— Emergency ladder
— Handles

.






Small scale experiment

* Results and conclusions
— Average flow rate capacity: 0.3 p/m s
— Higher than past studies

— Significantly affected by:
« Reduction of exit height (+)
» Change of floor material to macadam (+)
* Presence of emergency ladder (-)
* Failure of lighting in train and tunnel (-)
* However, minor...

— Deferential behaviour in train

.






Small scale experiment

» Results and conclusions (continued...)

— Population density in tunnel . —— = =
is believed to limit flow I ““““ i
rate in train exit el B

— People with disabilities and !
elderly will not be able to evacuate train

* Reduce exit height

* Put emergency ladder in exit

» Fixed/Embedded ladder or steps suggested
« Handles is likely to aid

.






Medium scale experiment

* Objective
— Study effectiveness of way-finding systems
In a smoke filled tunnel
— Study movement speeds in a smoke filled
tunnel
* slope
 surface material






Medium scale experiment

* The tunnel layout
— A construction tunnel in Stockholm

| \
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Medium scale experiment

* The tunnel layout
— A construction tunnel in Stockholm
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Medium scale experiment

* Technical installations
— Signs and lamps every 8 m

<220

160 m 268 m






Medium scale experiment

e Technical installations

— Five exit designs
« Standard
* Flashing lights

e [llumination +
green/white lights

e Sound system
e “Christmas tree”

ﬁ METRO - A safety in infrastructure co-operation project






Medium scale experiment

e Technical installations

— Five exit designs
« Standard
* Flashing lights

e [llumination +
green/white lights

e Sound system
e “Christmas tree”
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e Technical installations
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e Standard
* Flashing lights
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Medium scale experiment

e Technical installations

— Five exit designs
« Standard
* Flashing lights

* lllumination +
green/white lights

e Sound system
e “Christmas tree”
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Medium scale experiment

e Technical installations

— Five exit designs
« Standard
* Flashing lights

e [llumination +
green/white lights

 Sound system
e “Christmas tree”
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Medium scale experiment

e Technical installations

— Five exit designs
« Standard
* Flashing lights

e [llumination +
green/white lights

e Sound system
e “Christmas tree”
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Medium scale experiment

» Participant characteristics

— 100 participants
« 24 - Standard
« 20 - Flashing lights
« 26 - lllumination + green/white lights
« 24 - Sound system
* 6 - “Christmas tree”

— 56 men and 44 women
— 18-66 years - average 29.4 years

.






Medium scale experiment

* Procedure
— arrive
— safety instructions
— video of train trip
— enter the tunnel
—walk in the tunnel
— led out by fire fighter
— questionnaire
— interview

ﬁ METRO - A safety in infrastructure co-operation project






Medium scale experiment

* Procedure
— arrive
— safety instructions
— video of train trip
— enter the tunnel

—walk in the tunnel Entrance

— led out by fire fighter A 11
— questionnaire 5 |

1/3
— Interview 18 %

ﬁ METRO — A safety in infrastructure co-operation project
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Medium scale experiment

* Procedure
— arrive
— safety instructions
— video of train trip
— enter the tunnel
—walk in the tunnel
— led out by fire fighter
— questionnaire
— interview
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Medium scale experiment

* Procedure
— arrive
— safety instructions
— video of train trip
— enter the tunnel
—walk in the tunnel
— led out by fire fighter
— questionnaire
— interview

| ,
g METRO — A safety in infrastructure co-operation project






Medium scale experiment

* Results — Movement speed

— Average movement speed of 0.9 m/s for a
visibility of 1.5-3.5 m
— No significant difference between average
walking speed for
» Slope - flat
 Flat surface — flat
 Flat surface — large stones (macadam)






Medium scale experiment

 Results — Exit choice
— A: 100% in most cases
— B: less than 100% in most cases

EXIT
As >

B 1






Medium scale experiment

 Results — Exit choice

— Standard
* Not perfect

— Flashing lights
« Slightly better

— [llumination + green/white lights
» Misinterpretations

— Sound system
* Excellent

— “Christmas tree” (few participants)

.






