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Learning Objectives

1. Burn Test Study (K&A Building Science & SCE)

2. Wildfire Hardened Displays - SCE Energy Education Center 

3. Parcel Assessment for Wildfire Hardening (PAWH) Form

4. Energy Impacts

5. Key Points and Final Thoughts



Learning Objective #1

Burn Test Study



San Bernardino Regional Emergency 
Training Center

January 30th, 2024



Goal

U-Stucco being installed.

• To test ignition resistant & non-

combustible building materials as 

an advanced framed assembly to 

stand alone & survive the full 

duration of a fully involved 

residential fire in a high-density 

setting.

• Structures facing each other, not 

side by side.
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Residential Fires

ONSCENE.TV 

• What is the average duration of a residential 

fire?

• How hot is a residential fire?
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Residential Fires

ONSCENE.TV 

• The average duration = 60 minutes

• 15 minutes up to 3 hours

• The average temperature = 1,600° F

• Extreme fuels and winds = 2,000° F
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Burn Structure -

• Needs to last 60 minutes

• Produce direct flame & radiant 

heat exposures of 1,600° F
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Burn Structure -

• Conventionally framed 2”x6”x16” o/c

• Open eave

• Vented attic

• Wood siding

• Insulated, drywalled and taped 

• No defensible space

• Combustibles in the 0’-5’ zone around the 

structure
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Conventionally Framed

• 2”x6” lumber 16” O.C. 

(on center)

• More fuel
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• Open 

Eave

• Vented 

Attic

• Wood 

Siding
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Insulated, Drywall and Vinyl Window
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A lot of wood furniture!
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• Standard wood 
door 

• No defensible 
space

• Combustibles in 
the 0’-5’ zone 
around the 
structure



Hardened

Structure -
• Advanced framing 2” x 6” x 24” o/c (Less 

fuel)

• Closed eave

• Unvented attic

• Non-combustible siding

• Insulated, drywall and taped

• 60-minute fire rated window

• 60-minute fire rated door

• Defensible space – Zone 0 (0’-5’)

• SSD 10’ from neighboring structure
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Hardened Structure - Construction

Advanced Framing 24”o/c Single 

Top Plate and 2-Stud Corners Site-Built Trusses
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Hardened Structure - Construction

Fiberglass Batts & Mineral Wool
Drywall & taped for air seal
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SAFTIFIRST 60 min. Fire Rated Window 

Steel Clips Steel Square Tubing
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SAFTIFIRST 60 min. Fire Rated Window

Mineral Wool – Thermal 

Barrier

Gypsum Filled Aluminum 

Caps
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SAFTIFIRST 60 min. Fire Rated Window 

Interior View – Ready for 

Glazing Double-Pane Non-Operable
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SAFTIFIRST 60 min. Fire Rated Window 

Interior View 
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Unvented Attic and Enclosed Eaves
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Non-Combustible Exterior Siding & Roofing

Lathing

U-stucco: Single Coat     

(7/8”-1” R2 per inch)
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60 min. Fire Rated Door 

Intertek 1-Hour Fire Door
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Steel Door Jamb



Standard Steel Fence

5’  Tall K&A Fabricated Supports
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Standard Vinyl Fence

(5’ from each structure) 

Supports for the Vinyl Fence Free Standing Fence
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FR-Clear Coating or Paint: Red Taped Sections
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Fire-fighters ignited the mulch, 
vegetation & the pile of firewood 
around the burn structure with a 
propane torch. 

4 min. Burn Structure Ignites

The vinyl fence warped and then 
melted to the ground. It did not 
ignite. 

15 min. Vinyl Fence Melts

The window frame ignited and failed 
before the panes of glass failed. 

To be noted, the portion of wood siding 
that was painted with fire-resistant 
paint lasted for an additional 15 
minutes.

30 min. Window & Siding 
Failed 

This provided additional airflow to 
the fuels located inside the burn 
structure.

Temperatures reached 1,600 
degrees F and flame lengths up 
to 12’. 

45 min. Door Failed

The burn structure collapsed 
towards the hardened structure due 
to uneven terrain. 

A steel fence or block wall would 
have helped prevent unnecessary 
exposure. 

60 min. Burn Structure 
Collapsed

Burn Structure Timeline
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VIDEO



Video:

Kliewer and Associates performs 

Burn Test for SCE
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https://youtu.be/VJKS_qSk9P4?si=eJ2hNJUi3e8pp1jU

https://youtu.be/VJKS_qSk9P4?si=eJ2hNJUi3e8pp1jU




10:47 am



11:18 am



Vinyl fence melts and does not sustain 

flame.
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FR-Paint & 

Coating

FR-paint provided 15 

minutes of protection.

