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Overview

Objectives
NFPA 1700 Guide for Structural Fire Fighting
 Fuel Load

e Fire Dynamics
 PPE Capabilities and Limitations
« Building Construction

« Tactics
e Case Study
« EXxposure Reduction



NFPA 1700 Guide for Structural Firefighting

Purpose: To provide guidance for the development of policies, procedures, and
guidelines, including strategies, and tactics for structural fire-fighting supported by
science-based research.

Overview of research conducted with the fire service to support tactical
considerations

Fire Science and Fire Dynamics in Structures
Building Construction

Firefighting PPE & Equipment
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Natural vs Synthetic Fuels
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NFPA 1700 Guide for Structural Firefighting

Strategic Considerations
Tactical Considerations for Fire Control & Extinguishment

Exposure & Hygiene Considerations
Fire Specific Tactical Considerations
Tactical Considerations for Search and Rescue

Implementation
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Garden apartment: Side A 2 levels, Side C 3 levels



NFPA 1700 Guide for Structural Fire Fighting

Offensive Strategy

The plan for the actions and movements of arriving fire department
units to control the fire, effect rescues, start searches for occupants,
and extinguish the fire with the intent to commence operations
iInside the fire building.

Defensive Strategy

The plan for the actions or movements of the arriving fire
department units to protect exposures and contain the main body of
fire to the already affected areas.
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Fire Dynamics Summary

1. Fuel, oxygen, and heat are needed for a fire

2. Natural fuels and synthetic fuels are different

3. Smoke iIs fuel

4. No oxygen, no heat
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Fire Dynamics In Structures - Summary

e Fuel-limited vs. ventilation-limited fire

* Add air to ventilation-limited fire:
—Fire will grow

—HRR will increase

—Fire hazard will increase
—Increase could be rapid

» Air needed for flashover, backdraft
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Fire Dynamics in a Structure

Ideal Fuel-Limited Model Ideal Ventilation-Limited Model

© 2025 Underwriters Laboratories Inc.
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Ventilation Limited Fires: What to look for?

© 2025 Underwriters Laboratories Inc.
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Venting a Ventilation-Limited Fire

© 2025 Underwriters Laboratories Inc.
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2017 Foxhall Road, Washington DC: Near Miss
https://vimeo.com/248510490



https://vimeo.com/248510490




Where do fire dynamics apply?

e Residential Structures?

« Commercial Structures?

e Qutdoor fires?

*Vehicle fires?

e Construction equipment fires?
e Shipboard fires?



Diverse Fire Grounds: Impacts of Fuel Load, Weather,
Size & Scale



Fires aren’t [imited to structures — are you ready?
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NIOSH F2024-05

Battalion Chief Chris Eddy
Greene County Fire Rescue
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Insulating Foam

The foam was identified as polyisocyanurate foam using pyrolysis gas chromatography with
mass spectrometry (Py/GC-MS) analysis

Heat Release Rate per unit area = 700 kwW/m? (twice as high a SPF wood)
Heat of Combustion = 20.2 MJ/kg (30% higher than SPF wood)

The fire service take away, even if the refrigerated trailer were empty, it still has a
large fuel load, with the potential for significant fire or explosion hazard.
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Note: Tires exposed to fire may explode due to the
production of flammable gases within the tire, producing
pressures far greater than would result from a mechanical
failure or blowout.

FF Andrew Pontious
County of Los Angeles Fire Department
Last Alarm June 14, 2024
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How do fire dynamics interact with your equipment ?

e PPE
e Electronics

* Thermal Imagers
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PPE Capabilities and Limitations

 How does your PPE work?
* What is it designed to take?
* What can the person inside take?



Critical Temperatures

Water Water Boils Cotton F_abnc PPE Fqbrlc
Freezes 100 C /212 E Charring Charring
0C/32F 250 C /482 F 300 C+ /572 F +

. SR 2"d Degree Polycarbonate Polycarbonate Post Flashover
Skin Temp Skin Pain : Glass ) 600 C+ / 1112 E+
Skin Burn . Melting
30C/86F || 40C /104 F 55 C /131 F Transition 230 C | 446F
140 C /284 F

© 2025 Underwriters Laboratories Inc. 24



Heat Flux — measure of energy per unit area

Pain to
Unprotected
SKin
3-5 kW/m?

Sunny Day

1 kW/m?2 Thermal Protective
Performance -
TPP Test
84 kW/m?2

e Threshold
Firefighter Floor at

Operating Flashover
2.5 kW/m? 20 kW/m?2

© 2025 Underwriters Laboratories Inc.