Medium scale experiment

 Results — Exit choice

— Standard
* Not perfect

— Flashing lights
« Slightly better

— lllumination + green/white lights
» Misinterpretations

— Sound system
* Excellent

— “Christmas tree” (few participants)
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Medium scale experiment

 Results — Exit choice
— lllumination + green/white lights

ﬁ METRO - A safety in infrastructure co-operation project
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Medium scale experiment

 Results — Exit choice

— Standard
* Not perfect

— Flashing lights
« Slightly better

— [llumination + green/white lights
» Misinterpretations

— Sound system
* Excellent

— “Christmas tree” (few participants)

.






Medium scale experiment

 Results — Exit choice
— Sound system
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Medium scale experiment

 Results — Exit choice

— Standard
* Not perfect

— Flashing lights
« Slightly better

— [llumination + green/white lights
» Misinterpretations

— Sound system
* Excellent

— “Christmas tree” (few participants)

.






Medium scale experiment

 Conclusions and contributions

— Movement speed
* New data about movement through smoke

* The influence of slope and surface material on
movement speed was very small (for these
conditions)

* No effects of fatigue for up to 200 m

— Orientation
» Walls very important
« Sings and lamps extremely important

.






Medium scale experiment

 Conclusions and contributions

— Exit choice
* Not obvious how an exit should be designed
» Testing of design is always necessary

« Sound system can be a solution in smoke filled
tunnels






Full scale experiment

 Would have been...

— A full scale field evacuation experiment in
Stockholm Metro

— A validation of the small and medium scale
experiments






Full scale experiment

* Would have focused on...
— Flow rates of people at different locations
— Population densities
— Movement speeds
— Exit choice
— Behavioural aspects
— Effects of technical installations

.






Full scale experiment

* Would have included two parts...
1. Evacuation of a train in a tunnel between

two stations
2. Evacuation of a train in a tunnel... Onto a

platform!

~1400 m >

<

Rinkeby

Tensta
I'"-‘":






Full scale experiment

* But was cancelled due to an inability to
recruit enough participants...

* Will be carried out in 2013 (?)
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Cases of Explosions and Threats
to Transport Systems

METRO WP 5: Extraordinary Strains on Constructions

Lindy Newlove-Eriksson
CRISMART, Swedish National Defence College
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CRISMART - Crisis Management Research & Training

e Established 1997
e At SNDC since 2000
e 23 multi-disciplinary experts & extensive network
e Triple-helix approach:
academia — public sector — private sector
e Three pillars:
- Research
- Analysis
- Training

! CRISMART
Naimdlcemrummlfrwlruinmﬂa
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CRISMART’s Research-Based Goals:

Promote the development of crisis studies as a knowledge base for an enhanced
crisis management capacity in Sweden & in other countries

Encourage scholars and practitioners in Sweden & abroad to document, analyze,
compare, & share knowledge of their crisis experiences.

Research

Analytical
Support

CRISMART

Nationallt Centrum for Kthim
o
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Trends in Modus Operandi

 Improvised Explosive Devices (IEDs)

e Suicide bombers or abandoned receptacles

e CBRN-Erisk T?

e Typically small groups or networks

e Departure from earlier methods (ex IRA and ETA)
e T Hubs and symbolic targets

-f Impact and attention

| _ CRISMART
Nationelit Centrum mmmm
METRO — A safety in infrastructure co-operation project @
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Crisis Preparedness, Mitigation & Response

* Closing and re-opening transport

e Evacuation vis-a-vis sheltering-in-place
 Coordination of response

e Information management

e Socio-technical and network approaches

] | CRiSMART
Nﬂmdlcmmm?mfwm
METRO — A safety in infrastructure co-operation project E
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Lindy Newlove-Eriksson, M.A.

