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Abstract

Wildfires in California’s wildland—urban interface (WUI) are increasing in frequency, intensity,
and destructiveness, posing significant risks to residential communities. The expansion of
development into fire-prone landscapes, combined with changing climate conditions, has
intensified the exposure of homes to wildfire hazards. While traditional mitigation strategies
emphasize exterior hardening and structural fire resistance, recent wildfire events demonstrate that
interior ignition remains a critical and often underestimated vulnerability once embers breach the
building envelope.

This paper presents a comprehensive home design approach that integrates fire-retardant (FR)
fabrics as a secondary defense layer within a wildfire-resilient system. Using case studies from
major California wildfires including the Camp Fire (2018), Kincade Fire (2019), Dixie Fire (2021),
and the 2025 Pacific Palisades and Eaton Fires, this research evaluates how FR materials influence
ignition dynamics, fire growth, and occupant survivability.

The findings demonstrate that FR fabrics, when combined with structural fire-resistant materials
such as fire-retardant-treated (FRT) sheathing and exterior hardening strategies, significantly
improve resistance to interior ignition and slow fire propagation within residential structures. This
supports a layered defense model that integrates exterior protection, structural barrier systems, and
interior fire mitigation strategies.

Overall, this approach represents a shift from prevention-based wildfire design toward a resilience-
focused framework that accounts for both ignition and post-ignition fire behavior, providing a
more comprehensive strategy for reducing structural losses and improving life safety in wildfire-
prone environments.

1. Introduction

Wildfires have become one of the most destructive natural hazards in California, particularly in
wildland—urban interface (WUI) regions where residential development intersects with flammable
vegetation. Over the past decade, large-scale wildfire events have destroyed tens of thousands of
structures, caused widespread displacement, and resulted in significant economic and
environmental losses. These impacts are driven not only by the intensity of wildfire behavior but
also by the vulnerability of the built environment.

Traditional wildfire-resistant design has focused primarily on exterior mitigation measures,
including Class A roofing, ember-resistant vents, and the establishment of defensible space. These
strategies are effective in reducing exposure to flames and embers under moderate conditions.
However, recent wildfire events have demonstrated that such measures are often insufficient under
extreme conditions, particularly during high-wind events that generate large volumes of airborne
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embers. As a result, many homes that incorporate exterior hardening features still experience
ignition and total structural loss.

A critical insight from post-fire investigations is that embers are responsible for the majority of
home ignitions in wildfire events (California Department of Forestry and Fire Protection [CAL
FIRE], 2023; Insurance Institute for Business & Home Safety [IBHS], 2022). These embers can
infiltrate homes through broken windows, vents, and other openings in the building envelope,
igniting interior materials such as curtains, furniture, and bedding. This process reveals a
fundamental limitation in current wildfire-resistant design approaches: while exterior defenses aim
to prevent ignition, they often fail to address interior ignition and subsequent fire growth once
embers enter the structure.

This gap highlights the need for a more comprehensive approach to wildfire resilience that extends
beyond exterior protection. In particular, strategies that address fire behavior after ignition, such
as controlling flame spread and reducing interior fuel contributions, are essential for improving
structural survival and occupant safety.

This paper proposes a practical and scalable solution: the integration of fire-retardant (FR) fabrics
into residential design as a secondary defense layer. By delaying ignition, reducing flame spread,
and lowering heat release rates within interior spaces, FR fabrics modify fire behavior and slow
the progression of fire once ignition occurs. When combined with structural fire-resistant
materials, such as fire-retardant-treated (FRT) sheathing, and exterior hardening measures, this
approach supports a layered defense framework that enhances overall system resilience and
improves survival outcomes in wildfire-prone environments.

2. Background: Wildfire Ignition and Interior Fire Spread

Wildfires spread through a combination of direct flame contact, radiant heat, and ember transport.
Among these mechanisms, embers are the most significant factor in residential structure ignition
(California Department of Forestry and Fire Protection [CAL FIRE], 2023). During extreme
wildfire events, large concentrations of wind-driven embers, commonly referred to as ember
storms, can travel significant distances ahead of the fire front, igniting structures prior to direct
flame contact (Insurance Institute for Business & Home Safety [IBHS], 2022). Under high-wind
conditions, particularly during Santa Ana wind events, these embers may travel miles beyond the
active fire perimeter, greatly increasing the likelihood of ignition.

