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A Brief History of Fire Safety Science
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In every science the highest watchword is the task of seeking order and continuity from the
abundance of individual experiences and individual facts, in order, by filling the gaps, to integrate
them into a coherent view ( #E2— 18Zd - REAENHMENEENNMERESELPIRSHNESER
. BEIIEANER - FHESA-EEZMNIANGEZR ) BEYIEFER Sl - TA%
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This work 1s dedicated to the future safety scientists,
safety engineers, and safety professionals who will
advance the understanding and practice of safety.
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The J iIngi Stream By Du Xunhe (Tang Dynasty)

Dangerous are the rocks in Jingxi Stream, so men take utmost care; No one’s heard drowned there the whole year
through. Yet where the stream runs smooth with no rocks bare, Oft comes the news that someone’s sunk through.
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Yet aside from these built-in fire protection devices, tools,
and agents, the age-old natural commodity of water still re-
mained the primary tool in the fire protection arsenal. Deliver-
ing water to control a fire was viewed as critical in the ancient
world, and it remains so today. The earliest fire pump is gener-
ally credited to Ctesibius of Alexandria in the second century
B.C. During medieval times, the fire pump was reinvented in Eu-
rope and is reported to have been used in several German cities,
including Augsburg in 1518 and Nuremberg in 1655. Various
reports exist throughout the next several hundred years of fire

A hypothetical reconstruction of Ctesibius' and Heron's

apparatus used in cities such as Boston, London, and Philadel- first fire pump at Kotsanas Museum of Ancient Greek
phia, with the eventual development of steam-powered, horse- Technology, in Athens, Greece. fﬁ?‘%ﬂ%ﬁ&ﬁ‘]ﬂﬁ%%
drawn pumpers replacing more primitive hand pumps, which LA R BRI N, — PR B SR O ST b

B 5/RDFE G HR.

History of firefighting: https://en.wikipedia.org/wiki/History of firefighting
Cote, A. E. (Ed.). (2008). Fire Protection Handbook (20th ed., Vol. I). National Fire Protection Association.
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Fire was an ever-present threat to industry in the nineteenth century,
when fire-resistant and fireproof building materials were unknown. Indus-
try utilized open fires, candles, and whale oil lamps. Fires were fought
using a method called the “bucket brigade.”” A line of persons was formed
from the fire to a source of water, a bucket filled with water was then
passed from person to person, and the person closest to the fire dumped
the water on the fire.

In 1736, Benjamin Franklin organized the first volunteer fire department
in the colonies, The Union Fire Company of Philadelphia. In 1752, Franklin
also founded a fire insurance company, The Philadelphia Contributorship.
Company engineers periodically inspected policyholders” homes and
shops for fire hazards.

During the early 1800s, volunteer fire companies frequently proved
themselves as ineffective as the old bucket brigades at extinguishing big
fires. On one occasion, competing volunteer fire companies fought each
other while buildings were reduced to ashes. Major fires also drove several

Gloss, D. S., & Wardle, M. G. (1984). Introduction to safety engineering. John Wiley & Sons.
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Hydrodynamica, sive de Viribus et Motibus Fluidorum Commentarii
(Latin for Hydrodynamics, or commentaries on the forces and motions
of fluids) is a book published by Daniel Bernoulli in 1738. The title of
this book eventually christened the field of fluid mechanics as
hydrodynamics.

DANIELIS BERNOULLI Jor Fir.
Mep. Pror, Basrtre,

;i SC]EN-T. IMPER. PETROPOLITAN/E, PRIUS MATHESEOS
ACSALIU)SI.H\I'J()R;IS PROF.ORD. NUNC MEMBRI ET PROF. HONOR.

'HYDRODYNAMICA,

N SIVE
DE VIRIBUS ET MOTIBUS FLUIDORUM
COMMENTARIL
OPUS ACADEMICUM

AB AUCTORE, DUM PETROPOLI AGERET,
- CONGESTUM, .

e4ARGENTORATI,

Sumptibus JOHANNIS REINHOLDI DULSECKERI,
Anno M D CCXXXVIIL :

Typis Jon. Heng, Decxent, Typographi Bafilienfis, .

Bernoulli, D. (1738). Hydrodynamica, sive de viribus et motibus fluidorum commentarii. Johann Reinhold Dulsecker.
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novation for fire protection. The proverbial parade of advance-
ments is noteworthy: in 1800 Englishman John Carrey invented
a crude automatic sprinkler; in 1821 Joseph Boyd patented the
first rubber-lined cotton fire hose; in 1845 William Channing
was credited with the invention of the first fire alarm telegraph;
in 1852 a patent was issued for the first sprinkler perforated pipe
system; also in 1852 the first Central Office (i.e., central sta-
tion) and fire alarm boxes were installed in Boston; in 1853 the
first practical motorized fire pumper was tested in Cincinnati; in
1860 Philip Pratt produced the first practical automatic sprinkler
system; in 1863 Alanson Crane patented the first portable fire
extinguisher; in 1864 Stewart Harrison produced the first practi-
cal sprinkler, significantly improved in 1874 by Henry Parmelee
and again in 1880 by Frederick Grinnell. These inventions con-
tinued into the twentieth century with important technological
innovations, such as the invention in 1940 of soy protein aero-
foam by Percy Julian, the introduction of high-pressure water
mist fog nozzles in 1942 by the U.S. Navy, and the invention in
1969 of the first battery-powered smoke detector by Randolph
Smith and Ken House.?

In This Issue

* NFSA Celebrates 100
‘Year Anniversary

« Fire Sprinkler Industry
History

* GEM, Central & Star
History

+ Fire Sprinkler Success
Stories

* VRP Update

Fire Sprinkler History - NFSA , NFPA & Tyco

On November 22, 1905, John Moore of General Fire Extinguishing Company, W.G. Allen of
Niagara Sprinkler Company, and George M. Myers of Standard Fire Extinguishing Company,
without the benefit of today’s modern air travel, met and formed the National Automatic Sprin-
kler Contractors Association, later to become the National Fire Sprinkler Association. From its
inception, the names Grinnell (now the Gem product line), Star, and Central, have been forever
intertwined with the history and development of the Association.

The year 2005 finds the NFSA involved in all aspects of the industry. From code initiatives to
educational seminars, its activities are highly visible throughout the industry. The organization
has successfully transformed the Association into an extremely visible and influential voice for
the NFSA's contractor, supplier, and manufacturer members. The evolutionary process of the
association is tied directly to the history of its members, and the names of Central, Gem, and
Star have played a prominentrole ...

The 1800's— A Time of Need and the Emergence of Leaders

Look through the time machine to the year 1806 — ninety nine years before the historic meeting
of the three companies in St. Louis, and we find John Carey filing a patent in London for a
perforated pipe concept for fire protection systems. The system never gained acceptance in the
United States, but, in 1808, the country was still in development following its War of
Independence. In 1809, William Cosgrove of London patented an improvement to the system
that used 190°F rated fusible link actuators, an outside control valve, and a fire department
connection.

The New England States led the nation’s industrial progress, and mills (and fires) were common.
Records in the United States show that the first
‘sprinkler’ system (using the perforated pipe
method) was installed in the picking room of
the Suffolk Manufacturing Company in Lowell,
Massachusetts. Responding to continued con-
cerns, the Providence Steam and Gas Com-
pany, later to become the Grinnell Company.
was founded in 1850, and it took the lead in fire
protection installations for the New Eng-
land mills with perforated pipe installations.
Several improvements were made to the origi-
nal perforated pipe installations, including
those of James B. Francis, who spaced 1/10
inch holes at 9 ft. intervals, and who later
experimented with sprinklers, using cords and
gutta percha (a gummy, stringy substance

Parmelee Sprinkler , 1874

Cote, A. E. (Ed.). (2008). Fire Protection Handbook (20th ed., Vol. I). National Fire Protection Association.

Holzman, R. S., The Romance of Firefighting, Harper & Brothers, New York, 1956, pp. 136-154; Lyons, P. R., Fire in America!, National Fire Protection Association,

Quincy, MA, 1976, pp. 230-236.

History of Sprinkler Systems & NFPA 25 Presented by:Steven Schneider-CFPS. https://www.pennboc.org/wp-content/uploads/2022/10/2022-09-21-Historical-Sprinkler-

Systems-Handouts-ver-2-Steven-Schneider.pdf

Fire Sprinkler History - NFSA , NFPA & Tyco -https:/fireprotectionsupport.nl/wp-content/uploads/2019/05/200-jaar-Sprinklers.pdf

The introduction to England of automatic fire sprinkler 1881 — 1888: https://canutesoft.com/information-and-resources/history-of-fire-sprinkler-systems-1881-1888
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novation for fire protection. The proverbial parade of advance- j y
ments is noteworthy: in 1800 Englishman John Carrey invented James Boyd an Irish immigrant came to Boston, MA, in 1817 and set up a saddlery '
a crude automatic sprinkler: in 1821 Joseph Boyd patented the and leather company, James Boyd, Saddler, who manufactured harnesses, fire
first rubber-lined cotton fire hose; in 1845 William Channing ' o . . .
was credited with the invention of the first fire alarm telegraph; buckets, and leather fire hose. A story from an article in Fire Engineering Magazine
in 1852 a patent was issued for the first sprinkler perforated pipe backin 1937 related that Nathan Hunt of Boston Belting Company developed a
system; also in 1852 the first Central Office (i.e., central sta- . . ) )

. ( method to replace leather drive belts for machinery with cotton belts coated with
tion) and i[RI .- U 1853 the

P TR T A ﬁ HAH 4T cinnati: in rubber on one side. James Boyd saw this and came up with the idea to join the
o =g o N=a Vv .

1860 Philifes] BREETREIRE, N7 S belt with rivets into a tube with rubber on the inside creating a new type of fire
system; in 7‘5 James Boyd rtable fire . . .
extinguishci® ; Lot rst practi- hose.33 Around 1821 he received a patent for a cotton “rubber-lined fire hose'34
cal sprinkler, significantly improved in 1874 by Henry Parmelee The Mayor of Boston ‘reported a 100 feet of Boyd's fire hose would do the same

and again in 1880 by Frederick Grinnell. These inventions con-
tinued into the twentieth century with important technological
innovations, such as the invention in 1940 of soy protein aero- also a volunteer with Boston Fire Department and established a charitable
foam by Percy Julian, the introduction of high-pressure water
mist fog nozzles in 1942 by the U.S. Navy, and the invention in
1969 of the first battery-powered smoke detector by Randolph
Smith and Ken House.?

Cote, A. E. (Ed.). (2008). Fire Protection Handbook (20th ed., Vol. I). National Fire Protection Association.

work as 60 men - and do it more efficiently, faster and safer”35 James Boyd was

organization for firemen killed or injured in the line of duty.
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6 pioneers of fire-behavior research
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James Braidwood. The mantle of father of the modern fire service must go to a man
born in Edinburgh, Scotland. James Braidwood (1800—1861) was first trained as a
surveyor of buildings, which provided him with an exceptional knowledge of
building construction and materials. At age 24, he was appointed the master of fire
engines for Edinburgh after a serious fire nearly destroyed the city center. Braidwood
soon established the foundational principles of firefighting that are still applied today,
specifically the critical importance of getting fire hoses inside to the seat of the fire.

https://www.firerescuel.com/fire-chief/articles/6-pioneers-of-fire-behavior-research-Q2GIZRA Gza3cwNsN/

The Scottish Father of the American Fire Service

https://www.fireengineering.com/firefighter-training/the-scottish-father-of-the-american-fire-

service/#:~:text=James%20Braidwood's%20contributions%20t0%20the.seat%200f%20the%20fire%20directly.

James Braidwood- first Superintendent of the London Fire Engine Establishment.
https://www.london-fire.gov.uk/museum/london-fire-brigade-history-and-stories/trailblazers/james-braidwood/
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FM Global /& 37

FACTORY MUTUAL

Insurance companies such as the Factory Mutual System (FM) and Industrial Risk
Insurers (IRI) are at the forefront of industrial fire safety. They provide engineering
and inspection services, development of standards and fire research, and develop-
ment of their own standards.

Founded in 1835, the Factory Mutual System consists of four member companies.
These include the Allendale Mutual Insurance Company, the Arkwright-Boston
Insurance Company, the Protection Mutual Insurance Company, and the Phila-
delphia Mutual Company. The Factory Mutual System stipulates good loss control
practices as a prerequisite when issuing insurance coverage to manufacturing plants.

The Factory Mutual System conducts basic and applied research, develops stan-
dards, and issues approval on materials and fire protection equipment. Inspections
and evaluations are conducted by the Division of Engineering. They analyze existing
hazards, the protection systems, and management’s property conservation methods.

