
v 
 

TABLE OF CONTENTS 
                                                                                                                                                                                                         

 

Volume 1 

                                                                                                                                          Page No 

Preface  ...................................................................................................................................... iii 

Sponsors Details  ......................................................................................................................  ixx 

FIRE INVESTIGATION 
  
The ammonium nitrate explosion at West, Texas: A disaster that could have been avoided 
Vytenis Babrauskas, Fire Science and Technology Inc., USA ................................................... 1 
 
Ignition and burning characteristics of tea light candles and their influence on  
fire investigation  
Mike Burroughs, Fire Investigations, UK ..................................................................................... 13 
 
HEAT FLUX MEASUREMENTS & CALCULATIONS 
 
Measuring heat flux from a fire to a surface using IR Thermography  
Christian Rippe, B Lattimer, Jensen Hughes, USA .................................................................... 25 
 
A study on radiation screens – A comparison between experiments and different  
numerical models  
Jonathan Wahlqvist, M Runefors, P van Hees, Lund University, Sweden ................................. 37 
 
Resolving obstructed views using multiple thermography digital image correlation systems 
Jonathan Hodges, P Summers, S Case, N Cholewa, Virginia Tech, C Rippe, B Lattimer,  
Jensen Hughes, USA and Z Mathys, Defence Science & Tech Org, A Mouritz,  
RMIT University, Australia ........................................................................................................... 47 
 
A comparison of radiative transfer models in fireFoam and FDS 
Marcus Runefors, J Wahlqvist, B Husted, Lund University, J Anderson, C Huang,  
SP Technical Research Inst, Sweden ......................................................................................... 59 
 
PYROLYSIS MODELLING 
 
A generalized methodology to produce pyrolysis models for composite materials  
Mark McKinnon, Jensen Hughes / University of Maryland, S Stoliarov, University of  
Maryland, USA ............................................................................................................................ 71 
 
Burn: A 3D model of burning materials  
Morgan Bruns, NIST, USA .......................................................................................................... 83 
 
A model for thermal decomposition of solids out of Ellingham assumption  
Aurélien Thiry, P Carlotti, LCPP, P Boulet, Université de Lorraine, France ............................... 95 

Distributed reactivity model to predict multi-stage pyrolysis of polymeric materials and  
sensitivity analysis  
Abhishek Bhargava, Danish Inst of Fire and Security Tech, Denmark / Lund University,  
Sweden, P van Hees, B Andersson, H Sina, S Iyengar, Lund University, Sweden ................... 107 
 
Application of fire simulation within the railway industry  
Fabian Brännström, Bombardier Transportation, Germany ........................................................ 119 
 
 



vi 
 

Pyrolysis modelling of composite fabrics based on individual fabric properties using  
micro-combustion calorimetry  
Konrad Wilkens Flecknoe-Brown, Lund University, Sweden / Danish Inst of Fire and  
Security Tech, Denmark, S Hostikka, Aalto University, Finland and P van Hees,  
Lund University, Sweden ............................................................................................................ 131 
 
Pyrolysis model properties of engineered wood products and validation using transient  
heating scenarios  
Gaurav Agarwal, M Chaos, Y Wang, FM Global, USA and D  Zeinali,   
Ghent University, Belgium ........................................................................................................... 143 
 
Power law modelling of simple pyrolysis kinetics 
Pierre Carlotti, A Thiry, S Dupont, LCPP, P Boulet, Université de Lorraine, France .................. 155 
 
FLAME RETARDANTS & COATINGS 
 
Are commercially successful, halogen-free back-coatings for textile furnishings possible  
within the shorter term?  
Richard Horrocks, S Eivazi, B Kandola, University of Bolton, UK .............................................. 167 

 
From the synthesis to the understanding: How to design flame retardants for PBT  
Sophie Duquesne, R Duprez, G Fontaine, S Bourbigot, ENSCL, France, S  Wagner,  
A Koenig, R Kramer, M Klatt, BASF, Germany ........................................................................... 179 
 
Gas-phase interactions of phosphorus retardants with diffusion flames  
Fumiaki Takahashi, Case Western Reserve University, V Katta, Innovative Scientific  
Solutions, G Linteris, V Babushok, NIST, USA ........................................................................... 191 
 
Chemically modified lignin as flame retardant for acrylonitrile-butadiene-styrene (ABS)  
Benjamin Prieur, G Fontaine, S Bourbigot, ENSCL, M Wittemann, R Klein,  
Fraunhofer Inst for Structural Durability and System Reliability LBF, Germany ......................... 203 
 
Numerical prediction on interacting thermal-structural behaviour of inorganic intumescent  
coating 
Sungwook Kang, S Choi, University of Ulster, UK and J Yoon Choi, Korea Conformity  
Laboratories, Korea ..................................................................................................................... 213 
 
Intumescent paint systems exposed to different heating scenarios  
Robert Jansson McNamee, SP Technical Research, Sweden and K Storesund, R Stølen,  
P Gunnar Nordløkken, SP Fire Research, Norway .................................................................... 225 
 
FURNITURE FLAMMABILITY 
 
Study: Reduced ignition propensity (RIP) cigarettes – Theory and reality 
Ida Larsson, A Bergstrand, SP Technical Research Institute, Sweden ...................................... 235 
 