Neither are approved in 

California building 

codes.
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We Did Not Anticipate

• The burn structure collapsing towards the 
hardened structure.

• Building materials may have to withstand 
impact. 

• Steel fence or a concrete block wall. 

• Wildfire events may have extremely high 
winds and debris that may fall onto or 
against your structures.
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Design met

the anticipated 

exposure.
• Advanced framing 2” x 6” x 24” o/c (Less 

fuel)

• Closed eave

• Sealed attic

• Non-combustible siding

• Insulated, drywalled and taped

• 60-minute fire rated window 

• 60-minute fire rated door 

• Defensible space

• SSD 10’ from neighboring parcel
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Forensic Study
1/8” Layer on the 60min. FR-Door Contributes to Direct-

Flame Exposure to the Closed Eave.
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Observations

• Eaves trap heat

• Extremely vulnerable 

to ignition

• Relatively easy to 

enclose with non-
combustible materials
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Recommendations

• If attics are vented, use ember and fire-rated 

vents with 1/16”-1/8” openings. Options may 

include:

• Stainless steel wire (looks like steel wool).

• Intumescent firestop materials; Expands 

when heated which closes the screened 

openings preventing ember and direct flame 

exposure.

• Replaceable cartridge design.

• Metal louvers over the screen mesh prevents 

the screen mesh being painted over.

41



60-Minute Fire Rated Door

1/8-inch layer burned off. Fire Resistant Core
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1-Hour Fire Door (UL10C/NFPA 252)

Intertek 1-Hour Fire Door

Aluminum threshold survived

(melts at 1,221 degrees F)



Steel Door Jamb

Timely galvanized steel door 
frame.

Fiber cement board 0.25” 
provided a thermal break.
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Heat Transfer at the Hinges

Concentrated heat at 

the door hinges.

Critical Information 

Fiber cement & drywall 
withstood heat transfer.

Wood stud was 
scorched at steel hinge.
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Recommendations

• Ensure the steel door frame 
is installed over 
noncombustible materials 
such as drywall or fiber 
cement board.

• Use thermal breaks to 
prevent heat transfer.

• Caulk any gaps with fire 
rated caulking or 
intumescent materials in 
through-hole penetrations.

46



Door Recommendations

• 60–120-minute fire-rated door.

• Highest rating possible when 
fuel or structure exposures are 
less than 30’ (High-density).

• Must include the equivalent rated 
door jamb & weather stripping.

• If steel, install ¼” fiber cement 
board between the steel door 
jamb and wood framing.
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Non-Combustible Siding 

& Roof: U-Stucco

Second burn test performed by placing wood 

directly against the single coat u-stucco (R2 

per inch)

• Regular stucco R0.20 

• Energy Efficiency (EE) gain
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Non-Combustible Siding/Roof: U-Stucco

Did heat transfer through? No damage
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Non-Combustible Siding/Roof: U-Stucco

Cracking from 

installation

No damage to wood 
sheathing or 
underlayment

Heat did not transfer 

through U-Stucco
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SAFTIFIRST 60min. Fire Rated Window (ASTM E119)

Superlite II-XL

Intumescent Interlayer 

Expands
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SAFTIFIRST 60min. Fire Rated Window 

The gypsum pack plastic coating

heated up enough to stick to the steel tubing
Wood framing undamaged
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Conclusion –

Hardening and Defensible Space Provide:

• Additional time for residents to escape

• More time for first responders to arrive

• A safer working environment for first responders to defend 

the structure

• Did not contribute to the spread of embers

• Evidence that structures can be designed to stand-alone 

against wildfires
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Recent 2025 Palisades Fire
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Chasen Architect – Greg Chasen AIA 



Learning Objective 2:                                              
Southern California Edison Energy Education Center

Wildfire Hardened Module Pullouts

6090 Irwindale Ave, Irwindale, CA 91702     

800-336-2822 55



SCE Building 

Envelope 

Classroom –
Wildfire 

Hardened Pull-

Out Modules 

and How to 

Meet T24 Part 7 

2025 California 

Wildland-Urban 

Interface Code
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Module 3 – Roof Assembly
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Module 3 – Wall Assembly
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Module 6 – Roof Assembly
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Module 6 – Wall Assembly
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Parcel Assessment for Wildfire Hardening
(PAWH) form

Best Practices

Learning Objective #3



Who can use the PAWH 

form?