Della-Giustina, D. E. (2014). Fire safety management handbook (3rd ed.). CRC
Press/Taylor & Francis Group.

https://en.wikipedia.org/wiki/FM_(insurance)
https://www.fm.com/about-us/our-history
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novation for fire protection. The proverbial parade of advance-
ments is noteworthy: in 1800 Englishman John Carrey invented
a crude automatic sprinkler; in 1821 Joseph Boyd patented the
first rubber-lined cotton fire hose; in 1845 William Channing
was credited with the invention of the first fire alarm telegraph;
in 1852 a patent was issued for the first sprinkler perforated pipe
ol fn INSD b i3 fi Qe e, central sta-
oy . bn; in 1853 the
ZX ﬁk 75 1845 $ ’ {—El 1852 Cincinnati; in
FEHPEE A matic sprinkler
t portable fire
extinguisher; in 1864 Stewart Harrison produced the first practi-
cal sprinkler, significantly improved in 1874 by Henry Parmelee
and again in 1880 by Frederick Grinnell. These inventions con-
tinued into the twentieth century with important technological
innovations, such as the invention in 1940 of soy protein aero-
foam by Percy Julian, the introduction of high-pressure water
mist fog nozzles in 1942 by the U.S. Navy, and the invention in
1969 of the first battery-powered smoke detector by Randolph
Smith and Ken House.?

Fire-alarm system installed at
Boston City Hall in 1852.

Cote, A. E. (Ed.). (2008). Fire Protection Handbook (20th ed., Vol. I). National Fire Protection Association.
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novation for fire protection. The proverbial parade of advance-

ments is noteworthy: in 1800 Englishman John Carrey invented FIRE PROTECTION
a crude automatic sprinkler; in 1821 Joseph Boyd patented the HANDBOOK®
first rubber-lined cotton fire hose; in 1845 William Channing

was credited with the invention of the first fire alarm telegraph; s o

in 1852 a patent was issued for the first sprinkler perforated pipe B
system: also in 1852 the first Central Office (i.e.. central sta-

tion) and fire alarm boxes were installed in Boston; in 1853 the A D

first practical motorized fire pumper was tested in Cincinnati; in Caog 0 Crenl; 5. 0 ok TR PRD @ Ribrk  Bobemen FE-
1860 Philip Pratt produced the first practical automatic sprinkler Pamela A. Powell

system; in 1863 Alanson Crane patented the first portable fire s
extinguisher; in 1864 Stewart Harrison produced the first practi- Rorr . e, P
cal sprinkler, significantly improved in 1874 by Henry Parmelee . se.

and again in 1880 by Frederick Grinnell. These inventions con- i G ) e
tinued into the twentieth century with important technological Gy . o P, Rotr ) ik -
innovations, such as the invention in 1940 of soy protein aero- SR B

foam by Percy Julian, the introduction of high-pressure water

mist fog nozzles in 1942 by the U.S. Navy, and the invention in m

1969 of the first battery-powered smoke detector by Randolph -

Smith and Ken House.’

Cote, A. E. (Ed.). (2008). Fire Protection Handbook (20th ed., Vol. I). National Fire Protection Association.
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novation for fire protection. The proverbial parade of advance-
ments is noteworthy: in 1800 Englishman John Carrey invented
a crude automatic sprinkler; in 1821 Joseph Boyd patented the
first rubber-lined cotton fire hose; in 1845 William Channing
was credited with the invention of the first fire alarm telegraph;
in 1852 a patent was issued for the first sprinkler perforated pipe
system; also in 1852 the first Central Office (i.e., central sta-
tion) and fire alarm boxes were installed in Boston; in 1853 the
first practical motorized fire pumper was tested in Cincinnati; in
1860 Philip Pratt produced the first practical automatic sprinkler
system; in 1863 Alanson Crane patented the first portable fire
extinguisher; in 1864 Stewart Harrison produced the first practi-
cal sprinkler, significantly improved in 1874 by Henry Parmelee
and again in 1880 by Frederick Grinnell. These inventions con-
tinued into the twentieth century with important technological
innovations, such as the invention in 1940 of soy protein aero-
foam by Percy Julian, the introduction of high-pressure water
mist fog nozzles in 1942 by the U.S. Navy, and the invention in
1969 of the first battery-powered smoke detector by Randolph
Smith and Ken House.”
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ETEA. FIRE EHHIHE BUILDERS.

BUCEEYE WORKS, CINCINNATI, 0.

Cote, A. E. (Ed.). (2008). Fire Protection Handbook (20th ed., Vol. I). National Fire Protection Association.
Cincinnati Fire Department: First In The Nation. https://www.cincinnati-oh.gov/fire/about-fire/history/
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On April 1, 1853, Cincinnati, Ohio, established
the first professional and fully paid fire
department in the United States.
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Adolf Eugen Fick (3 September 1829 — 21 August 1901) was a
German-born physician and physiologist. In 1855, he introduced
Fick's laws of diffusion, which govern the diffusion of a gas across a
fluid membrane. In 1870, he was the first to measure cardiac output,
using what is now called the Fick principle.
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novation for fire protection. The proverbial parade of advance- o, 37,810,
ments is noteworthy: in 1800 Englishman John Carrey invented
a crude automatic sprinkler; in 1821 Joseph Boyd patented the
first rubber-lined cotton fire hose; in 1845 William Channing
was credited with the invention of the first fire alarm telegraph;
in 1852 a patent was issued for the first sprinkler perforated pipe
system; also in 1852 the first Central Office (i.e., central sta-
tion) and fire alarm boxes were installed in Boston; in 1853 the
first practical motorized fire pumper was tested in Cincinnati; in
1860 Philip Pratt produced the first practical automatic sprinkler
system; in 1863 Alanson Crane patented the first portable fire
extinguisher; ig 1864 Stewart Harrison produced the first practi-
cal sprinkler, significantly improved in 1874 by Henry Parmelee

0 by Frederick Grinnell. These inventions con-
it b oottt technological

FIRE EXTINGUISHER.
Patented Feb. 10, 1863

P TR

SR ON TR SRR

1969701 The TSt Dattery [Cd STOKE detector by Randolph
Smith and Ken House.”

https://www.hagley.org/research/news/hagley-vault/first-us-patent-fire-extinguishing-system-buildings-was-granted-date
Cote, A. E. (Ed.). (2008). Fire Protection Handbook (20th ed., Vol. I). National Fire Protection Association (=L &ISK H1Z3CHk) .
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novation for fire protection. The proverbial parade of advance-
ments is noteworthy: in 1800 Englishman John Carrey invented
a crude automatic sprinkler; in 1821 Joseph Boyd patented the
first rubber-lined cotton fire hose; in 1845 William Channing
was credited with the invention of the first fire alarm telegraph;
in 1852 a patent was issued for the first sprinkler perforated pipe
system; also in 1852 the first Central Office (i.e., central sta-
tion) and fire alarm boxes were installed in Boston; in 1853 the
first practical motorized fire pumper was tested in Cincinnati; in
1860 Philip Pratt produced the first practical automatic sprinkler
system; in 1863 Alanson Crane patented the first portable fire
extinguisher; in 1864 Stewart Harrison produced the first practi-
cal sprinkler, significantly improved in 1874 by Henry Parmelee
and again in 1880 by Frederick Grinnell. These inventions con-
tinued into the twentieth century with important technological
innovations, such as the invention in 1940 of soy protein aero-
foam by Percy Julian, the introduction of high-pressure water
mist fog nozzles in 1942 by the U.S. Navy, and the invention in
1969 of the first battery-powered smoke detector by Randolph
Smith and Ken House.”

Major A Stewart Harrison - 1864

British engineer, Major A Stewart Harrison of the FireEnineer
Volunteers, invented the first modern fire sprinkler head in 1864.
The sprinkler was a hollow perforated brass ball around 50 mm
(2in) in diameter. A plunger running through the brass ball was
held in place by a retaining string. Fire would burn through the
string, and the plunger would drop out and release the seal.

https://canutesoft.com/information-and-resources/history-of-fire-sprinkler-systems

Cote, A. E. (Ed.). (2008). Fire Protection Handbook (20th ed., Vol. I). National Fire Protection Association.
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novation for fire protection. The proverbial parade of advance-
ments is noteworthy: in 1800 Englishman John Carrey invented
a crude automatic sprinkler; in 1821 Joseph Boyd patented the
first rubber-lined cotton fire hose; in 1845 William Channing
was credited with the invention of the first fire alarm telegraph;
in 1852 a patent was issued for the first sprinkler perforated pipe
system; also in 1852 the first Central Office (i.e., central sta-
tion) and fire alarm boxes were installed in Boston; in 1853 the
first practical motorized fire pumper was tested in Cincinnati; in
1860 Philip Pratt produced the first practical automatic sprinkler
system; in 1863 Alanson Crane patented the first portable fire
extinguisher; in 1864 Stewart Harrison produced the first practi-
cal sprinkler, sig B B AT E AR Henry Parmelee

and again in 18§ 2 gz inventions con-
LT N 1Z 72 1872 .
tinued into the (NNOHEGWES .fi A #nt technological

innovations, such as the invention in 1940 of soy protein aero-
foam by Percy Julian, the introduction of high-pressure water
mist fog nozzles in 1942 by the U.S. Navy, and the invention in
1969 of the first battery-powered smoke detector by Randolph
Smith and Ken House.”

Cote, A. E. (Ed.). (2008). Fire Protection Handbook (20th ed., Vol. I). National Fire Protection Association.

’ National Emergency Services
. Museum

September 17, 2020 - &

#OTD in 1872 American Phillip W. Pratt patented
the first automatic fire sprinkler. Manual
sprinklers had actually been in use for many
years; London's Theatre Royal had a system
installed in 1812 and it's said Leonardo Da Vinci
designed one for his patron's kitchen in the 14th
century!
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Svante August(19 February 1859 — 2 October 1927) was a Swedish scientist.
Originally a physicist, but often referred to as a chemist, Arrhenius was one of
the founders of the science of physical chemistry. In 1903, he received the
Nobel Prize in Chemistry, becoming the first Swedish Nobel laureate. In 1905,
he became the director of the Nobel Institute, where he remained until his death.
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Fire pumps have been used to supply flow and pressure to fire protection systems for over
100 years. The first NFPA standard on automatic sprinkler systems was published in 1896
and included information on steam and rotary fire pumps that is still valid today. Among its
requirements were 2Y%2 in. (65 mm) outlets for testing purposes, equipment protection (the
pump had to be located in a brick or stone enclosure and cut off from the main building by fire
doors), and a weekly running test. The standard established the minimum size for fire pumps
to be not less than 500 gpm (1892 L/min) rated capacity and required a 60-minute water sup-
ply. A spring-type pressure relief valve and pressure gauge were also required. These require-
ments amounted to less than one page of text for the installation of a fire pump.

Duffy, C. R. W., & Shapiro, J. E. (Eds.). (2019). Stationary fire pumps and standpipe systems
handbook (6th ed.). National Fire Protection Association.
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At the start of the twentieth century there were significant activities in US fire safety. The
National Fire Protection Association (NFPA) was founded in 1897 principally to address
sprinkler use and its standardization. The Underwriter’s Laboratory (UL) was founded in
1894 by William H. Merrill to address electrical standards and testing. In 1904, Congress
created the National Bureau of Standards (NBS), later becoming the National Institute of
Standards and Technology (NIST) in 1987. After the Baltimore conflagration (1904),
Congress directed NBS to address the structural fire safety of buildings. That program
began in 1914 under Simon Ingberg, and had a profound influence on standards and
testing dealing with structural fire protection over the next 60 years. It is noteworthy to
consider the words of the NBS Director to Congress in 1914 when US fire losses were

The group continued meeting, and following one such meeting in March 1896 released the “Report of
Committee on Automatic Sprinkler Protection,” which would eventually become NFPA 13, Standard for the
Installation of Sprinkler Systems. At a subsequent meeting on November 6, 1896, the group voted to start an
entire organization dedicated to advancing fire safety. “This organization shall be known as the National Fire
Protection Association,” the approved article stated, and NFPA was officially born (3E;EERN) .

NFPA

Quintiere, J. G. (2006). Fundamentals of fire phenomena. John Wiley & Sons, Ltd.
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British Fire Prevention Committee

1897 Committee established

1898/9 Formed the first permanent fire testing station in Europe; the committee conducted a series of tests of many different types of flammable object, including non-
proprietary materials, the cost of testing of these being born by the members of the committee. [

1899 Registered with limited liability without the word "Limited" [

1905 The Committee had to move its testing station from its original position; the new site was provided by the Central Electric Supply Co and was within easy reach of
Baker-street Railway Station, i.e. an easy cab drive from Charing Cross making it possible for members of the committee (i.e. "busy men") to conduct the tests there.

1907 Tests of containers for inflammable liquids were conducted by the Safety Non-Explosive Reservoir Co at the BFPC's Regent's Park testing station/!
1908 Some member of the committee, led by Edwin O. Sachs, promoted the formation of the Concrete Institute

1909 Testing of fire-resistant doors at the testing station; the chairman of the committee was Edwin O. Sachs; Major O'Meara, chief engineer of the GPO, represented
the counil of the committee!”!

1914 Tests at the Regent's Park testing station of types of liquids and chemicals used in fire extinguishers, under Mr D. W. Wood chairman of the Extinguishers'
Research Sub-Committee!”!

