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INTRODUCTION
As wildfires increase in frequency and severity, the 
construction industry is turning to advanced fire-
resistant building techniques and materials to create 
“fire-hardened” homes that can withstand extreme  
heat, direct flames, and wind-driven embers. While 
California’s Wildland-Urban Interface (WUI) codes (CBC 
Chapter 7A) set minimum fire-resistance standards, 
advancements in materials, construction techniques, 
and technologies now allow builders and homeowners  
to exceed these requirements for superior protection.

This report explores:

• Fire-resistant and advanced building materials.
• Innovative construction techniques.
• Emerging technologies.
• Case study: Malibu’s “miracle mansion.”

KEY CONSIDERATIONS FOR 
FIRE-HARDENED HOMES
To reduce wildfire risk, Class A fire-resistant materials 
should be used for roofing, siding, and decking. Limiting 
combustible materials in walls, insulation, and decks 
further prevents ignition. Eliminating ember entry  
points, such as vents, eaves, and windows, is crucial. 
Sealed vents, fire-rated windows, and noncombustible 
soffits provide critical protection.

Fire suppression and early detection technologies, 
such as automated sprinklers, ember-resistant vents, 
and AI-powered wildfire detection, add an extra 
layer of defense. Proper site planning—maintaining a  
five-foot noncombustible perimeter and using  
fire-resistant landscaping—reduces the risk of direct 
flame contact. By combining fire-resistant construction, 
ember-proofing, and suppression technology, homes  
can be significantly more resilient to wildfire threats.

Residences or structures located in a Fire Hazard  
Severity Zone, as per CalFire Fire Hazard Severity  
Zone Maps and the California Fire Code, must have  
100 feet of defensible open space around all residences 
and 10 feet of defensible space along each side of 

driveways and roads. Additional driveway and fire  
hydrant requirements may apply to new or replacement 
structures, depending on the driveway length and 
dwelling size. Some County Fire Codes may impose  
further requirements.

Replacement structures must be reconstructed in 
compliance with the requirements for Moderate or  
Severe Fire Severity Zones (HFSZ or SFSZ) and adhere  
to the wildfire protection provisions outlined in 
the California Residential Code (CRC) R337 and the  
California Building Code (CBC), including:

• Section 704A: Ignition-Resistant Construction.
• Section 705A: Roofing.
• Section 706A: Vents.
• Section 707A: Exterior Covering.
• Section 708A: Exterior Windows and Doors.
• Section 709A: Decking.
• Section 710A: Accessory Structures.

The following components require special attention or 
alternative materials to meet fire-resistant standards.

FIRE-RESISTANT  
AND ADVANCED  
BUILDING MATERIALS

Roofing (Class A Required) – 
UL790 or ASTM E108

The roof is one of the most vulnerable areas, and Class A 
roofing materials provide the highest level of fire resistance.

• Clay or concrete tile—hips and ridge caps must be
mudded to prevent the intrusion of embers.

• Metal roofing.
• Slate roofing.
• Fire-retardant treated wood shingle/shakes—

approved/listed by CA State Fire Marshal.
• Fire-resistant composite roofing.
• Gutters—all gutters must be equipped with

debris guards to prevent the accumulation of
flammable materials.
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Best practices for fire-hardened roofing include  
installing fire-hardened underlayment to provide  
additional protection beneath the roof covering. 
Additionally, using sealed edges and metal flashing  
helps prevent ember intrusion, reducing the risk of  
ignition during a wildfire. Use of a Class A roofing 
underlayment is also required if the roof decking is not  
fire-retardant treated wood.

Exterior Walls and Siding 

Noncombustible or ignition-resistant siding materials  
are essential for reducing fire spread and radiant heat 
ignition per ASTM E2707.

• Fiber-cement siding (e.g., HardiePlank®)—used for
siding or trim.

• Stucco—three-coat cement plaster.
• Brick or stone veneer.
• Metal siding.
• Fire-retardant treated (FRT) wood—used for siding

or trim.
• Heavy timber—solid lumber or glue-laminated

lumber with a minimum dimension of over four
inches thick or deep.

• Log wall construction.
• One-hour fire rated exterior construction—must be

tested in accordance with ASTM E119 or UL 263 by
an independent testing laboratory.

• Architectural features—all bump-outs, overhangs,
and projections must utilize fire-resistant materials or
construction techniques to reduce fire vulnerability.

Fire-rated sheathing (5/8-inch Type X gypsum) should 
be used behind the siding for additional resistance,  
and it is important to ensure the presence of tight joints  
and noncombustible backing to prevent embers from 
entering wall cavities.

Glazing, Doors, and Vents

Openings in a home’s envelope—windows, doors, and  
attic vents—are critical weak points in fire defense.

• Dual-pane windows or skylights—must have a
tempered glass outer pane.

• Fire-rated doors and glass—minimum 20-minute
fire rating.

• Glass block windows.
• Metal-skinned doors and frames—includes  

garage doors.
• Wildland flame & ember-resistant vents—must

be approved by the CA State Fire Marshal or use
noncombustible venting materials that comply with
ASTM E2886.

• Soffit and eave ventilation openings—should be
protected using approved metal mesh or ember-
resistant vents to block fire entry points.

• Soffits and walls—must be stucco-wrapped or
constructed from fire-retardant siding.

Installing metal corrosion-resistant mesh screens  
(1/16-inch or 1/8-inch mesh) helps block embers and 
reduce the risk of ignition. Additionally, limiting the  
number and size of windows on fire-exposed sides  
of the home helps minimize vulnerability.