These embers accumulate in vulnerable areas such as roofs, vents, decks, and other openings
within the building envelope. Once inside a structure, they can ignite combustible interior
materials, including curtains, upholstered furniture, and bedding. Interior ignition often occurs in
concealed or low-visibility areas, allowing fire to develop rapidly before detection.
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A critical factor influencing fire behavior within homes is the interior fuel load. Modern residential
environments contain a high density of combustible materials, including synthetic furnishings,
plastics, textiles, and foam-based products. These materials typically have low ignition
temperatures and high heat release rates, enabling rapid fire growth once ignition occurs.

Interior ignition often begins in localized areas, such as near windows or vents, and spreads
through adjacent materials. Fire can then propagate into concealed spaces such as wall cavities and
attics, where it becomes more difficult to detect and control. This progression significantly
increases the likelihood of full structural involvement.

Importantly, wildfire damage is not solely determined by whether a home ignites, but by how
quickly fire spreads after ignition occurs. This distinction is critical for understanding the role of
fire-retardant (FR) fabrics, which modify fire behavior by delaying ignition and slowing flame
spread rather than preventing ignition entirely.

In addition to interior fuel loads, structural materials such as walls and roof sheathing play a
significant role in fire behavior within buildings. Conventional sheathing materials can contribute
to fire spread once ignited, particularly within concealed structural spaces. Fire-retardant-treated
(FRT) sheathing modifies this behavior by reducing combustibility and slowing flame propagation,
thereby limiting the spread of fire through structural assemblies and enhancing overall building
resilience.

3. Case Studies: Major California Wildfires

Recent large-scale wildfires in California provide critical empirical evidence for understanding
how residential structures ignite and fail under extreme conditions. The Camp Fire (2018), Kincade
Fire (2019), Dixie Fire (2021), and the Pacific Palisades and Eaton Fires (2025) collectively
demonstrate the dominant role of ember-driven ignition, the limitations of exterior hardening
strategies, and the importance of addressing interior fire dynamics as part of a comprehensive
wildfire resilience framework.

3.1 Camp Fire (2018): Rapid Community Destruction

The Camp Fire is widely regarded as one of the most destructive wildfires in California history,
destroying the town of Paradise and resulting in the loss of over 18,000 structures. The fire spread
rapidly under strong wind conditions, generating an intense ember storm that ignited homes well
ahead of the advancing fire front.

A key observation from the Camp Fire was that many structures ignited prior to direct flame
contact, primarily due to ember accumulation on roofs, decks, and within vents. This pattern
underscores the dominant role of ember-driven ignition in residential structure loss. Once embers
entered homes, interior materials such as curtains, upholstery, and other combustible contents
ignited quickly, leading to rapid fire development and full structural involvement.
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The Camp Fire demonstrated that even when exterior ignition resistance measures are present,
interior vulnerabilities can drive catastrophic loss. This highlights the need for mitigation strategies
that address both external exposure and internal fire behavior, rather than relying solely on
preventing ignition.

3.2 Kincade Fire (2019): Wind-Driven Fire Behavior

The Kincade Fire further emphasized the influence of extreme wind conditions on wildfire
behavior and structural ignition. Strong winds enabled embers to travel long distances, penetrating
residential areas and igniting homes across a wide geographic region.

One of the key findings from this fire was the partial effectiveness of exterior mitigation measures,
including defensible space and fire-resistant roofing. While these strategies reduced ignition risk
in some cases, many homes still experienced ignition due to ember intrusion through openings and
vulnerabilities in the building envelope.

This event reinforced the importance of designing for worst-case scenarios, in which extreme wind
conditions overwhelm exterior defenses. Under such conditions, interior mitigation strategies,
such as the use of fire-retardant (FR) fabrics, become essential for slowing fire growth and
improving survivability after ignition occurs.