Flames Over
Surface
60 - 200 kW/m?2




Thermal Operating Classes
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Cherry Road Washington D.C. May 30, 1999

Anthony Sean ‘Sauce’ Phillips Sr.

Louis J. Matthews
District of Columbia Fire & EMS Department
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Cherry Road May 1999: 2 LODDs and 3 LODIs
Temperatures after the basement sliding glass door was vented
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Cherry Road: Gas velocities after the sliding glass door was vented

Velocity plane centered on the stairway Velocity plane centered on front door and sliding glass door

Side A Side A
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It IS essential to understand the
limitations of the PPE.




Open Door
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Institutes

32



Temperature — Center of the Room
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Temperature — Center of the Room

Temperature (°C)
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Total and Radiant Heat Flux
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PPE Temperatures
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Face Plece Lens Related Incidents

NIOSH F2002-34, “Career Lieutenant and Fire Fighter Die in a Flashover During a Live-Fire Training Evolution - Florida”
NIOSH F2005-31, “Career officer injured during a live fire evolution at a training academy dies two days later - Pennsylvania”
NIOSH F2007-12, “Career Fire Fighter Dies in Wind Driven Residential Structure Fire - Virginia”

NIOSH F2007-29, “A Volunteer Mutual Aid Captain and Fire Fighter Die in a Remodeled Residential Structure Fire - Texas”

NIOSH F2008-34, “Volunteer Fire Fighter Dies While Lost in Residential Structure Fire - Alabama,”
NIOSH F2009-11, “Career Probationary Fire Fighter and Captain Die as a Result of Rapid-Fire Progression in a Wind-Driven Residential Structure Fire — Texas”

NIOSH F2011-02, “Volunteer Fire Fighter Caught in a Rapid Fire Event During Unprotected Search, Dies After Facepiece Lens Melts-Maryland”

NIOSH F2014-09 “Lt and Fire Fighter Die and 13 Fire Fighters injured in a Wind-driven fire in a Brownstone — Massachusetts”

NIOSH F2023-11, “Lieutenant and Probationary Firefighter Die after experiencing Thermal Degradation of Self-Contained Breathing Apparatus Facepiece Lenses — Maryland “

Research
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Comparison of NFPA PPE Test Conditions

1981 — SCBA (2007 edition)

Convective Oven
95°C (203°F) for 15 minutes

1982 — PASS
1801 — Thermal Imager

Convective Oven
95°C (203°F) for 15 minutes

1971 — Turnout Gear

Open Flame
1000°C (1832°F) for 10 seconds

Open Flame
1000°C (1832°F) for 10 seconds

Radiative Flux

15 kW/m?2 for 5 minutes
NEW for 2013

Convective Oven
260°C (500°F) for 5 minutes
Operating NEW for 2007

Convective Oven
260°C (500°F) for 5 minutes

Convective + Radiative Flux
84 kW/m?2

55°C (131°F) - Human skin receives a second degree burn injury

5 kW/m?2 - Pain to skin within seconds

20 KW/m?2 - Threshold flux to floor at Rollover
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Comparison of NFPA 1981 2007 vs 2013 SCBA Lenses

—

Ref. Kesler, R. Thermal degradation of SCBA facepiece
lenses under radiant thermal loads. FSRI 2023
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NFPA 1981 — 2007 vs 2013

©
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Source: Kesler, R. , Mitsingas, C. , Quiat, A. , Lee, T. , Madrzykowski, D. and Horn, G. (2018), Mechanical
properties and off gassing characteristics of new and legacy SCBA facepieces.
https://doi.org/10.6028/nist.gcr.18-019
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PPE Materials: Library
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PPE Performance Under Fire Conditions

1. Gas Temp + Heat Flux # Whole Story

—Heat flux can exceed the hazard level of the
surrounding gas temperature

—Must consider flow and convective heat transfer rate

2. Challenging situations
—Stored heat in PPE
—Exhaust portion of the flow path
—Operating above the fire at the top of the stair
—Rapid increase in thermal conditions
—Close proximity to the seat of the fire

» Cherry road flow path

Research
Institutes

43



PPE Performance Under Fire Conditions

1. Fire officers and fire chiefs must consider the capabillities
of the thermal protection that their firefighters have when
determining the strategies and tactics of a fire attack.

2. Consider tactics that will keep the gear within the designed
operating environment and maintain the safety factor it
provides in case of an emergency.

Research
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Building Construction
* What does a building rely on for structural integrity?

Do different construction materials contribute to fire growth?

