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Preface 
The Eighth International Symposium on Fire Safety Science was held at Tsinghua 
University, Beijing, China, from 18-23 September 2005. The symposium was organized 
by the China Fire Protection Association (CFPA) with Tsinghua University and 
University of Science and Technology of China as co-organizers. There were 456 
registrants attending three parallel sessions in which 123 papers and 8 invited lectures 
were presented and a poster session in which 61 posters were displayed. Twenty-five 
countries were represented: Australia, Belgium, Canada, China, Denmark, Finland, 
France, Germany, Iceland, Indonesia, Ireland, Italy, Japan, Korea, Kuwait, New Zealand, 
Saudi Arabia, Singapore, Sweden, Switzerland, Taiwan, Thailand, United Kingdom and 
United States of America. Papers and poster abstracts were accepted on the basis of their 
quality and originality in the science of fire safety and its applications. 
 
The opening ceremony was conducted by representatives from the host country and 
IAFSS. His Excellency Zhou Yong Kang, Councilor and Minister of the MPS of the 
People’s Republic of China provided the initial remarks followed by Prof. Dougal 
Drysdale, the IAFSS Chairman.  
 
Following the opening ceremony, Dr. Howard Baum, National Institute of Standards and 
Technology, delivered the Howard W. Emmons Plenary Lecture entitled "Simulating Fire 
Effects on Complex Building Structures.” Seven invited papers were also presented 
during the course of the symposium by Prof. Jean-Marc Franssen, Prof. Dorothy Bruck, 
Dr. Kevin McGrattan, Prof. Fan Weicheng , Prof. Ai Sekizawa, Prof. Richard Hull (for 
Prof. Giovanni Camino) and Major General Guo Tienan. 
 
At the Award Reception and Banquet, Prof. D. Drysdale, Chair of the Symposium 
Awards Committee, presented the Howard W. Emmons Lectureship Award to Dr. 
Howard Baum. The P.H. Thomas Silver Medal of Excellence for the best paper at the 
Seventh Symposium was awarded to D.W. Weinert, T.G. Cleary, G.W. Mulholland, and 
P.F. Beever for their paper entitled “Light Scattering Characteristics and Size 
Distribution of Smoke and Nuisance Aerosols.” The K. Kawagoe Gold Medal for 
outstanding lifelong contributions to fire safety science was presented to Prof. Sizuo 
Yokoi and accepted by his son. Dr. P.A. Croce, Chair of the Forum for International 
Cooperation on Fire Research, presented the V. Sjolin Award to Prof. Dougal Drysdale in 
recognition of his contributions to fire safety science. 
 
The proceedings include all papers delivered at the Eighth Symposium. Papers are 
organized in the proceedings by the session topics at the symposium. The content of the 
symposium proceedings have also been recorded in electronic form and provided on CD-
ROM in color. 
 
The Association would like to thank FM Global for being the principal sponsor of the 
symposium. In addition, the Association would like to extend its gratitude to all the 
organizations, committee members, and other volunteers that assisted in making this 
symposium so successful. A special thanks is given to the organizers, China Fire 
Protection Association (CFPA), Tsinghua University, and University of Science and 
Technology of China, who provided first class hospitality as well as an excellent forum 
for the exchange of ideas on fire safety science. The Association would also like to
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greatly thank all of those involved in the review, selection, and editing of the papers for 
the conference. A special thanks is given to Dr. Craig Beyler, Chair of the Program 
Committee, for organizing and leading the committee on the selection of papers, and all 
of the program committee members who interacted with authors and reviewers as well as 
reviewed final manuscripts to ensure all reviewer comments were addressed. Many 
thanks go to Ms. Judy Hanacek-Kameid along with Ms. U. Isfahani and Ms. K. Tooren of 
Hughes Associates, Inc. for their great effort in assembling the printed and CD-ROM 
versions of the Symposium Proceedings. The Chairs of the Publication Committee also 
wish to thank Dr. Dave Evans, Chair of the Publication Committee of the Seventh 
Symposium, for his advice and suggestions in preparing this symposium volume. 
 
