BRADY FIRE SERIES

KIRK’S FIRE
INVESTIGATION

EIGHTH EDITION

David J. Icove
Gerald A. Haynes

-3 THAREE.

.
’P Pearson




KIRK’S FIRE
INVESTIGATION



This page intentionally left blank



KIRK’S FIRE

INVESTIGATION
Eighth Edition

David J. icove, Ph.D., P.E., FSFPE
Board Certified, Fellow, National

Academy of Forensic Engineers (NAFE)
The University of Tennessee

Gerald A. Haynes, M.S., PEE., SFPE
Board Certified, Member, National

Academy of Forensic Engineers (NAFE)
Haynes and Associates, LLC

SFPE

Engineering A Fire Safe World

@ Pearson
330 Hudson Street, NY, NY 10013

LLLLLL

Board Certified

NNNNNNNN
AAAAAAAAA

FFFFFFFF
EEEEEEEEE

MMMMMM

Board Cerfified

NNNNNNNN
AAAAAAAAA

FFFFFFFF
EEEEEEEEE




Vice President, Health Science and TED: Julie Levin Alexander
Director of Portfolio Management: Marlene McHugh Pratt
Portfolio Manager: Derril Trakalo
Development Editor: Carol Lazerick
Portfolio Management Assistant: Lisa Narine
Vice President, Content Production and Digital Studio:
Paul DeLuca
Managing Producer, Health Science: Melissa Bashe
Project Monitor: Rhonda Aversa, SPi Global
Operations Specialist: Mary Ann Gloriande
Managing Producer, Digital Studio, Health Science: Amy Peltier

Digital Content Project Lead: Lisa Rinaldi

Vice President, Product Marketing: David Gesell

Field Marketing Manager: Brian Hoehl

Full-Service Project Management and Composition:
iEnergizer Aptara®, Ltd.

Inventory Manager: Vatche Demirdjian

Cover Design: Carie Keller, Cenveo

Cover Photo: Detective Aaron L Allen, Knox County
Sheriff’s Office, Knoxville, Tennessee

Printer/Binder: LSC Communications, Inc.

Cover Printer: Phoenix Color/Hagerstown

Digital Content Team Lead: Brian Prybella

Credits and acknowledgments borrowed from other sources and reproduced, with permission, in this textbook appear on
appropriate pages within text.

Many of the designations by manufacturers and sellers to distinguish their products are claimed as trademarks. Where those
designations appear in this book, and the publisher was aware of a trademark claim, the designations have been printed in initial
caps or all caps.

Note: A portion of this book was prepared by David J. Icove, a former employee of the US Tennessee Valley Authority (TVA)
and Federal Bureau of Investigation (FBI). The views expressed in this book are the views of Dr. Icove and his coauthors. They
are not necessarily the views of TVA or the United States government. Reference in this book to any product, process, or service
by trade name, trademark, manufacturer, or otherwise does not necessarily constitute its endorsement or recommendation by
TVA or the United States government.

Disclaimer: The authors and Pearson Education make no warranty, expressed or implied, to the readers of Kirk’s Fire
Investigation, and accept no responsibility for its use. The readers assume sole responsibility for determining the appropriateness
of its suggested use in any particular methodology, calculation, or fire modeling application; for any conclusions drawn from the
results of its use; and for any actions taken or not taken as a result of analyses performed using these tools.

Readers are warned that this textbook is intended for use only by those competent in the fields including, but not limited to, fire
investigation, fluid dynamics, thermodynamics, combustion, and heat transfer; and the textbook is intended only to supplement
the informed judgment of the qualified user. This textbook provides methodologies that may or may not have predictive capability
when applied to a specific set of factual circumstances. Lack of accurate predictions by any particular methodology, calculation,
or fire modeling application could lead to erroneous conclusions with regard to fire safety. All results should be evaluated by an
informed user.

Throughout this document, the mention of products or commercial software does not constitute endorsement by the authors or
Pearson Education, nor does it indicate that the products are necessarily those best suited for the intended purpose.

Copyright © 2018, 2013, 2012, 2009, 2007, 2004 by Pearson Education, Inc. All rights reserved. Manufactured in the United
States of America. This publication is protected by Copyright, and permission should be obtained from the publisher prior to
any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic,
mechanical, photocopying, recording, or likewise. To obtain permission(s) to use material from this work, please submit a
written request to Pearson Education, Inc., Permissions Department, 221 River Street, Hoboken, New Jersey, 07030, or you
may fax your request to 201-236-3290. Many of the designations by manufacturers and sellers to distinguish their products
are claimed as trademarks. Where those designations appear in this book, and the publisher was aware of a trademark claim,
the designations have been printed in initial caps or all caps.

Library of Congress Cataloging-in-Publication Data

Names: Icove, David J., 1949- author. | Haynes, Gerald A. (Firefighter),
author. | based on (work): Kirk, Paul L. (Paul Leland), 1902-1970. Kirk’s fire investigation.
Title: Kirk’s fire investigation / David J. Icove, Ph.D., P.E., board
certified, fellow, National Academy of Forensic Engineers, The University
of Tennessee, Gerald A. Haynes, M.S., P.E., board certified, fellow,
National Academy of Forensic Engineers, Forensic Fire Analysis, LLC.
Other titles: Fire investigation.
Description: Eighth edition. | NY, NY : Pearson, [2018] | Revised edtion of:
Kirk’s fire investigation / John D. DeHaan, David J. Icove. 2012. | Includes bibliographical references and index.
Identifiers: LCCN 2017030182| ISBN 9780134237923 (hardcover) | ISBN 0134237927 (hardcover)
Subjects: LCSH: Fire investigation.
Classification: LCC TH9180 .K5 2018 | DDC 363.37/65—dc23 LC record available at https://lccn.loc.gov/2017030182

1 17

Pearson SEN 10 0134237927
ISBN 13: 978-0-13-423792-3


https://lccn.loc.gov/2017030182

DEDICATION

The authors dedicate this eighth edition of Kirk’s Fire Investigation to Dr. Vytenis (Vyto)
Babrauskas, Fire Science and Technology Inc., San Diego, California.

Dr. Babrauskas has his Bachelor’s degree from Swarthmore College in Physics followed
by an M.S. degree in Structural Engineering and a Ph.D. degree in Fire Protection Engi-
neering from the University of California, Berkeley. He was the first person ever to be
awarded a Ph.D. degree in Fire Protection Engineering.

A Principal Member of the NFPA 921 and NFPA 901 Committees, Dr. Babrauskas single
handedly has contributed much to the field of fire and explosion investigation. His key-
note textbook, the Ignition Handbook, is a must-have reference in the field.

The authors recognize Dr. Babrauskas for his past, present, and continuing contributions.




This page intentionally left blank



CONTENTS

Preface to the Eighth Edition xxi
Acknowledgments xxvii

About the Authors xxxi

Course Description xxxiii

Chapter 1 Principles of Fire Investigation 1

1.1 Fire Investigation 2

1.2 The Fire Problem 4

1.2.1 Fire Statistics in the United States 4
1.2.2 Fire Statistics in the United Kingdom 5
1.2.3 Role of the Fire Investigator in Accurately Reporting the Causes of Fires 5

1.3 The Detection of Incendiary Fires 6

1.3.1 Reporting Arson as a Crime 6
1.3.2 Problems Associated with Estimating Incendiary Fires 8

1.4 The Need for Science in Fire Investigations 10

1.4.1 International Conference on Fire Research for Fire Investigation 10
1.4.2 National Research Council Report 10

1.4.3 The NFPA 1033’s “Big Sixteen” 11

1.4.4 The Neglected 17th Area of Fire Investigation 12

1.5 The Scientific Approach to Fire Investigation 13

1.5.1 The Scientific Method 13

1.5.2 Levels of Certainty 16

1.5.3 The Working Hypothesis 17

1.5.4 Testing the Working Hypothesis 21

1.5.5 Benefits of Using the Scientific Method 22

1.5.6 Alternatives to the Scientific Method 23

1.5.7 Legal Opinions Regarding Science in Investigation 23

1.6 Foundations of Expert Testimony 24

1.6.1 Federal Rules of Evidence 25

1.6.2 Sources of Information for Expert Testimony 26
1.6.3 Disclosure of Expert Testimony 27

1.6.4 Daubert Criteria 28

1.6.5 Frye Standard 30

1.7 Impact of NFPA 921 on Science-Based Expert Testimony 37
1.7.1 References to NFPA 921 37
1.7.2 Investigative Protocols 38

1.7.3 Case Examples of the Use of Guidelines and Peer-Reviewed Citations 39
1.7.4 Peer Review of Theory 39

Vii



1.7.5 Methodology Needed 40

1.7.6 Methodological Explanations for Burn Patterns 42

1.7.7 Methodology and Qualifications 43

1.7.8 Authoritative Scientific Testing 45

1.7.9 Peer Review and Publications 48

1.7.10 Negative Corpus 51

1.7.11 Error Rates, Professional Standards, and Acceptability 52

Chapter Review 54
Summary 54
Review Questions 54
References 54

Legal References 57

Chapter 2 The Basic Science and Dynamics of Fire 59

Part 1: Basic Fire Science 60
2.1 Elements, Atoms, and Compounds 60

2.2 The Oxidation Reaction 61
2.3 Carbon Compounds 62
2.4 Organic Compounds 63
2.5 Hydrocarbons 63

2.6 Petroleum Products 65

2.6.1 Petroleum Distillates 65
2.6.2 Nondistillates 66

2.7 Carbohydrates 67
2.8 State of the Fuel 68

2.9 Solid Fuels 69

2.9.1 Pyrolysis 70

2.9.2 Combustion Properties of Wood 72
2.9.3 Wood Products 81

2.9.4 Paper 83

2.9.5 Plastics 83

2.9.6 Changes in Materials 87

2.9.7 Metals 94

2.9.8 Coal 95

2.9.9 Combustion of Solid Fuels 95

2.10 Liquid and Gaseous Fuels 98

2.10.1 Physical Properties of Fuels 98
2.10.2 Hydrocarbon Fuels 116

2.10.3 Combustion of Liquid Fuels 118
2.10.4 Nonhydrocarbon Liquid Fuels 120
2.10.5 Alternative Fuels or Biofuels 121
2.10.6 Fuel Gas Sources 122