3.3 Dixie Fire (2021): Large-Scale Fire Complexity

The Dixie Fire, one of the largest wildfires in California history, highlighted the complexity of
wildfire behavior across diverse terrain, environmental conditions, and community configurations.
The fire burned through multiple regions over an extended period, demonstrating how fire
dynamics can vary depending on vegetation density, topography, and built environment
characteristics.

A significant observation from the Dixie Fire was the role of structure-to-structure fire spread,
particularly in densely built areas. Once a single home ignited, adjacent structures became
increasingly vulnerable due to combined effects of radiant heat and ember exposure. This
cascading effect contributed to widespread structural losses.

In addition, post-fire analysis indicated that interior ignition frequently contributed to total
structural loss, particularly in homes with high combustible content. Materials such as textiles,
furnishings, and synthetic components accelerated fire growth once ignition occurred. These
findings reinforce the importance of incorporating interior fire mitigation strategies alongside
exterior and structural protections, particularly in communities with higher housing density.

3.4 Pacific Palisades and Eaton Fires (2025): Modern WUI Vulnerability

The 2025 Pacific Palisades and Eaton Fires provide a contemporary and highly relevant example
of wildfire risk in densely populated wildland—urban interface (WUI) communities. Driven by
extreme Santa Ana wind conditions, these fires spread rapidly into residential neighborhoods,
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resulting in widespread structural loss and demonstrating the increasing vulnerability of modern
housing developments to wildfire exposure.

These events are particularly significant because they affected areas characterized by relatively
modern construction and higher compliance with fire-resistant building standards. Despite these
advancements, many homes were still destroyed, indicating that code-compliant construction
alone may not be sufficient under extreme wildfire conditions. This highlights a critical limitation
in current building practices, which primarily emphasize exterior ignition resistance but often fail
to address interior fire dynamics and system-level resilience.

A key observation from these fires is the dominant role of ember-driven ignition. Wind-transported
embers ignited structures far ahead of the advancing fire front, frequently initiating ignition prior
to direct flame contact. In many cases, radiant heat caused window failure, creating direct
pathways for embers to enter the structure. Once inside, highly combustible interior materials—
particularly curtains, upholstery, and other textiles—served as primary fuel sources, accelerating
fire growth and contributing to rapid structural involvement.

In addition, the dense configuration of WUI communities facilitated structure-to-structure fire
spread. Once individual homes ignited, they became secondary sources of heat and embers, further
propagating fire across neighborhoods. This cascading effect significantly amplified overall
damage and underscores the importance of considering both individual building performance and
community-level risk.

Collectively, these findings demonstrate that wildfire resilience must extend beyond compliance
with minimum building codes to incorporate multi-layered defense strategies. The integration of
exterior hardening, structural fire-resistant materials such as fire-retardant-treated (FRT)
sheathing, and interior mitigation measures including fire-retardant (FR) fabrics is essential for
addressing the full spectrum of wildfire exposure—from ember intrusion to interior fire growth.

3.5 Cross-Case Analysis: Common Failure Mechanisms

Across multiple wildfire events, a consistent pattern of structural loss emerges, highlighting the
dominant role of ember-driven ignition and interior fire dynamics. Despite differences in
geography, scale, and environmental conditions, the Camp, Kincade, Dixie, Pacific Palisades, and
Eaton Fires exhibit similar failure mechanisms that reveal critical vulnerabilities in residential
design.

A key insight across all cases is that ignition frequently occurred prior to direct flame contact,
driven primarily by wind-transported embers. This demonstrates that wildfire resilience cannot
rely solely on resistance to flames but must also account for airborne ignition sources capable of
penetrating structures under extreme conditions.

Once embers entered a structure, ignition typically began with lightweight, highly combustible
interior materials such as curtains, upholstery, and bedding. These materials acted as initial fuel

Wildfire-Resilient Home Design 6|Page



sources, accelerating fire growth and contributing to rapid room involvement. This pattern
highlights the critical role of interior fuel load in determining fire behavior and overall structural
loss.