Cone calorimeter studies of foam and fabric assemblies  
Alexander Morgan, University of Dayton, USA ........................................................................... 247 
 
Upholstered furniture - Can fire behaviour be improved without adding chemical  
flame retardants?  
Anne Steen-Hansen, K Storesund, SP Fire Research, Norway and A Bergstrand,  
SP Fire Research, Sweden ......................................................................................................... 257 
 
Analysis of heat release rate of bed mattress installed at different heights  
Jong-Jin Jeong, M Mizuno, Y Ohmiya, Y-C Shin, Tokyo University of Science, Japan,  
K-W Park, FILK, Korea and M Delichatios, University of Ulster, UK .......................................... 269 
 
 



vii 
 

LARGE OUTDOOR FIRES 
 
Firebrand ignition in large outdoor fires: The use of full-scale experiments to guide the  
development of laboratory standard test methods  
Samuel Manzello, NIST, USA and S Suzuki, NRIFD, Japan ...................................................... 281 
 
Experimental investigation of wood decking assemblies attacked by firebrand showers  
Sayaka Suzuki, NRIFD, Japan and S Manzello, NIST, USA ...................................................... 293 
 
Computationally efficient wildland fire spread models  
Alan Lattimer, J Borggaard, S Gugercin, K Luxbacher, Virginia Tech, B Lattimer,  
Jensen Hughes, USA .................................................................................................................. 305 
 
FIRE SERVICE & BUILDING FIRE SAFETY 
 
Humanoid firefighting robot for structure fires  
Brian Lattimer, Jensen Hughes, J Starr, J McNeil, C Nogales, J Peterson, J Ziglar,  
J Burnton, C Knabe, Y Sung, J Seminatore, R Griffin, J Newton, V Orekhov, M Rouleau,  
M Hopkins, Virginia Tech, D Hong, UCLA, D Lee, University of Pennsylvania, J Farley,  
Naval Research Lab, USA .......................................................................................................... 317 
 
Techniques for the offensive exterior attack in fighting ventilation controlled structure fires 
Rijk van den Dikkenberg, K Groenewegen-Ter Morsche, R Weewer, Fire Service Academy,  
Netherlands ................................................................................................................................. 329 
 
Robot autonomous fire location using a weighted probability algorithm  
Chris Nogales, T Furukawa, Virginia Tech, B Lattimer, Jensen Hughes, USA .......................... 341 
 
An analysis of residential building fire rescues: The difference between fatal and non-fatal  
casualties  
Rijk van den Dikkenberg, M Kobes, Fire Service Academy, Netherlands .................................. 353 
 
How can fatal fires involving vulnerable people be avoided?  
Karolina Storesund, A Steen-Hansen, C Sesseng, SP Fire Research, G Gjøsund,  
K Halvorsen, P Grytten Almklov, NTNU Social Research, Norway ............................................ 365 
 
Towards a sound understanding of the effectiveness of smoke detectors in dwellings  
Karin Groenewegen-Ter Morsche, M Kobes, K Dangermond, Fire Service Academy,  
Netherlands ................................................................................................................................. 375 
 
DETECTION & SUPPRESSION 
 
Investigation of the use of smoke detectors in Norwegian dwellings  
Christian Sesseng, N K Reitan, SP Fire Research, Norway ....................................................... 387 
 
Smoke behavior analysis with multi-view smoke spread data  
Florian Vandecasteele, B Merci, S Verstockt, Ghent University, Belgium .................................. 399 
 
The extinguishing performance of experimental siloxane-based AFFF  
Ralf Hetzer, F Kümmerlen, Bundeswehr Research Inst for Protective Technologies and  
NBC-Protection, Germany .......................................................................................................... 409 
 
Smoke layer/water spray interaction – Thermal and radiative characterization  
Elizabeth Blanchard, S Renard, P Fromy, CSTB, G Parent, P Boulet,  
Université de Lorraine / CNRS,  D Borgiallo, PROFOG, France ................................................ 421 
 
Efficiency of water spray system for smoke cooling in confined and mechanically ventilated  
compartment  
Hugues Pretrel, L Audouin, IRSN, France .................................................................................. 431 
 

19
th
 -21

st
 

September 

2012 
 

Downing College, 
Cambridge, UK 

 



viii 
 

Experimental and numerical modeling of interactions between sprinklers and natural  
smoke vents  
Nicolas Trevisan, Université de Lorraine / CNRS / CNPP, Z Acem, P Boulet, CNRS,  
G Pianet, A Jenft, A Breton, A Muller, CNPP, France ................................................................ 443 
 
 
Optimization of in-rack automatic sprinkler protection using a coupled modeling-testing  
approach  
Karl Meredith, K Jamison, J de Vries, Y Wang, S Dorofeev, FM Global, USA ........................... 455 
 
Cost benefit analysis for sprinklers in tall buildings above 30m for life safety  
Corinne Williams, J Fraser-Mitchell, BRE Global, UK ................................................................ 467 
 

POSTERS 
 
POSTER SESSION A 
 
TRANSPORTATION 
 
Fire spread over the Sedan type passenger cars with the emphasis on the origin and  
cause of the fire    
Lucie Hasalová, O S Šafránek, V Vystrčil, Technical Institute of Fire Protection in Prague,  
M Jahoda, University of Chemistry and Technology Prague, Czech Republic .......................... 479 
 