2.10.7 LP Gas 122

Vvill Contents



Part 2: Basic Fire Dynamics 128
2.11 Basic Fire Dynamics 128

2.11.1 Basic Units of Measurement 129
2.11.2 The Science of Fire 130

2.11.3 Heat Transfer 132

2.11.4 Heat Release Rate 138

2.11.5 Fire Development 145

2.11.6 Enclosure Fires 155

2.11.7 Other Enclosure Fire Events 162

Chapter Review 168
Summary 168

Review Questions 168
References 169

Legal Reference 172

Chapter 3 Chemical Fires and Explosions 173

3.1 Chemical Explosions 176

3.1.1 Diffuse-Phase Explosions 176
3.1.2 Gases 176

3.1.3 Vapors and Vapor Density 178
3.1.4 Deflagrations 181

3.1.5 Ignition 183

3.2 Condensed-Phase Explosions 184
3.2.1 Chemical and Physical Properties 185

3.3 Types and Characteristics of Explosives 186

3.3.1 Propellants or Low Explosives 186
3.3.2 High Explosives 188

3.3.3 High Explosive Categories 189
3.3.4 Components 190

3.3.5 High-Order Explosions 191

3.3.6 Low-Order Explosions 192

3.4 Mechanical Explosions 192

3.4.1 Acid, Gas, or Bottle Bombs 193
3.4.2 Bleves 195

3.5 Electrical Explosions 195

3.6 Investigation of Explosions 195

3.6.1 The Scene Search 197

3.6.2 Speed and Force of Reaction 200

3.6.3 Scene Evaluation and Hypothesis Formation 203
3.6.4 Evidence Recovery 204

3.6.5 Laboratory Analysis 205

3.6.6 Incident Analysis 206

3.6.7 Bomb Arson Tracking System (BATS) 207

3.7 Chemical Fires and Hazardous Materials 208

3.7.1 Introduction 208
3.7.2 Regulations, Codes, and Standards 209

Contents X



3.7.3 Causes of Reactive Chemical Hazards 212
3.7.4 Gases 214

3.8 Hazardous Liquids 217
3.8.1 Solvents 218

3.8.2 Petroleum Products 220
3.8.3 Miscellaneous Liquids 220

3.9 Solids 221
3.9.1 Incendiary Mixtures 221

3.9.2 Oxidizers 223
3.9.3 Reactive Metals 223

3.10 Clandestine Laboratories 224
3.10.1 Clandestine Drug Laboratories 224

3.10.2 Marijuana Cultivation 228
3.10.3 Clandestine Explosives Laboratories 229

3.11 Warning Systems 229

3.11.1 NFPA 704 System 230
3.11.2 Federal Hazardous Materials Transportation System 231

Chapter Review 232
Summary 232

Review Questions 232
References 232

Chapter 4 Sources of Ignition 235

4.1 Introduction to Ignition Sources 236

4.2 Primary Ignition Sources 236

4.2.1 Matches 237
4.2.2 Lighters 237
4.2.3 Torches 239
4.2.4 Candles 240

4.3 Secondary Ignition Sources 241

4.3.1 Sparks/Arcs 241

4.3.2 Objects/Hot Surfaces 242
4.3.3 Friction 243

4.3.4 Radiant Heat 244

4.3.5 Chemical Reaction 246

4.4 Utility Services and Appliances as Ignition Sources 246

4.4.1 Gas Appliances as Ignition Sources 246
4.4.2 Portable Electric Appliances 252

4.4.3 Kerosene Heaters 252

4.4.4 Stoves and Heaters 253

4.4.5 Qil Storage 254

4.5 The Role of Hot and Burning Fragments in Igniting Fires 254

4.5.1 Windblown Sparks 254
4.5.2 Fireplaces and Chimneys 255

X Contents



4.5.3 Long-Term Heating (Low-Temperature Ignition) 259
4.5.4 Trash Burners and Incinerators 260

4.5.5 Bonfires 261

4.5.6 Hot Metals 261

4.5.7 Mechanical Sparks 262

4.5.8 Firearms Residues 263

4.5.9 Exploding Ammunition 263

4.5.10 Military Ammunition 264

4.6 Smoking as a Fire Origin 264

4.6.1 Cigarettes 264

4.6.2 Bedding and Furnishings 266

4.6.3 Cigarettes and Flammable Liquids and Gases 268
4.6.4 Pipes and Cigars 270

4.6.5 Plantings 270

4.7 Spontaneous Combustion (Self-Heating) 271

4.7.1 Characteristics of Self-Heating 271

4.7.2 Self-Heating Oils 272

4.7.3 Self-Heating of Vegetation 276

4.7.4 Other Materials Subject to Self-Heating 278
4.7.5 Implications for the Fire Investigator 278

4.8 Other Sources of Ignition 278
4.8.1 Lightning 278
4.8.2 Lightning and Trees 280
4.8.3 Ignition by Electric Lighting 280
4.8.4 Ignition from Discarded Batteries 284
4.8.5 Animal Interaction with Sources of Ignition 285