Collectively, these observations reveal a recurring failure sequence. Exterior defenses are first
compromised—often through window breakage or gaps in the building envelope—allowing
embers to enter the structure. Interior materials then ignite, initiating rapid fire growth that spreads
through both visible spaces and concealed structural components such as walls and attics. Once
this progression begins, fire development becomes difficult to control, frequently resulting in total
structural involvement.

This sequence demonstrates that wildfire resilience must address multiple stages of fire behavior,
rather than focusing solely on ignition prevention. Effective mitigation strategies must account for
both external exposure and internal fire propagation, reinforcing the need for integrated, multi-
layered defense systems.

3.6 Implications for Wildfire-Resilient Design

The case studies analyzed in this research demonstrate that wildfire resilience must address the
full sequence of fire behavior, from initial ignition to interior fire growth. This requires a
comprehensive approach that incorporates strategies for preventing ignition, limiting fire entry,
and controlling fire development within the structure.

Exterior hardening measures, such as Class A roofing and ember-resistant vents, play a critical role
in reducing ignition probability. Structural barrier systems, including fire-retardant-treated (FRT)
sheathing and fire-resistant underlayment, help limit fire penetration and slow propagation within
concealed spaces. However, these strategies alone are insufficient if fire enters the building.

Interior fire mitigation measures, particularly the use of fire-retardant (FR) fabrics, address this
gap by reducing ignition potential and slowing flame spread within occupied spaces. By modifying
fire growth dynamics, these materials delay the progression from ignition to full-room
involvement, providing additional time for evacuation and emergency response.

Together, these strategies form a layered defense approach that addresses wildfire risk across
multiple stages. This transforms the design paradigm from one focused solely on preventing
ignition to one that incorporates fire behavior management and system-level resilience, reflecting
the complex realities of wildfire exposure in WUI environments.
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4. Layered Defense Framework

The proposed design model is based on a four-layer defense system that addresses wildfire
exposure through a comprehensive and integrated approach. Each layer targets a specific stage of
fire behavior, collectively enhancing system resilience and reducing the likelihood of catastrophic
failure.

Layer 1: Exterior Hardening

The first layer focuses on preventing ignition by reducing exposure to flames and embers. This
includes Class A roofing systems, noncombustible siding, ember-resistant vents, and properly
maintained defensible space. These measures serve as the primary barrier against external wildfire
threats.

Layer 2: Structural Barrier Systems

The second layer addresses fire penetration and structural vulnerability. It incorporates fire-
retardant-treated (FRT) roof and wall sheathing, fire-resistant underlayment, and noncombustible
insulation materials such as mineral wool. These components limit heat transfer and reduce fire
propagation within structural assemblies.

Layer 3: Interior Fire Resistance

The third layer focuses on controlling fire behavior within occupied spaces. Fire-retardant fabrics,
including curtains, upholstery, and bedding, reduce ignition potential and slow flame spread. When
used in place of conventional fabrics, these materials limit fire growth and improve occupant
safety.

Layer 4: Emergency Response Systems

The final layer supports occupant survival and evacuation. This includes fire blankets, protective
equipment, and evacuation planning strategies that enhance the ability to respond effectively
during wildfire events.

System-Level Performance

This expanded framework enhances system-level redundancy by addressing fire behavior across
multiple stages, including ignition, penetration, structural propagation, and interior fire growth. By
distributing protective functions across independent layers, the system mitigates failure pathways,
reduces overall risk, and increases the probability of structural survival under extreme wildfire
conditions.

This approach reflects fundamental engineering principles of redundancy and resilience, ensuring
that failure within a single layer does not result in total system failure. Instead, each layer
contributes to delaying or limiting fire progression, providing multiple opportunities for
intervention and improving overall system performance.
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5. Structural and Interior Fire-Resistance Systems
5.1 Fire-Resistant Structural Sheathing Systems

In addition to exterior hardening and interior fire-retardant materials, structural components such
as wall and roof sheathing play a critical role in wildfire resilience. Fire-retardant-treated (FRT)
sheathing provides an additional protective layer that slows heat transfer, reduces combustibility,
and delays structural ignition. By limiting fire propagation within concealed building assemblies,
FRT sheathing enhances the overall performance of wildfire-resistant design systems.