* Does lightweight construction impact how you respond to a fire?
* What do you look for before operating over an active fire/

e Can building construction impact fire growth?

« Can building construction impact fire fighting tactics?
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Flooring Assemblies

© 2025 Underwriters Laboratories Inc.
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Post Fire Damage

© 2025 Underwriters Laboratories Inc.



Methods and Materials of Construction:
Legacy vs Modern

Tendency for subfloor burn through Tendency for joist failure



Lightweight engineered wood I-joist supported floors can

collapse after less than 5 minutes of burning.

Floor Support Type Ventilation Description | Time from ignition of Time from ignition of
the fuel load to floor assembly due to
collapse fire spread to collapse
Nominal Dimension On-plane vent open at 11:09 7:11
2x12 ignition
Nominal Dimension On-plane vent open at 12:45 10:45
2x12 8:30 after ignition
Lightweight Engineered | On-plane vent open at 6:00 2 .45
Wood I-Joist ignition .
Lightweight Engineered No vent 6:49 .
Wood I-Joist 406
Lightweight Engineered No Vent 8:27 .
Wood I-Joist 4'42
Lightweight Engineered | On-plane vent open at 6:49 2 . 29
Wood I-Joist ignition .
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A Thermal Imager is Not an X-Ray Device



TICs and Floor Collapse
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Looking at the floor, above the basement
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Looking at the basement ceiling vs | Joist
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Why Sounding Is unreliable
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Sounding (striking) the floor



Lightweight floor system collapse
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Vertical Shafts and Voids
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Vertical Shafts and Voids
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Key Building Construction/Fire Dynamics Issues

1. Size-up of building
—Height, size, stability, number of stories (side A and C)
—QOccupancy
—Construction type (structure as well as interior and exterior
finish)
—Fire protection systems
2. Size-up of fire in the building
—Location and extent of fire
—Ventilation-limited fire?
—Has the fire vented?
—Structural collapse potential
—EXisting or potential flow paths or paths of fire growth

Research
Institutes
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Water Usage in Multi-Family Dwellings

@ e Early Water Wins (Single 1 %" Handline): 185 Gal

65



- mXperment 4: Window Initiated Search, Isolate BR 2



© 2025 Underwriters Laboratories Inc.
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Search Summary

Search Ahead of Suppression:

1. Isolation to the fire compartment was effective at reducing flame
spread and toxic/thermal exposure

2. Isolation of searchable spaces was effective at reducing
toxic/thermal exposure

3. Ventilation of isolated spaces was effective at improving conditions

Search During or Post Suppression:

1. De-isolation and ventilation was effective at reducing toxic exposure
(Get all doors and windows in IDLH open — FAST)

Researc
Institutes
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Rescue & Removal Summary

Victim Removal:

1. Lower elevations shown to result
In a lower accumulated exposure
compared to higher elevations (1
ft vs. 3 ft above the floor)

2. Prior to suppression, delayed
removal or alternate pathways
(avoid passing fire compartment)
reduces exposure

Research
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Tactics & Communications

Are your strategies and tactics based on fire dynamics,
building construction, PPE capabilities, and experience?

How do you train to improve radio communications?

Researc
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What’s your approach to this fire?



Fire development after interior fire attack and vertical
ventilation
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Chula Vista Warehouse Fire Report

January 25, 2021 @ 1740 Hours
Dispatched for the “fire on the roof” 655 H Street

(=] 74 [n]

[=]



Chula Vista Warehouse Fire
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Contributing Factors

©

Warehouse Construction

Building Occupancy

Situational Awareness

Flow Path Control

Tactical Considerations
Commercial Building Size-Up
Suppression Fundamentals

Fireground Coordination & Accountability

Thermal Operating Environments & Personal
Protective Equipment (PPE)

Thermal Imager Usage & Limitations

Research
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Understand Thermal Imager Capabilities & Limitations



Interior Visibility: Just Inside Front Door




A thermal imager Is an unreliable thermometer



Flow Path Control — Office Door — Close Intake

Temperature (Fire Growth) After FF’s
Opened Office Door to 2nd Floor

Temperature (Fire Growth) Prior to
FF’s Opening Office Door to 2nd Floor
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Flow Path Control — First Offensive Heat Hole

Temperature (Fire Growth) After FF's Opened
First Offensive Heat Hole (AB)

Temperature (Fire Growth) Prior to FF's Opening
First Offensive Heat Hole (AB)
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Impact of ventilation of a ventilation limited fire w/o effective suppression

Research
Institutes
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No smoke flow out of the door # to lift
It could be areversal of flow



Strip Mall Fire LODD



Four minutes after arrival of Ladder 35 (first apparatus)




Within 7 minutes after arrival of Ladder 35
Uncoordinated ventilation

The Engine 35 crew (lieutenant and 2 fire fighters) slowly
advanced their hose line through the front door and turned to the
right.