4.9 Assessing Ignition Sources at the Fire Scene: The Ignition Matrix™ 287
Chapter Review 289

Summary 289

Review Questions 289

References 289

Chapter 5 Fire Scene Examination 293

5.1 Investigative Information During Suppression 296

5.1.1 Responsibility of the Firefighters 296
5.1.2 Minimizing Post-Fire Damage 297

5.2 The Investigation 298

5.2.1 During the Fire 298

5.2.2 Immediately After the Fire Is Extinguished 298
5.2.3 During the Clearing of the Scene 301

5.2.4 After Cleanup 301

5.3 Fire Plumes 302

5.3.1 Fire Plume Damage Correlations 303
5.3.2 Axisymmetric Plumes 305

5.3.3 Window Plumes 305

5.3.4 Balcony Plumes 307

Contents

Xi



5.3.5 Line Plumes 308
5.3.6 Axisymmetric Fire Plume Calculations 309

5.4 Fire Patterns and Analysis 320

5.4.1 Typology 320

5.4.2 V Patterns 323

5.4.3 Hourglass Patterns 324
5.4.4 Demarcations 324
5.4.5 Surface Effects 325
5.4.6 Penetrations 335

5.4.7 Loss of Material 336
5.4.8 Victim Injuries 339

5.5 Interpreting Fire Plume Behavior 340

5.5.1 Fire Vectoring 340
5.5.2 Virtual Origin 341
5.5.3 Tracing the Fire 341

5.6 Fire Burn Pattern Tests 343

5.6.1 Fire Testing Goals 343

5.6.2 Virtual Origin 346

5.6.3 Flame Height 347

5.6.4 Fire Duration 347

5.6.5 Regression Rates 348

5.6.6 NIJ-Funded Research 349

5.6.7 Adjustments to Fire Duration 350

5.6.8 Flame Height Adjustment for Fire Location 351
5.6.9 Pool Fires and Damage to Substrates 351

Chapter Review 353
Summary 353

Review Questions 353
References 353

Legal References 357

Chapter 6 Fire Scene Documentation 358

6.1 National Protocols 359

6.2 Systematic Documentation 363

6.2.1 Exterior 373

6.2.2 Interior 374

6.2.3 Investigative 379

6.2.4 Panoramic Photography 391

6.3 Application of Criminalistics at Fire Scenes 399

6.3.1 Gridding 399

6.3.2 Documentation of Walls and Ceilings 401

6.3.3 Layering 403

6.3.4 Sieving 407

6.3.5 Preservation 407

6.3.6 Impression Evidence 408

6.3.7 Trace Evidence Found on Clothing and Shoes 410
6.3.8 Debris Containing Suspected Volatiles 412

6.3.9 UV Detection of Petroleum Accelerants 412

il Contents



6.3.10 Digital Microscopes 413

6.3.11 Portable X-Ray Systems 413

6.3.12 Portable X-Ray Fluorescence 414
6.3.13 Infrared Video Thermal Imaging 415
6.3.14 MRI and CT Imaging 415

6.3.15 DNA Recovery 416

6.4 Photography 416

6.4.1 Documentation and Storage 417

6.4.2 Film Cameras and Formats 417

6.4.3 Digital Cameras 418

6.4.4 Digital Image Processing 419

6.4.5 High Dynamic Range Photography 420
6.4.6 Digital Imaging Guidelines 421

6.4.7 Lighting 422

6.4.8 Accessories 422

6.4.9 Measuring and Image Calibration Devices 423
6.4.10 Aerial Photography 423

6.4.11 Photogrammetry 424

6.4.12 Digital Scanning Cameras 427

6.5 Sketching 427
6.5.1 General Guidelines 427

6.5.2 GPS Mapping 429
6.5.3 Two- and Three-Dimensional Sketches 429

6.6 Establishment of Time 430
6.6.1 Evaporation 430

6.6.2 Drying 432
6.6.3 Cooling 432

6.7 Spoliation 433

Chapter Review 435

Summary 435

Review Questions 435

Suggested Classroom Exercises 435
References 435

Legal References 439

Chapter 7 Fires by Property Type 440

Part 1: General Principles 441

7.1 General Principles of Fire Investigation 441

7.1.1 General Considerations 441

7.1.2 Interviews with Witnesses 442

7.1.3 Interviews with Public Safety Officials 442
7.1.4 Fire Patterns 443

7.1.5 Tracing the Course of the Fire 443

7.1.6 Implications for the Fire Investigator 445
7.1.7 Analysis and Hypothesis Testing 445

7.2 General Considerations 446
7.2.1 Protected Areas 446

Contents



7.2.2 Utilities 450

7.2.3 Electrical Ignition Sources 450

7.2.4 Arc Mapping 451

7.2.5 Appliance Condition 451

7.2.6 Trash 452

7.2.7 Detection Systems Mapping 452

7.2.8 Interior Fires from Exterior Sources 452
7.2.9 Roof and Attic Fires 453

7.2.10 Timelines 454

7.3 Collection and Preservation of Evidence 455

7.3.1 Debris Suspected of Containing Volatiles 456
7.3.2 Other Solid Evidence 457

7.3.3 Liquids 458

7.3.4 Testing of Hands 458

7.3.5 Testing of Clothing 459

7.3.6 Chain of Evidence 459

Part 2: Structural Fires 460

7.4 Examination of a Fire Scene 460

7.4.1 Search Patterns and Practices 460

7.4.2 Fire Behavior Indicators 463

7.4.3 Char Depth 478

7.4.4 Spalling 481

7.4.5 Glass 487

7.4.6 Myths and Misconceptions About Indicators 493
7.4.7 Arson Evidence 494

Part 3: Wildland Fires 499

7.5 Wildland Fires 499

7.5.1 Fire Spread 500

7.5.2 Fuels 501

7.5.3 Fire Behavior 502

7.5.4 Determination of Origin 504

7.5.5 Sources of Ignition for Wildland Fires 513

7.5.6 Collection and Preservation of Physical Evidence 519

Part 4: Vehicle Fires 521

7.6 Vehicle Fires 521

7.6.1 Functional Elements 521

7.6.2 Considerations for Fire Investigation 530
7.6.3 Combustible Materials 531

7.6.4 Motor Vehicle Safety Standard 302 531
7.6.5 Miscellaneous Ignition Mechanisms 531
7.6.6 Vehicle Arson 532

7.6.7 Considerations for Fire Investigation 532
7.6.8 Protocol for Vehicle Examination 532

7.7 Motorhomes and Other Recreational Vehicles 546

7.7.1 Characteristics of Motorhomes 546
7.7.2 Fire Risk 546

Contents



7.7.3 Propane Tanks 546
7.7.4 Considerations for Fire Investigation 547

Part 5: Manufactured Housing 549

7.8 Manufactured Housing 549

7.8.1 Construction and Materials 549
7.8.2 Considerations for Fire Investigation 550

7.9 Heavy Equipment 551

Part 6: Boats and Ships 552

7.10 Boats and Ships 552

7.10.1 Ships 553

7.10.2 Tankers 554

7.10.3 Ship Construction and Firefighting Techniques 554
7.10.4 Motives for Vehicle and Marine Arson 555

Chapter Review 557
Summary 557

Review Questions 557
References 558

Chapter 8 Forensic Laboratory Services 562

8.1 Availability of Laboratory Services 563

8.1.1 Forensic Laboratories 563
8.1.2 Fire Testing Laboratories 563
8.1.3 The Importance of Accreditation 563

8.2 Identification of Volatile Accelerants 565

8.2.1 Gas Chromatography 565

8.2.2 Gas Chromatography/Mass Spectrometry (GC/MS) 567
8.2.3 Sample Handling and Isolation of Volatile Residues 568
8.2.4 Identification of Volatile Residues 572

8.2.5 Interpretation of GC Results 576

8.3 Chemical Incendiaries 579

8.3.1 Improvised Mixtures 579
8.3.2 Laboratory Methods 580

8.4 Analysis of General Fire Evidence 581

8.4.1 Identification of Charred or Burned Materials 582
8.4.2 Burned Documents 582

8.4.3 Failure Analysis by Forensic Engineers 583

8.4.4 Evaluation of Appliances and Wiring 584

8.4.5 Forensic Evaluation of Smoke Alarms 589

8.4.6 Spoliation 590

8.5 Non-Fire-Related Physical Evidence 590

8.5.1 Fingerprints 590
8.5.2 Blood 592
8.5.3 Impression Evidence 594

Contents

XV



XVi

Contents

8.5.4 Physical Matches 596
8.5.5 Trace Evidence 596

Chapter Review 599
Summary 599

Review Questions 599
References 599

Chapter 9 Fire Modeling 604

9.1 History of Fire Modeling 605

9.2 Fire Models 606

9.2.1 Spreadsheets Models 607
9.2.2 Zone Models 607
9.2.3 Field Models 609

9.3 CFAST Overview 610

9.3.1 Fire Plumes and Layers 611
9.3.2 Heat Transfer 611
9.3.3 Limitations 611

9.4 CFD Technology-Based Models 612

9.4.1 Fire Dynamics Simulator 612
9.4.2 FM Global CFD Fire Modeling 613
9.4.3 FLACS CFD Model 613

9.5 Impact of Guidelines and Standards on Fire Models 614

9.5.1 ASTM Guidelines and Standards 614
9.5.2 SFPE Guidelines and Standards 614
9.5.3 NFPA 921 Guidelines on the Use of Fire Models 614

9.6 Verification and Validation 615

9.6.1 Impact of Verification and Validation Studies 616
9.6.2 The Dalmarnock Tests 616

9.7 Historical Fire Modeling Case Studies 617

9.7.1 UK Fire Research Station 618

9.7.2 Dupont Plaza Hotel and Casino Fire 619
9.7.3 King’s Cross Underground Station Fire 619
9.7.4 First Interstate Bank Building Fire 620
9.7.5 Hillhaven Nursing Home Fire 621

9.7.6 Pulaski Building Fire 621

9.7.7 Happyland Social Club Fire 623

9.7.8 62 Watts Street Fire 623

9.7.9 Cherry Road Fire 623

Chapter Review 625
Summary 625
Review Questions 625
References 625

Legal References 627



Chapter 10 Fire Testing 628

10.1 ASTM and CFR Flammability Tests 631

10.1.1 ASTM Test Methods for Other Materials 633
10.1.2 Flash and Fire Points of Liquids 635

10.1.3 Calorimetry 636

10.1.4 Test Methods 638

10.1.5 Cigarette Ignition of Upholstered Furniture 639

10.2 Physical Tests 639

10.2.1 Scale Models 639

10.2.2 Fluid Tanks 642

10.2.3 Field Tests 642

10.2.4 Full-Scale Fire Tests 644

10.2.5 Full-Scale Fire Tests Cubicle Construction 645

10.3 Types of Fabrics 646

10.3.1 Natural Fibers 646
10.3.2 Petroleum-Based Synthetic Fibers 647
10.3.3 Non-Petroleum-Based Synthetic Fibers 648

10.4 Fire Hazards 649
10.4.1 Clothing Design 649

10.4.2 Weave and Finish 649
10.4.3 Fiber 649

10.5 Regulation of Flammable Fabrics 650

10.5.1 Overview of Federal Jurisdiction 650
10.5.2 Clothing Flammability 650

10.5.3 Flammability of Carpets and Rugs 650
10.5.4 Flammability of Children’s Sleepwear 651
10.5.5 Mattress Flammability 651

10.6 Upholstered Furniture 653
10.7 Flammability Tests for Federal Regulations 655

10.7.1 Flammability of Clothing Textiles (Title 16 CFR 1610—U.S.) 655
10.7.2 Flammability of Vinyl Plastic Film (Title 16 CFR 1611—U.S.) 656
10.7.3 Flammability of Carpets and Rugs [Title 16 CFR 1630—U.S.

(Large Carpets) and CFR 1631—U.S. (Small Carpets)] 656
10.7.4 Flammability of Mattresses and Pads (Title 16 CFR 1632—U.S.) 656
10.7.5 Flammability of Mattresses and Box Springs (Title 16 CFR 1633—U.S.) 656
10.7.6 Flammability of Children’s Sleepwear (Title 16 CFR 1615 and

1616—U.S.) 657

10.8 Considerations for Fire Investigators 657
Chapter Review 659

Summary 659

Review Questions 659

References 660

Contents

XVii



Chapter 11 Arson Crime Scene Analysis 663

11.1 Arson as a Crime 664
11.1.1 Developing the Working Hypothesis 665
11.1.2 Multiple Fires 666
11.2 Classification of Motive 667
11.2.1 Classification 668
11.2.2 Offender-Based Motive Classification 668
11.3 Vandalism-Motivated Arson 670
11.4 Excitement-Motivated Arson 672
11.5 Revenge-Motivated Arson 674
11.6 Crime Concealment-Motivated Arson 676
11.7 Profit-Motivated Arson 678
11.8 Extremist-Motivated Arson 681

11.9 Other Motive-Related Considerations 682

11.9.1 Pyromania 682

11.9.2 Mixed Motives 683
11.9.3 Faked Deaths by Fire 686
11.9.4 Filicide 687

11.10 Geography of Serial Arson 689

11.10.1 Transition Zones 689
11.10.2 Centrography 689
11.10.3 Spatial and Temporal Trends 690

Chapter Review 697
Summary 697

Review Questions 697
Suggested Readings 697
References 697

Legal References 700

Chapter 12 Fire Deaths and Injuries 701

12.1 The Team Effort 702
12.1.1 Species of Remains 702
12.1.2 Identity of the Victim 703
12.1.3 Cause of Death 704
12.1.4 Manner of Death 705
12.1.5 Victim Status at Time of Death 705
12.1.6 Death Due to Fire versus Death Associated with Fire 705
12.1.7 Problems and Pitfalls 705