B-LAYERS: The role of each layer in systemic fire protection of buses 
Virginia Alonso, G Rein, Imperial College London, UK ............................................................... 485 
 
Heat release and lethal combustion product evaluation of rail coach materials 
B Nageshwar Rao, R Arunjothi, Central Power Research Institute, India .................................. 487 
 
HEAT FLUX MEASUREMENTS & CALCULATIONS 
 
An assessment of the Weighted-Sum-Of-Grey-Gases approach in fire simulations   
Ivan Sikic, J Wen, University of Warwick, S Dembele, Kingston University London, UK ........... 495 
 
Spatial distribution of thermal radiation – Verification of the finite volume method    
Piotr Tofilo, R Porowski, The Main School of Fire Service, W Wegrzyński,  
Building Research Inst, Poland ................................................................................................... 497 
 
Comparison of experiments and numerical simulations of a high pressure water mist  
curtain as a radiation shield  
Bjarne Husted, Lund University, Sweden, J Ho, ARUP, UK and D Martin,  
Jensen Hughes, USA .................................................................................................................. 505 
 
Mapping of incident radiation with plate thermometers from a propane flame - Free and  
adjacent to walls 
Ulf Wickström, O Lind, P Troedson, Luleå University of Technology, Sweden .......................... 511 
 
'Heat Flux' is an ill-suited boundary condition in fire safety engineering. Adiabatic surface  
temperature is better 
Ulf Wickstrom, Luleå University of Technology, Sweden ........................................................... 517 
 
PYROLYSIS 
 
An experimental study for the radiant heat reduction effect about the Low-E coating  
glass in fire  
Kazuyuki Suzuki, T Hisada, Nippon Sheet Glass Co Ltd, Y Ohmiya, Tokyo  
University of Science, Japan ....................................................................................................... 523 
 



ix 
 

A contribution to pyrolysis modeling  
Corinna Trettin, F-W Wittbecker, R Goertz, University of Wuppertal, L Arnold, Research  
Centre Jülich GmbH, Germany ................................................................................................... 529 
 
Mathematical modeling of highly-filled halogen-free cable compound burning in  
cone calorimeter   
Mikhail Shuvalov, M Kamenskiy, A Kryuchkov, T Stepanova, A Frik, D Savin,  
VNIIKP, Russia ........................................................................................................................... 535 
 
COMPARTMENT FIRE TESTING & MODELING 
 
Application of Monte-Carlo propagation methods for uncertainty assessment of large  
scale fire tests outputs  
Hugues Prétrel, P Querre, IRSN, France .................................................................................... 541 
 
Assessment of the thermal properties of insulation materials  
Nicole Nagy, M DiDomizio, E Weckman, University of Waterloo, Canada ................................. 547 
 
Burning rate and time to flashover in wooden ¼ scale compartments as a function of  
fuel moisture content  
Arjen Kraaijeveld, A Gunnarshaug, B Schei, T Log, Stord/Haugesund University  
College, Norway .......................................................................................................................... 553 
 
Study on mechanism of fire spread between rooms - Simple temperature prediction  
model for two rooms 
Yi-Chul Shin, Y-H Yoo, Korea Institute of Civil Engineering and Building Technology,  
K-W Park, Fire Insurers Laboratoties, Korea and Y Ohmiya, Tokyo University of Science,  
K Tashima, Tokyo Fire Department, K Himoto, Building Research Inst, Japan ......................... 559 
 
FIRE SERVICE  
 
Incidents and accidents at interior firefighting in Sweden 2002-2014  
Stefan Särdqvist, A Jonsson, Swedish Civil Contingencies Agency, J Nordström, Rescue  
Service of Östra Götaland, Sweden ............................................................................................ 565  
 
WATER-BASED FIRE SUPPRESSION 
 
Delay of wood ignition owing to attenuation of radiation by water  
Masaki Noaki, A Saito, T Sato, S Hayashi, T Akieda, Y Ohmiya, Tokyo University of  
Science, Japan and M Delichatsios, Ulster University, UK ......................................................... 571 
 
Simulation of water based suppression of pre-mixed methane-air fire and explosion in  
long striaght duct 
Jafar Zanganeh, B Pitkin, M Shirzaei, J Zanganeh, B Moghtaderi, Univeristy of  
Newcaslte, Australia .................................................................................................................... 577 
 
VISIBILITY THROUGH SMOKE 
 
Effect of acute yaw angles with sight line on visibility of emergency sign through fire smoke  
Kosuke Fujii, National Research Institute of Fire and Disaster, T Sano, Waseda University,  
Y Ohmiya, Tokyo University of Science, Japan .......................................................................... 583 
 
Visibility of emergency signs derived from numerical smoke spread simulation  
Volker Schneider, R Könnecke, IST GmbH, Germany ............................................................... 589 
 
  



x 
 

POSTER SESSION B 
 
MODEL VALIDATION 
 
BRE Global office fire 2014: A comparison of experimental and CFD modelling data from a  
fire in a full scale section of an open plan office  
Connor McIntosh, N Cole, BRE Global, UK ................................................................................ 595 
 
A tridimensional numerical study of the FLUMILOG warehouse fire experiment  
Shihab Rahman, B Truchot, INERIS, France ............................................................................. 601 
 