The fire fighters interviewed by NIOSH reported the smoke was
much thicker and they felt increased heat conditions when they
reentered the front door. They were only able to advance inside
the structure about 10 — 15 feet due to the smoke, heat, and
exercise equipment restricting movement of their hose line.

Engine 35 fire fighters reported that their thermal imager
screen whited out as they advanced inside.

The Ladder 35 fire fighters advanced past the Engine 35

hose line crew and made their way toward Side Charlie where
they began opening up ceiling tiles looking for the seat of the fire
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Within 11 minutes after arrival of Ladder 35




Failure of Fire Dynamics Training for the Fire Service ?
15 minutes on the fireground — ventilation but no effective water flowing
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NIST SP1118: Technical Study of the Sofa Super
Store Fire - South Carolina, June 18, 2007

“Meanwhile, the fire at the back of the

main showroom and the gas mixture below the
suspended ceiling were both still fuel rich. When
the front windows were broken out or vented, the
iInflow of additional air allowed the heat release
rate of the fire to intensify rapidly and added air to
the layer of unburned fuel below the suspended
ceiling enabling the ignition of the unburned
fuel/air mixture. The fire swept from the rear to the
front of the main showroom extremely quickly, and
then into the west and east showrooms. Nine fire
fighters were killed in the Sofa Super Store fire. “

Research
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Sequence from 1935 to 1938 hours



Main Takeaways: For a Ventilation Limited Fire

Pre-suppression ventilation should be limited,
potentially to the fire compartment only, and closely
timed with the beginning of suppression.

Post-suppression ventilation should be focused on the

areas of greatest hazard for potentially trapped
occupants to remove the continued exposure to fire

gases.
© 2025 Underwriters Laboratories Inc



Main Takeaways: Strategy, Tactics, and Tasks

 Size up Is critical especially when it comes to Existing Flow Paths —
Potential Flow Paths (need info from all sides)

 Ventilation limited fires — nothing showing means nothing
* Impact of ventilation on a vent limited fire = Increased Growth (HRR)
« Water on the fire, ASAP from a position of advantage

Fire dynamics knowledge is needed to understand observations



Proper PPE can reduce chemical
exposure.

Actions after the incident can reduce
It even further.



After the Fire — Contamination Reduction

 PPE — Preliminary Exposure Reduction
e Soapy brush and water rinse removes 85% of surface PAHs
e Laundering recommended as soon as possible

e SKiIn
* Use cleansing wipes

on scene for neck, face,
and hands

e Take a shower ASAP

98



Proper PPE Use and Doffing Reduces Exposure

 Wear full PPE throughout the incident — including during
overhaul

* Treat exposed gear as contaminated
e Perform Preliminary Exposure Reduction
» Doff gloves and hood properly
e Launder gear as soon as possible

e Clean skin ASAP

* Wipe neck and hands on-scene
« Shower and wash hands as soon as possible

99



Evidence-Based Considerations
for Your Fireground Playbook

A modern guide designed to help you build a customized,
effective fireground strategy.

 Clear, proven strategies, built for the fireground, to help
firefighters make the right decisions at the right time.

« Covers best practices, strategic considerations, and
training considerations for every stage of response.

 Built on a flexible framework, adaptable to your
department’s staffing and resources.

Progress doesn’t happen by accident,
it happens by action.
Let’'s get to work.
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Fire Safety Academy
Free, online training for the fire service

Researc
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Stay connected with FSRI

G @fsri.org

@ulfsri

@ @fsri-org
° @firesafetyresearchinstitute
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THANK YOU!
ANY QUESTIONS?



EVALUATION AND WIN AN IPAD!

* Submit your workshop and overall evaluations to be
automatically entered in two drawings for a new iPad!

e Complete your evaluations using the IAFF app:
1. Download the IAFF app and sign in with your iaff.org username

2. Tap the 2026 Strive for Excellence Summit event image to enter
the event’'s dashboard

3. Tap “Sessions” and tap on the workshops you attended
4. Tap “Evaluation” and complete the evaluation
5. Tap “Submit”

For the event’s overall evaluation, follow steps 1 and 2, then tap
“Event Evaluation” located in the event’'s Dashboard.

INTERNATIONAL ASSOCIATION OF FIRE FIGHTERS
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