 
Daniel T. Gottuk 
Brian Y. Lattimer 
Chairs, Publications Committee 
Hughes Associates, Inc. 
Baltimore, Maryland, United States of America 
October 2005 
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International Association for Fire Safety Science 

 

Since the first meeting at the National Bureau of Standards (USA), in 1985, the IAFSS 
Symposia have circumnavigated the globe twice. The Eighth Symposium was held in 
Beijing and marked the third symposium to be held in the Asia-Oceania region. It also 
marked the most successful event to date, in terms of the number of papers submitted, the 
number of delegates attending as well as the quality of the facilities made available to the 
IAFSS at Tsinghua University through the China Fire Protection Association (CFPA). 
For the first time, it gave the Chinese Fire Research community the opportunity to meet 
directly with colleagues from around the world. The significance of this was recognised 
by the Chinese Government who provided full support. This was made very clear by His 
Excellency Zhou Yong Kang, Councilor and Minister of the MPS, who opened the 
Symposium on Monday 19th September. His speech is included in these Proceedings. It is 
appropriate also to acknowledge the active encouragement and support of Major General 
Guo Tienan, Head of the Fire Department of the Ministry of Public Security. He kindly 
agreed to deliver a special invited lecture “The Fire Situation and the Needs for Science 
and Technology on Fire Protection in China,” which is included in these Proceedings. 
 
At the Seventh Symposium at Worcester Polytechnic Institute, Massachusetts, the 
following Committee and its officers were elected: 
 
Professor Dougal Drysdale (UK) (Chair) 
Professor Mario Fontana (Switzerland) (Vice Chair) 
Dr Craig Beyler (USA) (Vice Chair)* 
Dr Paula Beever (New Zealand) (Vice Chair) 
Dr Robert Bill (USA) (Treasurer)* 
Professor Bogdan Dlugogorski (Australia) (Secretary) 
Professor Geoff Cox (UK) (Executive Member) 
Professor Fan Weicheng (PR China) (Executive Member) 
Professor Toshi Hirano (Japan) (Past Chairman) 
 
Mr D Brein (Germany) 
Dr J Hall (USA) 
Professor Y Hasemi (Japan) 
Professor P Joulain (France) 
Dr B Karlsson (Iceland)* 
Dr S Kumar (UK)* 
Professor S-E Magnusson (Sweden) 
Dr J Mehaffey (Canada)* 

Professor P Pagni (USA) 
Professor J Quintiere (USA) 
Dr C Ramsay (Australia) 
Dr A Sekizawa (Japan)* 
Professor O Sugawa (Japan) 
Professor R Williamson (USA) 
Dr D Yung (Canada) 
 

 
New members of the Committee are indicated with an asterisk (*). At that time, the 
following members retired: 
 
Dr R Friedman (USA) 
Dr T Kashiwagi (USA) 
Professor M Kokkala (Finland) 

Dr P Thomas (UK), First Chair 
Professor Y Uehara (Japan) 
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After the meeting, Dr Y He (Australia) and Dr J Torero (UK) were co-opted on to the 
Committee to replace Professor Magnusson and Dr Ramsay who withdrew at a late stage 
in the process. Subsequently, Dr Torero was very active in managing the IAFSS web site 
in association with the Secretariat. 
 
Since the 7th Symposium, one Committee meeting was held on 4th July 2004 in 
Edinburgh. In attendance were Mr Wu Qihong (CFPA) and Dr Xiao Xuefeng (MPS, 
PRC) who outlined the arrangements for the 8th Symposium. Two months later, in 
September 2004 the Chairman and Ms Carole Franks (IAFSS Secretariat) attended 
meetings with the CFPA in Beijing at which the arrangements for the Symposium were 
finalised. 
 
At the July meeting, reports were presented on the current financial status of the 
Association. The changes initiated by our previous Treasurer, Dr Paula Beever, were well 
in hand at the time, and now the Association accounts and investments are centralised in 
London. Professor Cox identified Laing and Cruickshank as the investment management 
company best suited to our needs. This has simplified the task of the Treasurer and 
provides much greater transparency to the finances of the Association. Thanks to the 
generous sponsorship of the 7th Symposium by FM Global, NIST, NFPA, the 
Underwriters Laboratory and Tyco Fire Products, the huge effort put in by Dr John Hall 
(NFPA) and his colleagues at NFPA, FM Global and WPI, and the generosity of 
Worcester Polytechnic Institute, the 7th Symposium was financially very successful. This 
was reported fully by Dr Bill at the general meeting held during the 8th Symposium in 
Beijing. It has given the Association the opportunity to provide support for several other 
events such as the 3rd Symposium on Human Behaviour in Fire, the 4th Fire and 
Explosion Seminar and the 6th Asia-Oceania Symposium on Fire Science and Technology 
in Korea. 
 