12.2 Tenability: What Kills People in Fires? 707

12.3 Toxic Gases 708

12.3.1 Carbon Monoxide 709
12.3.2 Predicting the Time to Incapacitation by Carbon Monoxide 711

xVviii Contents



12.3.3 Hydrogen Cyanide 714

12.3.4 Predicting the Time to Incapacitation by Hydrogen Cyanide 716
12.3.5 Incapacitation by Low Oxygen Levels 717

12.3.6 Predicting the Time to Incapacitation by Carbon Dioxide 718

12.4 Heat 719

12.4.1 Predicting the Time to Incapacitation by Heat 719
12.4.2 Inhalation of Hot Gases 719

12.4.3 Effects of Heat and Flame 719

12.4.4 Flames (Incineration) 722

12.4.5 Burns 722

12.4.6 Blunt Force Trauma 723

12.5 Visibility 723
12.5.1 Optical Density 724
12.5.2 Fractional Equivalent Concentrations of Smoke 725
12.5.3 Walking Speed 726
12.5.4 Wayfinding 726
12.5.5 Smoke 726
12.6 Scene Investigation 727

12.6.1 Postmortem Destruction 727
12.6.2 Interval Between Fire and Death 727
12.6.3 Postmortem Tests Desirable in Fire Death Cases 728

Chapter Review 730
Summary 730
Review Questions 731
References 731

Appendix A Conversion of Units 734

Appendix B Mathematics Refresher 735

Logarithms 735
Dimensional Analysis 736

Appendix C Selected Material Properties 738
Glossary 743
Index 755

Contents



This page intentionally left blank



PREFACE TO THE EIGHTH EDITION

More has changed in the last year in the field of fire investigation than in all the years
since the 1969 publication of the first edition of Fire Investigation by Dr. Paul L. Kirk
and the 2004 publication of the first edition of Forensic Fire Scene Reconstruction.
Dr. Paul L. Kirk was a professor of biochemistry and criminalistics at the University of
California at Berkeley, but it was his specialty of microchemistry that focused his attention
on physical evidence and its analysis. In 1953, he wrote the landmark text, Crime Investi-
gation, and maintained a private criminalistics consulting practice where he became
involved in a wide variety of fire and explosion cases. He published Fire Investigation in
1969 as the first textbook on fire investigation written by a scientist rather than a fire
investigator. Dr. Kirk remained in charge of the criminalistics program at Berkeley until his
death in 1970 and launched the careers of many criminalists who now practice around the
world. His concern with using science to solve the puzzles of fires and explosions presaged
the current emphasis on using the scientific method to investigate fires by more than 30
years. It is in honor of Dr. Kirk’s pioneering work in bringing science to fire investigation
that his name remains included in the title, Kirk’s Fire Investigation, and the spirit, of this
text. No longer is the investigation of fires just limited to inspecting the ruins, asking
questions of the witnesses, and applying basic common sense and observations to deter-
mine the fire’s origin and cause. Fire investigators must now keep in step with the rapid
changes in the forensic sciences, the innovations in fire scene documentation, and chal-
lenges in the court stressing precise defensible expert testimonies.

Dr. John D. DeHaan became the author of Kirk’s in 1980, at the request of the then
publisher, John Wiley & Sons. His involvement with international fire, explosion, and
forensic professional organizations provided a wide variety of knowledge and the opportu-
nity to share techniques and information with many renowned experts. His Ph.D. research
was on the development of layers of flammable liquid vapors (University of Strathclyde,
1995). After more than 30 years however, Dr. DeHaan felt it was time for a newer genera-
tion of authors with skills in the engineering applications required of today’s investigators
to take the lead.

The eighth edition of Kirk’s Fire Investigation blends the seventh edition of Kirk’s
with the third edition of Forensic Fire Scene Reconstruction. The design of this new text-
book meets the emerging forensic challenges. Kirk’s still ranks as the foremost authorita-
tive text for training as well as an expert treatise for fire investigation professionals. It also
serves as a bridge textbook providing interoperation of the concepts presented in the lat-
est editions of the National Fire Protection Association (NFPA) Guide for Fire and Explo-
sion Investigation (NFPA 921), Standard for Professional Qualifications for Fire
Investigator (NFPA 1033), and related standards of care.

The premier aspect of Kirk’s is that it maintains its role as the leading peer-reviewed
and widely cited expert treatise in the fire investigation field. Concepts and investigative
techniques presented are supported by peer-reviewed references and have already gained
general acceptance in the fire and explosion investigation field. Notwithstanding, Kirk’s
ability to assimilate and interpret emerging techniques typically outpaces the publication of
NFPA 921 and other standards of care, and can be safely relied upon by expert witnesses.

Because forensic fire scene documentation is emerging as the cornerstone in nearly all
judicially contested investigations, modest reconstructive efforts such as repositioning fur-
niture and other post-fire artifacts into pre-fire positions no longer suffice. Therefore,
during scene documentation, today’s fire investigator must possess skill in scientifically
based fire pattern analysis and must employ analytical methodologies based on expert
interpretation of discernible patterns and fire dynamics principles.
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Delving deeply into the forensic fire protection engineering field, this eighth edition of
Kirk’s covers engineering calculations and fire modeling, and features several exhaustive
case studies that leverage the current technology explained in depth throughout the text.
Several specialized topic areas also are covered, including use of scanning and panoramic
photography, preparation of comprehensive reports, the ignition matrix, expert testi-
mony, and computer modeling and laser imaging. Also included is an advanced discussion
of tenability.

Paving the way for those investigators who seek to take their forensic investigation
skills to the next level, this new edition emphasizes the need to use the scientific method
and details the need-to-know information behind developing a working hypothesis. Read-
ers are also thoroughly prepared for the courtroom with this guide, which teaches investi-
gators how to form and authoritatively present their expert testimony.

Kirk’s eighth edition is the most in-depth textbook in the field of fire investigation on
the subject of arson crime scene analysis and examining motive as it relates to fire setting.
For investigators seeking to gain a deeper and more advanced understanding of fire pro-
tection engineering concepts, technology, and analysis in the field of fire investigation,
Kirk’s takes readers to the next level of expertise.

About This Book

Forensic fire investigations go well beyond establishing what furnishings were present and
where they were originally placed. Fire scene analysis and reconstruction involves identi-
fication and documentation of all relevant features of the fire scene—materials, dimen-
sions, location, and physical evidence—that help identify fuels and establish human
activities and contacts. This information, placed in context with principles of fire engi-
neering and human behavior, is used to evaluate various scenarios of the origin, cause,
and development of the fire and the interaction of people with it.

This textbook is intended for use by a broad range of both public and private sector
individuals in the investigative, forensic, engineering, and judicial sectors. Intended users
include the following;:

B Public safety officials charged with the responsibility of investigating fires;

B Prosecutors of arson and fire-related crimes who seek to add to their capabilities of
evaluating evidence and presenting technical details to a nontechnical judge and jury;

B Judicial officials seeking to better comprehend the technical details of cases over
which they preside;

B Private-sector investigators, adjusters, and attorneys representing the insurance
industry who have the responsibility of processing claims or otherwise have a vested
interest in determining responsibility for the start or cause of a fire;

B (Citizens and civic community service organizations committed to conducting public
awareness programs designed to reduce the threat of fire and its devastating effect
on the economy; and

B Scientists, engineers, academicians, and students engaged in the education process
pertaining to forensic fire scene reconstruction.

A thorough understanding of fire dynamics is valuable in applying forensic engineer-
ing techniques. This book describes and illustrates the latest interpretations of systematic
approaches for reconstructing fire scenes. These approaches apply the principles of fire
protection engineering along with those of forensic science and behavioral science.

Using historical fire cases, both in the textbook, the authors provide new lessons and
insight into the ignition, growth, development, and outcome of those fires. All documen-
tation in the case examples follows or exceeds the methodology set forth by the NFPA in
both the 2017 edition of NFPA 921: Guide for Fire and Explosion Investigations and its
companion standard, the 2014 edition of NFPA 1033: Standard for Professional
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Qualifications for Fire Investigator. This text includes the real-world case examples to
illustrate the concepts that shed new light on the forensic science, fire engineering, and
human factor issues. Each example is illustrated using the guidelines from NFPA 921 and
Kirk’s Fire Investigation. In cases where fire engineering analysis or fire modeling is appli-
cable, these techniques are explored.

The authors acknowledge the numerous essential references from the Society of Fire
Protection Engineers (SFPE) that form the basis for much of the material included in this
textbook. These essential references, ranging from core principles of fire science to human
behavior, include the SFPE Handbook of Fire Protection Engineering and many of SFPE’s
engineering practice guides.

New to This Edition

The eighth edition is one of the most adventurous editions over the last decade. Fully
updated and streamlined from the previous edition, the eighth edition of Kirk’s offers the
latest information on investigative technologies and innovative documentation techniques.

The following highlights are changes to this edition that set it apart from
previous ones:

B Meets the FESHE guidelines for Fire Investigation and Analysis, with correlations to
the 2017 Edition of NFPA 921 and the 2014 Edition of NFPA 1033.

B Emphasizes and cross-references the critical Job Performance Requirements (JPRs)
of NFPA 1033 for fire investigators.

B Provides background for NFPA 1033’s “Basic Sixteen” knowledge requirements.

B Includes the latest information on applying the scientific method to fire investiga-
tions, particularly with the use of Bilancia Ignition Matrix™.

B Nearly all photos are now in color, making interpretation by the reader easier.

B Updated, in-depth case examples demonstrate the use of forensic fire investigation
and analysis approaches.

B Comprehensive glossary of terms used throughout the textbook provides the latest
definitions of common forensic fire investigation terminologies.

B The textbook is included in required and supplemental fire investigation professional
training and certification programs by the National Fire Academy, the International
Association of Arson Investigators (IAAI), and the National Association of Fire
Investigators (NAFI).

B Provides the essential information required in preparing for the International Asso-
ciation of Arson Investigator’s (IAAI) Fire Investigation Technician (IAAI-FIT) and
Evidence Collection Technician (IAAI-ECT) Examinations.