Senior Analyst & Doctoral Candidate

CRISMART, Crisis Management Research and Training
Swedish National Defence College
Drottning Kristinas vag 37, Box 27805
115 93 Stockholm

Department of Industrial Management (INDEK),
School of Industrial Engineering and Management
Royal Institute of Technology (KTH)
Lindstedtsvagen 30
100 44 Stockholm

Tel: +46 8 553 42 773
Cell: +46 708165880

Email: lindy.newlove-eriksson@fhs.se .
CRISMART

Nationellt Centrum for Krishanteringsstudier
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The METRO project from start
to final seminar...

ﬁ METRO — A Safety in Infrastructure Cooperation Project
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How It all started...

o It started in 2004 with “Svéduteles!” — a FM
financed initiative between Sweden and Hungary.

« Initiated by Malardalen University, Lund University,
SL and Greater Stockholm Fire Brigade (former
Stockholm Fire Dept.)

« Started 2009 as a national Swedish joint research
projects

ﬁ METRO — A Safety in Infrastructure Cooperation Project






The participants...

e
bl

smrﬂuckhnlms % .l ORTIFIKATIONSY FREEF]

0w
(" Y
#ﬁ'dﬂﬂﬁ'fﬂ' "|'|.-r|?!|'
SP HoG "-.-h[}l AN
I GAVLE

. *,
: - W
\ J . %  CRISMART % FOI
LUNDS UNIVERSITET *nl ,f Mationelit Centrum fir Krishantedingsstudier !
| unch Takrivka Higukola -

brandfdrsvar

ﬂ"

METRO — A Safety in Infrastructure Cooperation Project






We made It possible...

Bom-
bardier
FB
: Arvika

Funders:
SL, SFRB,

SCCA, SFA,
STA,
Formas

METRO — A Safety in Infrastructure Cooperation Project






The Work Packages...

WP1 — Design Fires (SP, MU)
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)






The Full Scale Tests...

METRO - Ett samarbetsprojekt om sakerhet i undermarksanlaggningar
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METRO -WP 1
Carried Fire Load In
Mass Transport Systems

Mia Kumm, Malardalen University





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?

Profound base for full scale tests.
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-Field study on metro and
commuter trains in
cooperation with SI. 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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Larger bags in the ailes, smaller bags in lap, between feet or
at the seat beside. Prams and bikes close to exit doors.
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Commuter trains ©

-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 ko).

87% ot passengers carried some type of
luggage.

Prams and bikes at exit doors.






Metro O

-In total 323 bags.

‘Mean weight weekdays 3,5 kg and 4,5 kg weekends
and travel days (in totalt 4,2 kg).

82%0 of passengers carried some type of luggage.
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And what was In the bags? ©

Most frequent content
(weight)
B mix Melectronics M textile W paper B plastic & metal M food and provisions

A%

o
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‘Newspapers were ettictively
tidied from the trains at end
stations.

28%0 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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‘Max HRR 831 kWi
‘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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A small example...

If 82% ot 1200 passagerare in a metro
train carry luggage of a mean weight of

4,2 kg... it becomes 4133 kg of

combustible material.

It the content procentually 1s diveded
as in the study, the energy content is
approx. 24,5 GJ electronics/plastic, 33

G]J clothes/mix and 27,5 GJ
food/paper...

....ie. 85 G]J.
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To be compared to... ©

‘Dehli metro (with steel seats) = Full train set: 2 driver carriages and 2
passenger carriages - approx 160 GJ

-Driver’s cabin, nose cone etc not included...
For upolstered seats approximately 170 kJ adds/seat...

“The carried fire load then represents = 50% of the total train fire
load..... If 1t is left on the train....

Iﬁ
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In Baku and Kaprun... ®

In Baku left luggage in wagon 5 and in wagon 4, where the fire
begun, contributed to the fire development. Left luggage in the
non fire-affected wagons could be documentated.

