Elre: Protection Engineenng
wWenty: Years
Of Progress

Philip J. DiINenne, PE

IHughes Asseciates, Ine.
Octeber 2005



Outline

Backgreund/Purpese of SEPE Handhoek
Chianges In Eire Science/liechnoelogy.
Changes In’ Practice

Geing Ferward



Background te First Edition

(1981-1985)

Concept anese fienm Engineerng Education
Committee (DiNenne, Walten, Beyler, Watts,
Custer)

Relatively rapidi changes In guantifiakle
MEetheads

s Harvard Eire Moedel (78-79)
= AnnualtNISTF CER' conferences

Lack of textihooks (Drysdale — 1985)

A lot of effort andl reference material to do a
simplercalculatien

Need for hase decument fior NCEES exam
Institutionalize a different visien of profession
Pre-requisite fier engineering analysis

The . SFPE Handhook of
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Background

Intended primarily as handboek summarzing

calculation methods

Workion 1°t Editionrhegun;inr 1985

$5K funding firem SEPE BOD! (not all spent) s .
The SFPE Handbook of

Basic structure: Four Sections
= Section 1: Fundamentals PROTECT’ON
Craig Beyler (27 chapters) ENG’NE ERING

s Section 2: Hazard Analysis Calculations
Doug Walten (7 chapters)

s Section 3: Design Calculations
Dick Custer (9 chapters)

s Section 4: Fire Risk Calculations
Jack Watts (11 chapters)

54 chapters, 809 pages

LLeap of Faithy by Authors £3, BRGTECTION ENGINEERS
Publisher selection (3) AationaiFire Protaction

s NEPA — Jim Linviller (Managing Editer)



Second Edition: (Puklishead 1995)

Added! twe new: editors

s Doeugal Drysdale, Univ. of
Edinburah

m John Hall, NFPA

Reonganized 900k
m Section A Eundamentals
m Section 2: FEire Dynamics

m Section 3: Hazard
Calculations

m Section 4: Design Calculations
m Section 5: FEire Risk Analysis
m 61 chapters, 1067 pp
View: expanded: heyond
calculation metheds
More material on moedeling

n Application areas ofi risk
assessment

m Expanded appendices
m New technology.




Third Edition (Pullished 2002)

Eire integratien off SEPE Design
Guide/Engineering Method “Fire Hazard
Calculatiensiior Large; Open’ Hydrocaren
Eirest, Craig Beyler

EUKther Integration oii Fire: Dynamics &
IHazard Calculations

= "Heat Fluxes from Eires toe Surfaces™, Brian
Cattimer

s “Liguid EuellEires™, DanrGottuk & Derek
White

= “Visibility' and HumaniBehavior Inf Smoke™;
Tadaiisa Jin

New: Material

s “Modeling Enclesure Eires; Using CED™, Geolf
Cox and Suresh Kumar?

a “Movement of People: The Evacuation
Timing™, Guylene Proulx

s “Water Mist Fire Suppression Systems', Jack
Mawhinney:

s Pam Powell, Managing Editor

THE SFPE HANDBOOK OF

Fire Protection
Engineering

Third Edition

>
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Summary of Evelution
off SEPE Handhook

Edition Date # Chapters | # Pages
18t 1988 54 809
A 1995 61 1067
3rd 20/0) 72 1560

Approximately 5000 copies of 1st and 2nd edition




Section 1 — Fundamentals

Chapter 1-1 Introduction to Mechanics of Fluids, B.S. Kando/a

Chapter 1-2 Conduction of Heat in Selids, Jo/in' A. Rocketit and James A. Milke

Chapter 1-3 Convection Heat Transter, Arvina Atreya

Chapter 1-4 Radiation Heat Transfer, C. L. 7ien, K. Y. Lee, and'A. J. Strettor

Chapter 1-5 Thermochemistry, D. D. Drysaale

Chapter 1-6 Chemical Equilibrium, Raymond Friedrmarn

Chapter 1-7 Thermall Decomposition of Pelymers, Craig L. Beyler anad Marcelo M.
Hirschiler

Chapter 1-8 Structurall Mechanics, Robert W. Fitzgerald

Chapter 1-9 Premixed Burning, Robert . Simimorns

Chapter 1-10

Properties ofi Building Matenals, V. K- R. Koaur and' 7. Z. Hanmatniy

Chapter 1-11

Probability: Concepts, John R. Hall, Jr.

Chapter 1-12

Statistics, Johin R. Hall, Jr.