B Provides websites for both instructors and students, including problem sets from
NIST, NFPA, US Department of Justice, and the US Chemical Safety and Hazard
Assessment Board.

Hallmark Features

B Describes a systematic approach to reconstructing fire scenes in which investigators
rely on the combined principles of fire protection engineering along with forensic
and behavioral science.

B Describes the scientific underpinnings of how fire patterns are produced and how
they can be used by investigators in assessing fire damage and determining a fire’s
origin.

B Details the systematic approach needed to support forensic fire analysis and reports.

Reviews the techniques used in the analysis of arsonists’ motives and intents.

B Discusses the use of various mathematical, physical, and computer-assisted tech-
niques for modeling fires, explosions, and the movement of people.
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B Provides an in-depth examination of the impact and tenability of fires on humans.
B Reviews the applicable standard forensic laboratory and fire testing methods that
are important to fire scene analysis and reconstruction.

Scope of the Book

Kirk’s Fire Investigation is divided into the following chapters, which flow logically and
build on one another:

Chapter 1, “Principles of Fire Investigation,” describes the foundation and back-
ground of the rapidly developing field of determining origin and cause of fires. It presents
a systematic approach to reconstructing fire scenes in which investigators rely on the
combined principles of fire protection engineering along with forensic and behavioral sci-
ence. Using this approach, the investigator can more accurately document a structural
fire’s origin, intensity, growth, direction of travel, and duration as well as the behavior of
the occupants.

Chapter 2, “The Basic Science and Dynamics of Fire,” provides the investigator with
a firm understanding of the phenomenon of fire, heat release rates of common materials,
heat transfer, growth and development, fire plumes, and enclosure fires.

Chapter 3, “Chemical Fires and Explosions,” provides the fire investigator with a
thorough coverage of the interrelationships of chemical fires and explosions, hazard
classification systems. Significant contributions to this chapter were provided by
Dr. Elizabeth Buc, an internationally recognized expert in the field.

Chapter 4, “Sources of Ignition,” explores existing and new methodologies of inves-
tigating and identifying competent sources of ignition. This approach uses the Bilancia
Ignition Matrix™ method to ensure that exhaustive hypotheses are systematically gener-
ated per the scientific method.

Chapter 5, “Fire Scene Examination,” describes the science and engineering underpin-
nings of how fire patterns are used by investigators in assessing fire damage and determin-
ing a fire’s origin. Fire patterns are often the only remaining visible evidence after a fire is
extinguished. The ability to document and interpret fire pattern damage accurately is a
skill of paramount importance to investigators when they are reconstructing fire scenes.

Chapter 6, “Fire Scene Documentation,” details a systematic approach needed to
support forensic analysis and reports. The purpose of forensic fire scene documentation
includes recording visual observations, emphasizing fire development characteristics, and
authenticating and protecting physical evidence. The underlying theme is that thorough
documentation produces sound investigations and courtroom presentations. The chapter
includes commentaries on new technologies useful in improving the accuracy and com-
prehensiveness of documentation.

Chapter 7, “Fires by Property Type,” describes the principles of fuels, ignition, and
fire behavior with which investigators should be reasonably familiar before undertaking
the probe of a fire. This chapter covers structural, wildland, motor vehicle, and ship fires.
It also discusses the necessity of having a clear understanding of the purposes and goals of
the investigation and a rational, orderly plan for carrying it out to meet those purposes, as
well as the value and limitations of post-fire indicators and the basic physical processes
that create them.

Chapter 8, “Forensic Laboratory Services,” describes the role of laboratory services
in fire and explosion investigation and the types of examinations that can be requested.
These include not only fire debris analysis but the application of a wide range of physical,
chemical, optical, and instrumental tools on a variety of substances.

Chapter 9, “Fire Modeling,” discusses the use of various mathematical, physical, and
computer-assisted techniques for modeling fires, explosions, and the movement of people.
Numerous models are explored, along with their strengths and weaknesses. Several case
examples are also presented.
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Chapter 10, “Fire Testing,” describes how despite governmental regulations, fires in
which fabrics are the first materials to be ignited are still a very common occurrence. The
chapter discusses the nature of common fabrics and upholstery materials and their
contributions to both ignition hazard and fuel load in current studies.

Chapter 11, “Arson Crime Scene Analysis,” reviews the techniques used in the analy-
sis of arsonists’ motives and intents. It presents nationally accepted motive-based classifi-
cation guidelines along with case examples of the crimes of vandalism, excitement,
revenge, crime concealment, and arson-for-profit. The geography of serial arson is also
examined, along with techniques for profiling the targets selected by arsonists.

Chapter 12, “Fire Deaths and Injuries,” provides an in-depth examination of the impact
and tenability of fires on humans. The chapter examines what kills people in fires, namely
their exposure to by-products of combustion, toxic gases, and heat. It also examines the
predictable fire burn pattern damage inflicted on human bodies and summarizes postmor-
tem tests and forensic examinations desirable in comprehensive death investigations.

The Appendices contain a short refresher lesson on scientific notations and
calculations.

Peer Reviewers

Peer review is important for ensuring that a textbook is well balanced, useful, authorita-
tive, and accurate. The following individuals, agencies, institutions, and companies pro-
vided invaluable support during the peer-review process in the present and past editions
of Kirk’s Fire Investigation and Forensic Fire Scene Reconstruction.

Dr. Vytenis (Vyto) Babrauskas, Fire Science and Technology Inc., San Diego, California
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COURSE DESCRIPTION

This course examines the technical, investigative, legal, and social
aspects of arson, including principles of incendiary fire analysis and
detection, environmental and psychological factors of arson, legal con-
siderations, intervention, and mitigation strategies.

The National Fire Academy—developed Fire and Emergency Ser-
vices Higher Education (FESHE) curriculum serves as a national
training program guideline that is a requirement for many fire ser-
vice organizations and training programs. The following grid outlines Fire Investiga-
tion and Analysis course requirements and where specific content can be located
within this text.

Course Chapter
Requirements 123 |4|5|6|7|8|9|10|11|12]13
Demonstrate a technical understanding of the X[ XX | X[ X|X[X|[X|X[X|X]|X|X

characteristics and impacts of fire loss and the crime of
arson necessary to conduct competent fire investigation
and analysis.

Document the fire scene, in accordance with best X X | X[ X[ X[|X|X|X|[X]|X
practice and legal requirements.

Analyze the fire scenario utilizing the scientificmethod, | X | X [ X | X [ X | X [ X [ X | X [ X | X | X | X
fire science, and relevant technology.

Analyze the legal foundation for conducting a X X | XX | X[X|X|X|[X]|X
systematic incendiary fire investigation and case

preparation.

Design and integrate a variety of arson related X X X | X | X

intervention and mitigation strategies.

XXxXiii



General
Requirements
for a Fire
Investigator

Professional Levels of Job Performance for Fire Investigators

as Cited in NFPA 1033, 2014 Edition

4.1.2 Employ all elements of the scientific method as the operating analytical
process

4.1.3 Complete site safety assessments on all scenes

4.1.4 Maintain necessary liaison with other interested professionals and
entities

4.1.5 Adhere to all applicable legal and regulatory requirements

4.1.6 Understand the organization and operation of the investigative team
and incident management system

Scene
Examination

4.2.1 Secure the fire ground

4.2.2 Conduct an exterior survey

4.2.3 Conduct an interior survey

4.2.4 Interpret fire patterns

4.2.5 Interpret and analyze fire patterns

4.2.6 Examine and remove fire debris

4.2.7 Reconstruct the area of origin

4.2.8 Inspect the performance of building systems

4.2.9 Discriminate the effects of explosions from other types of damage

Documenting

4.3.1 Diagram the scene

the Scene 4.3.2 Photographically document the scene
4.3.3 Construct investigative notes
Evidence 4.4.1 Utilize proper procedures for managing victims and fatalities

Collection and
Preservation

4.4.2 Locate, collect, and package evidence
4.4.3 Select evidence for analysis

4.4.4 Maintain a chain of custody

4.4.5 Dispose of evidence

Interview

4.5.1 Develop an interview plan
4.5.2 Conduct interviews

4.5.3 Evaluate interview information

Post-Incident
Investigation

4.6.1 Gather reports and records

4.6.2 Evaluate the investigative file

4.6.3 Coordinate expert resources

4.6.4 Establish evidence as to motive and/or opportunity

4.6.5 Formulate an opinion concerning origin, cause, or responsibility for the
fire

Presentations

4.7.1 Prepare a written report

4.7.2 Express investigative findings verbally

4.7.3 Testify during legal proceedings

4.7.4 Conduct public informational presentations

Source: NFPA 1033: Standard for Professional Qualifications for Fire Investigator. Published by National Fire
Protection Association, © 2014.
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After reading this chapter, you should be able to:

B Describe the role of fire investigators in their determination of the origin, cause, and
development of a fire or explosion.

B Identify the major peer-reviewed publications in the field of fire investigation.

B Explain the impact of NFPA 921 and NFPA 1033 on scientific fire investigations

and expert testimony.

B Explain scope and impact in the field of fire investigation of job performance
responsibilities (JPR) expected from both public and private sector investigators.
B Explain the problem of the reporting of fire loss statistics in the United States and

the United Kingdom, particularly in the estimation of incendiary fires.




origin m The general
location where a fire or
explosion began (NFPA
2017, pt. 3.3.133).

fire m A rapid oxidation
process, which is a
chemical reaction result-
ing in the evolution of
light and heat in vary-
ing intensities; uncon-
trolled combustion
(NFPA 2017, pt. 3.3.66).

explosion ® The sud-
den conversion of
potential energy (chem-
ical or mechanical) into
kinetic energy with the
production and release
of gases under pressure,
or the release of gas
under pressure. These
high-pressure gases
then do mechanical
work such as moving,
changing, or shattering
nearby materials (NFPA
2017, pt. 3.3.56).

cause ® The circum-
stances, conditions, or
agencies that brought
about or resulted in the
fire or explosion inci-
dent, damage to prop-
erty resulting from the
fire or explosion inci-
dent, or bodily injury
or loss of life resulting
from the fire or explo-
sion incident (NFPA
2017, pt. 3.3.26).

arson ® The crime of
maliciously and inten-
tionally, or recklessly,
starting a fire or caus-
ing an explosion (NFPA
2017, pt. 3.3.14).