1919 The founder and chairman of the committee, Mr Edwin Q. Sachs died.

Sometime after 1918, the Committee was dissolved.

https://www.gracesguide.co.uk/British Fire Prevention Com
mittee#:~:text=From%20Graces%20Guide,the%20council%200
f%20the%20committee
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Max Karl Ernst Ludwig Planck (23 April 1858 — 4 October 1947)was a German
theoretical physicist. He won the 1918 Nobel Prize in Physics "for the services he
rendered to the advancement of physics by his discovery of energy quanta."
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At Baku in the south of Russia there are enormous natural stores of petroleum and when
they are tapped the petroleum gushes up with extraordinary force. Occasionally ane of

these oil fountains catches fire and the result, as shown in the fllustration, is a column of fire
200300 feet high, surmounted by a huge clond of smoke,

https://digital.sciencehistory.or
g/works/jw827c92n
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At the start of the twentieth century there were significant activities in US fire safety. The
National Fire Protection Association (NFPA) was founded in 1897 principally to address
sprinkler use and its standar¢SSS e aboratory (UL) was founded in
1894 by William H. Merrill IS O3 SRR S| AT fhi 22 and testing. In 1904, Congress
created the National Bureau of Standards (NBS), later becoming the National Institute of
Standards and Technology (NIST) in 1987. After the Baltimore conflagration (1904),
Congress directed NBS to address the structural fire safety of buildings. That program
began in 1914 under Simon Ingberg, and had a profound influence on standards and
testing dealing with structural fire protection over the next 60 years. It is noteworthy to
consider the words of the NBS Director to Congress in 1914 when US fire losses were

1901 % :
1904 4 :
1914 % .
1988 % :

NBS & i,

B R EE A KR NBS T RMFATEN (REZBEDAREN) T,

o5 -HAAE B SN 2 G A KRB % .
NBS ERX € 4 4 NIST,

eBRAS /
OEEATY,

EST. 1901

25 YE p

Quintiere, J. G. (2006). Fundamentals of fire phenomena. John Wiley & Sons, Ltd.
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The idea of a standardised approach to fire testing G
REPORT OF PROCEEDINGS

dates back to the International Fire Prevention |
Congress held in London in 1903. In 1917 ASTM-C19 INTERNATIONAL
(later altered to E11923) was issued. This document Fike PreVENTION CONGRESS

B Prat i
e 1525.%3

& |

WBarbard College Library

ConvENED 1IN LoNDON, ENGLAND,

included a specification for a standard heating curve.

JULY 6th to 11th, 1903.

The first edition of BS 476 on fire resistance testing

PREPARED AT THE REQUEST OF

was published in 1932. Subsequent revisions have JACOB A CANTOR,

President of the Borough of Manhattan.

Williomm B. Medlicstt,
‘ Beston

attempted to harmonise both the heating curve on an

international basis through the adoption of the s P ot B e U,
international standard, ISO 83421 and the control of

furnaces within the European Community.

£ R RIE: https:/babel.hathitrust.org/cgi/pt?id=hvd.hxhhr3&seq=7
Green, M., Bailey, C. G., Burd, A., Bussey, P, Faller, G., Fisher, K., Harding, G., Kirby, B. R., Mettem, C. J., Newman, G., Plank, R., Purkiss, J., Charters,
D., Ferguson, A., Lamont, S., & Chan, B. (2003). Introduction to the fire safety engineering of structures. The Institution of Structural Engineers.
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With the largest share of high-rise buildings in the United States,
New York City became the early focus for the new technologies and
& STANDARDIIATION Bb g et o testing r.elate(_i to t_her}q. In 1902, Professor Ira H Wool:_son of
News R i Columbia University s Department of Mechanical Engineering
established the first permanent U.S. station for testing building
component fire resistance.

View
Cart

Feature
[ bcrzion |

Woolson’s laboratory focused not on basic
research but on practicaltests for the New York
Bureau of Buildings,, which wanted to reduce the
need for subjective judgment. The first test

John R._Hall, Jr, is
assistant vice president
for fire analysi and
research at the National
Fire Frotection
Association, w hera he
has worked for 20 years

rer an it safey work standard was adopted by the New York Building
i invalving stalistics, risk .
i maceogurart For Code in 1899.
Stare - - mast of that fime, he has
chacil Conm ey oreebe i
romsentae o AST Ira H. Wool o
BITITZE A Century of Fire Standards s oo ol courTESy oF Not surprisingly, then, when the members of
e ] il ( ; : .
The History of Commities E05, 1904-2004 sl coLumBia  ASTM’s new committee on fireproofing materials
convanor of Worki . .
by John R Hal I Grog Dok UNIVERSITY)  met to organize in 19035, they chose Woolson as
o g Onkit.1 190% Balimrs il it s s of SSomilion 3L chair and then-New York Superintendent of Buildings Rudolph H.
Sundurdimtion{odate. ' Em‘:;;i:""zf?ﬁ;;*” Miller as secretary. Miller would serve as secretary until Woolson’s
&l e death, then serve as chairin his own right from 1927 to 1943,
-year-old ASTM, initially designated Commitice P on
Fireproofing Materials
By 1910 vas Commit -5, which woud e s mme o3 i In 1906, Committee P began assembling results of relevant U.S. and
tesis for fire resisance. 1.2) U.K. fire tests. By 1907, the committee had issued its first standard,
; e C 2 Method of Test for Fireproof Floor Construction, unchanged in
sy Lo e, D all essentials from Woolson’s specifications for New York City. A
like terra cotta, ' . .
wall partition standard, C 3, followed in 1909. Meanwhile, other
9 »
Through the 18905, evaluation of the fire performance of thes e new . L. . .
@ imed o post s afer e . countries were lining up behind an alternative standard
el s e i e promulgated in 1903 by the British Fire Protection Committee.

ASTM Fire Standards 100 Years PDF. https://www.scribd.com/document/183557035/ASTM-Fire-Standards-100-years-pdf
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ASTM Test Standards. The American Society of Testing and
Materials was the first standards development organization in
the United States to publish a fire resistance furnace test stan-
dard.'”'8 The Baltimore conflagration on February 7, 1904, re-
sulted in the formation of ASTM Committee P on Fireproofing
Materials. In 1910 the designation of the committee was changed
to C5, and 35 years later it was changed again to E0O5. From its
inception until 1927 the committee was chaired by Professor
Ira H. Woolson of Columbia University. Professor Woolson was
chosen to lead the committee because a few years earlier he
had established the first U.S. station for fire resistance testing in
New York City. In 1907 ASTM Committee P issued its first fire
resistance furnace test standard. This standard, designated C2,
specified a procedure to evaluate floor systems based on tests
conducted earlier at the Columbia test station. A wall partition
standard, C3, followed in 1909. In 1916 and 1917, the American
Society of Testing and Materials and the National Fire Protec-
tion Association held a series of meetings to revise the C2 and
C3 standards. The resulting standard, C19, superseded standards
C2 and C3 and specified the standard temperature-time curve
that is still used today. The current version of the standard. now
designated ASTM E119, is essentially unchanged from the first
edition published in 1918.
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Oxygen Consumption Calorimetry (OCC),

Thornton, W. M. (1917). The relation of oxygen to the heat of combustion of organic
compounds. The London, Edinburgh, and Dublin Philosophical Magazine and Journal of
Science, 33(194), 196-203.

http://w.dmm.org.uk/whoswho/t001.htm

Durham Minina Museum

Durham Minina Museum

William Thornton of Armstrong
College in England (now
Newcastle University)
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ASTM Test Standards. The American Society of Testing and P Tt ¢ s Caiielions pod Tieriisd’
Materials was the first standards development organization in

the United States to publish a fire resistance furnace test stan- X . s
dard.'”'® The Baltimore conflagration on February 7. 1904, re- INTHOBLCTION

sulted in the formation of ASTM Committee P on Fireproofing
Materials. In 1910 the designation of the committee was changed
to C5, and 35 years later it was changed again to EO5. From its
inception until 1927 the committee was chaired by Professor
Ira H. Woolson of Columbia University. Professor Woolson was
chosen to lead the committee because a few years earlier he
had established the first U.S. station for fire resistance testing in
New York City. In 1907 ASTM Committee P issued its first fire
resistance furnace test standard. This standard, designated C2,
specified a procedure to evaluate floor systems based on tests
conducted earlier at the Columbia test station. A wall partition
standard, C3, followed in 1909, In 1916 and 1917, the American
Society of Testing and Materials and the National Fire Protec-
tion Association held a series of meetings to revise the C2 and
C3 standards. The resulting standard, C19, superseded standards
C2 and C3 and specified the standard temperature-time curve
that is still used today. The current version of the standard, now
designated ASTM E119, is essentially unchanged from the first
edition published in 1918.

Cote, A. E. (Ed.). (2008). Fire Protection Handbook (20th ed., Vol. I). National Fire Protection Association.
ASTM E119 — 20: Standard Test Methods for Fire Tests of Building Construction and Materials:
https://archive.org/details/gov.law.astm.E0119.20
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Website ife.org.uk i
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of Fire Enginee rs Founded in 1918 to advance and improve the knowledge,
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been committed to fostering inclusion, promoting learning
and development, and today proudly support a diverse

http s://WWW.ife.or g.u k/ community of members and affiliates across the globe.



https://www.ife.org.uk/
https://www.ife.org.uk/
https://www.ife.org.uk/

1928

B AR F W E R B X (R T
RILEER) Fa T HORIER A%

- el WwERNZE 7 - E k(1896
F4F15H—1986F9 A25H) 19564
57 B R RCE R R — Rk 1R L

THFX,

Semenov, N. N. (1928). On the theory of combustion processes.
Zeitschrift fiir Physik, 48(7-8), 571-600.
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novation for fire protection. The proverbial parade of advance-
ments is noteworthy: in 1800 Englishman John Carrey invented
a crude automatic sprinkler; in 1821 Joseph Boyd patented the
first rubber-lined cotton fire hose; in 1845 William Channing
was credited with the invention of the first fire alarm telegraph;
in 1852 a patent was issued for the first sprinkler perforated pipe
system: also in 1852 the first Central Office (i.e., central sta-
tion) and fire alarm boxes were installed in Boston; in 1853 the
first practical motorized fire pumper was tested in Cincinnati; in
1860 Philip Pratt produced the first practical automatic sprinkler
system; in 1863 Alanson Crane patented the first portable fire
extinguisher; in 1864 Stewart Harrison produced the first practi-
cal sprinkler, significantly improved in 1874 by Henry Parmelee
and again in 1880 by Frederick Grinnell. These inventions con-
tinued into the twentieth century with important technological
innovations, such as the invention in 1940 of soy protein aero-
foam by Percy Julian, the introduction of high-pressure water
mist fog nozzles in 1942 by the U.S. Navy, and the invention in
1969 of the first battery-powered smoke detector by Randolph
Smith and Ken House.”

-G kA% (Percy Lavon

Julian, 189944 F 11 H —19754F4 A
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Cote, A. E. (Ed.). (2008). Fire Protection Handbook (20th ed., Vol. I). National Fire Protection Association.
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novation for fire protection. The proverbial parade of advance-
ments is noteworthy: in 1800 Englishman John Carrey invented
a crude automatic sprinkler; in 1821 Joseph Boyd patented the
first rubber-lined cotton fire hose; in 1845 William Channing
was credited with the invention of the first fire alarm telegraph;
in 1852 a patent was issued for the first sprinkler perforated pipe
system; also in 1852 the first Central Office (i.e., central sta-
tion) and fire alarm boxes were installed in Boston; in 1853 the
first practical motorized fire pumper was tested in Cincinnati; in
1860 Philip Pratt produced the first practical automatic sprinkler
system; in 1863 Alanson Crane patented the first portable fire
extinguisher; in 1864 Stewart Harrison produced the first practi-
cal sprinkler, significantly improved in 1874 by Henry Parmelee
and again in 1880 by Frederick Grinnell. These inventions con-
tinued into the twentieth century with important technological
innovations, such as the invention in 1940 of soy protein aero-
foam by Percy Julian, the introduction of high-pressure water
mist fog nozzles in 1942 by the U.S. Navy, and the invention in
1969 of the first battery-powered smoke detector by Randolph
Smith and Ken House.’
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(Fire Research Station) .

Parallel growth occurred, primarily independently, in several
countries. The effort in the United Kingdom was focused at the Building
Research Establishment's Fire Research Station begun in 1948 in
Borehamwood. The progress of fire physics can be traced in the
Information Papers, Fire Research Notes, journal articles and books (19,
20) authored by the FRS staff, Particularly noteworthy is the recent

volume of selected papers by P,H. Thomas covering 35 years of fire phy-
sics Scho]arshin fram 10R1 +~ 1002 041\ e S POSEN S A -

the National Re I 1949, England developed one of the most advanced scientific labo-
those of the Ngratories for fire study in the world (the Fire Research Station, formerly at
of Edinburgh's Borehamwood). Much of the work through the 1960s was performed under y
standing text othe leadership of Dennis Lawson, Philip H. Thomas, and David Rasbash.
mental program Rasbash went on to establish the first graduate program in fire engineer-

*ing at the University of Edinburgh. PH. Thomas has been a main force in
disseminating the benefits of fire science throughout the world. Some have
said that he was first to work on many of the subjects of fire and got them
right. Their work has not been fully appreciated today because much of it
was never published in mainstream fire journals. However, today the Fire
Research Notes (1952-1978) can be accessed online through the International
Association for Fire Safety Science (IAFSS, www.iafss.org). The IAFSS was
formed in 1986 with PH. Thomas as its first head. It was established to facili-
tate the transfer of fire research around the world, and its proceedings con-
tain some of the best of fire research developed.