TESTING 
 
Influence of different ignitors used in single smoke chamber on smoke and gas  
measurements  
Koichi Yoshida, Yokohama National University, K Araya, T Fukaya, JECTEC, H Yoshioka,  
NILIM, T Hayakawa, TSV, Japan ................................................................................................ 607 
 
Use of LED for measuring smoke density in fire tests as potential alternative to halogen lamp   
Hideki Yoshioka, NILIM, T Hayakawa, Tokyo System Vac, K Yoshida, Yokohama  
National University, T Noguchi, University of Tokyo, Y Hase, Mitsubishi Plastics, Japan.......... 611 
 
Study on gas sampling probe in cone calorimeter  
Jungmin Choi, Fire Insurers Labs, Korea and E Guillaume, Efectis Group, France .................. 617 
 
FIRE RESISTANCE & FAÇADES  
 
Behaviour of cavity barriers in modular houses – A revised test methodology  
Daniel Brandon, A Just, R Jansson McNamee, SP Technical Research Inst, Sweden ............. 623 
 
Does UK guidance on small service penetrations prejudice the performance of fire rated  
floor constructions? 
Bill Hay, I Sanderson, Glasgow Caledonian University, UK ....................................................... 629 
 

Design goals - Fire resistance demands for tall residential buildings 
Danny Hopkin, A Ballantyne, E O’Loughlin, B McColl, Trenton Fire Ltd, UK ............................. 635 
 
Qualitative assessment of the fire hazards beneath bridges  
Panagiotis Kotsovinos, G Flint, G Walker, B Lane, Arup, UK ..................................................... 641 
 
Resistance to jet fires of passive protection materials: Numerical evaluation of thermal loads 
Virginie Dréan, R Chiva, H Leborgne, G Auguin, Efectis, France .............................................. 647 
 
Experimental assessment of repeatability in façade fire testing  
Johan Anderson, L Boström, R Jansson, SP Technical Research Inst, Sweden and  
B Milovanović, University of Zagreb, Croatia .............................................................................. 653 
 
Principles of testing and regulating fire safety of façades 
Miroslav Smolka, B Messerschmidt, Rockwool International, Denmark, L Boström, SP,  
Sweden, T Crimi, A C Consulting Solutions Inc, V Dowling, Fire Science and Tech, Australia,  
K-W Park, Fire Insurers Labs of Korea, South Korea and H Yoshioka, NILIM, Japan ............... 659 
 
FIRE RISK 
 
Fire risk assessment with a Stochastic Approach – Model development and application to an 
auditorium  
Samia Haouari Harrak, CSTB / LEMTA, P Fromy, E Blanchard, CSTB, P Boulet,  
R Mehaddi, LEMTA, France........................................................................................................ 665 
 



xi 
 

Development of a fire risk index to evaluate fire safety in Taiwanese small scale hospitals    
Chia Lung Wu, University of Edinburgh, UK and WW Tseng, Central Police University,  
Taiwan ......................................................................................................................................... 671 
 
A probabilistic and time dependant approach to external fire spread and building  
separation distances 
Sung-Han Koo, BRE Global, UK ................................................................................................. 677 
 
 
Quantitative risk assessments for existing rail tunnels – Explicitly calculating the  
consequences for every occupant in every scenario 
Andrew Addinsell, F Gamon, Arup, Australia .............................................................................. 683 
 
FIRE SAFETY ENGINEERING 
 
Fire Engineering Platform - A new concept of calculation tool package designed for fire  
science education and engineering  
Piotr Tofilo, The Main School of Fire Service, Poland ................................................................ 689 
 
How successfully ventilate the underground garages dedicated for cars powerd by LPG –  
Evaluation on real scale tests and computer modelling  
Dorota Brzezińska, Lodz University of Technology, Poland ....................................................... 697 
 
Smoke and heat extraction in underground stations  
Lukas Arnold, B Schröder, A Meunders, S Schmidt, Jülich Supercomputing Centre,  
Germany...................................................................................................................................... 703 
 
Study on smoke behavior in the station underpass  
Susumu Mafune, O Suzuki, East Japan Railway Company, D Sato, Y Ohmiya,  
Tokyo University of Science, Japan ............................................................................................ 709 
 
POSTER SESSION C 
 
FIRE DYNAMICS  
 
Experimental and numerical investigation of downward smoldering combustion in  
paper stacks 
Alberto Tinaburri, F Ponziani, V Ricci, Ministry of the Interior, Italy and M Angelino,  
University of Loughborough, UK ................................................................................................. 715 
 
Influence of duct geometry on flame propagation for flammable gas-air mixtures  
Mohammadreza Shirzaei, J Zanganeh, S Kundu, B Pitkin, B Moghtaderi,  
University of Newcastle, Australia ............................................................................................... 721 
 
Influence of initial ignition source on flame front velocity of a methane/coal dust explosion  
in a smooth detonation tube   
Mohammed Ajrash, J Zanganeh, B Moghtaderi, University of Newcastle, Australia.................. 727 
 
Prediction of flammability limit of a thin solid material in microgravity environments 
Shuhei Takahashi, K Tsuboi, K Maruta, Gifu University, Japan ................................................. 733 
 
Temperature attenuation above a fire source with a simple harmonic oscillation in  
horizontal direction  
Yasushi Oka, M Iizuka, Yokohama National University, H Oka, National Maritime  
Research Inst, Japan .................................................................................................................. 739 
 