• Homeowners

• Communities

• Architects

• Insurance carriers

• Local fire departments

• Inspectors

• Building Officials
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Parcel Assessment for 

Wildfire Hardening 

(PAWH) form - Sections

1) Parcel Information

1) Fire Hazard Severity Zone

2) Housing Density Type

3) Ignition Resistant Construction Class 1, 2, 

or 3 (2024 IWUIC)

4) FireWise Community

2) Parcel Image (Birdseye view)

3) Parcel Images

• Take a picture of the residence from each 

corner of the parcel towards the 

residence.
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Parcel Assessment for 

Wildfire Hardening 

(PAWH) form - Sections

3) Parcel Images (Continued)

4) Fire Hazard Severity Zone Viewer Map:

High – FHSZ but surrounded by Very High 

FHSZ.

5) Housing Density -

Based on the Structure Separation Distance 

(SSD)
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Parcel Assessment for 

Wildfire Hardening 

(PAWH) form - Sections

6) ADU/Shed/Detached Garage –

• Based on the Structure Separation 

Distance (SSD)

7) Wildland-Urban Interface (WUI)

• Intermix, Perimeter, or Interior

8) Housing Density Type -

• Based on the NIST Technical Note 2205 

(March 2022)
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Parcel Assessment for 

Wildfire Hardening 

(PAWH) form - Sections

9) Vegetation Management –

• California Fire Code Chapter 49 Section 
4906  

10) Slope of Vegetation – The Minimum 
Fuel Separation Distance if the slope of 
concern is between wildland fuels & 
structures (Applies to Intermix and 
Perimeter).

• Flat to mild slope <20° = 100ft

• Mild to moderate slope 20°-40° = 150ft

• Moderate to steep slope >40° = 200ft
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Parcel Assessment for 

Wildfire Hardening 

(PAWH) form - Sections

11) Defensible Space

• Zone 0: 0 – 5ft from structures 

• Zone 1: 5ft – 30ft from structures

• Zone 2: 30ft – 100ft from structures
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Parcel Assessment for 

Wildfire Hardening 

(PAWH) form - Sections

12) Fire & Ember Hardening 

• Class 1, 2, or 3 Ignition-Resistant 
Construction (Chapter 5 of 2024 IWUIC)

• State Fire Marshal Building Material Listing 
link

• Start top down on each structure

• Roof Assembly

• Roof Skylights

• Solar Panels

• All Vents

• Energy Efficiency (EE)
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How to 
Locate Fire 
Resistant 
Building 
Materials

Office of the State Fire 
Marshal (OSFM)

• Building Materials Listings (BML)

• In early 2021, a technical 
group was created to review & 
compile data for this WUI 
handbook.

• https://osfm.fire.ca.gov

https://osfm.fire.ca.gov/
https://osfm.fire.ca.gov/


Parcel Assessment for 

Wildfire Hardening 

(PAWH) form - Sections

12) Fire & Ember Hardening (Continued)

• Start top down on each structure

• Unvented Attics

• Gutters and Downspouts

• Eaves and Soffits

• Exterior Wall Siding

• Windows

• Exterior Doors

• Energy Efficiency
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Parcel Assessment for 

Wildfire Hardening 

(PAWH) form - Sections

12) Fire & Ember Hardening (Continued)

• Start top down on each structure

• Exterior Screen Doors

• Garage Doors

• Skirting

• Decks, Stairs and Landings Attached to 
Residence

• Deck-to-Wall Intersections

• Fence-to-Residence

• Retaining Walls

• Combustible Furniture

• Other Penetrations

• Illustrations 

• a. Auxiliary Structure Exposure

• b. Fire Ladder 73



Parcel Assessment for 

Wildfire Hardening 

(PAWH) form - Sections
12) Fire & Ember Hardening (Continued)

• Illustrations

• c. Harden the side of the structure 

exposed

• d. Fuel agglomeration

74

13) Overview of Recommendations 

• Insert an image or draw an illustration with 

recommendations or requirements



LEARNING 

OBJECTIVE 4: 

ENERGY 

IMPACTS

ENERGY SAVINGS IMPACTS TO WILDFIRE 

HARDENING MEASURES



PURPOSE

To investigate the effects and hurdles 

that hardening structures has on 

energy efficiency and compliance.

Identify cost variables to implement 

select Fire-Rated (FR) technologies into 

residential structures and gain an 

understanding of the cost sensitivity.



PROCEDURE

• Two residential energy model templates 

were used.  A single story and a two-story 

structure.