In Kaprun skies, snowboards and other equipment were left
and contributed to the rapid fire development.

Photo:Per
Rohlén
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Dataviska

Turistviska

)

2) Sportbag
)
) Skolviska hogskola

5) Skolviska gymnasiet

6) Handviska

1) Resviska

8) Kabinviska

9) Shoppingkasse (klider)
10) Backpacker-rygesick
11) Barnvagn

)
)
12) "Dramaten” (med mat)
12B) Kassar (med mat)
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-All bags was 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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Some results...
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METRO — WP 6
Fire and Rescue Operatiions

Mia Kumm, Malardalen University

Anders Palm, Greater Stockholm Fire
Brigade, Malardalen University





Agenda

e Objectives of the tests
 Equipment and organization

« Experiences from the tests

* Close to real life conditions

» Effect of the mobile ventilator
 Fire developmentintest 2 and 3
e Strong pulsations

e The ROV

 The explosion test

e Thermal imaging
 Moving speed
* Rescue tactics






Objectives of the full scale fire tests

From a rescue operation perspective, we have chosen to study three
different areas:

 How does the BA team experience the environment they precede
In, regarding for example the influence of heat and radiation?

 How does the image of the fires turn out in the infrared camera?
How easy is it to identify potential victims using the IR-camera?

* Which circumstances in the environment may influence a
possible rescue operation?

-





Equipment and organization
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Experiences from the tests

e Close to real life conditions

* Prepared in advance
* No physical strain

ﬁ METRO — A safety in infrastructure co-operation project






Experiences from the tests

o Effect of the mobile ventilator

o Effective
 Possible to come close
e Loud!

ﬁ METRO — A safety in infrastructure co-operation project






Experiences from the tests

* Fire development test 2 and 3

» Great difference i time!
« Strong backlayering effect

ﬁ METRO — A safety in infrastructure co-operation project






Experiences from the tests

e Strong pulsations

» Set trees and branches in motion
 Dependent on the geometry, HRR and effect of ventilation.

L

p ™ r —-- ‘
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\
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Experiences from the tests

 The ROV

 [For documentation
 Hazardous position






Experiences from the tests

 The explosion test

* No fire

* Good visibility
 Blocked passage
* Blocked doors






IR-Imaging In tunnels

eLow thermal contrasts
further away from the fire

*Difficult to see "behind” $
the fire when the IR-image 2 B

camera goes into low ’ \
sensitive mode Mﬁ
2 .
|

Tx?(g!q’ R L Pwr/Stby U9 4 ntoTherm






| ow thermal contrasts FILM

Low thermal contrast - tunnel High thermal contrast — enclosure fire

Smoke in whole cross-section.

*Further away from fire.

sLow thermal contrast (if cold smoke).
*Totally different from enclosure conditions.
Difficult to see response route.

~N
| ,
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Obscured view behind fire |

The IR-Iimage camera automatically swithes to low sensitive
mode to "block out” the influence of the fire.

. I
- . Lol

¢ AL03, 0T pyristoy JL1D- 06
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Obscured view behind fire Il

From a distance the fire blocks out everything
behind the fire.

T -
L
h -‘:‘/ Pwr/Stby bt

%.giﬂulugg' 07 Pwr/Stby 13: 18- 3 rherm

Towards fire fighters, HSM Towards train, LSM, Info
Therm colouring
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Why IR imaging?

* Improve moving speed

e Easier to perform necessary
tasks with clearer view

« Safety for the fire fighters

« Search for persons in need






Evacuation vs Rescue
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The limitations...

Tunnel fires are complex
and difficult. Most fire
brigades are dimensioned
for residential fires, car
fires and traffic accidents.






The moving speed tests

*Reference tests in open air

«Same test set up in all tests

—
—
— P ————

T
i

e .
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The test set up
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Influence of moving speed

Visibility.

-Aid, resources (lightlines, thermal
Images etc).

-Methods for lay-out of hose.