Study on ignitability of cellulose based materials 
Jadwiga Fangrat, Instytut Techniki Budowlenej, Poland ............................................................ 745 
 
COMPOSITES  



xii 
 

 
Improving fire safety of glass fibre reinforced polymers for bridge infrastructures 
John Gales, C Gaudreault, Carleton University, N Nagy, E Weckman, University of  
Waterloo, Canada and H Smith, University of Edinburgh, UK .................................................... 747 
 
ELECTRICAL FIRES  
 
Understanding the limits of thermal runaway in lithium-ion battery systems 
John Hewson, Sandia National Labs, USA ................................................................................. 753 
 
Fire ignition and spread analysis on photovoltaic building roofs 
Piergiacomo Cancelliere, V Puccia, M Caciolai, Ministry of Interior, Italy .................................. 761 
 
HUMAN BEHAVIOUR 
 
Evacuation dynamics under consideration of vulnerable pedestrian groups 
Paul Geoerg, A Hofmann, BAM, A Pulm, Werkstatt Lebenshilfe i Berg Land, Germany ........... 769 
 
Design for elderly egress in fire situations  
Lauren Folk, J Gales, Carleton University, S Gwynne, NRCC, Canada and M Kinsey,  
Arup, China ................................................................................................................................. 775 
 
Affordance-based evaluation of signage design for areas of refuge 
Elisabetta Carattin, Arup Fire, UK, R Lovreglio, Politecnico di Bari, Italy and E Ronchi,  
D Nilsson, Lund University, Sweden ........................................................................................... 781 
 
Evacuation concept of a high rise Ministry building - Findings four years after completion 
Michael Haas, DGMR Consulting Engineers, The Netherlands ................................................. 787 
 
Characteristics of evacuation behavior based on observation of a theater evacuation drill 
Tomonori Sano, M Imanishi, Y Hatakeyama, Waseda University, Japan .................................. 793 
 
Experimental study of the crowd flow affected by straight corridor and with a bottleneck  
Akihide Jo, Takenaka Corporation, T Sano, Waseda University, Y Ohmiya,  
Tokyo University of Science, Japan ............................................................................................ 799 
 
Field observations and experiments on the evacuation of children with disabilities in the  
buildings with their mass stay 
Sergey Slyusarev, D Samoshin, State Fire Academy of EMERCOM, Russia and P Anh,  
The University of Fire Fighting & Prevention, Vietnam ............................................................... 805 
 
Validation of pre-movement time distribution for evacuation modelling using real data  
from evacuation drill  
Giordana Gai, E Cartapati, Sapienza University of Rome, P Cancelliere, F Alaimo Ponziani,  
M Mazzaro, M Caciolai, D De Bartolomeo, Ministry of Interior, Italian National Fire  
Brigades and Services, Italy........................................................................................................ 811 
 
Validation study on the use of evacuation models for simulation of long ascending  
stair evacuation 
Caroline Eriksson Lantz, J Norén, Briab Brand & Riskingenjörerna AB, M Delin,  
DeBrand Sverige AB, E Ronchi, Lund University, Sweden ........................................................ 817 
 
Evacuation modelling in the fire safety industry: Quo Vadimus?   
Rodrigo Machado Tavares, EXOVA Warringtonfire, UK ............................................................ 823 
 
An emergency egress model based on a macroscopic continuous approach  
Thomas Gasparotto, A Collin, P Boulet, LEMTA, G Pianet, A Muller, CNPP, France ............... 829 
 
 
AUTHOR INDEX 



xiii 
 

Volume 2 
 
                                                                                                                                               Page No 
 
Preface  ...................................................................................................................................... iii 

Sponsors Details  ......................................................................................................................  ixx 

PREDICTIONS OF SOOT GENERATION & VISIBILITY 
 
A numerical investigation on the impact of modeling aerosol behaviors on the prediction  
of soot density in a compartment fire  
Jason Floyd, Jensen Hughes, USA ............................................................................................ 835 
 
Experimental and numerical analysis of the influence of the soot yield when conducting  
CFD analysis for the estimation of the available safe evacuation time  
Gabriele Vigne, JVVA Fire and Risk / University of Jaén, Spain and W Węgrzyński,  
ITB, Poland.................................................................................................................................. 847 
 
Full-scale fire tests to obtain optical density data for validation of compartment fire models  
Jason Huczek, M Janssens, SwRI, S Turner, Leidos, USA and K Onaka, TEPCO, Japan ....... 859 
 
Model uncertainty of predictions of the soot concentration in the hot gas layer of  
compartments fires  
Marc Janssens, J Huczek, SwRI, S Turner, Leidos, USA and K Onaka, TEPCO, Japan .......... 871 
 
RACK STORAGE FIRE MODELLING & TESTING 
  
The impact of object shape on rack storage fire simulations  
Charles Fleischmann, University of Canterbury, New Zealand .................................................. 881 
 
An experimental study on the freeburn characteristics of complex fuels  
Sai Thumuluru, Y Xin, A Gupta, FM Global, USA ....................................................................... 891 
 
Complex fuel experiments using the Characteristic Fuel Unit (CFU) method for  
cartoned commodities 
Yibing Xin, Y Wang, M Chaos, S Dorofeev, FM Global, USA .................................................... 903 
 