Fire Research Station

1946 The Department of Scientific and Industrial Research and the Fire Offices' Committee (representing fire insurance companies) established a Joint Fire
Research Organisation to conduct research on all aspects of prevention and extinction of fires, safety of life in fires and the mitigation of damage, working in
collaboration with the Building Research Organisation on fire resistance of buildings.

The costs of the organisation were shared equally by the department and the committee; as part of its contribution to the capital cost, the committee transferred
its Fire Testing Station to the government.

The Fire Research Board was appointed to make recommendation for fire research and to supervise the conduct of investigations at the station
1949 The Fire Testing Station was renamed the Fire Research Station.

1965 responsibility for the Joint Fire Research Organisation was passed to the Ministry of Technology and the board ceased to function.

1970 The research station was transferred to the Department of Trade and Industry

1971 Transferred to the Department of the Environment

1972 Amalgamated with the Building Research Station and the Forest Products Research Laboratory to form the Building Research Establishment of the
Department of the Environment

Some facilities for fire testing undertaken by the station in association with the Fire Offices' Committee, mostly routine in character, were transferred to that
committee.

The station is now mainly engaged on research leading to the specification of requirements for fire prevention and to the formulation of suitable testing methods.
1993 Became an executive agency

1994 the Station moved to the Building Research Establishment site at Garston, near Watford.

https://www.gracesguide.co.uk/Fire Research_Station

Wakamatsu, T., Cox, G., Friedman, R., & Hirano, T. (Eds.). (1989). Fire safety science—
Proceedings of the second international symposium. Hemisphere Publishing Corporation.
Quintiere, J. G. (2017). Principles of fire behavior (2nd ed.). CRC Press/Taylor & Francis Group.
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1950, Byl 9 T <« (SFPE) H T =
S SN N e E F
BT, 1971 EEREM AT FIHEH, ngineering A Fire Safe World

The Society of Fire Protection Engineers (SFPE) has been a prominent
professional organization since its establishment in 1950 and its incorporation
as a nonprofit organization in 1971. As a leading global society, it represents
professionals working in the field of fire protection and fire safety engineering.
With over 5,000 members and more than 120 chapters worldwide, including
more than 20 student chapters, SFPE has been rapidly growing.
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1953

A3 B #7105 /R T (Brian D. Spalding) : #H 7 “#W KT B #%”
(Spalding B number) , A TH#H &3 B,

parameter. Spalding [9] and Emmons [10] laid a foundation for solutions to diffusive
burning of the condensed phase. This foundation served as a guidepost to other far more
complex problems involving soot, radiation and flame spread. The Spalding B number is a
key dimensionless group that emerges in these problems, and represents the ratio of
energy released in combustion to that needed for fuel vaporization. The energy
production rate by fire (more specifically its rate of change of enthalpy due to chemical
changes at 25 °C and 1 atmosphere pressure) will be termed here as firepower. Many have
used the term heat release rate (HRR), but this is viewed as a misnomer by this author
as the firepower has the same chemical production rate that would be attributed to a
combustion-based power plant, and is not identical to the heat transferred in the reaction.
Such misnomers have occurred throughout thermodynamics as represented in the terms:
heat capacity, heat of vaporization and heat of combustion — all related to enthalpies.
These misnomers might be attributed to remnants of the caloric theory of heat in which
heat was viewed as being part of matter.

g /R T (Spalding) 5% X #7 (Emmons) #
BERAYT BRI A KR EE T A, X —
Eth Y e ERE. BRHAREKGEEFEFE
HEFNE ARET EERT . IERT B4
AXKRFEAFHANRBELENEGE, RETH
RER R 5 IR AT T B = RY LB

Spalding, D. B., The combustion of liquid fuels, Proc. Comb. Inst., 1953, 4, pp. 847-64.10.
Emmons, H. W., The film combustion of liquid fuel, Z. Angew Math. Mech., 1956, 36, 60—71.
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19554, H4 A K L5 E 2 #HHE T A K
g (EFRETHEAREMEAZI) .
2018410 A 9 EH 108, “ /L UE [ 38 A
TN AEBIMR BN BT, S53FHH
[ 30 BA R A7 1 %
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HME N ERENETENEIAEXA,
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DEZAFRILHEGTER, XxaK

HEmER TN AR, TIFHEEGA—

fr “ERE” T “17’& G i
Z AR E A 2 BN R B B 8 XA

19563 A 12 H (LBEMEFH) K maAHN (ZE=ZKRFF
WHEEELVER)) OXE, EREFLEZAFIEHK
FAEEFREEE; HipHE ZFdhERH# T4 - L -
WEBEHEZHTE AT A %E*‘)llix/\%tt/ﬁﬂ?lﬁééj\,
KHHETEV A FRENNRNF T RTE

A JaMES CIARK DEPARTMENT OF FIRE PROTECTION

SCHOOL OF ENGINEERING | ENGINEERING

https://fpe.umd.edu/FPE-history

DELRFHBIREZ (FPE) WEIZEARAK -L- kR

(John L. Bryan, 1918-2003) . John L. Bryan (1926-2014) was
the founding Professor and Chair of the Department of Fire
Protection Engineering (FPE) at the University of Maryland, from
the department's initiation in 1956 until 1993. Following his
retirement on August 1, 1993, he was granted the rank of Professor
Emeritus, with 37 years of service in the department and 39 years of
service with the University.


https://fpe.umd.edu/FPE-history
https://fpe.umd.edu/FPE-history
https://fpe.umd.edu/FPE-history
https://fpe.umd.edu/FPE-history
https://fpe.umd.edu/FPE-history
https://fpe.umd.edu/FPE-history

1956

1956 F1 A9H, NZHIMHE— KZE TR XH
RN, FHI6 A . 19564 219824 £ FF 7
T418, Zit y EXREZIEG AA400058 A .

FARIE: =R RBEEM

FPENEEHREENVR ST 1956 F, F—NHE T AL FHE
FHAE R NI RETRAE, 1957 4, RARF 25 LAXF
FNTHFTENHEEZNL, TG B WET 7 T8 5EE
EAER, W 2R ENIKEEE LHE AFkFRE, A&
FEEEHETEWAEGIAZRET T EEL LKA Gk
J8: https://www.cppu.edu.cn/wdpdf/1.pdf) .

19594 & 75 Mk B (o BV By 1 e 1E B FR )

46



1957

RETA CHTEEFAD .

(PR AREFEHEELF) (19844F) « HBRT1957EH CH B
WELEFDY , KA YRETABRNEEEN. CERUAE[TEAN
FRHAHT “Tr £, HEHES” WEW TEF4, R4 ET
KRG . HIFHR ., KKKREBEFHANE. EWELHE, nssFEH
B EETETEER RSN, TITHHESE,

(P ANREFEGHEY (19984F) . X EHEHHEHZRE
T EAEEBEBEHEEXNEN. MEHLSEXTYEFERENETL,
CHIEA&BY EXENEFNKREEFH S, 1998 F9H1H IE
AL CHEFZEY , BE “TUH KRB KKREE, TR
ANE. NHEUFERNRMFEHRLE, BIFNHLL” , CRGEHE
T KR, HIFEHALR, RKHBE. EEREMEET TN EERE
2, OGFHBTEE. W], B, ARWBEHFRE, LT EE IR
TEZ., RREREFNE., IHEENOA, mEEFFEEE TE
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1958

Zone Fire ModeltW#2 £ 5 542 % &

L2 p W EE (195045 1K)

DX 3548 A By 5% -4 T2 V] DAE 1 2 Hi‘%%‘)”f@%ﬁ?ﬁ (Kunio Kawagoe) fhfE 1958 F R KM ZH
WXH, BREAGHEIFEMHETELEHER T EWKKIERAT A,

2. WERIZMR Y 51T &4 (19705 KD

James G. Quintiere & (ZEZK¥) £ 1976 FALA KX —BEREET “NEHER” LR W

B. RETHEREAMY “GRERLLE” 1 “RIBEZSRE” WHHLEFAESE . Quintiere 5 5F
AR W] FIRST # A& Z R H E LT B K BAER 2 —,

3. AR T ARE (1980-19904 1% F 4-)

METENER, ZEHERRESHEAFRIE (NIST) EATWAWNHAR, BHT BueskiiE
X B EA K CFAST. CFAST R REMEML F A RA NN KK ETE, ZHHE TRIFHAT
MRE XTI £ & T B, CFAST — Consolidated Fire and Smoke Transport (Version 7) Volume I:
Technical Reference Guide

Kawagoe, K. (1958). Fire behavior in rooms (Report No. 27). Building Research Institute.
https://www.kenken.go.jp/japanese/contents/publications/report/27.htm

Quintiere, J. G. Growth of Fire in Building Compartments. In: Fire Standards and Safety.
Proceedings, pp. 300-311. National Bureau of Standards and the American Society for Testing
Materials, Gaithersburg, Md., April 5-6, 1976. ASTM STP 614 (1977).

HEMRE

BERREE

Fire Behaviour in Rooms
Kunio KAWAGOE

WEHRFS No.27, 1958 TELHIRESH TRR

[~

JI| # # # (Kunio Kawagoe)
AARZFLZEAKKER
RETRE “BRET”

NIST Technical Note 1889v1

CFAST - Consolidated Fire

and Smoke Transport

(Version 7)

Volume 1: Technical Reference Guide

NIST

National Institute of
Standards a .n chnology
U.S. Department of Commerce

FEMRAT - B /R

James G. Quintiere
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https://iafss.org/2025/01/prof-james-g-quintiere-a-legend-in-fire-safety-science-and-engineering-dies-at-age-84/
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P. H. ThomasfE 1958 F & R A5 T 0 T KK 3% W5 37,
T 1968 F# H T Iln 5 M2 (Critical Velocity) HYHBE4& 3y
LB KR E BT A A AR AL
T — A& F A7 2 2 PR P 3 8 X3 B9 A2 QAR I

Thomas, P., "The movement of buoyant fluid against a stream and the venting
of underground fires", Fire Research Station, F.R. Note No. 351/1958, Borecham

Wood, 1958.
Professor Philip Thomas.

This research paper, published in 1958 by P.H. Thomas at the Fire Research founding father of the IAFSS
Station in Boreham Wood, is a seminal work in the field of tunnel and

underground fire safety. It established the fundamental physics governing back-

layering, a phenomenon where buoyant smoke flows in the opposite direction of

the ventilation current.

A. J. M. Heselden (1976): fh#E 1976 FE R H T EBEBEE R IT K KRAENZN ., EEHNARE (5 MW) FEARRE
QOMW) HHRBHEEAMEZ 2R IUTATER.

Haukur Ingason: ¥#t RISE AT EAHAR A, YREE KK A FWREK. thaEN (BE KK HF) (Tunnel
Fire Dynamics) £ ZMHMWER 2 H A EH, RETIENLTFNEIREE L LR,




1958

JI|#&F g (Kunio Kawagoe) #IX7E 1958 SF#iE 7T “@BEREF7 (
Ventilation Factor) , AT ZME KK R EMlkrx 58 X 0 @R
FMEEZEWNRE, RASNMENKKEEARESH, E5W ZN

Ao WARAARKKZ2TENESZ —,

HEmsE FEpE

EERRGE

Fire Bahaviour in Rooms
Kunio KAWAGOE

BEET RS No.27, 1958 iR FRR

<EE>

When the ratinal plan of fire protection or strength judgement of
damaged buildings are made, the fire behaviour in fire resistive
constructions is fundamentally important. For instance, “time temperature
curve”of fire corresponds to “load in the structural mechanics, which is
called “fire load"in Japanese fire enginsering.

Before the World War 1l anly two fire tests concerning fire resistive
constructions were made in Japan; the fire test in Dojunkal apartment

nd in Premium House spansared by Osaka City.
In other countries also there are only few research papers concemed. Soon
after the War the Building Research Institute Began to engage in the
strength judgement of fire-damaged buildings, but there were difficulties in
judging the rate of fire-damage, since the method to assume the fire
duration had not been established.