Section 2 — Eire Dynamics

Chapter 2-1 Eire Plumes, Flame Height, and Air Entrainment, Gunnar Heskestad

Chapter 2-2 Celiling Jet Flews, Ronald L. Alpert

Chapter 2-3 Vent Flows, Howard W. Emimorns

Chapter 2-4 Visibility and Human Behavior in Fire Smoke, 7aadalisa Jin

Chapter 2-5 Effect of Combustion Conditions on Species Production, D. 7. Goftuk &
B.Y. Lattimer

Chapter 2-6 Toxicity Assessment of Combustion Products, David A. Purser

Chapter 2-7 Elammability Limits of Premixed and Diffusion Flames, Craig L. Beyler

Chapter 2-8 Ignition of Liquid Fuels, A. Murty Kanury/

Chapter 2-9 Smoldering Combustion, 7.J. Ofilemiller

Chapter 2-10 | Spentaneous Combustion and Self-Heating, Brian Gray,

Chapter 2-11 | Flaming Ignition of Selid Fuels, A. Murty Kanury

Chapter 2-12° | Surface Flame Spread, James G. Quintiere

Chapter 2-13 | Smoke Production and! Properties, George M. Mulhiollanad

Chapter 2-14 | Heat Fluxes from Fires to Surfaces, Brian Y. Lattimer

Chapter 2-15 | Liquid Fuel Fires, D. 7. Gottuk & D.A. White




Section 3 — Hazard Calculations

Chapter 3-1 Heat Release Rates, V/ytenis Babrauskas

Chapter 3-2 Calorimetry, Mark Jarnssens

Chapter 3-3 The Cone Calorimeter, Vyienis Babrauskas

Chapter 3-4 Generation ofi Heat and Chemical Compounds in Fires, Arctibald
lewarson

Chapter 3-5 Compartment Fire Modeling|, James G. Quintiere

Chapter 3-6 Estimating Temperatures in Compartment Eires, William D. Walton &
Philip. H. THomas

Chapter 3-7 Zone Computer Fire Models for Enclesures, William D. Walton

Chapter 3-8

Modeling Enclosure Fires Using CED, Geofif Cox & Suresh Kumar




Section 3 — Hazard Calculations

(cont'd)

Chapter 3-9

Smoke and Heat Venting, Leonard Y. Cooper

Chapter 3-10

Compartment Fire-Generated Environment and Smoke Filling, Leonard' Y.
Cooper

Chapter 3-11

Fire Hazard Calculations for Large, Open Hydrocarbon Fires, Craig L.
Beyler

Chapter 3-12

Behavioral Response to Fire and Smoke, John L. Bryan

Chapter 3-13

Movement ofi People: The Evacuation Timing, Guylene. Proulx:

Chapter 3-14

Emergency Movement, Harold E. “Buad” Nelson & Freaerick W. NMowrer

Chapter 3-15

Stochastic Models ofi Fire Growth, G. Ramachanaran

Chapter 3-16

Explosion Protection, Robert zalosh




Section 4 — Designi Calculations

Chapter 4-1 Design ofi Detection Systems, Robert P. Schifilit, Brian'J. Meacham, & Richard L.P. Custer
Chapter 4-2 Hydraulics, Jofin J. Titus

Chapter 4-3 Automatic Sprinkler System Calculations, Russell P. Fleming

Chapter 4-4 Foam Agents and AFFE System Design Considerations, Josephi L. Scheffey

Chapter 4-5 Foam System Calculations, Josep/h L. Schefiey & Harry E. Hickey

Chapter 4-6 Halon Design Calculations, Casey C. Grant

Chapter 4-7 Halon Replacement Clean Agent Total Flooding Systems, Philip J. DiNenno

Chapter 4-8 Eire Temperature-Time Relations, 7.7. L/e

Chapter 4-9 Analytical Methods for Determining Fire Resistance of Steel Members, James A. Milke

Chapter 4-10

Analytical Methods for Determining Fire Resistance of Concrete Members, Charles Fleischimann &
Anady Buchanar

Chapter 4-11

Analytical Methods for Determining| Fire Resistance ofi Timber Members, Robert H. White

Chapter 4-12

Smoke Control, Jofin H. Klote

Chapter 4-13

Smioke Vanagement in. Covered Malls and Atria, James A. Milke

Chapter 4-14

Water MIst Fire Suppression Systemis, Jack K. Mawiinney & Gerard G. Back, /11




Section 5 — Fire Risk Analysis

Chapter 5-1 Intreduction to Fire Risk Analysis, Jofin M. Waftts, Jr. & John R. Hall, Jr.

Chapter 5-2 Decision Analysis, H.A. Donegarn

Chapter 5-3 Reliability, Mohamimaad Moadarres & Frarncisco. Joglar-Billoch

Chapter 5-4 Uncertainty, Katfiy A. Notarianmns

Chapter 5-5 Data for Engineering Analysis, Jofin R. Hall, Jr. & Martha J. Ahrens

Chapter 5-6 Measuring Fire Consequences in Econemic Tlerms, G. Ramachanadran, revised by
John R. Hall, Jr.