Modeling of large-scale fires in cartoned plastic commodity rack-storage  
Ankur Gupta, G Agarwal, K Meredith, S Thumuluru, Y Xin, M Chaos, Y Wang,  
FM Global, USA .......................................................................................................................... 915 
 
MODEL VALIDATION 
 
Novel full-scale atrium fire experiments and numerical validation under steady and  
transient venting conditions  
P Ayala, TYPSA / Universidad Pontificia Comillas, A Cantizano, Universidad Pontificia  
Comillas, G Vigne, JVVA Fire Safety Consultants, C Gutiérrez-Montes, Universidad de  
Jaen, Spain and G Rein, Imperial College London, UK .............................................................. 927 
 
Comparison of partially lined timber room experiments with the modified B-RISK flame  
spread capability  
Harriet Peel, M Spearpoint, University of Canterbury, C Wade, BRANZ, New Zealand ............ 937 
 
Temperature measurements and modelling of flashed over compartment fires  
Ulf Wickström, A Byström, Luleå University of Technology, J Sjöström, SP Fire  
Research, Sweden ...................................................................................................................... 949 
 
  



xiv 
 

FIRE TESTING 
 
A buoyancy driven fire calorimeter  
James Quintiere, University of Maryland, R Lyon, S Crowley, FAA, USA .................................. 961 
 
Electronic gas sensors in fire testing  
Matthew DiDomizio, E Weckman, University of Waterloo, Canada and N Ryder,  
University of Waterloo, Canada / Fire & Risk Alliance, USA ...................................................... 969 
 
Combustion products of polymers at constant fuel/oxygen ratios  
Richard Walters, L Speitel, R Lyon FAA, USA............................................................................ 981 
 
Development of a dynamic shrinkage/collapse measurement method for cellular  
polymer foams  
Karlis Livkiss, DBI, Denmark and P van Hees, Lund University, Sweden .................................. 991 
 
FIRE RESISTANCE 
 
Temperature assessment of a vertical member subjected to localized fire  
Christophe Thauvoye, B Zhao, CITICM, France and F Hanus, O Vassart,  
ArcelorMittal Global R&D, Luxembourg ...................................................................................... 1003 
 
Design at the interface – Developing a structural fire strategy for an exposed weathering  
steel frame  
Danny Hopkin, E O’Loughlin, B McColl, S Anastasov, Trenton Fire Ltd, D Illingworth,  
AKT II, UK ................................................................................................................................... 1015 
 
Post fire guidance for the critical temperature of prestressing steel  
Lucie Robertson, David Narro Associates, UK and J Gales, Carleton Univ, Canada ................ 1027 
 
A conceptual framework for a design travelling fire for large compartments with  
fire resistant islands  
Xu Dai, J Maclean, S Welch, BRE Centre for Fire Safety Eng, University of Edinburgh and  
L Jiang, A Usmani, Brunel University, UK ................................................................................... 1039 
 
Mechanical properties of gypsum plasterboard exposed to standard fires  
Blanca Andres, DBI, Denmark / Lund University, Sweden and P van Hees,  
Lund University, Sweden ............................................................................................................ 1051 
 
Behaviour of char layer in fire-damaged box section timber beams  
Hailey Quiquero, J Gales, G Hadjisophocleous, Carleton University, Canada .......................... 1063 
 
Development of a thermomechanical model on behaviour of cellulose based material  
under fire resistance test  
Guillaume Cueff, V Drean, G Auguin, Efectis France, J-C Mindeguia, D Breysse,  
University of Bordeaux, France ................................................................................................... 1075 
 
Full-scale fire test of CLT structure used for student housing  
Kristian Hox, G Baker, SP Fire Research, Norway ..................................................................... 1087 
 
FAÇADES  
 
Fire safety of façades 
Anja Hofmann, BAM, Germany ................................................................................................... 1095 
 
Development of the advanced technical method and the test standard for the purpose  
of the fire safety of façade materials in buildings  
Kye-Won Park, Fire Insurers Labs of Korea, Y-H Yoo, KICT, South Korea, M Smolka,  
Rockwool Int, Denmark, L Boström, SP, Sweden and H Yoshioka, Nat Inst for Land  
and Infrastructure Management, Japan ...................................................................................... 1103 



xv 
 

 

Modeling of fire exposure in façade fire testing  
Johan Anderson, L Boström, R Jansson, SP Technical Research Inst, Sweden and  
B Milovanović, University of Zagreb, Croatia .............................................................................. 1115 
 
A full-scale fire test to investigate the fire behaviour of the "ventilated façade" system  
Dionysiοs Kolaitis, National Technical University Athens / Greek Fire Academy,  
E Asimakopoulou, M Founti, Greek Fire Academy, Greece ....................................................... 1127 
 
Determination of fire performance of ventilated façade systems on combustible  
insulation using LEPIR2.  Extended applications approach based on multiscale tests  
Roy Weghorst, Kingspan Insulation Ltd, UK and B Heuzé, LNE, E Guillaume,  
Efectis, France ............................................................................................................................ 1139 
 
Fire safety of façades with polystyrene foam insulation  
Anja Hofmann, S Kaudelka, BAM, Germany .............................................................................. 1151 
 
Protection against external fire spread – Horizontal projections or spandrels? 
Markus Nilsson, A Mossberg, Brandskyddslaget,, B Husted, Lund University, J Anderson,  
SP Technical Research Inst of Sweden, Sweden ...................................................................... 1163 
 