The most important initiative which was introduced after the last Symposium is a scheme 
for awarding prizes for the best PhD dissertations in the three IAFSS regions 
(Asia/Oceania, Europe/Africa and the Americas). This reflects one of the principal 
objectives of the IAFSS, namely to encourage research in Fire Safety Science and attract 
a new generation of scientists to the cause. In all, 17 dissertations were submitted. Under 
the overall Chairmanship of Professor Mario Fontana, these awards were made to 
individuals who successfully defended their theses during the three year period ending in 
September 2004. They were invited to present papers on their doctoral work at this 
Symposium. The winners were: 
 
Dr Weng Wenguo (PR China) 
Dr Susan Lamont (UK) 
Dr Amnon Bar-Ilan (USA) 
 
It is the intention of the Association to make such awards at every Symposium. 
 
At the Committee Meeting held during the 7th Symposium, Dr Jim Mehaffey kindly 
agreed to take on the role of Editor of the IAFSS Newsletter. Thanks to his efforts 
combined with those of the IAFSS Secretariat, the publication rate has doubled. Six 
newsletters have appeared since July 2002. 
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Perhaps the most significant change is the way in which the Papers and Publications 
Committees have been combined. At the same time we have moved entirely to an 
electronic submission system that has streamlined the run-up to the 8th Symposium. Dr 
Craig Beyler (USA) undertook this task with total commitment. The successful outcome 
was clear to all delegates attending the Beijing meeting. For the first time a CD-ROM of 
all accepted papers was available to all delegates and at the time of writing, it is expected 
that the publication date for the Proceedings will be before the end of 2005. Dr Beyler 
and his colleagues – particularly Dr Dan Gottuk and Dr Brian Lattimer – are to be 
warmly congratulated on their efforts. 
 
All these changes have been facilitated by the involvement and commitment of the 
IAFSS Secretariat, Ms Carole Franks and her colleagues (Interscience Communications 
Ltd). Carole’s experience and initiative has been invaluable. Not only has she taken over 
the task of management of our membership, but we now have a centralised registration 
process for the symposia. Moreover, she has been extremely generous in the help and 
advice she has given to our colleagues in the CFPA during the preparation of the 8th 
Symposium. The Association owes her a great debt of gratitude. 
 
With these changes, the IAFSS is set on a new, proactive course. Under the 
Chairmanship of Dr Craig Beyler (from 22nd September 2005) I am confident that the 
Association will grow in numbers and in status during the years ahead. 
 
Dougal Drysdale, Chairman, 2002 – 2005 
September 2005-10-04 
 
IAFSS Administrative Office 
c/o Interscience Communications Ltd 
West Yard House 
Guildford Grove 
Greenwich, London SE10 8JT 
Tel: +44 (0)20 8692 5050 
Fax: +44 (0)20 8692 5155 
e-mail: iafssmembers@dial.pipex.com 
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Award Recipients 

 

Howard W Emmons Lectureship Award for Distinguished Achievement in  
Fire Safety Science 

1984 J.L. de Ris 

1985 E.E. Zukowski 

1986 J.G. Quintiere 

1988 K. Kawagoe (Medal associated with IAFSS for the first time) 

1991 P.H. Thomas 

1994 O. Pettersson 

1997 T. Jin 

1999 Y. Hasemi 

2002 P.J. Pagni 

2005 H.R. Baum 
 
Kawagoe Gold Medal for Outstanding Lifelong Contributions to  
Fire Safety Science 

1994 A. Robertson 

1997 P.H. Thomas 

1999 H.E. Nelson 

2002 D. Drysdale 

2005 S. Yokoi 
 
P.H. Thomas Silver Medal of Excellence for the Best Paper of the  
Previous Symposium 

1988 Y. Hasemi 

1991 H.R. Baum & B.J. McCaffrey 

1994 A. Atreya & M. Abu-Zaid 

1997 B.Z. Dlugogorski, J.R. Mawhinney & V.H. Duc 

1999 R.G. Rehm, K.B. McGrattan, H.R. Baum & K.W. Cassel 

2002 J.P. Garo, P. Gillard, V.P. Vantelon & A.C. Fernandez-Pello 

2005 D.W. Weinert, T.G. Cleary, G.W. Mulholland & P.F. Beever 
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In Memoriam 

 

 

Professor Gerard M. Faeth 
1936-2005 

 
Jerry Faeth passed away suddenly on January 24, 2005. With his death the University of 
Michigan lost one of its academic brightest stars, the Arthur B. Modine Distinguished 
University Professor of Aerospace Engineering. This is a doubly distinguished position, a 
mark of the esteem with which he was regarded by his colleagues. He also held an 
appointment as Professor of Mechanical Engineering, a position he held earlier in his 
career as he rose through the ranks in the Mechanical Engineering Department at the 
Pennsylvania State University before moving to the University of Michigan in 1985. 
Given his brilliance and outgoing personality, Jerry was a born teacher. He supervised 52 
Ph.D. students and 28 Post-Doctoral Fellows over the course of his career, many of 
whom found their own way into the academic world. Among those present at the 
memorial service immediately following his death were former students occupying 
positions ranging from Associate Dean at a major research university to newly minted 
Assistant Professor. 
 