In U.S.A. it has been regarded that the weight of fuel (Kmbers) per unit (S

loor area ["fire load") is proportional to the fire duration.
1. In U.K. the calorific value per unit floor area has been regarded as > .
proportons to he ire Graton. I it (Kunio Kawagoe)
2. However, it Is evident, as this study will show, that the window area e e N s
plays an influential role in the fire duration as well as calorific value. E{ ZIS %‘z §$ mk%?éﬁ
I Japan, therefore, It hiss been convinced that the methad to assume
the fire duration will be establishad from the window area and the “> 9
S it TR “EAE T

For this reason our institute made fourteen fire experiments with full-scale

Kawagoe, K. (1958). Fire behavior in rooms (Report No. 27). Building Research Institute.
https://www.kenken.go.jp/japanese/contents/publications/report/27.htm
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F ALKk % 5 Z (Byram’s Fire Line Intensity)iX =&
Byrams & B gt . e R 2 X T K& ®E, Bk
KBEUKE., BUHBENBERWNE. ZETEES
KGKEMEK, BIFHERXRKEE (& UEHF
TESGMHNERAM) B KRBT

Byram, G. M. (1959). Combustion of forest fuels. #{ T K. P. Davis (
%), Forest Fire: Control and Use. McGraw-Hill. -

IN MEMORY

George M. Byram
1909-1996
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1963 ALY R ERBNIHHR

MREZBMONEGHET (RAZHHEGHAT) sRAEHE
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A imAE Wl (Large eddy simulation, LES) =& A T
HEREN A FHRABFEE, ERMWBA
A MAET ( Joseph Smagorinsky ) # T
1963 F#&H, ATENUARAR, FEHKR
NIST FDSL#S’J/&%?M#? , 211 A7
B A KR A 2 fn TAZ o 3t rﬁf%’ Jh L Ui o AR
M ERLTEZ —,

X [m]

Large eddy simulation of
a turbulent gas velocity field.

{ - h ' i;""l |
_\‘I\?\‘\.\\\h = ‘:..:-r..;; 2
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--"_. ﬁ___-ﬂ.__ __,..—n-.,____-

Joseph Smagorinsky (29 January 1924 — 21 September 2005)
was an American meteorologist and the first director of the
National Oceanic and Atmospheric Administration (NOAA)'s
Geophysical Fluid Dynamics Laboratory (GFDL).
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Fire Technology £ F .

March 2025

FIRE
TECHNOLOGY

Technology

@ Springer

Guillermo Rein is Professor of Fire Science and Director of Research
in the Department of Mechanical Engineering at Imperial College
London, where he also founded the research group Hazelab. He is
Editor in Chief of the journal Fire Technology and a Fellow of the
Combustion Institute. His work sits at the intersection of fire science,
engineering, and public safety, combining laboratory experiments,
field studies, and computer modelling. He works closely with
industry, fire services, and policymakers to translate research into the
real world.

Editor-in-Chief: Guillermo Rein
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SHANGHAI FIRE RESEARCH INSTITUTE OF MEM
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SYFRI1 Shenyang Fire Science and Technology Research Institute of MEM
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1968

19684, Byram5 John Keetch [ 7% 7 £ &F-Fir
i T £ 7545 (Keetch-Byram Drought Index, KBDI), i#
HEBREKEMERE, GTEIEMERLETERNK
AT, ZIEBEEASTAELIREMNT KIE RS (W
= [E NFDRS A AF| LML R G WZ 5K, A
T TR KK 7

Keetch, J. J., & Byram, G. M. (1968). A drought index for forest fire

control. USDA Forest Service Research Paper SE-38. Southeastern
Forest Experiment Station.

IN MEMORY George M. Byram 1909-1996
https://www.fs.usda.gov/rm/pubs_other/rmrs 1996 nelson r001.pdf

IN MEMORY

George M. Byram
1909-1996
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P. H. ThomasT 1968 3% 1} 7 Ilg 7 X i (Critical Velocity)
HY B A BUIF (LA = KR Eis 2 8 (CF Binsl) At
T B /NG T R

Professor Philip Thomas.
founding father of the IAFSS

Thomas, P. H. (1968). The movement of smoke in horizontal passages against an air flow
(Fire Research Note No. 723). Fire Research Station.

It 1s most famous for introducing the concept of critical velocity—the minimum air speed
required to prevent smoke from traveling upstream (against the wind) in a tunnel or corridor,
a phenomenon known as backlayering.



1969

19694 : 1618 X - % & Hf (Randolph Smith) #1#-Z 7 (Ken House)
AT e K R RO 2

novation for fire protection. The proverbial parade of advance-

ments is noteworthy: in 1800 Englishman John Carrey invented FIRE PROTECTION
a crude automatic sprinkler; in 1821 Joseph Boyd patented the HANDBOOK®

first rubber-lined cotton fire hose; in 1845 William Channing

was credited with the invention of the first fire alarm telegraph; Twenticth Edition

in 1852 a patent was issued for the first sprinkler perforated pipe B

system; also in 1852 the first Central Office (i.e., central sta-

tion) and fire alarm boxes were installed in Boston; in 1853 the S o

first practical motorized fire pumper was tested in Cincinnati; in Carmy - Groc, - @ Jskn K. Hal J PR Ror - Saroen, P
1860 Philip Pratt produced the first practical automatic sprinkler ;mm FH

system; in 1863 Alanson Crane patented the first portable fire st
extinguisher; in 1864 Stewart Harrison produced the first practi- R i

cal sprinkler, significantly improved in 1874 by Henry Parmelee
and again in 1880 by Frederick Grinnell. These inventions con- A Gt o E Soioon P
tinued into the twentieth century with important technological o, L
innovations, such as the invention in 1940 of soy protein aero- Secion Editors

foam by Percy Julian, the introduction of high-pressure water
mist fog nozzles in 1942 by the U.S. Navy, and the invention in
1969 of the first battery-powered smoke detector by Randolph
Smith and Ken House.’

Cote, A. E. (Ed.). (2008). Fire Protection Handbook (20th ed., Vol. I). National Fire Protection Association.
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THE UNIVERSITY
of EDINBURGH

1973

19735%, ZTEAFETIEMFFKR (School of
Engineering Science ) W IE XK L T H W LE &R
(Department of Fire Engineering) , #1X i 7 Z ¥
F F EE X R L

ZERMZOBEREN 2 — 1) Prof Jose
Post-World War I e - A Prof Prof Dougal Torero
David Rasbash) #i% Drysdale

Following the untimely death of Arnold in 1963, Leslie Jaeger was appointed fifth Regius Professor, from Magdalene College, Cambridge.
Jaeger’s tenure was brief, as he left after only four years to take up the Chair of Civil Engineering and Applied Mechanics at McGill University
(a Chair, coincidentally, previously held by an earlier Regius Professor, George Armstrong). His tenure saw a further split into three separate
departments: Civil Engineering, Electrical Engineering, and Mechanical Engineering. The Chair of Engineering itself was situated in the
Department of Mechanical Engineering.

James King, former Chief Scientist in the Naval Construction Research Establishment at Rosyth, became the sixth Regius Professor in 1968.
King oversaw a period of extensive structural change. First, in 1970, the Department of Civil Engineering was renamed the Department of
Civil Engineering and Building Science (with C. B. Wilson appointed Professor of Building Science). Then, in 1972, the Departments of
Electrical and Mechanical Engineering united with the hitherto independent Department of Chemical Engineering (founded as the Department
of Chemical Technology in 1955) to form the School of Engineering Science. The Department of Civil Engineering and Building Science
TR CINERELERIEEE AT 8N 1973, a Department of Fire Engineering (renamed Fire Safety Engineering, 1976) was created within the

School of Engineering Science, and a Chair was instituted in the discipline. Finally, in 1979, the Department of Civil Engineering and Building
Science was incorporated into the School of Engineering Science.

https://ourhistory.is.ed.ac.uk/index.php/Engineering

P4 A NN A

Fighting fire with ideas: how our fire engineers save lives. https://impact.ed.ac.uk/research/climate-
environmental-crisis/fighting-fire-with-ideas-how-our-fire-engineers-save-lives/

Edinburgh Fire Research Centre:
https://www.fire.eng.ed.ac.uk/history#:~:text=Many%200f%20those%20who%20are%20now%20leade
rs,t0%20Fire%20Dynamics'%20(Wiley%2C%203rd%20edition%202011).

Many of those who are now leaders in the field came to Edinburgh to
study and research under the supervision of the late Prof David
Rasbash, one of the main pioneers of the discipline, and Prof Dougal
Drysdale, author of the definitive text book on the subject, 'Introduction
to Fire Dynamics' (Wiley, 3rd edition 2011).

In more recent years the group has been led by Prof Jose Torero, Prof
Albert Simeoni, and Prof Grunde Jomaas, who held the BRE Chair in
Fire Safety Engineering from 2004-12, 2013-15 and 2016-2021,
respectively.

Teaching and research in fire safety continues at Edinburgh under the
leadership of Prof Luke Bisby, the Chair of Fire and Structures.

The Edinburgh Fire Research Centre is part of the Institute for

Infrastructure and Environment, School of Engineering at The University
of Edinburgh.
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https://www.fire.eng.ed.ac.uk/history#:~:text=Many%20of%20those%20who%20are%20now%20leaders,to%20Fire%20Dynamics'%20(Wiley%2C%203rd%20edition%202011)
https://www.fire.eng.ed.ac.uk/history#:~:text=Many%20of%20those%20who%20are%20now%20leaders,to%20Fire%20Dynamics'%20(Wiley%2C%203rd%20edition%202011)
https://www.fire.eng.ed.ac.uk/history#:~:text=Many%20of%20those%20who%20are%20now%20leaders,to%20Fire%20Dynamics'%20(Wiley%2C%203rd%20edition%202011)

1973

1973 4 & #i 84 America Burningif & = /8 [ ¥
tRERTEZM AN EZ—. ELNNEBEBTR
T YR ERBYOKK H R, LR AT
IAH 7 5 0 AR R B3 A&

"I'he Clommission on Fire Prevention and Control has
made a good beginning, but it cannot do our work
for us. Only people can prevent fires. We must become
constantly alert 1o the threat of fires to ourselves, our
children, and our homes. Fire 1s almost always the
result of human carelessness. FEach one of us must
become aware—not for a single time, but for all the

vear- -of what he or she can do to |:)1‘('\'(:1f11 [1res.

—President Richard M. Nixon
September 7, 1972

The Report of The National Commission on Fire Prevention and Control



1974

1971 &, =[EF#EL 12000% R AR 250 &
REAKREELE, YEFIXEBREGT, EHEEST
1974 S (B KK I 55w & E)  (Federal
Fire Prevention and Control Act) . Z&EE XL T BHX
KR 5 WA (NFPCA, EEFH YW EEE
USFA) LR EFEH %2 (NFA) .

U.S. Fire Administration

Working for a fire-safe America

>
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1974

SRE—MKK LRGN A A AT E T4 EREET

ARG, HAT HHBAHBARAT, HAEHFKKLT  Anlntrducton
BA—MUSZRERAEQIR, ERRH—MRERATEHR
AR AR TR TRSA,

Dougal Drysdale graduated with a degree in Chemistry from the University of Edinburgh

in 1962. He gained a PhD in gas phase combustion from Cambridge University (UK) and

after two years’ postdoctoral work at the University of Toronto, moved to the University

of Leeds to work with the gas kinetics group in the Department of Physical Chemistry. He

joined the newly formed Department of Fire Engineering at the University of Edinburgh

in 1974 and helped develop the first postgraduate degree programme in Fire Engineering

under the leadership of Professor David Rasbash. He was invited to teach Fire Dynamics

during the spring semester of 1982 at the Centre for Firesafety Studies, Worcester Poly-

technic Institute, MA. The notes from this course formed the first draft of the first edition

of An Introduction to Fire Dynamics, which was published in 1985. b

1974

BIE CBRF KK 5 H % 2%E) (Federal Fire Prevention and
Control Act of 1974) £ 4B W E R4 A (NBS, A NIST)
N 1E R 9% 3 K KA 28 8 (Center for Fire Research, CFR)

Dougal Drysdale
niversity of Edinbur
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1977

= frFire Safety Journal £l |,

HHEE4 AL N. EINHORN (Salt Lake City), &|E% W
S.C.Israel (U.S.A.)#7J.H.Petajan (U.S.A.),

BT E 2% 4 3 [E 2 % Luke Bisby A1 H £l B 22 % Bart Merci.

e Dishy Bart Merci

The University of Edinburgh, : . :
B United Kinpdom Ghent University, Gent, Belgium

FIRE
SAFETY
JOURNAL

An International journal devoted to research on
Fire Safety Science and Engineering

Editors
Prof. Luke A Bisby
Prof. Bart Merci

The official journal of the Intarnational A:

Availabla online at waw.sciencadirect.cor
ScienceDirect

ssociation for Fire Safety Science
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1979

1979, ZEEHFEIFIREE Z 2R F
NIRRT %28 —AHEE TEZ L T iRE,
ZIRE R EEE R 2R F/0 (Center for Fire
Safety Studies) F1* David A. Lucht Fy 4% T %
T HY. In 1979, WPI established the first graduate
degree program in fire protection engineering

bu11d1ng on our early Contributions to the ﬁre Professor David Lucht’s career in the fire protection
) ) i ) ) field spanned a period of over 45 years in business,
protectlon englneerlng movement Startlng 1n the glover.nment, and academia. In 1978, he became the
first director of the Center for Firesafety Studies at
1 9th Century. WPI, where he oversaw the start-up of the Fire

Protection Engineering graduate degree program.

https://www.wpi.edu/academics/departments/fire-protection-
engineering/resources/history#:~:text=In%201979%2C%20WPI1%20established%20the%20first

%Z20graduate,engineering%20movement%20starting%20in%20the%2019th%20century.