Roof Sheathing

Roof assemblies are among the most vulnerable components of a structure due to their large
surface area and direct exposure to wind-driven embers. Fire-retardant roof sheathing, typically
composed of treated plywood or oriented strand board (OSB), is designed to resist ignition and
reduce flame spread under elevated temperature conditions.

When used in combination with Class A roofing systems and fire-resistant underlayment, FRT roof
sheathing functions as a secondary barrier. In the event that embers penetrate the outer roofing
layer, the sheathing delays ignition of the underlying structural components, thereby reducing the
likelihood of attic fires. This added layer of protection is particularly important because attic spaces
can facilitate rapid and undetected fire spread once ignition occurs.

Wall Sheathing

Wall assemblies are also vulnerable to fire penetration, particularly at joints, vents, and areas where
exterior materials may fail or degrade. Fire-retardant wall sheathing provides an internal barrier
that slows the spread of fire within wall cavities, which are otherwise highly susceptible to
concealed fire propagation.

This function is critical because once fire enters a wall system, it can spread rapidly through hidden
pathways, often bypassing visible detection. FRT sheathing helps limit this progression by
reducing material combustibility and slowing flame propagation, thereby minimizing structural
damage and improving overall fire resistance.

5.2 Fire-Retardant Fabric Applications

Fire-retardant (FR) fabrics complement structural fire protection systems by addressing ignition
and fire growth within occupied interior spaces. Unlike conventional materials, which ignite
readily and support rapid flame spread, FR materials are engineered to resist ignition, limit flame
propagation, and self-extinguish when the heat source is removed. As a result, they play a critical
role in controlling fire behavior after ember intrusion.
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Fire Behavior Impact

From a fire dynamics perspective, FR fabrics modify key combustion parameters that influence
fire growth. Specifically, they increase the time to ignition, reduce flame spread rates, and lower
heat release rates. These changes significantly alter the fire growth curve by delaying the transition
from initial ignition to flashover, the point at which a room becomes fully involved in fire.

By slowing this progression, FR fabrics reduce the intensity and speed of fire development within
interior spaces, thereby limiting damage and improving survivability.

Practical Implications

In wildfire scenarios, even small delays in ignition can have significant consequences. Additional
time allows occupants to evacuate safely, enables emergency responders to intervene more
effectively, and increases the likelihood that fire spread remains localized rather than catastrophic.

When combined with FRT structural sheathing, FR fabrics contribute to a comprehensive fire-
resistance strategy that addresses both interior and concealed pathways of fire propagation. This
integration reinforces the layered defense model by ensuring that fire growth is controlled across
multiple components of the building system.

6. Performance Comparison: With vs. Without FR Materials

Without fire-retardant (FR) materials, interior furnishings and structural components can ignite
rapidly following ember intrusion, resulting in accelerated fire growth and minimal available
evacuation time. Once ignition occurs, fire can spread quickly through combustible contents and
into concealed structural spaces such as walls and attics, often leading to complete structural
involvement.

In contrast, the integration of fire-retardant fabrics and fire-retardant-treated (FRT) wall and roof
sheathing significantly alters fire behavior. FR fabrics delay ignition and reduce flame spread
within occupied spaces, while FRT sheathing limits fire propagation within concealed structural
assemblies by reducing material combustibility and slowing heat transfer.

Together, these materials reduce fire growth rates, extend the time available for occupant
evacuation, and limit the spread of fire within both visible and hidden components of the structure.
This combined effect represents a transition from rapid, uncontrolled fire progression to moderated
fire dynamics, shifting outcomes from catastrophic system failure toward controlled damage and
improved overall resilience.
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7. Advantages of Fire-Retardant Material Integration

The integration of fire-retardant (FR) fabrics, in combination with fire-retardant-treated (FRT)
structural sheathing, provides several significant advantages within wildfire-resilient home design.
Compared to major structural upgrades, these materials offer a relatively cost-effective solution
while delivering meaningful improvements in fire resistance.