B Discuss the levels of confidence as applied to expert opinions in fire and explosion
investigations.

B Explain the need for science in fire investigation and scene reconstruction.

B Demonstrate an understanding of how to apply the scientific method in fire and
explosion investigations.

B List the seven basic steps used in the systematic process of the scientific method.

B Describe the foundations of expert testimony as applied to fire scene investigation.

B Explain the concept of developing alternative working hypotheses.

1.1 Fire Investigation

This text focuses on the field of fire investigation, which is the formal process of determin-
ing the origin, cause, and development of a fire or explosion. Often called a fire origin
and cause (O&C) investigation, the probe is launched after a fire or explosion is extin-
guished and investigators strive to determine what circumstances caused or contributed to
the incident. Due to the complex nature of the event, where a fire often distorts or destroys
the evidence, fire investigation is among the most difficult of the forensic sciences to prac-
tice. Not knowing whether the fire was incendiary or arson, investigators must prove or
disprove any allegations or suspicions and piece together the pre- and post-fire events. If
the investigation indicates that a fire was deliberately set, reasonable accidental fire
causes must be evaluated and eliminated.

The latest edition of Kirk’s Fire Investigation is considered the leading authoritative
text and legal expert treatise in the field. The text is used both for training and as the basis
for certification in many jurisdictions. A majority of the overall methodology of fire inves-
tigation relies upon Kirk’s, as well as on the following three peer-reviewed sources:

B The third edition of Forensic Fire Scene Reconstruction, published in 2013, is also
considered a leading forensic text that serves as a bridge textbook, tying the concepts
of fire engineering analysis to fire investigations (Icove, DeHaan, and Haynes 2013).

B The National Fire Protection Association’s NFPA 921: Guide for Fire and Explo-
sion Investigations, approved by the NFPA Standards Council on November 12,
2013, and issued with an effective date of November 11, 2016 (NFPA 2017). The
2017 edition of NFPA 921 supersedes all previous issues and is considered by prac-
titioners and judicial authorities the standard of care for conducting fire and explo-
sion investigations. NFPA 921 was approved as an American National Standard on
December 1, 2016.

B The National Fire Protection Association’s NFPA 1033: Standard for Professional
Qualifications for Fire Investigator, approved by the NFPA Standards Council on
May 28, 2013, with an effective date of June 17, 2013 (NFPA 2014). The 2014 edi-
tion of NFPA 1033 supersedes all previous issues and was approved as an American
National Standard on June 17, 2013.

Fire investigators must possess and maintain broad and up-to-date requisite knowl-
edge and skills in their field. Standard professional qualifications, also known also as job
performance requirements, mandate that fire investigators have and maintain basic
working knowledge of 16 essential areas beyond a high school educational level (NFPA
2014, pt. 1.3.7).

The process of fire scene investigation and reconstruction determines the most likely
development of a fire using a science-based methodology. Reconstruction begins with an
understanding of the conditions and actions just prior to the fire and follows the fire from
ignition to extinguishment. It explains aspects of the fire and smoke development, the role
of fuels, effects of ventilation, the impact of manual and automatic extinguishment, the
performance of the building, life safety features, and the manner of injuries or death.
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Professional Levels of Job Performance for Fire

Investigators as Cited in NFPA 1033, 2014 Edition

CATEGORY JOB PERFORMANCE REQUIREMENT

4.1 General 4.1.1 Shall meet the job performance requirements defined in
Requirements Sections 4.2 through 4.7
for a Fire 4.1.2 Shall employ all elements of the scientific method as the

Investigator

operating analytical process throughout the investigation and for
the drawing of conclusions

4.1.3 Site safety assessments shall be completed on all scenes and
regional and national safety standards shall be followed and
included in organizational policies and procedures

4.1.4 Shall maintain necessary liaison with other interested
professionals and entities

4.1.5 Shall adhere to all applicable legal and regulatory requirements

4.1.6 Shall understand the organization and operation of the
investigative team within an incident management system

4.2 Scene
Examination

4.2.1 Secure the fire ground

4.2.2 Conduct an exterior survey

4.2.3 Conduct an interior survey

4.2.4 Interpret effects of burning characteristics on materials

4.2.5 Interpret and analyze fire patterns

4.2.6 Examine and remove fire debris

4.2.7 Reconstruct the area of origin

4.2.8 Inspect the performance of building systems

4.2.9 Discriminate the effects of explosions from other types of damage

4.3 Documenting

4.3.1 Diagram the scene

the Scene 4.3.2 Photographically document the scene
4.3.3 Construct investigative notes
4.4 Evidence 4.4.1 Utilize proper procedures for managing victims and fatalities

Collection and
Preservation

4.4.2 Locate, collect, and package evidence
4.4.3 Select evidence for analysis

4.4.4 Maintain a chain of custody

4.4.5 Dispose of evidence

4.5 Interview

4.5.1 Develop an interview plan
4.5.2 Conduct interviews
4.5.3 Evaluate interview information

4.6 Post-Incident
Investigation

4.6.1 Gather reports and records

4.6.2 Evaluate the investigative file

4.6.3 Coordinate expert resources

4.6.4 Establish evidence as to motive and/or opportunity

4.6.5 Formulate an opinion concerning origin, cause, or responsibility
for the fire

4.7 Presentations

4.7.1 Prepare a written report
4.7.2 Express investigative findings verbally
4.7.3 Testify during legal proceedings

From NFPA 1033: Standard for Professional Qualifications for Fire Investigator. Published by National Fire
Protection Association, © 2014.

NFPA 1033 (2014) identifies the professional level of job performance require-
ments for fire investigators. This standard specifies the minimum job performance
requirements for service as a fire investigator in both the private and public sectors. Job
performance requirements for each duty are the tasks an investigator must be able to
perform to successfully carry out that duty. These tasks are summarized in Table 1-1.

Not only must fire investigators refer to and rely on Kirk’s Fire Investigation, Foren-
sic Fire Scene Reconstruction, NFPA 921, NFPA 1033, and expert treatises, they also

accidental fire m Involves
all fires for which the
proven cause does not
involve an intentional
human act to ignite or
spread fire into an area
where the fire should not
be (NFPA 2017, pt. 20.1.1).

fire investigator m An
individual who has
demonstrated the skills
and knowledge neces-
sary to conduct, coor-
dinate, and complete a
fire investigation (NFPA
2014, pt. 3.3.7).

requisite knowl-

edge ®m Fundamental
knowledge one must
have in order to per-
form a specific task
(NFPA 2014, pt. 3.3.10).

requisite skills m The
essential skills one
must have in order to
perform a specific task
(NFPA 2014, pt. 3.3.11).

job performance
requirement m A state-
ment that describes a
specific job task, lists
the items necessary to
complete the task, and
defines measurable or
observable outcomes
and evaluation areas
for the specific task
(NFPA 2014, pt. 3.3.9).

fire scene investiga-
tion and reconstruc-
tion m The process of
recreating the physical
scene during fire scene
analysis investigation
or through the removal
of debris and the place-
ment of contents or
structural elements in
their pre-fire positions
(NFPA 2017, pt. 3.3.76).
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incendiary fire m A

fire that is intention-
ally ignited in an area
or under circumstances
where and when there
fire should not be a fire
(NFPA 2017, pt. 3.3.116).

peer review m A formal
procedure generally
employed in prepublica-
tion review of scientific
or technical docu-
ments and screening

of grant applications

by research-sponsoring
agencies. Carries with

it connotations of both
independence and
objectivity. Peer review-
ers should not have any
interest in the outcome
of the review (NFPA
2017, pt. 4.6.3).

must conduct their investigations using a systematic and scientifically guided approach. In
addition to documenting the scene investigation, the investigator must collect physical
and testimonial evidence, conduct a post-incident investigation, and prepare a compre-
hensive written report in anticipation of civil or criminal litigation.

In cases of incendiary fires, in addition to determining the origin and cause of the
fire, the investigator has the added responsibility of identifying the person who set the fire
and providing proof to a trier of fact. Incendiary fires represent a significant percentage of
all fires and, because they are set specifically with the intent of destroying property, an
inordinately high percentage of dollar losses.

A majority of the fire investigators who testify as expert witnesses have certification
by one or more internationally recognized professional organizations. To be effective, the
work products and results of fire investigators must be able to pass the eventual and rigor-
ous scrutiny of peer review through cross-examinations, sworn depositions, hearings,
challenges, and courtroom testimony. In summary, the test of a comprehensive fire inves-
tigation is that when peer-reviewed by a non-involved expert fire investigator, they would
reach similar, if not the same, opinions and conclusions.

1.2 The Fire Problem

Internationally, fire continues to be the most costly of all public safety problems. Losses in
human lives and injuries due to fires and explosions continue to occur. Fire-caused prop-
erty losses far exceed those caused by all classes of crime and rival those produced by
hurricanes and earthquakes. There is a major problem in identifying and quantifying the
issues surrounding the fire problem due to the failure to obtain accurate incident data.

1.2.1 FIRE STATISTICS IN THE UNITED STATES

In the United States, fire incident data are collected by the Federal Emergency Manage-
ment Agency’s US Fire Administration (FEMA/USFA). In coordination with the National
Fire Information Council, submitting agencies use the National Fire Incident Reporting
System (NFIRS) on a voluntary basis. Shrinking state budgets have often resulted in the
downgrading of the priorities of fire incident data collection programs.