1970s

SRR FNZERET ERH

EVACNET (1970sK) . FPETool (1990 4 ) #n
EXIT89 (1980s) LXK EXODUS (19894 ) , #
e A PIE] N %o I BR B ) HEAT AR R I B T oK B A
KT 2

EXODUS 2 — % i FH# A £ % [0 & 47 % 5
BT A, B RN T 1989 4, H
1996 F2 2/, #H 2 ANEXAFAF,

HE A WA RAR, oA MHTERATE. =,
g AR AR A ML E S B T A (Developed
by the Fire Safety Engineering Group at the
University of Greenwich, EXODUS comprises a suite
of software packages, tailored to the building,
maritime, rail and aircraft environments.)
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1970s

0270 R: ZEHB S (NFPA) ZAGMAZRSTT AT
NFPAE 7 & 2B Aaf, Xe2—MHEHEE, WET i e
R RET Z 2 %, E5EA TE SR ER LT

The most widely accepted systems approach to fire safety is the Fiosatoy

NFPA Fire Safety Concepts Tree, a logic diagram that covers @

all known and conceived means of providing fire safety. This Pfl‘ “jnjﬁgjf
approach was developed by the NFPA Committee on Systems | qu) | i
Concepts in the 1970s and continues to be applicable to both e[ [ werag | [ anage

traditional and innovative building design. A brief introduction
to the “Tree” is published as a technical document, NFPA 550,
Gl/llde tO the Fire Sdfely COHCepfS Tree‘ FIGURE 1.9.2 Principal Branches of the Fire Safety

Concepts Tree

= OR gate
® g

Cote, A. E. (Ed.). (2008). Fire Protection Handbook (20th ed., Vol. I). National Fire Protection Association.



1981

RILEAR A F A KKFF BT
A3 B, 3L (the Center for Fire Science
and Technology of the Science
University of Tokyo ) . [& 4l 7~
7 £ F|International Journal for Fire
Science and Technology .

N

Vi
{' 5

K 6 #2752 BT Center for Fire Science and Technology — TUS. https://gcoe.tus-fire.com/en_journal/

Takashi Handa# % (1923-1985)

He became the first Director of the Center for Fire
Science and Technology of the Science University of
Tokyo in 1981.
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1981

19814F4 A 24 F, [E R HA N % RXVKEE

TR AL AR A R R & i a——
HFh (HRBTREFIR, > {n
FEAREZEAS) , EXTTIXH
fr 7k, EWAERTH, FAMEF
AREFHHEE, BRERULERE

Y. Exa
e 1E T 351, 5 B AT 5 R A

FRERIR: i N RE R A2 BRI
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1982

(CHBEAR#EEREAR) Al T19824F, REHTPHEARHS
MENAEEHEE. NATEIPREEHGHAREE
HEEE RIS ZATHE L EFE AR, RFI 2K E
flFlmE. RENBENFARTRNZ—, 2EXH
7 #a3& B B E — I XA . R ER AR
HH, wERIANEENIIZL2BFHEEREAEK
| -k B KB E BT F AR 9,

IO - RERSERCIET
L R TIT2Y

e e

Fire Science and Technology

LS i 38 5 R WA 19 5 5
HETR: #HEB FEAT

| 1 /f'r T fj /f 7 /J
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The cone calorimeter 1s the most important tool ever created in

1 9 8 2 the field of fire safety science. Dr. Alexander Morgan, Center
for Flame Retardant Materials Science, University of Dayton.

F—E648HEHM (Cone calorimeter) P 4 !

1982 &, K KA % # /LB Vytenis Babrauskas X £ [
EMHEET EF— 6% E RN (Cone calorimeter)
T & PR AE Bow AR R & 2K ey 2 E X
%, FT 1988 %%k R&D 100 ¥, w4, %#HE
PR AT IEE, W A TR

&N
| e
d b

4R RHT- B A L HT R AT
(Vytenis Babrauskas)

B[]

1917 4

1977 4

1980 =

fE#

W. M.

Thornston

William

Parker

Clayton
Huggett

B KR

B R R I A AR SRR,
LR ERRHA R EE A
£, REMERTE

ESE 2 PR, EALES
HAENAERRARER; @
MEAET EH KRB, &7 %
Am “|RHAREN R E”

TR S BR HEE R A IR,

EHEANHARNENZ EEER
WHVERE D T T UER &

o



1983

ERKKEEREL— REF R, e

emandez-Pello

“EIFRF KK B FZR” % K F #iixHoward W.
Emmons (1912-1998) % 1,

Prof. Dawvid Purser

Howard Wilson Emmons (1912-1998) was an American
professor in the department of Mechanical Engineering at
Harvard University. During his career he conducted
original research on fluid mechanics, combustion and fire
safety. Today he is most widely known for his pioneering
work in the field of fire safety engineering. He has been
called "the father of modern fire science" for his
contribution to the understanding of flame propagation
and fire dynamics.

Babrauskas i Prof. J.G. Quintiere

12



1983

TCHE AL (CA) TEA — M E B F A, mam- S5k 2
FE201E 22404 R 250 AT H

KR AT B KA . 1242 B 4 Green S AT 1983 4 F119854F
BRGINEIKRELWERY, RAZTAR—KREEX 5N
M HL 7 i% (the cellular automata approach, which was first
introduced by Green et al. (1983, 1985)) .



1984

+ [E] 74 5 #r 2 (China Fire Protection Association)
21984 F & ) E fn Bl A vE, HE2 R KIBIKE
BRI EHEE A TEE. M Tl TIEE UK
M. #FE. ol PRSI F LA E R E R
e EME, ThEHREE, ZEERAEHLHL,
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[ iss)
1985 iy

F—RERARZ2MFFNTSEIT, H#
BT BRRKRZERER2

1%4$,$P-H-ﬁ%%@i\Nﬁ<K

Kawagoe) H¥®. E (K. Akita) # %K.

AL R - %meﬁi%Aﬁi%
ﬁ%,ﬁﬂi% Ja B KRB 2R FHit 4
WEHTIE, EHZHIToWNE - “4718E—
MNEITRIE, BE KKAAWES N FTE, UK
X L6 B 5T AE AR R B S M K SR BT 7 3R [8] R R B AL

i
o

®—FmAiteT 1985 £ 10 A 7 HZ 11 HAEFF,
[ FF oK K 22
AR ¥4 (IAFSS) . HREAITLHWEMS 4

o E ST — A E R A R

& A2~ Bl & R

FIRE SAFETY SCIENCE

Proceedings of the First International
Symposium

Editors

Cecile E. Grant
Civil Engineering Department
University of California, Berkeley, USA

Patrick J. Pagni
Mechanical Engineering Department
University of California, Berkeley, USA

INTERNATIONAL ASSOCIATION
FOR FIRE SAFETY SCIENCE

° HEMISPHERE PUBLISHING CORPORATION

r & Row, Publishers,
Washingto New York London

SPRINGER-VERLAG
Berlin Heidelberg New York Tokyo

Grant, C. E., & Pagni, P. J. (Eds.). (1986). Fire safety
science—Proceedings of the first international symposium.
Hemisphere Publishing Corporation.
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1985

FEEAMNFHREERLTG KA (FF KA D) LK
19854, RHBEAE AT ERFEAREFNEFER
HEA RHAZNERAT KARNNE, EFEEARFHAR
b (EMH “HEEMR” ) W_%EfMw, FTEEHARRET
E4REAERFrUEBEEELZRS, R2EHERTYRANSE

B A T AT R Z—

5|5
CEFKKEZFO
s T REEF A
IR KT F
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1988

% — i (SFPEE B TR FM)Y T 19884
H bR . Babrauskas 4T T & E1FN
NN A IZFME R KK
ZATREIE “XILENHBRARR”
HIREFEZIBNL R —A “ETH
FHEAN”

No other single event had as significant an impact on
establishing the profession of fire protection engineering

as the publication of this handbook. As Vyto Babrauskas said:
“The field [of fire protection engineering] has made very
gratifying progress in these last four decades. ... The most
remarkable positive achievement I think has been the SFPE
Handbook, published first in 1988. ... [W]ith the publication
of the first edition of the SFPE Handbook in 1988, all of a
sudden we could properly describe this as a science-based
profession.” [Babrauskas, V. “Some Neglected Areas in Fire
Safety Engineering,” Fire Science and Technology

Vol. 32 No. 1 (2013) pp. 35-48.]

Morgan J. Hurley
Editor-in-Chief

SFPE Handbook

of Fire Protection
Engineering

Fifth Edition

@ Springer

Hurley, M. J. (Ed.). (2016). SFPE handbook of fire protection engineering (5th ed.). Springer.

https://doi.org/10.1007/978-1-4939-2565-0
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1989

KKZL2rEHERELRE (EXXAFEARELLRE) ,
B CKRRERZE” , 2R AMFERTRAFENEE LR
SR E K KA AR AT R A — B KRR AL .
1989 4 18 1 37 UL E, 19924 3k vE 3 1% 4 X 4hFF k., 1995
FRRNERDW. 203FFEEH A EHFMAET I FHRHEL,
2025F LR FFREL A “KRLZ2LEHELALRE"

R KRB 22T )

P e =

State Key Laboratory of Fire Science

TIE

¥ - g )
iy \#
. ﬂ :
w @
% &
>
% o
"'[’Oratow of




1 9 9 2 FIRE SAFETY SCIENCE

HUDO EAI KD xXxUD

ORAEEY IR T19924, £ i EA
¥REE. FPERFEEAAFEANTE
KREFFEAFLEHNESTH, BHARKKE
. REWNES e AR ST,

1992

TR ok R FF 4 KA 4 (Asia-Oceania Association for
Fire Safety Science and Technology, AOAFST) & [ [ k
KEZaf¥Fx2 (IAFSS) TEHNEEMRMEF ALY,
Bk LT 19924 . H R B 2R3 I KK N X £ K
KA B 7T 5 AR ] AU R 5
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1995

# 4 71 # A (Social Force Model) =&
# Dirk Helbing #7 Péter Molnar T 1995
F 2 .

“The movement model implemented in the
VISSIM is based on the Social Force Model
developed by Helbing und Molnar.”

Helbing, D., and Molnar, P. (1995): Social force model for
pedestrian dynamics. Physical Review E, 51(5), 4282-4286.

Helbing, D., Farkas, I., & Vicsek, T. (2000). Simulating dynamical
features of escape panic. Nature, 407(6803), 487—490. doi.org

PHYSICAL REVIEW E

VOLUME 51, NUMBER 5

Social force model for pedestrian dynamics

Dirk Helbing and Péter Molnar
II. Institute of Theoretical Physics, University of Stuttgart, 70550 Stuttgart, Germany
(Received 14 April 1994; revised manuscript received 5 January 1995)

It is suggested that the motion of pedestrians can be described as if they would be subject to
“social forces.” These “forces” are not directly exerted by the pedestrians’ personal environment,
but they are a measure for the internal motivations of the individuals to perform certain actions
(movements), The corresponding force concept is discussed in more detail and can also be applied to
the description of other behaviors. In the presented model of pedestrian behavior several force terms
are essential: first, a term describing the acceleration towards the desired velocity of motion; second,
terms reflecting that a pedestrian keeps a certain distance from other pedestrians and borders; and
third, a term modeling attractive effects. The resulting equations of motion are nonlinearly coupled
Langevin equations. Computer simulations of crowds of interacting pedestrians show that the social
force model is capable of describing the self-organization of several observed collective effects of
pedestrian behavior very realistically.

PACS number(s): 05.40.+j, 46.10.+z, 34.10.+x, 89.50.+r

MAY 1995



1996

Fire Safety Engineering Group

safety in numbers

T30 BRI LLRAT A 20 70 5 5 AT Uit & AT
# building EXODUS MAT 1996410 A ER# /—‘N

lﬁ o Il. |}
EXODUS can be used for both evacuation simulation and pedestrian dynamics/circulation § i‘ {
analysis. The software has been developed to meet the challenging demands of performance
based safety codes. Based on a highly sophisticated set of sub models, it shatters the mould of

traditional engineering analysis to produce realistic people-people, people-fire and people-

structure interactions. As a result, the engineer can test more designs in less time to reach the .E KGDUS
optimal solution, free of the high cost and potential danger associated with human evacuation :

trials. Developed by the Fire Safety Engineering Group at the University of Greenwich, .Eil:__..'||E I:E'i_'p'. i) I':'I'_.'.".".'tll;'_.’n" &
EXODUS comprises a suite of software packages, tailored to the building, maritime, rail and

aircraft environments.



1998

AFROKSK IR Qe 2, 19984, Johann Georg Goldammer7t /£ F & 7%
LA FA A HEREAFN IR TEILT GEMC, ZF QAL
HKKAE RWARAL, A8k e B <5 AL 52 65 52 b BF K I 3K 48 .