One of the primary benefits is the ability to retrofit existing homes. FR fabrics can be easily
incorporated into interior spaces without major construction, while FRT sheathing can be
integrated during renovation or roof replacement projects. This makes the approach accessible to
a wide range of homeowners, particularly in WUI regions where much of the housing stock
predates modern fire-resistant building standards.

In addition, FR fabrics reduce interior ignition risk by delaying combustion and slowing flame
spread within occupied spaces. At the same time, FRT wall and roof sheathing limit fire
propagation within concealed structural components, such as walls and attic spaces. Together,
these materials address both visible and hidden pathways of fire spread, significantly enhancing
overall system performance.

Another key advantage is their compatibility with existing wildfire mitigation strategies. Rather
than replacing exterior hardening measures, FR fabrics and FRT sheathing complement them by
providing additional layers of protection. This integration strengthens the layered defense model
by reducing vulnerabilities that are often overlooked, particularly those related to interior ignition
and concealed fire spread.

Collectively, these benefits demonstrate that fire-retardant material integration offers a practical,
scalable, and effective approach to improving wildfire resilience at both the individual home and
community levels.

8. Limitations and Considerations

Despite their advantages, fire-retardant (FR) fabrics and fire-retardant-treated (FRT) structural
materials are not fireproof and may fail under extreme wildfire conditions, particularly during
prolonged exposure to high temperatures or direct flame contact. Their performance is influenced
by factors such as material quality, installation methods, and environmental conditions, including
aging, moisture exposure, and degradation over time.

The effectiveness of FR fabrics depends on proper selection and maintenance. Treated fabrics may
lose their fire-resistant properties if not maintained correctly, while inherently fire-resistant
materials may vary in performance depending on composition and application. Similarly, FRT
sheathing must be properly installed and protected within the building assembly to ensure its
intended performance, as gaps or construction defects can create pathways for fire penetration.
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Another important consideration is that these materials do not prevent fire entry into a structure;
rather, they function to delay ignition and slow fire propagation. As a result, they should not be
viewed as standalone solutions but as components of a broader wildfire mitigation strategy.

To achieve meaningful improvements in resilience, FR fabrics and FRT sheathing must be
integrated with exterior hardening measures, structural fire barriers, and defensible space practices.
When used as part of a comprehensive, layered defense system, their effectiveness is significantly
enhanced; when used in isolation, their impact is limited.

These limitations underscore the importance of system-based design approaches that address
multiple stages of wildfire exposure, from ignition to interior fire growth.

Lessons Learned from the Pacific Palisades and Eaton Fires

The 2025 Pacific Palisades and Eaton Fires provide critical, real-world evidence for improving
wildfire-resilient home design. These events illustrate how homes fail under extreme wildfire
conditions and offer valuable insight into the limitations of current mitigation strategies.

A key finding from these fires is that wind-driven embers were the dominant ignition mechanism,
responsible for the majority of structural losses (California Department of Forestry and Fire
Protection [CAL FIRE], 2023; Insurance Institute for Business & Home Safety [IBHS], 2022).
Under high-wind conditions, embers traveled significant distances ahead of the main fire front,
igniting structures well before direct flame contact occurred (IBHS, 2022). This confirms that
wildfire resilience must prioritize resistance to ember intrusion, not just flame exposure.

The fires also demonstrated that exterior hardening alone is insufficient under extreme conditions.
Many homes with fire-resistant roofing and defensible space were still lost after embers entered
through windows, vents, or other openings. Once inside, ignition of interior materials, particularly
curtains, upholstery, and other textiles, played a major role in fire growth and structural loss (CAL
FIRE, 2023). This highlights the importance of addressing interior ignition pathways in addition
to exterior vulnerabilities.

Another critical observation is the role of structure-to-structure fire spread in dense WUI
communities. Once individual homes ignited, they became secondary fuel sources, contributing to
rapid fire propagation between structures (Radeloff et al., 2018). This pattern demonstrates that
wildfire risk is not only a function of individual building design but also of community-level
conditions.