Prof. Faeth is probably best known to the fire research community through his research 
on such diverse topics as heat transfer from wall flames, soot properties including 
growth, oxidation, and radiation, the development of “state relations” characterizing the 
combustion properties of many fuels, and fluid mechanics of turbulent jets and plumes. 
Impressive as this list of accomplishments is, it barely hints at the real breadth and depth 
of his research activities. To quote from his own description, “My interests include 
theoretical and experimental research concerning combustion, heat transfer, and fluid 
dynamics.” Not only did he perform research in all these fields, his work was so highly 
regarded that he held the position of Technical Editor or Editor in Chief of major research 
journals in each of these fields; Combustion and Flame, the ASME Journal of Heat 
Transfer, and the AIAA Journal. 
 
Jerry was the recipient of many honors and awards. These include membership in the 
U.S. National Academy of Engineering, and election to the rank of Fellow in four 

 ix



 
professional societies; the American Institute of Aeronautics and Astronautics (AIAA), 
the American Society of Mechanical Engineers (ASME), the American Association for 
the Advancement of Science (AAAS), and the American Physical Society (APS). He was 
also the recipient of the Combustion Institutes Alfred G. Egerton Gold Medal, and the 
winner of “Best Paper” awards at numerous technical meetings. His research output was 
prodigious. He was the author or co-author of over 500 journal articles and other papers, 
which were studied enough to earn him a certificate from the Institute for Scientific 
Information as one of the 99 most highly cited engineers in the world. 
 
It was not only numbers though, that brought him recognition. His work was 
characterized by superficially very simple but elegant experiments, supported by insight 
gained from the use of analysis tools most likely to illuminate the experiments. The 
results are invariably widely understood and turned out to be useful far beyond the 
original intent of the investigation. Indeed, this beautiful clarity that emerges from his 
research is the reason it is so widely cited in the engineering community. The beautiful 
clarity that illuminated Jerry’s research also illuminated his personality. We will not see 
his like again any time soon. 
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Opening Address 

 

By H E Zhou Yong Kang, State Councellor and Minister of the MPS 

Respected Chairman Drysdale, dear Delegates, Ladies and Gentlemen. 
 
In the beautiful golden autumn season, fire scientists from home and abroad gather 
together in Beijing to explore the key issues of Fire Safety Science and Fire Engineering, 
a cutting edge theme with global attention. At this valuable and memorable moment, I 
would like, on behalf of the Government of the People’s Republic of China and in my 
own name, to express my heartfelt congratulations on the opening of the 8th International 
Symposium on Fire Safety Science and my warm welcome to all distinguished guests! 
 
To realise a harmonious society and to construct a good society is a social ideal that 
human beings have long been pursuing. In the past two decades, by making full use of the 
platform of the International Symposium on Fire Safety Science, the International 
Association of Fire Safety Science has played an important role in improving 
international fire safety science research, advancing the worldwide firefighting 
development, maintaining fire safety and the direct interests of the public. 
 
Holding this conference in Beijing is proof of the attention and support that the 
international fire science sector has given to the development of fire science and 
firefighting in China. 
 
China is a country with an ancient civilisation of 5000 years of history and the Chinese 
people have created a colourful culture with their own diligence and wisdom. The fight 
against fire disasters has in particular accompanied the human history of using fire. The 
Chinese government has always attached great importance to the firefighting work and 
fire safety science research. Such unremitting efforts lead to a full development of 
firefighting cause, which has created a good fire safe environment for the working and 
living of the public. 
 
At this time, under the leadership of the Chinese Communist Party, the Chinese people 
are devoted to the establishment of a well-off society in an all round way and the 
construction of a socialist harmonious society. Both firefighting work and fire safety 
science are not only closely linked with the safety of life and property of the people, but 
are bound up with the smooth realisation of the grand objective of establishing a well-off 
society and constructing the socialist harmonious society. Therefore, we are going to pay 
more attention to firefighting work and fire safety science research and make more 
extensive international exchange and cooperation with fire safety science research 
agencies and firefighting departments in the world including the International Association 
of Fire Safety Science and try our best to improve the Chinese firefighting work and fire 
safety science research. 
 
The delegates present at this conference are world famous fire safety scientists and 
firefighting experts. I wish you will continue to play a vital role in driving the 
development of fire safety science and firefighting cause in the world. 

Finally may I wish this symposium a complete success! 
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