CODES AND REGULATIONS 
 
Codes and standards development in the USA: How does it work?  
Marcelo Hirschler, GBH International, USA ................................................................................ 1175 
 
Comparing national fire regulations in EU for 3 different buildings  
Birgitte Messerschmidt, S Hughes, J Albiac, Fire Safe Europe, Belgium ................................... 1187 
 
Compartment sizes, resistance to fire and fire safety – Construction details  
Tom Lennon, BRE Global, UK .................................................................................................... 1197 
 
Fire statistics: What is the current situation and what can be expected?  
Dominique Parisse, PlasticsEurope, Belgium ............................................................................. 1205 
 
FIRE RISK 
 
Effects of performance of active fire protection systems on life risks due to fire in a  
mid-rise residential building  
George Hadjisophocleous, X Zhang, Carleton University, J Mehaffey, CHM Fire  
Consultants Ltd, Canada ............................................................................................................. 1217 
 
Efficient method for probabilistic fire safety engineering  
Ruben Van Coile, WSP, UK / Ghent University, Belgium and G Balomenos, M Pandey,  
University of Waterloo, Canada .................................................................................................. 1229 
 
Standardized probabilistic model for allowable fire compartment size  
Peter van de Leur, DGMR, K Jan de Boer, C Cieraad, Antea Group / Consulting  
Group Save, The Netherlands .................................................................................................... 1241 
 
Maximum fire compartment sizes  
Jeremy Fraser-Mitchell, T Lennon, BRE Global, UK .................................................................. 1253 
 
FIRE SAFETY ENGINEERING  
 
Uncertainties in relationships used in smoke management engineering  
El Mehdi Koutaiba, Université d’Aix-Marseille / CSTB, O Vauquelin, Université  
d’Aix-Marseille, E Blanchard, P Fromy, CSTB, France .............................................................. 1265 
 



xvi 
 

Make-up air effects on the smoke interface height in atrium fires  
Amir Rafinazari, G Hadjisophocleous, Carleton University, Canada .......................................... 1277 
 
Comparison between experimental tests and computer models of a smoke-proof enclosure  
safety vestibule  
Fabio Alaimo Ponziani, P Cancelliere, A Tinaburri, D De Bartolomeo, M Mazzaro,  
M Caciolai, Ministry of Interior, Italian National Fire Services, G Gai, E Cartapati,  
Sapienza University of Rome, Italy ............................................................................................. 1289 
 
Development and validation of a method to validate extensions of performance of fire  
resisting cable wraps subjected to non-standard fire conditions  
Daniel Joyeux, A Blanguernon, EFECTIS France, B Gautier, EDF, B Marquez, T Cerosky,  
NUVIA Protection, France ........................................................................................................... 1297 
 
Fire spread and tenability in single family dwellings: Combining live fire experiments and  
FSE-modeling  
Lieuwe de Witte, H Hazebroek, R Weewer, Fire Service Academy, The Netherlands .............. 1309 
 
What we recently learned about performance based design  
Bill Koffel, Koffel Associates, USA .............................................................................................. 1321 
 
The role of quantitative risk analysis models in performance-based fire safety engineering  
Greg Baker, SP Fire Research, Norway, M Spearpoint, C Fleischmann, University of  
Canterbury and C Wade, BRANZ, New Zealand ........................................................................ 1333 
 
IGNITION AND EXTINCTION 

 
Emerging risks from smouldering fires: Initial results from the EMRIS Project 
Dan Madsen, B Husted, Lund University, Sweden, C Wanke, U Krause,  
Otto-von-Guericke-University, Germany, R Mikalsen, Stord/Haugesund University  
College / SP Fire Research, I Haraldseid, E Villacorta, G Kleppe, B Hagen, V Frette, 
Stord/Haugesund College, Norway ............................................................................................. 1345 
 
Modelling of self-heating behaviour during storage of torrefied biomass fuel  

Tengku Noor Tg Azhar, Y Wu, University of Sheffield, UK ......................................................... 1357 

 

Experimental assessment of bench-scale ignitability parameters 
Frida Vermina Lundström, Lund University, Sweden / DBI, Denmark and P van Hees,  
Lund University, Sweden ............................................................................................................ 1369 
 

Auto-extinction of engineered timber: The application of Firepoint Theory  

Alastair Bartlett, R Hadden, L Bisby, The University of Edinburgh, B Lane, Arup, UK ............... 1381 

 

FIRE DYNAMICS  

 

Modeling of flame to surface heat feedback from laminar wall fires  

Isaac Leventon, S Stoliarov, University of Maryland, USA ......................................................... 1393 

 

Radiative characteristics of fires with different sooting propensities 
Dong Zeng, M Chaos, Y Wang, FM Global, USA ....................................................................... 1405 

 

Numerical prediction of liquid pool fires burning rate with a CFD approach  

Siaka Dembele, M Alam, Kingston University London, V Madhav Rao, J Wen,  

University of Warwick, UK ........................................................................................................... 1415 

 

An experimental study of water transport on vertical paper surfaces for sprinkler protection 

Xiangyang Zhou, FM Global, USA .............................................................................................. 1427 



xvii 
 

Intermediate-scale controlled-atmosphere calorimeter CADUCEE  

Mickaël Coutin, IRSN, D Alibert, B Porterie, AMU, France ......................................................... 1433 