Uniform Crime Reporting (UCR) statistics are amassed through the Federal Bureau of
Investigation’s (FBI’s) National Incident-Based Reporting System (NIBRS), but arson inci-
dent data are collected only when a fire or police investigator actually submits a report
into NIBRS. Subsequently, arson cases go unreported when fire departments fail to pass
along and fill out a separate police report on intentionally set fires.

Although the National Fire Protection Association (NFPA) collects data on fire inci-
dents, its estimates are based on data that the association receives from fire departments
that respond to its National Fire Experience Survey. Since 1977, this annual sample enables
the NFPA to compile national fire problem statistics that include the fires that local fire
departments attend, and the resulting deaths, injuries, and property losses (Haynes 2015).

The NFPA estimated that public fire departments in the United States responded to a
total of 1,298,000 fires in 2014, causing $11.6 billion in property damage. Of these, an
estimated 494,000 were structure fires, which represented an increase of 1.3 percent from
the number in 2013. The total monetary property loss for structure fires was $9.8 billion,
an increase of 3.4 percent over the previous year’s total. The average overall loss per
structure fire was $19,931, an increase of 2 percent from the 2013 average. Residential
fires accounted for about 74 percent of all structure fires, estimated at 367,500, a slight
decrease of 0.5 percent from the previous year. The NFPA study estimated in 2014 that
there were approximately 167,500 vehicle fires and 610,500 outside fires, increases of 2.1
and 8.1 percent, respectively (Haynes 2015).

No accounting can accurately reflect the loss in lives and injuries that result from
fires. In 2014, the NFPA estimated that 53,275 civilians died as a result of fires, and
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15,775 suffered injuries. Home fires were responsible for 2,745 deaths and 11,825 inju-
ries, while vehicle fires caused 310 deaths and 1,275 injuries (Haynes 2015). The National
Safety Council reports that accidental fire-related burn injuries are the sixth leading cause
of all accidental deaths (NSC 2008).

The NFPA estimates that there were 3,275 civilian fire deaths and 15,775 civilian fire
injuries in 2014, an increase from 2013 totals of 1.1 percent and a 0.9 percent decrease,
respectively. An estimated 2,74S5 civilians perished and 11,825 were injured in residential fires.
Another 310 civilians died and 1,275 were injured in highway vehicle fires (Haynes 20135).

NFPA statistics recorded 64 on-duty firefighter deaths in the United States in 2014
and 68 deaths in 2015, representing a decrease from 97 deaths in 2013. By contrast, in
2014, the largest multiple-death incidents were two double-fatality fires, both in apart-
ment buildings. The annual average number of deaths over the past decade is 83 (Fahy,
LeBlanc, and Molis 2015). During the previous year in 2013, 65,880 firefighter injuries
occurred in the line of duty, along with 7,100 exposures to infectious diseases and 17,400
to hazardous conditions (Karter and Molis 2014).

In addition to these direct losses are the incalculable indirect fiscal costs. The actual dol-
lar property losses previously listed probably represent only 10 percent of the total costs.
There are inestimable losses due to lost business income, unemployment, reduced property
values, and reduced tax bases as a result of nearly every major fire. In a 2005 Fire Protection
Engineering article, Frazier estimated that the total cost of fire in the United States is on the
order of $130-$250 billion per year (Frazier 2005). In the suppression of every fire, person-
nel and equipment costs are incurred and historic structures are lost forever. Wildland fires
destroy watersheds, timber, and wildlife, which cannot be replaced at any cost.

The latest NFPA statistics (Hall 2014) show that the total cost of fire in the United
States is a combination of the direct losses caused by fire combined with funding spent on
fire prevention, protection, and mitigation. For 2011, that total cost is estimated at
$329 billion, more than 2 percent of US gross domestic product. The NFPA arrives at this
estimate by including economic loss due to property damage ($14.9 billion), insurance
coverage ($20.2 billion), career fire departments ($42.3 billion), new building costs
($31.0 billion), other ($48.9 billion), donated time from volunteer firefighters ($139.8 billion),
and civilian and firefighter deaths and injuries due to fire ($31.7 billion) (Hall 2014).

1.2.2 FIRE STATISTICS IN THE UNITED KINGDOM

The United States is not alone in the problem of fire loss. In 2009, the fire and rescue
authorities in the United Kingdom adopted an electronic Incident Recording System (IRS),
replacing its predecessor, the Fire Data Report system. The Department of Communities
and Local Government (CLG) in the United Kingdom collects, maintains, and analyzes
the UK fire statistics.

Statistics in Great Britain from April 2013 to March 2014 show the fire service
responding to 212,500 fires, which continues a generally downward trend of the past
decade. Nearly 19 percent of the fires were dwellings, and 68 percent were outdoor fires
consisting of refuse, road vehicles, grasslands, and heathlands (Crowhurst 2015).

During this time period, there were 322 fire-related deaths, the lowest recorded figure
in 50 years. Dwelling fires account for 80 percent of the fatalities, with individuals over
80 years old at four times the fatality rate. Gas, smoke, and toxic fumes impact 41 percent
of the victims, with burns accounting for 20% of the fatalities (Crowhurst 2015).

1.2.3 ROLE OF THE FIRE INVESTIGATOR IN ACCURATELY REPORTING
THE CAUSES OF FIRES
What role does the fire investigator play in these tragedies? By accurately and efficiently

identifying the causes of fires, whether accidental or incendiary, investigators can make
a substantial contribution to reducing these terrible losses. Fewer lives have been lost
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because in the 1960s investigators identified the danger of flammability of clothing and
bedding, in the 1970s tracked down the problems with instant-on televisions, and in the
1980s identified the danger of coffeemakers and portable heaters. In the 1990s scores of
potential victims in several large cities were saved when serial arsonists were caught and
incarcerated. Saving lives and preventing injuries are the real reasons fire investigators
spend long hours searching a fire scene or doing laboratory analysis and fire research.

The role that thorough fire investigation plays in the regulatory and code-making
process is also significant. Advances made in improving life safety and fire safety codes
have resulted in reducing the frequency of fires and fire deaths. Although these codes are
written on the basis of the best predictive models, the only way to be sure they have the
desired effect and do not create other, unanticipated risks is to document the effects of fire
in code-compliant buildings and transport. In the early 1900s builders were proud of fire-
resistant buildings constructed with stone, concrete, steel, and glass. It was not until major
tragedies like the Triangle Shirtwaist fire in 1911 that people realized that building con-
tents and not just the structures were major factors in fires, and having adequate means of
escape was critical to survival (Von Drehle 2003). Manual alarm and firefighting systems
were also found to be woefully inadequate.

1.3 The Detection of Incendiary Fires

Few other investigations are as daunting as that of a fire scene. Because a fire scene has to
be investigated before it can be established whether the crime of arson has been commit-
ted, every fire scene must be considered a possible crime scene from the standpoint of
scene security, processing, and evidence collection. As a crime scene, the typical fire scene
is the antithesis of the ideal.

There has been wholesale destruction of the physical material and substance of the
scene, first by the fire itself and second by fire suppression and overhaul by the firefight-
ers. This destruction affects evidence of both accidental and incendiary causes.

Vehicles, personnel, equipment, hoses, and large quantities of water contaminate the
scene. Scene security and control of unauthorized persons are difficult because of
the attraction fire offers to the public and the press, and may be further complicated by
the large area involved in many fire scenes.

Often, the scene investigation is carried out days or weeks after the incident, after weather-
ing and vandals may have further compromised whatever evidence remains. Considering these
negative factors, it is not surprising that police and fire personnel have often let fire investiga-
tion fall through the cracks of responsibility. As a result, it is surprising that fire causes are ever
accurately determined, and civil and criminal cases successfully brought to trial.

1.3.1 REPORTING ARSON AS A CRIME

The Uniform Crime Reports (UCR), published by the FBI of the US Department of Justice
(DOYJ), provides enlightening statistics on arson in the United States. Statistics for 2014,
published in 2015, are used in this chapter. Annually, the FBI publishes Crime in the
United States, which catalogs the entire crime picture of the United States. UCR reported
in 2013 that the number of arson offenses decreased 13.5 percent compared with those
reported in 2012 (FBI 2015).

The FBI’s UCR Program defines arson as

any willful or malicious burning or attempting to burn, with or without intent to
defraud, a dwelling house, public building, motor vebicle or aircraft, personal property
of another, etc.

The FBI collects data only on the fires that through investigation were determined to
have been willfully set. Fires whose cause are labelled as “suspicious” or are “unknown or
undetermined” are not included in the data.
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The FBI points out that arson rates are calculated based on data received from all law
enforcement agencies that provide the UCR Program with data for 12 complete months.
Unlike other national reporting systems, UCR Program data collection does not include
any estimates for arson because the level of reporting arson offenses varies from agency to
agency.

According to the 2014 UCR, 15,324 law enforcement agencies (providing 1-12 months
of arson data) reported 42,934 arsons, which was a 4 percent decrease from 2013. Of
those agencies, 14,646 provided expanded offense data on about 40,268 arsons. These
data show that arsons involving structures (residential, storage, public, etc.) accounted for
17,790 fires, or 44.2 percent of the total number of arson offenses. Mobile property was
involved in 23.2 percent of arsons, and other types of property (such as crops, timber,
fences, etc.) accounted for 31.5 percent of arsons (FBI 2015). See Table 1-2 for a detailed
breakdown of the 2014 statistics for FBI Uniform Crime Reporting reported by 14,750
agencies representing an estimated population of 262,342,126 persons.