Insulation and Decking 

Fire-resistant insulation and decking reduce fuel sources 
and slow fire spread.

• Mineral wood insulation.
• Dense pack cellulose.
• Concrete or metal decking—must be noncombustible.
• Class A fire-rated hardwoods—must comply with

SFM Standard 12-7A-4A.
• Fire-retardant treated wood decking.
• Attached surface material—the surface material of

attached structures (e.g., entry canopies or decks)
or any portion of such structures within 10 feet of
a building must be ignition-resistant, fire-retardant,
or noncombustible, or comply with the performance
requirements of SFM Standard 12-7A-4A.

• Accessory structures—structures within three to
50 feet of the principal dwelling and 120 square
feet or larger must be built with noncombustible
or ignition-resistant materials.

For enhanced fire resistance, elevated decks and  
porches should be constructed using concrete or  
metal whenever possible to minimize ignition risk. 
Maintaining a non-combustible five-foot perimeter  
around the structure is also essential to reduce exposure  
to embers and direct flames.
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Fireproof Materials and Coatings

Recent advancements in nanotechnology have led to  
the development of fireproof coatings that significantly 
improve the heat resistance of traditional building 
materials. These coatings can be applied to wood, metal, 
and composite materials to prevent ignition and slow  
flame spread.

Additionally, self-healing coatings help repair microcracks 
caused by extreme heat, preserving their protective 
properties over time. Some coatings also incorporate 
insulative ceramic particles (ICP) technology, which 
reduces heat absorption and creates a thermal barrier, 
further enhancing fire resistance. These innovations  
offer a promising solution for improving residential 
structures’ durability and wildfire resilience.

Important Note: According to California building codes,  
the use of paint, coatings, stains, or similar treatments  
is not an approved method of fire protection.

INNOVATIVE  
CONSTRUCTION 
TECHNIQUES

Insulated Concrete Forms (ICFs)

One of the most effective strategies for constructing  
fire-resistant homes is replacing traditional wood  
framing with noncombustible, insulated mass walls. 
Insulated concrete forms (ICFs) are a cutting-edge 
wall system that utilizes interlocking foam blocks filled  
with steel-reinforced concrete to create a monolithic,  
highly insulated structure.

ICF walls have demonstrated exceptional fire resistance; 
however, to ensure maximum protection, all exterior 
cladding must be ignition-resistant or noncombustible.

Prefabricated and Modular 
Fireproof Construction 

Prefabricated fire-resistant panels enhance wildfire 

resilience by offering noncombustible, high-performance 
materials while streamlining construction. These panels, 
which include composite cores for walls and roofing,  
arrive pre-finished and fire-rated, reducing the need  
for extensive on-site labor. To ensure maximum  
protection, materials should comply with WUI fire-
resistance standards, and fire-resistant adhesives and 
fasteners should be used to maintain durability and  
integrity under extreme heat exposure.

EMERGING TECHNOLOGIES

AI-Powered Wildfire Detection

Artificial intelligence is revolutionizing wildfire detection 
by enabling AI-driven camera networks to identify 
fires before they are visible to the human eye. These  
systems continuously monitor landscapes, detecting 
smoke and heat signatures in real-time, allowing for  
rapid response. Additionally, satellite-based AI fire 
prediction models analyze environmental conditions to 
identify ignition risks in advance, helping communities 
prepare for potential wildfire threats before they escalate.

Automated Wildfire  
Suppression Systems

Smart fire suppression technologies are enhancing  
home protection by automating fire defense measures. 
Smart sprinkler systems activate when heat sensors  
detect nearby wildfires, soaking the home and  
surrounding vegetation to prevent ignition. Ember- 
resistant vents block airborne embers from entering 
attics and crawlspaces, while AI-controlled fire shutters 
automatically seal windows and doors when high 
temperatures are detected. Together, these systems 
provide an advanced, proactive defense against  
wildfires, reducing the risk of structural ignition.

CASE STUDY: MALIBU’S 
“MIRACLE MANSION”
In January 2025, a massive wildfire tore through Malibu, 
California, destroying thousands of homes in its path. 
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Among the devastation, one property stood unscathed—
dubbed “Malibu’s miracle mansion”—a testament to 
the effectiveness of fire-resistant architecture, advanced 
materials, and strategic wildfire mitigation techniques. 
While many neighboring structures succumbed to the  
fire, this mansion remained intact, demonstrating  
how modern fire-hardening strategies can significantly 
improve a home’s survivability in extreme wildfire events.

Key design features of the mansion included:

• Reinforced concrete walls.
• Metal roofing.
• Dual-pane tempered glass windows and fire- 

rated doors.
• Five-foot noncombustible perimeter.
• Ember-resistant vents.
• Smart exterior sprinkler system.
• AI-powered fire detection.
• Fireproof materials and coatings.

CONCLUSION
Malibu’s “miracle mansion” demonstrates how fire-
resistant materials, innovative construction techniques, 
and emerging technologies can significantly enhance a 
home’s wildfire survivability. By integrating noncombustible 
materials, ember-proofing, and smart suppression systems, 
knowledgeable experts can design homes in fire-prone 
areas to withstand extreme fire events and improve  
long-term resilience. Additionally, consulting experts with 
multidisciplinary expertise in wildfire risk, construction 
consulting, and code compliance, can help greatly when 
building smarter, safer, and more resilient structures in 
high-risk environments.
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