-Tunnel elevation.
-Ground conditions.

-Strain (empty/filled hose, carried
weight, transport of injured etc ).

-Individual physical capacity.

ﬁ METRO — A safety in infrastructure co-operation project






Moving speed...

-Moving speed for firefighters between 0,05 to 1,48
m/s.

Waterfilled hoses and tunnel elevation on return
route had the largest impact on total moving speed
for the whole force.
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Moving speed - conclusions

Low front moving speed Iin tunnels.
*Available air restricts the rescue range.

*Need for transportation vehicles or trolleys!
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What do we need to do next?

*Physical limitations?
*Effects on moving speed.

*|[R-Imaging as a tactic resource (technical/operational use)

ﬁ METRO — A safety in infrastructure co-operation project
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At the metro stations....

-Ticket gates.

-Escalators
-Dividing doors.
-Down to track.

Switches.

| \
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Rescue tactics — conclusions from the tests

* Fire development

» Response time vs available
time

 Time to adress the fire

 Time for a safe escape!






Rescue tactics — conclusions from the tests

* Personnel and equipment

« Limited resources

» On site organization.
» Lighter equipment

« Additional equipment
* Regulations

METRO — A safety in infrastructure co-operation project






Rescue tactics — conclusions from the tests

e Fire load

* No flashover in tunnel
 Energy release
 New routines

« Spalling?

METRO — A safety in infrastructure co-operation project






Rescue tactics — conclusions from the tests

e Ventilators

» Effective
 Deploymenttime?
 Smoke control
 Loud

« Positioning

* Pre-planning






Rescue tactics — conclusions from the tests

e Thermal imaging
» Effective

» Designed for buildings

* Need of further evaluation

na ry L™
Tx?(gR Us. 14 Pwr/Stby 09: 42 intoTherm






Rescue tactics — conclusions from the tests

« Conseqguences of an explosion in a train
carriage

e Serious consequenses
 No fire

* Blocked passage
 Need for additional tools

ﬁ METRO — A safety in infrastructure co-operation project





Thank you for your attention!
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METRO — WP5
Extraordinary Strain on Structures

Rickard Forsén, FOI
rickard.forsen@fol.se
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METRO — WP5

« WE 1 - Literature study of previous incidents and attacks with
explosions

« WE 2 — Literature study of previous work with explosions in
tunnels

« WE 3 - Calculations of pressure distributions and load at
explosion in a carriage inside a tunnel

« WE 4 - Small scale tests of explosions inside railway
carriages

« WE 5 - Response calculations of structures due to blast
« WE 6 - Response tests of blast loaded train windows
« WEY - Full scale explosion test inside a carriage in a tunnel

ﬁ METRO — A safety in infrastructure co-operation project @ FOI
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METRO WP5 — WE 4
Small scale tests of explosions in railway carriages

e Purpose:

— Determination of blast pressure from explosions inside train
coach

— Study parameter variations
— Comparison with calculations
— Preparation for 1/1 scale test

ﬁ METRO — A safety in infrastructure co-operation project ﬁ FOI





METRO WP5 — WE 4
Small scale tests of explosions in railway carriages

e Method:

— Reduced scale 1/10
— Carriage dimensions 0.3x0.3x2.4 m
— Tunnel cross section area 0.7 X 0.7 m, length 10 m
— Rigid steel model with vent. openings
— Pressure gauges inside carriage and inside tunnel
— Variations of:

 Charge weight—1,5and 10 g
Ventilation area
Cover of ventilation area — without or 1 mm Al-sheet
Outside or inside tunnel

Just detonation in tunnel without carriage
» With or without adjacent carriage

— In total 16 shots performed

BFol





METRO WP5 - WE 4
Small scale tests of explosions in railway carriages
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METRO WP5 — WE 4
Small scale tests of explosions in railway carriages