The 2014 FBI statistics showed that the average dollar loss per incident due to arson
was $16,055. Arsons of industrial/manufacturing structures resulted in the highest aver-
age dollar losses (an average of $167,545 per arson incident). Regarding arson rates, the
2014 UCR data showed that nationwide, the rate of arson was 14.2 offenses for every
100,000 inhabitants in the United States (FBI 2015).

The NFPA noted in its 2008 report that in Version 5.0 of the NFIRS the classification
of arson was changed to “intentionally set” from the previous “incendiary” category.
NFIRS no longer carries a suspicious fire category in its reporting system (Karter 2009).

The NFPA statistics for the years 2007-2011 estimated that 282,600 intentionally set
fires reported by fire departments in the United States resulted in 420 deaths and

suspicious ® Fire cause
has not been deter-
mined, but there are
indications that the
fire was deliberately
set and all accidental
fire causes have been
eliminated.

TABLE 1-2 Arson in the United States by Type of Property, 2014

NUMBER OF PERCENT OF | PERCENT OF

PROPERTY ARSON PERCENT PERCENT | AVERAGE TOTAL ARSONS CLEARANCES
CLASSIFICATION OFFENSES | DISTRIBUTION' | NOT IN USE | DAMAGE | CLEARANCES | CLEARED? UNDER 18
Total 39,174 100.0 $16,055 8,555 21.8 25.5
Total structure: 17,854 45.6 14.6 $29,779 4,577 25.6 25.6
Single occupancy 8,630 22.0 14.9 $27,742 2,109 244 18.2

residential
Other residential 3,071 7.8 10.1 $26,786 848 27.6 15.2
Storage 1,113 2.8 18.9 $11,341 233 20.9 41.6
Industrial/ 141 0.4 29.8 $167,545 35 24.8 14.3

manufacturing
Other commercial 1,594 4.1 16.7 $56,592 370 23.2 23.2
Community/public 1,513 3.9 14.9 $15,948 579 38.3 63.0
Other structure 1,792 4.6 14.6 $33,161 403 22.5 27.0
Total mobile: 9,154 234 $7.716 1,051 11.5 10.4
Motor vehicles 8,608 22.0 $7,416 937 10.9 9.4
Other mobile 546 1.4 $12,458 114 20.9 18.4
Other 12,166 31.1 $2,189 2,927 241 30.6

' Because of rounding, the percentages may not add to 100.0.
2 Includes arsons cleared by arrest or exceptional means.

FBI Uniform Crime Reporting offenses reported during 2014 by 14,750 agencies with an estimated population of 262,342,126
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Annual Averages of Intentional Fires by Incident Type

DIRECT
PROPERTY DAMAGE
INCIDENT TYPE FIRES CIVILIAN DEATHS CIVILIAN INJURIES (IN MILLIONS)
Outside or unclassified fires 211,500 (75%) 20 (4%) 150 (11%) $60 (5%)
Outside trash or rubbish fires 126,300 (45%) 0 (1%) 40 (3%) $10 (0%)
Outside or unclassified 85,200 (30%) 10 (4%) 110 (8%) $50 (4%)
fires (excluding trash
or rubbish fires)
Structure fires 50,800 (18%) 370 (92%) 1,150 (84%) $1,050 (86%)
Vehicle fires 20,400 (7%) 30 (8%) 70 (5%) $180 (14%)
Total 282,600 | (100%) 420 (100%) 1,360 (100%) $1,290 (100%)

Source: Reprinted with permission from NFPA’s report, “Annual Averages of Intentional Fires by Incident Type” Copyright © 2014, National

Fire Protection Association.

1,360 injuries to civilians, along with $1.3 billion in direct property damages. Of these
fires, only 18 percent involved structures, 7 percent involved vehicles, and 75 percent
involved outside or unclassified incidents (Campbell 2014). See Table 1-3 for a detailed
breakdown of the 2007-2011 statistics.

These estimates are almost certainly very low, since some US jurisdictions may not
always report arson incidents (structural or vehicular) to law enforcement incident collec-
tion systems. In addition, arsons classified as vandalism may also be underreported.

A recent audit survey of selected jurisdictions by Scripps Howard News Service and
the University of Tennessee reveal that many investigators think that the total of intention-
ally set structure fires is closer to 40 percent of all fires (Icove and Hargrove 2014). These
statistics may be further compromised as departments facing budget reductions devote
larger portions of their resources to other emergency services and less to fire investigation.

1.3.2 PROBLEMS ASSOCIATED WITH ESTIMATING INCENDIARY FIRES

The US estimates are on the conservative side, since many fires are never properly investi-
gated because of lack of time, or are misidentified inadvertently as accidental fires due to
lack of experienced investigators, or intentionally to avoid the complications that arise
from identifying a fire as a criminal act. These complications can range from administra-
tive, such as requiring more investigative time or involving another public agency, to
political, such as generating negative publicity about the community. The sharp contrast
between the UK estimates and the NFPA estimates that only 6.1 percent of the reported
structure fires were incendiary demonstrates a systematic problem with the NFPA’s data
gathering and statistical processing.

Recent NFPA estimates indicate that the incidence of intentionally set fires has fallen
since 1980. Total intentional fires have declined 69 percent from a high of 859,800 in
1980 to 269,900 in 2011. These estimates include the decrease of intentionally set struc-
ture fires by 76 percent, vehicles by 77 percent, and outside and unclassified fires by
65 percent (Campbell 2014).

One significant reason offered for this decrease is that the NFIRS changed its catego-
ries in 2003, eliminating the outmoded “suspicious” causation category. Only fires spe-
cifically determined to be intentionally set are now reported in the “incendiary” category.
In the past, estimates of half of “suspicious” and “undetermined” fires were added to the
“incendiary” total. Fire investigators across the United States suspected that even the old
percentage (15 percent) was far below the reality of actual investigations.
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Lack of evidence, lack of time and resources, and limited cooperation of other public
agencies make the selection of undetermined or even accidental causation the expedient
solution. These problems have recently been exacerbated. Budgeting problems at all levels
of state and local governments have severely curtailed or even cut fire investigation ser-
vices in both fire and police agencies. Consequently, the decision-making process has
reverted to fire company officers who may or may not be trained or prepared to identify
evidence supporting an incendiary cause.

In 2000, the National Institute of Justice published Fire and Arson Scene Evidence: A
Guide for Public Safety Personnel for first responders in police, fire, and medical services
(NIJ 2000). The NIJ hoped that by educating these professionals with the basics of fire-
related investigation and physical evidence, a higher percentage of them could contribute
toward successful prosecutions. With the cutbacks in public services experienced across the
United States, it is not known whether this guide has been successfully utilized. From the
small percentages of fires actually reported as intentional via NFIRS, it would appear not.

The situation is made even more critical by the law enforcement agencies that find
themselves unable to cope with the onslaught of criminal cases of homicide, rape, assault,
and drug-related activity and decide to ignore arson as a crime. This practice is conveni-
ently expedited by categorizing arson as a property crime so that it can be allotted reduced
priority and less tactical support than the more urgent crimes against persons.

It must be recognized that arson is a crime against people. It is aimed against people
where they live, where they work, and where they do business or go to church. Fire is just
as much a weapon as a gun, a knife, or an axe. When aimed at persons, fires may be set
directly on them or, more often, set deliberately to trap the victims in a structure or vehi-
cle. Every set fire is a crime against the personnel of fire and police agencies who are obli-
gated to respond to and enter fires in lifesaving efforts.

Successful fire investigation, culminating in an accurate determination of cause, is the
only way to minimize these terrible losses. Accidental fires can be prevented by the identi-
fication and elimination of hazardous products and processes or careless practices, as well
as the development and enforcement of better building codes and fire safety practices. As
the recent British experience with vehicle arsons has shown, incendiary fires can be reduced
by recognizing them, identifying those responsible, and prosecuting them (ODPM 2005).

With such massive losses involved, it is not surprising that fire losses are one of the
most common subjects of civil litigation. Yet, for all its economic and legal importance, fire
remains one of the most difficult areas of investigation. It is challenging because the
destruction of the fire and, sometimes, its suppression create difficulties in reaching firm
and unassailable conclusions as to the fire’s cause. It is the investigator’s responsibility not
only to identify the origin and cause of the fire but also to be prepared to defend their con-
clusions in a rational, logical manner supported by scientifically valid data. In the absence
of rational reconstruction or scientific data, conclusions cannot be substantiated, and suc-
cessful prosecution for arson is virtually impossible. Civil cases, even with their reduced
requisite of proof, are made more difficult to decide fairly without such scientific analysis.

As Sherlock Holmes pointed out, “It is a capital mistake to theorize before one has data.
One begins to twist facts to suit theories instead of theories to suit facts.” (Doyle 1891) From
the standpoint of public safety and economic considerations, it is important that investigative
methods for accurately determining the causes of fires be understood and applied to the full-
est extent possible. There should be no presumption that a fire is either accidental or incendi-
ary. It is vital that the investigator not prejudge any fire as to cause without evaluating all the
collected evidence. If an investigator decides that a fire is arson before collecting any data,
then only data supporting that premise are likely to be recognized and collected.

The same caution is necessary for those who decide that all fires are accidental, no
matter what their true cause may be. Although fire has been known since prehistoric
times, it is still poorly understood by many people, including some firefighters, fire inves-
tigators, and others whose services depend on such understanding.

undetermined = The
final opinion is only as
good as the quality of
the data used in reach-
ing that opinion. If the
level of certainty of the
opinion is only “pos-
sible” or “suspected,”
the fire cause is unre-
solved and should be
classified as “undeter-
mined” (NFPA 2017,
pt. 19.7.4).

accident m An
unplanned event that
interrupts an activity
and sometimes causes
injury or damage or

a chance occurrence
arising from unknown
causes; an unexpected
happening due to care-
lessness, ignorance, and
the like (NFPA 2017,

pt. 3.3.3).
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