The Global Fire Monitoring Center (GFMC) was established in June 1998 in
Freiburg, Germany. It was founded by Johann Georg Goldammer as a
subdivision of the Max Planck Institute for Chemistry.

298 - AHBURHS - KURIBER
SRR I G AR

The Global Fire Monitoring Center (GFMC)



2000

Fire Dynamics Simulator1E &, & 7 . . A
FDS# — NE Z | & £ ALOFT (A Large Outdoor Fire | -
Plume Trajectory) . X =& —NMNETHENCFDER, =4 e 4 | —
HNISTH %, AT HmELRREA LR ENEET | -' : ""

R R E -
B ®, Fire Dynamics Simulator & % [ NIST k& % = - | iR aE | g
VIT FAH #5FH 4, ERETHNEF Smokeview ¥ e m £ it | 1hges -
FITE7FDS i i B, BAMAT 2000 %2 A%, T Vaete@ili 2y P @
é’ﬂ%ﬁ’}“k}ﬁ}ﬂ %*%ﬁtfg/%%i%l‘l’%ﬁ T’Lﬂ'f%%\ '\##{)ﬂ {'K i N - 3 S . 340
KEE, BEMAEZRKKEARABAEMAR, PE , ! | il 18 260I
EAT RN AR CFEET AL T EHERESE B T EEE L — t

BE A 2 K K AT LB A9\ SIS S =

WFDSH ™ KK H B EHEEBMNRS /LN — K A\ N ' Z85: ‘““
YV EERF, DEALAZFDS ®, THATHAKREZME, — ' . SN

7 Ak BR IFDSEX 4 # PyroSim, 2 — 2 A T 4 i FDS #ir A\ X
R E R A - R
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MREL Ty TAEAEE:  (BS 7974:2001 — Application of fire safety

2 O O 1 engineering principles to the design of buildings. Code of practice) , B
(RHMZIT TR <2 T2 RN NA—RENE) .

BS 7974 and PD 7974 Series Kit

BS 7974 T 20014 o3& E x4 (BSD KA.

"N g P
©H A B T o L A R B 2 A T o s rocsin
Bed it ok KR, BN E R
2RFEAREAL (0 (HOEHB) ) HRAT e e
ERE—EETIRRENERSABE,

BS 7974:2001 — application of fire safety engineering principles to the design of buildings. Code of practice

®
bSl. ..making excellence a habit”

34



B R E I A R RAA
2018 PEZ S EFHERER
MAEBNEREZARFEETIEFRIE (2020)
M 2B BRI, R 4GB EHR O
W0ISEIAREE T+ = FAEFARE NAFEHFEREKAREHHEFALKR (20194 &)
REASE—RSVHAENES HNAFEBEEARIK
FEAMMKEFFRINAEEN, RATEMLARAELRZAFHE TN (20254 &)

202543 13H, MREEERRE masBs@Baay (RE. b, W, ki)
FRRER KA .




2018

FEETREFREmRTEARR KT ZAHNE
ﬁ%h%ﬁ&ﬁﬁ%%&%%%ﬂ%&%éﬁ%o

20184F9H, MEFEF*F HRAUBEFEHRELKIE,
BoRRELEMNFRERNAZHE BT A EME IR,
R RE LM 4 A m, A2+ EHEGKREFR,
ATERFRAERR L. FIROWER, T5FRE
F—TIINHGTRESFRREAEE, FI

HEBER T F N SRR R, TRy
RHEGBRESSRTERA, BREREF FUHEHTB K
BT AT. EHFHALILEEFIRERE,

A EAMRLTHE X
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2018

BB RBEFHL,

OA1TH, mEFAFMXEMHFET
FREARFINE ZBERNFEZLE2N
( Second Annual Global Public Safety
Symposium) & % Bl ) + A AT FE T ¥
RETT. &L, FERFEAAF KK
FEXREREREMFLEAF VLR L6
RIZH Al de Ao B e TR AR KA K, I
MBERA “FEXKRMFENHZLEK
AR BT =, I AR KK (Experience
in Developing Fire Safety Science and Public
Safety Technology in China: Past, Present,

and Future) ” F20184F /& 32 52 #r ¥ V& 1, f | HiE

NEWS

https://www.tsinghua.edu.cn/info/1181/37625.htm
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IR . XKRELERIZEZK ( Fire Safety Science Scientist )

AW B35 /R (James G.

0 1T - A7 AT (James FE A 22 1 (Howard Wilson PRAT - B MR (Richard C. Quintiers
Braidwood) Emmons) BACKKEL £ A Rothermel) Principles of Fire Behavior
BRI BT IR 25 2 A2 BF AR K RAT N ARSI P

A
Ja4ETE (B KREZ) JE fo ke

JIIBRFRHE (Kunio Kawagoe) > e Co KRB ) HETREZAWVE A  hEEBKRESRML S

A2 4 2 5 K e £ 5% 215 - A3 (John L. ST T KRR S AT 57 Sk A KT T 8k 5 RS R 2 2 e

Bryan, 1918-2003)
Oy B2 KA TR &
(FPE) MBI

FEH T HR I @M


https://www.fireengineering.com/firefighter-training/the-scottish-father-of-the-american-fire-service/#:~:text=James%20Braidwood's%20contributions%20to%20the,seat%20of%20the%20fire%20directly.
https://ptm01.ru/howard-wemmons
https://www.fs.usda.gov/inside-fs/delivering-mission/apply/milestones-fire-research-rothermel-fire-spread-model-turns-50#:~:text=Employee%20Services-,Milestones%20in%20fire%20research:%20Rothermel%20Fire%20Spread%20Model%20turns%2050,the%20Northern%20Forest%20Fire%20Laboratory.
https://iafss.org/2025/01/prof-james-g-quintiere-a-legend-in-fire-safety-science-and-engineering-dies-at-age-84/

IR . XKRLERZEZRK ( Fire Safety Science Scientist )

FEEMDP......
Updating

continuously...
AEFT- B9 T R A (Vytenis Professor Philip Thomas. Dougal Drysdale Georgf: M. Byram (775 FF
X B‘abrauskas‘) [ IAFSSHIIE N> — Fire Safety Journal il F % E) 1909-1 996‘
5 H B AL R ZE N KRBT AL IAFSSHT T fiE FRAR K G BTk 44 2 3
fi}?ﬁ/ﬂﬁr?[’%*ﬁﬁﬁﬁimﬁ( (Cone KRNI MEH
Calorimeter) & BH A

LA (Tadahisa Jin)

H AH B it 78 B (FRI)
MR ELE, | . KIS AT H

- oA s - Hﬁ%a@%‘}j{iﬁgTakaShl -H“\‘ yi O v a6 Yy
Edwin Galea b i K2 #04% Handa#0% (1923-1985) ggfg%ﬁﬁﬁﬁﬁi fE ILRERT I 10 €1 %

4 sopme  ARBEBEISURNTIRE K. R E S e
Yo% - IRBURSE - KRB oo SSR. RALGE HAKRM AR
@Eéﬁk%%%*@%EEIEE&BmW%ﬁﬁggiﬁgfﬁﬁ%z :


https://en.wikipedia.org/wiki/Fire_Safety_Journal

U

fisk : B KKREZEZERNFX

IRZEISBASHER (The Howard W. Emmons
Invited Plenary Lectureship)
I - ZEKRHE

"EIERWIRRIRBASHER" E—MEARENRE - BE
REEXKBRZE5TEOEME LT RIRWAFAL - &
SHIH RIS FEXREEN ZSIHIMESHMEZ SR A - TIE
HXEREBIE SRR -

ZRIEHE | SRR —RNBTARICTENIEI - FEAS Lt
THHANALSE-IRE (Plenary Lecture ) - KREFRBRASE
fiZ - XA EATERIRRAREN -

REMRE
REHEMKRELNEFS (IAFSS ) SRR - EBMRKER
SEIAN - N AHTRESANRREEEE Y - AERORR
% - WIREATLFL IAFSS 25 - BREADARES - BEH
BEERE - ANORESAES -

TEEE

IEAARHEA NN B ZR I ZE (BERIREN ) AFHE
BT - LR KBZHENSBETH - HH2  TEEASHI
RIRLESFRE - AERRRSENERESHITE - FEHARAKFE
SEEMARAEENBEMESERNZEE - BRIMER | RREW
SRR PR E QIR E M MIR T IZINT  Z R KK I FEH
BANEFT WA EARIRRE -

A
RRERBHARSRIMEZRR ( S%lmposium Awards Committee )
EL - ZEAS[EASBANAN—FEEHEABABAEA - KK
BB REHENFRE - DERRHFIEXE -

Prof. Bart Merci

Reg o)

. /..;ax ¥

(g 4
Rof. Michael
Delichatsios

Prof. David Purser

e

S

Dr Vyto'Babratiskas JIL. { Prof. J.G. Quintiere
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KRS AR : 919605 - HP. H. FEEHEHRE -

KKRERHIL - WAE=2F ( Fire Triangle ) MRk
ZE & (Fire Tetrahedron) - AR YAE BEIR MR -
OUHEBXKBRZZAREEGFRBEBERERKR -

Fully-developed
fire
Stage 4
Decay
o Developir?g fire
% well-ventilated
& flaming
£
ol Staged |
R Stage 1
Non-flaming
smoldering
Ignition Flashover Decay Tim

N

The concept of the Fire Triangle

CHAIN
REACTION

The Fire Tetrahedron was first
introduced in the early 1960s as an
evolution of the traditional fire
triangle.
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iR« KKRZERFARIE

— ~ MIRSXKNEIMZHFSINSE
KK =F (Fire Triangle) : #IRMARFAIZHN=1"8XK

=X : A (Fuel) - E{EF (Oxidizer - BEANES) «

B2 (Energy - BEAME) - BIRHEH D EAI—BD
ol PELEWAKE - XRIUE S (Fire Tetrahedron) &0
7 "#™XKK (Chain Reaction)” {EAFENEZR .
FREIMERE T SRR R -

W (Flash Point) : M ERHGT - oA RFRE
ZEBRXRERENRNRERE - SHSRE
KRB R RBIGTE ©

/B XRE (Ignition Temperature) : Tl¥AYITE

SNERIRVRIERT - BE R RAF R EMENRERE -

B# (Spontaneous Ignition / Self-Ignition) : T
M ERBNBIAXKEEERNEBERLT BTES
EZEBEEHRINE SBEREASMSI KRR -
BlaAIE (Flammable Combustion) : #¥%E 2t
HIN o] WRYBRAKYE - EE R OIS A Z ISR
B -

BR %A / & & X %% (Smoldering / Non-flame
Combustion) : E{ATTMMEARABINBXIEZHET

HER - KENRESE - F5IRXKRHNERREA -

J&IE (Explosion) : ¥MIBUIASZRIEE - BREBEHRAX
SAEENTRE - PAYERIF (ENEREER ) M
(EZFBIF (RBE(EFE/RA ) -

* KRERISESRHHRIAR

KR EBEMEGERIESR . BRI 2 NVEIE KM ER
(Incipient/Growth Stage) * T2 KEMER (Fully
Developed Stage) M= A ER (Decay Stage) °
PIERERIER . B 2 JORERM - BIXCRRE
MERSNBEMNFESRIEL (Q = at?) - RIFE
KIREDNIEE - hiE - RE - BIRE -

=W (Flashover) : Z2RXK S - FRrACI IR E
JLVFERIR S - KRS EERE BT HEA
EEZHERRNINS - RBXKEABHEERTS -
Cl¥% (Backdraft) : ERREARGE T RERTERLE

HEE - RASIAMEBEZSHAERNRZURRILE -

KA (Fire Plume) @ K¥& EFFHRZNDIRHHY _EFH

RS EARPRENBES O LERBEZEER -

[EETR (Ceiling Jet) : XPmiELR MG - gt
HKFBENRESE -

K (Pool Fire) : Al K FRE LR ARNR
RIS -
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= kKXKFHUtEBEES

MR RIEZE (Heat Release Rate, HRR) : %ﬁIEHIEﬂV\])(x

BHAMRAE - HIANRRENMKKREEREERE

HiEZIIKKAERE - RATTBEMHRIKEE -

KK E, (Fire Load) : ZEIBAFRA oAV ST = WA IR T BE R

MHERE  BERASNAMEERR -

)(72???2%7 (Fire Load Density) : Bt ETR_EBIX
K&

A= (Smoke) : XRPFEMNEREZER - REFMIAMSS

YIRS Y c TEGEERRESEN - B ti*l]u—um o

S (Toxicity) : XKIKMMSIFAMFERHBESA A Z AT

—&{thx (CO) EEXEMAFESHE~Y) -

© MR S ERIKR M EE

oA/ SR (Flammability) : #1884 s R 4 15 IR 5 AY
BZEE -

PR3 (Flame Retardant) / B4 (Flame Retardancy) :