METRO
Test 14
5g/20cm Carriage in tunnel
. . 400 04 __
— Inside carriage, g
— 300 Pressure 03
N =
12 m standoff g mouke” || 2
) ‘©
; 100 é
4 3
a 0 2
Q.
E
-100 0,1
0 0,005 0,01 0,015 0,02 0,025
Time [s]
METRO
Test 14
5g/20cm Carriage in tunnel
100 01
T12 i
. . — Pressure [a
— © X
Outside carriage, ¥ ,, o ||y
Inside tunnel,
@ a}
0
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0 0,005 0,01 0,015 0,02 0,025
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METRO WP5 — WE 4
Small scale tests of explosions in railway carriages

e Conclusions:
e General advantages with model scale tests
— Less cost
— Less time to perform
— Reduced risk areas
— Simplicity to perform parameter studies

 Disadvantages
— Costly and not necessarily possible to make realistically responding
structures in a small scale (thus not considered in our test series)

BFol






METRO WP5 — WE 4
Small scale tests of explosions in railway carriages

 Conclusions (continued):

— In general gauges gave good legible results.

— In repeated tests with similar conditions in most cases the
recordings were almost equal

— Even if the model coach was aimed to be rigid some
deformations occurred

— The technigue with covering the slot with 1mm thick
aluminum sheet gives a more realistic pressure inside the
carriage by simulating the resistance in the walls and roof at
the time of break-up

BFol





METRO WP5 — WE 6
Response tests of blast loaded train windows

e Purpose:

— Main goal to assess injuries to people in trains or at
platforms after explosion in underground train in tunnel or at
platform

— Determine limit of breakage of blast loaded train windows
— Determine hazard of glazing fragments
— Comparison with full scale test

BFol





METRO WP5 — WE 6
Response tests of blast loaded train windows

e Method:

Shock tube tests with original (retrieved) train windows
Fixture similar to original

Pressure gauges to measure applied load

Box behind window according to standard

High speed video recording

Variation of blast load

Normally loading from outside, one from inside

In total 5 windows, 15 shots

BFol





METRO WP5 — WE 6
Response tests of blast loaded train windows

e Test set up:

e 1.2x1.6 mshock tube
e 3 m test chamber behind

J UK Hazard Rating Scheme

window (according to British ~ [Uneracked | | %
Glazing Hazard Guide) ﬁ
* Recordings of L
— Blast pressure 1 g T I”'ﬁ"“

— HS video

. — Post test doc. |: i -|

JFOI

METRO — A safety in infrastructure co-operation project





METRO WP5 — WE 6
Response tests of blast loaded train windows

e Test#14: P=29 kPa, i=156 kPa ms
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METRO WP5 — WE 6
Response tests of blast loaded train windows

e Test#7: P=52 kPa, i=350 kPa ms
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METRO WP5 — WE 6
Response tests of blast loaded train windows

o Comparisons between ESTC (UK handbook with predicted
damage levels for 1.25m - 0.55m) and test results
------- ESTC 4mm, Crack
100 ESTC 4mm, Low haz
\ e ESTC 4mm, High haz
90 — — - ESTC 6mm, Crack
\ ESTC 6mm, Low haz
e STC 6mm, High haz
80 B Broken ’
\ Not Broken
70 === =5 mm pane estimated limit unbroken/broken
3 N\
A\ N
;g) 50 ‘ $\lﬁ—_
g 40 k\\ \\
® R T — ——
> VAN ]
~ 9 m/s " ‘s\\x — \\z17 m/s
. /A \ —
| X& R |
=8m/s [ 2 oS- T
T =10 m/s
10 +——9—— e
0 |
100 200 300 400 500 600 700 800 900 1000 ﬁ FOI
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METRO WP5 — WE 6
Response tests of blast loaded train windows

e Conclusions:

» Shock tube tests easy to perform
« ESTC seems to predict broken glass very good

* In all our tests with broken glass - high hazard is considered
(according to “British Glazing Hazard Guide”)
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Thank you for your attention
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