• CBECC templates were used which have 

the two standardized models which 

successfully demonstrate passing T-24 

compliance (2022 T-24 Standards).

• Added to the models were the following 

technologies:

• Fire rated (FR) fenestration

• FR exterior doors

• Upgraded high-performance U-stucco 

siding



RESULTS – SINGLE 

STORY COSTS

• FR technologies caused the 

model to fail (narrowly) T-24 

compliance.

• The additional electrical energy 

costs are estimated to be $69 

annually.

• The marginal cost to implement 

the FR technologies is:

• $73,700 for glazing upgrade

• $1364 for upgrading to a 90-

minute FR rated external entry 

door

• $1,528 for U-stucco upgrade





Discussion – T24 Energy 

Compliance Issues
• Typically, FR windows do not have NFRC 

ratings. Per T-24 requirements, a default 

value for the windows are required which 

handicapped the energy model 

performance.

• T-24 Mandatory measures for fenestration 

U-values have changed which previously 

caused a hurdle for FR windows.

• New changes (exceptions) in the T-24 

Energy Code now address FR fenestration 

for WUI areas as a safety issue covered in 

Chapter 7A.







Discussion –

FR Glazing 

Costs

• High performance FR glazing’s costs are 

significantly higher than conventional high-

energy performance glazing.

• 1-story comparison:

• High-energy performance glazing 

estimated installation costs:  $11, 646

• FR upgraded high-performance glazing 

costs: $85,375

• Cost differential:  $73,728

• 2-story comparison:

• High-energy performance glazing 

estimated installation costs:  $11,840

• FR upgraded high-performance glazing 

costs: $82,955

• Cost differential:  $71,114



Discussion – FR Door 

Costs

• 90-minute FR rated exterior entry doors 

replace the common entry doors (20-
minutes).

• 1-story and 2-story models 

• 20-minute door cost:  $244

• 90-minute door cost: $1,608

• Cost variance:  $1,364



Lessons Learned

• FR fenestration presents a challenge to T-24 compliance. Expect a modeling penalty in U-
value which will need to be compensated for in other measures such as increased exterior 
insulation.

• The Energy Code exception is silent on what fenestration U-value is to be used for modeling.  
Check with your Building Officials on what they will accept during the design process.  Get this 
acceptance in writing!

• The Fire Code appears to require ALL fenestration is subject to WUI areas will need to be FR 
rated. Expect this to increase building costs significantly.  Check with your Building Officials on 
what they will accept during the design process.

• Tempered – Section 2406, or

• Glass block, or

• FR rating of at least 20 minutes; NFPA 257, or

• Tested per SFM 12-7A-2

• FR windows are typically not made for very large window areas.  Check with your 
manufacturer on what sizes they can provide during design.  The robust frame may also 
impact the size and location of FR window application.



Learning Objective 5:

Key Points and Final Thoughts

• 100% ember hardening compliance is required

• All homes located in Fire Hazard Severity Zones and the Wildland-

Urban Interface

• Successful hardening against direct flame, radiant heat and 

convection includes:

• Non-combustible materials used in high-density settings (<30’)

• No metal to wood (thermal bridging to combustible materials)

• Install thermal barriers between metal and wood

• Enclose the eaves as they trap heat (w/non-combustible 

materials)



Key Points

• Energy Efficiency gains are realized from:

• Air sealing 

• Proper sealing around fire-rated doors and windows

• Advanced framing

• Non-combustible or ignition-resistant thermal barriers added to:

• Roof decks

• Exterior insulated sheathing/siding



Key Points

• Vinyl window frames have been observed melting and failing 

from a residential fire 50ft away.

• Consider:

• Using 60-120min. fire-rated steel framed windows only on the sides 

of the structure that are exposed to high fuel loads.

• Installing fire-rated operable shutters over existing or new vinyl 

framed windows.



Key Points

• 2025 California Wildland-Urban Interface Code (Effective 

January 1, 2026)

• Section 503.1 General states, “Buildings and structures…shall meet the 

construction requirements in accordance with Chapter 5.”

• Exceptions, “Additions to and remodels of buildings originally constructed 

prior to July 1, 2008.”

• Demonstrates the importance of hardening both the structures and parcel, 

not only from wildfires, but from neighboring parcels and structures that are 

not hardened against wildfires. 



Q&A



RON@KABUILDINGSCIENCE.COM

CHAD@KABUILDINGSCIENCE.COM

CHRIS@KABUILDINGSCIENCE.COM
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