 

The effect of reduced oxygen concentration environments on material fire performance for  

hypoxic air venting systems  

John Barton, P van Hees, Lund University, Sweden .................................................................. 1445 

 

The flammability of smoke in under-ventilated compartment fires  

Sahand Rasoulipour, C Fleischmann, M Spearpoint, University of Canterbury,  

New Zealand ............................................................................................................................... 1455 

 

COMPOSITES 

 

Composites in fire: Intermediate-scale testing of sandwich panels and shells  

Bernhard Schartel, S Timme, A Hörold, V Trappe, M Korzen, BAM, Germany ......................... 1465 

 

Analysis of delamination onset and growth induced by laser decomposition within  

carbon/epoxy composite laminates  

Gillian Leplat, C Huchette, A Mavel, P Nunez, ONERA, France ................................................ 1471 

 

Modeling anisotropic effects of carbon fiber reinforced epoxy composites In fire  

environments  

Adrian Kopacz, R Bozinoski, J Hewson, A Dodd, A Brown, Sandia National Labs, USA .......... 1481 

 

Virtual fire resistance furnace: Heat transfer predictions of a composite panel  
Gilda Auguin, V Dréan, Efectis, France ...................................................................................... 1491 
 

THERMAL INSULATION & FIBRES 

 

Fire safe use of polyurethane insulation in hall buildings  

Tuula Hakkarainen, M Nissilä, T Ojanen, VTT, Finland .............................................................. 1499 

 

Fire performance of plasterboard-insulation assemblies consisting of closed-cell  
charring insulation materials  
Juan Hidalgo, S Welch, University of Edinburgh, UK and J Torero, University of  
Queensland,

 
Australia ................................................................................................................. 1507 

 

On the contribution of foam plastic insulation to life safety in residential building fires  

Marc Janssens, A Joyce, SwRI, USA ......................................................................................... 1519 

 

Natural plant fiber flammability:  A microcombustion calorimetry survey  

Alexander Morgan, University of Dayton, USA and R Horrocks, University of Bolton, UK ........ 1529 

 

ELECTRICAL FIRES 

 

Energetics of lithium ion battery failure  

Richard Lyon, R Walters, FAA, USA ........................................................................................... 1541 

 

Thermally-induced failure of lithium ion batteries: Experimental investigation and modeling  
Stanislav Stoliarov, X Liu, University of Maryland, USA ............................................................. 1551 
 

Fire spreading from a real open-doors electrical cabinet to overhead multiple cable trays  

into a confined and mechanically-ventilated facility  

Pascal Zavaleta, L Audouin, IRSN, France ................................................................................ 1563 



xviii 
 

HUMAN BEHAVIOUR  

 

An experiment on ascending evacuation on a long, stationary escalator  

Silvia Arias, E Ronchi, K Kuklane, A Halder, Lund University, J Noren, Briab Brand &  

Riskingenjorena,, M Delin, DeBrand Sverige, K Fridolf, WSP Sverige, Sweden ....................... 1575 

 

Individual and group response behaviours during evacuation of a public house  

Nigel McConnell, K Boyce, Ulster University, UK ....................................................................... 1587 

 

An analysis of human flow composition in various types of buildings  
Dmitry Samoshin, Academy of State Fire Service, Russia ......................................................... 1599 
 
Relationship between specific flow and opening width considering pedestrian 
shoulder twist 
Mineko Imanishi, T Sano, Waseda University, Y Omiya, Tokyo University of Science, Japan .. 1609 
 

Modification of interaction force between smoke and evacuee  

Sungryong Bae, H S Ryou, Chung-Ang University, J-H Choi, Pukyong National University,  

South Korea ................................................................................................................................ 1621 

 

Variation of walking speed and decision-making time at various junctions  

Young-Hoon Bae,
 
W-H Hong, Kyungpook National University, S-H Lee, National Fire  

Service Academy, R-S Oh, S-N Baek, J-H Choi, Pukyong National University, South Korea ... 1631 

 

Development of flow model in staircase by considering mechanism of flow stop by  

congestion with people  

Masayuki Mizuno, H Sendo, N Tanaka, A Sekizawa, Tokyo University of Science, H Kadokura,  

Tokyo Research Inst Inc., K Fujii, National Research Inst of Fire and Disaster, T Sano,  

Waseda University, Japan .......................................................................................................... 1641 

 

Urban scale evacuation simulation using buildingEXODUS  
Nitish Chooramun, University of Mauritius, Mauritius and P Lawrence, E Galea,  
University of Greenwich, UK ....................................................................................................... 1645 
 
Pros and cons of egress drills  

Steve Gwynne, NRCC, A Robbins, Jensen Hughes, Canada, K Boyce, University of Ulster,  

UK, E Kuligowski, NIST, USA, D Nilsson, Lund University, Sweden and R.Lovreglio,  

Politecnio di Bari, Italy ................................................................................................................. 1657 

 

Representing egress data for engineers  

Karen Boyce, University of Ulster, UK and S Gwynne, NRCC, Canada .................................... 1671 

 

A proposed framework for managing evacuation model uncertainty considering  

verification and validation 

Tim Roberts, N Swailes, M Kinsey, G Walker, Arup, UK ............................................................ 1683 

 

AUTHOR INDEX 