Chapter 5-7 Engineering Economics, Johm M. Watts, Jr. & Robert E. Chapmar.

Chapter 5-8 Extreme Value Theory, G. Ramachanadrarn

Chapter 5-9 Computer Simulation for Fire Protection Engineering, William: G.B. Phillips, revised

by Douglas K. Beller & Rita F. Fahy.

Chapter 5-10

Fire Risk Indexing, Jo/in M. Watits, Jr.

Chapter 5-11

Product Fire Risk, John R. Hall, Jr.

Chapter 5-12

Building Fire Risk Analysis, Brian J. Meachanm

Chapter 5-13

Quantitative Risk Assessment in Chemical Process Industries, 7homas F. Barry

Chapter 5-14

Fire Risk Assessment for Nuclear Power Plants, Nathan Siu




Challenges

IHeW, tor deal effiectively: Withrcomputer-nased moeeeling?
Additionall Subjects? (anai related authors)

Additienal reference: materal — 2

EUKther integraten ofi SERPE design guides

Relatienship with NEPA'S “Eirer Protection Handnook™



SUmmary.

IHandpeek has illed the role anticipaied
Prereguisiter fierr PEDr and related approaches

Viove! toward consensus methods and
AsSUMpPLIeRS?

Wk has begun on Feurtn: Editien;, We:' ane
always; leeking| fier suggestions.

Special thanks and Recognition: of AUthoers



Planned New: Material
SEPE Handbooek: 4% Edition

Chemical Kinetics

Eerensic Analysisi (1-4' new: chapters)
Electrical’ Ignitien

Perfornance-Based Design

Sprinkier Design Requirements
StriucturalEire Protection (1-5 new: chapters)
Egress) & Evacuation Voadeling

Organic Pelluitants firem Eires

Elé Seenarnos

Eire Risk Management



Improvements in Preaictive
Capaility,

Structures and Eire? 1960's

Plumes/Jets

Texicity/Visionity,

Egress/Behavior

BUImIng Rates

Detection

Suppression (Very Impertant and almest ne
capaniity)

Seme topics reduced te practice (Radiation)



|mprovements in Fire
Science/Technelogy

Elame: spread on walls andicelings

EDS (smoke moevement and platiorm))
a Petentially mest significant pregress

Seme: incrementall progress In each field



Changes in Practice

\Widespread! Use: off computers el medeling
(EDS;, CEAST, CONTAM; Egress, ete., etc.)

Calculations reutine (e.q., smoeke exhaust in
atrum)

NRC Widespread Use: of Methods

Mere sophisticated methoads usead

Mere metheds' used mere freguentiy.
Wirong guestions asked and semi-answered
NG recegnition: off When we are guessing



Changes in Practice

Educational lnfrastructitre: dramatically
Improvead

Research Base and' Infirastructure: Reduced

Clear need tormtegrate: guantitative risk
analysis Inte decision: Precesses



Recent Events

“here Is nething| te learn™ syndreme
Statien Night Clula
WARG



NISTE
NCST WIC Investigation

Recommendations

30 Recommendations
Elre-Structural: 8 recommendations

ReC. 8t “WNIS T recommenas that e lire res/stance. or
SHGIIES, S/OUIGPE ENANCea By requiiing. a.perioniiance
OBJecliver tal Uncontolea - ies result i BuroUE Witiioul:
/ocal or gleral collapser.

Sheuld hermade:a hullding cede requirement:

“lrrespectiver ofi compliance With prescriptive requirements; of this
code, an analysis shall e perfermed that demoenstrates that
uncontroelledifires result i bumoeut without local or glehal
collapse.*



IS there societalivalue inr using the hest available
designi and analysis methods; ter ensure pullic
salety?

a |rrespective ofi cede requirements

s Neural ( Status Quo) tercommercial interests

s Demenstrated risk, unknown scale

a Code Reqguirements teo fali remoeved: frems any: ratienal
98SIS

Contrasted with PBD/PBC



Analegies

Atria smoke: controll system;design
Simeke: movement In: REWorks
“med™ evacuaton; analysis
Expoesed steel fire exposure analysis



Station Night Club

Egress design
x Need torunderstand veny quickly: hew: te aveld Crushes

Contrel of Interor finish/combustinles

Should seme level of egress systemi perfornmance
Be reguired: giveni sprinkier system faiure?

[17 50,
Should It be reguired to) e proven?



SuUmmary.

The Engineering Community: should take
Steps to) require: the: Use: of engineenng
MENeAS 1o prove and demenstrate that

critically important salety 6lJectives are
PEINg met



SuUmmary.

Significant progress; in; 20 years in
application and process of ERPE

Kinowledge: hase and predictive capanility
IS AGW. & mere: critical limiting| fiactor:

Need to fiund relevant research
s |everage

SERE leadershipin Engineering
requirements in Cedes
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