AMEIM R UG EEERENEZEI MRS

FrE B XFhiFE -

WYABRIE « SEBALE(R « JEMRBE{R (Combustible, Difficult

Combustible, Non-combustible Material) : {RIEEHM

EXKPRMNIHITAIZE - DRI XA EEXBIEA - EFE X

R « RNEEX AR -

i K 1R PR (Flre Resistance Limit) : BHMEERAE XK
WEHT - eERTGHEHEAFEE 52 22t F PR # BV B (6]

(L,(/J\H‘.h‘l') o EESEMWETKEENIRBIET -

ﬁ KK ZEZRSPAE

KK 733 (CIaSS|f|cat|on of Fires) : AZEXR : BRI XK (4
A~ g3k ) - D WA OIB{EE XK (4S5 ~ A
) o CHEXK . 12|S)<)< (MES - 9%’*—») - DEXK : £8
KK (UNER -8R~ 8% ) - (BAF ) EZEXK : FTHIZEEKXK -
KA (Theory of Fire Extmgwshment) R REREE
MRUT - 2R BRESSKEIREEZS - BE : BIRIARS
AR o (EZEHDE . P RTAGRHETUR Y -

N KKRBESTERFEE

KKEN71Z (Fire Dynamics) : fFRXKRPRETFREN - ERER
(EZRMNEEMEERANRE -

XK HEHL (Fire Modeling)

XigtEE (Zone Model) : FEES A ETEMNMISERIE (W0
PRIMSEMLESE ) #HTHEN (MCFAST) -

It EY (F|eld Model / CFD) : ETFH&RENZE - JARTIEH
T=4% - WA - FHMNMIEEIN (MFDS - Fire Dynamics
Simulator)

tBE{EBA X%+ (Performance-Based Fire Safety Design) : &
FTIRESWMEEEM - DURETIRMNZZERMEEEENANS
IRV FPA KigiT70E - IO ENZE ASET > RSET ( oL Z
A E > PR ZHAEAE ) -

KKK GG (Fire Risk Assessment) : &4t 21X REZER
O REERTERE - WX FHFITE(EHEHETEMAITE -
KXKRZZETIEZ (Fire Safety Engineering) : ETF XX RHERY
AR - MRGLZEZENEE - fFRNOSSNEZFAMBZRZZNIE
Z8H - BEREXKBRZEMARSERIEZENA -
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- PER/AXKAL (Staged/Zoned Evacuation) :

BRI ENMLARN A ERRMIRE - (EFLE
BFfARERBEZEEXEF ERKMEL - 8%
=N ULEBKRNEEEETRRB/NXIZBNE
EEHS -

« FAltEEXE (Shelter in Place) : —#RIF{THh -
EREEEBERHTYAISMUE - MARE

- #H§i (Lockdown) : —fMRIFEERF - BEEHIS

SMERZR I BN BY SEhE - PREIA RTEERFYANE
o] - FESEEER -

- WELZZHKAMNE (Required Safe Egress

Time, RSET) : BEEF—HEEBNIEZER
YN INIZ Z Mt R FRRIE RN E 8 -

- L2 KAAE (Available Safe Egress

Time, ASET) : BRI ( MIAS ) AEX
RSB PRI IR L P T A B R R
AR -

- PE/AXERAL (Staged/Zoned Evacuation) :

BIEMRENALERTLAEERAIRE - EX
L frEEEESEEXEFERRAEL -
BEERATILEBRNEEREETRER/NIX
BREEERE -

. FhlthikE¥E (Shelter in Place) : —#M{RIF1THI -

EREEEEREERYNINMUE - MAZHR

Al o

- fi%i (Lockdown) : —#MRIFIER - BEEH

lm5h a8 2= I B B SEhE - PRBIA R EZRYN
¥ - FESEEERRK -

- WERZZIHAME (Required Safe Egress

Time, RSET) : BEEX—HEEBENIZE
NN R Z M S FRRIE AN E BT E -

- JHZZEANE (Available Safe Egress

Time, ASET) : EMEREFY (ES ) M
KRG BHAERERERSE EFETERRIA
SLFRFRRYAETIE] -
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. Bz RN . BWERRHERIE (RSET) 2

ZUNT ol AZZHigLet 18 (ASET) - B RSET
< ASET -

- HiAEiE (Means of Egress) : MEBHYIEk LS

HANEM SRR AR EERNEEB LERR

#BITANX A= BARBIE 2 HA :

(1) HO#EE - (2) HO - (3) BOBEL -

H 0383 (Exit Access) : g @EDERD Y

CORYER 7 -

- M (Exit) : BipUBERN—37 - BEEFMW
s - UEHRESHMPABZBI2REH - MU

EHBFHORMNZRIPVETIEE -

« KEHO (Horizontal Exit) : A—1TEHRY

HE— 1T ESYARE—ENEEXIETT
A RFTFZIMKFERRAER—ER
VAR E—EaEEXIETHI - iz
M X B 58 5= 6B K IX 33k A B % 38 X 13 B9 K SR Fl
MEF MW -

HOFEAEL (Exit Discharge) : lREGBED T FHOLIE
mRAMAHIER ZEER 7D -

- AT (Means of Escape) : RESHABEMSIEE

XEWELEES—MHERA

- {7T#EIEE (Travel Distance) : EHYIEEBE N MITIHE

HERhOMEES -

HOBE (Exit Capacity) : EHYNE RO E W IEE
SEFYNEEELT BESHARENGLOSERE
SREOARFEE (BARYT ) RULORZERBE
Hy -

- RAUGREIE (Number of Means of Egress) : FiB##

BB ZVESH MBI NRMEE - BT HaUEE
NMROgEZES—1 - BEAAEANS500-10000Y52 5
YINIIA =1 aGEE - BEF AT AT 100089254

BEZ2PVNUNHAEE -

- &mEZEFMHE (Life Safety Floor Plans) : NigHE

MEENERZETEE - 815 : (1) BEERE - O
fIE - HRAE TAO/MO - KFEHO - FFRESA
WO ; (2) BRXRRE - BAREAFERE ; 3) B
IRIRIFRES SRR -
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1666 : {fEEIK K (Great Fire of London) - HiZ{Em ¥ ({EHEREIEE) (1667 London Building Act) ALt
8 XEHEHRENZHMNERNSE - FREFIEKRFTEROMEREAMIEARS - HFNBEHEELABA
BAKms o UESh - B ESE T IR HI EF 2R TR R RS -

1904 : E/RMEAXX - REEZEESENEXRNER (NBS - ZINIST ) AREBHEMIKEZE -

1911 : A =ARI] XK (Triangle Shirtwaist Factory Fire) : XK EREEMRX ERZEZANE (Life
Safety Code) B9#EsT - EREZEEEXRM XIS (NFPA) &% F AR THREESIIMNIEE - HEEHENTE
ERWZZ5RFEEER (OSHA) MRAKIL - RBOUHEE | BHRREHMERAS - BXRZZHOIH
MEshTEBRM™EE B -

1942 : BEXWMMEES KK (Cocoanut Grove Fire) - RMNAT T AHIERIAFRBGHBAEM ( MNEZBIERE
TMERELEO)  RESHEZMNRGEERIHIMT T REBEEHE - ERERXNRAMERGEITLREERE
HIMRYELA - FEM T EERNMKEERRGROGPRINA -

1973 : (KKDEYEED I®E (America Burning Report) - BIFE—FH] - HEEREETKEIXKEBMS TR
Bifm - ZIREREERXKRIKRIEA - SBTEEDEMFR (USFA) BIRLIL - Fi#m T XRABEZSEHEMENAX
MEE R EN KN N FEEDL (FDS) R A -

1974 . EEFHBFI=HEEH T KIBRYE (Flixborough Disaster) - {(EL FER MRS I REXZSTIRIE - ©
MM TRNSHERENMEESEENNE - It - EIKEERABRZERUEZEIZNZEZEMGRE (40
HAZOP ) - HRr 7T HE (EASMGREZEFIFEY (COMAH ) BIHIE -

1985 : HEERAIERERKIAXK (Bradford City Stadium Fire) - —MALIE AKRBEES FHINIRE - X3
E/LAHAEHENES - BERBLURFIRATRR T XAREMRREALWIEZEELENR - EEESR
HEIDZRILEREMIEERARRES - FHN THEEIRRENRGENT X -
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« 1987 : RHZIR “5-6" HFARMKK - PEMNEME LRESEEMNEITR - BHEEH#D S
PEXKRBZERERALREMGE - LI FPEGERIMN "SRHK" @ "BZEHX" NiE#H -

- 1987 : EHEETFZEILKK (King ‘s Cross Fire) - KETRHHIEX - XIGTED EEHERRA
EM "B ME - HERENZE (CFD) BRAEDRII TAY  BEXREM T AEMA
KIGEREBROEASWERERDADZEMFR EAME - XXT 72K TZEE - BxE
BN SR ZEFERIZEIAA -

« 1996 : ME/RZBXRAHIAXK (Disseldorf Airport Fire) - EBIF5I& XK - S BT KIERLE
PEHAMILE M RELRECQTIEESFEEME (MBXRILE ) MEFENSHESAE -
FEIRAIAF IR AMEN BIRSICIEERMNZ S ( VESDA ) FIEIBFZAVBERHIZEHIZ4E -

- 2001 : HRZE S MEIE (9/11 WTC Collapse) - ¥HLIE DGR ZEEHK K S BARE INEE
FIREEREK - XEXKBZEHA "ZGHBAX" RCHITE - tREMNEDR "M X" B@7Y

RN EY DL BIARERIESET - BMEZRRSGWUN OB RIEDHIAE - HFEIEE
e T K EE R AR BYTY X B PRATE -

« 2019 : BERXB8PR KK (Notre-Dame Cathedral Fire) - BIHE#EX - KEEREIR - 7T

KKHZZA - TANRBREBRIRXURERH =4ZIEE XK PR =N A -
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Fire Information for Resource Management System
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Fire Information for Resource Management System

Lat: -5.505°, Lon: -28.163° (24HRS o - b'i _.‘..&
: 88 = BASIC MODE =

Fires | Hotspots | \ ;: E
: i () . Simple Time Based x#

Landsat [30m]
VIIRS (S-NPP, NOAA-20 & NOAA-21) [375m] @)
MODIS (Aqua & Terra) [1km] 0

The Fire Information for Resource Management
T g System (FIRMS) distributes Near Real-Time (NRT)
- Trena o6 active fire data from the Moderate Resolution Imaging
sl e il Spectroradiometer (MODIS) aboard the Aqua and Terra
il i 00 satellites, and the Visible Infrared Imaging Radiometer
PR Suite (VIIRS) aboard S-NPP, NOAA 20 and NOAA 21
i , il (formally known as JPSS-1 and JPSS-2). Globally these
| o | M e el ) data are available within 3 hours of satellite observation,
“ _ but for the US and Canada active fire detections are
> 9o & = R % i ¢ : 1
MEASURE LOCATION LAYERS TIMEUINE SHARE VIEW MODE & 2 aVallable ln real_tlme.

Overlays (1/5) L
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RE5REHF: TEREANSORZNFAEREENFEASRARERY. R2RNFETERRZENFERRE. EARSHEERGORE (WE, 1992) . ZE2RNFARAREATIR
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BE=

“ ima

HEI T 30RERERR v

IRIERHASERE, KRIVES (Fire Tetrahedron) BETE19764ERIBIIRT.
LA R RRRA 1

1. BRERHIBHICEH

7E (Fire protection handbook (National Fire Protection Association etc).pdf) (R7fBEEE: 19765E18) MABHE
&, EREA K RMEER:

The flaming mode can be conceived of as a tetrahedron in which each of the four sides is co

other three sides, with each side rep!

enting one of the four basic requirements. fuel, temperature oxygen

and uninhibited combustion chain reactions
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o {Fire and Explosion Hazards Handbook of Industrial Chemicals) (1998%F) 1§k RIVEHAHIA AN K=FH
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o ZA20005ELAEH (Fire Protection Handbook) F {Fire Safety Management Handbook)} (20145F) 3
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Sciexplorer I BPEE FAEM  LERM RS REEK  TReR  HEN &) manm Citelnsight
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SciExplorer # % 8 %
FHHSH ERETREHNTS (HBIR) Citelnsight %) £#8 %

Open Scientometrics Data Analysis and Visualization Platform NS MEEESHTa (R

o
SciExplorerFF ¥ it R BRI SRS (SciExplorer: Open Scientometrics Data Analysis and Visualization Platform) BeihERIFIRIE ASF %08 EOR BRSPS (SciExplorer@inforExplorerfy EE A E E]
) SciExplorerdMetrix Pedia, Metrix Study, SciObservertifTechBxplorert 7 R4, TRETHM MM Schol DEASHEAMIEEESMT AR, ScieKMVSERRERT MR LR c-MSSSHE 198 "h‘ O Citelnsight BEEHSFTRBIEEG InforExplorer BT, TRTLITINE: MEAHEGTREHETSEEHRES, DRSS TRRR e ISR R e =
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ARG HBXRE®: MapAlex VOSviewer Online  Metric-Wise Deep Topics  Scifxplorer
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https://smartdata.las.ac.cn/SciExplorer/?lang=CN https://smartdata.las. ac.cn/c1teln51ght/zh
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