These findings reinforce the importance of redundancy in wildfire mitigation strategies. Homes
incorporating layered protection systems including exterior hardening, structural fire-resistant
materials such as fire-retardant-treated (FRT) sheathing, and interior fire-retardant (FR) fabrics are
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better equipped to resist ignition and limit fire spread. By addressing both visible and concealed
pathways of fire propagation, these systems reduce the likelihood of catastrophic failure.

Collectively, the lessons from these fires confirm that effective wildfire resilience requires a multi-
layered defense system that addresses the full sequence of fire behavior, from initial ignition to
interior fire growth. This evidence supports the integration of both structural and interior fire
mitigation strategies as a necessary evolution in wildfire-resistant design.

9. Discussion

The integration of fire-retardant (FR) fabrics and fire-retardant-treated (FRT) structural sheathing
represents a significant advancement in wildfire-resilient home design, shifting the focus from
traditional prevention-based approaches toward performance-based resilience strategies.
Conventional wildfire mitigation emphasizes preventing ignition through exterior hardening
measures such as fire-resistant roofing, ember-resistant vents, and defensible space. While these
measures reduce exposure under moderate conditions, the case studies analyzed in this paper
demonstrate that they can be insufficient during extreme wildfire events characterized by high
winds, intense ember storms, and rapid fire spread.

A critical finding across all case studies is that ember intrusion and interior ignition are primary
drivers of structural loss, even in homes that meet modern building standards. This reveals a
fundamental limitation in current design frameworks, which often assume that preventing ignition
is sufficient. In reality, wildfire resilience must account for the likelihood that fire will enter the
structure, particularly under severe conditions.

FR fabrics directly address this limitation by targeting the post-ignition phase of fire behavior.
Rather than preventing fire entirely, these materials modify combustion dynamics by increasing
ignition delay, reducing flame spread rates, and lowering heat release rates. This effectively slows
the progression from initial ignition to full-room involvement, extending the time available for
occupant evacuation and emergency response. From a fire dynamics perspective, this delay is
critical, as even small increases in available time can significantly improve survival outcomes.

Similarly, FRT wall and roof sheathing provide protection within concealed structural spaces,
which are often overlooked in wildfire design. Once fire enters a structure, it can spread rapidly
through walls, ceilings, and attic spaces, where it remains hidden and difficult to suppress. FRT
sheathing reduces the combustibility of these components, slowing fire propagation and limiting
structural damage. When combined with FR fabrics, which control fire growth in occupied spaces,
these systems create a continuous fire-resistance strategy that addresses both visible and hidden
pathways of fire spread.

Together, FR fabrics and FRT sheathing reinforce the importance of a layered defense approach,
where multiple independent systems reduce overall risk. This approach aligns with engineering

Wildfire-Resilient Home Design 13|
Page



principles of redundancy and fail-safe design, ensuring that failure in one component does not
result in total system failure. By distributing protective functions across exterior, structural, and
interior layers, the design increases resilience under a wide range of wildfire conditions.

Another important implication of this approach is its human-centered focus. Traditional wildfire
mitigation strategies prioritize structural survival but often overlook occupant safety during
evacuation. By slowing fire growth within the home, FR fabrics directly contribute to improved
life safety outcomes, increasing the likelihood that occupants can evacuate safely before conditions
become untenable.

The retrofit potential of these systems further enhances their significance. Many homes in wildfire-
prone regions were constructed prior to modern fire-resistant building codes and remain highly
vulnerable. While structural upgrades such as roof replacement or siding modification can be
costly, the addition of FR fabrics and, where feasible, FRT sheathing provides a more accessible
pathway to improved resilience. This makes the proposed approach particularly valuable at the
community scale, where widespread retrofitting can significantly reduce overall wildfire risk.

However, it is important to emphasize that neither FR fabrics nor FRT sheathing are standalone
solutions. Their effectiveness depends on integration within a comprehensive wildfire mitigation
system that includes exterior hardening, structural protection, and defensible space. When used in
isolation, their impact is limited; when combined, they provide a synergistic effect that enhances
overall performance.

Ultimately, the findings of this research support a shift toward integrated, system-based wildfire
design, where prevention, resistance, and mitigation strategies are combined to address the full
lifecycle of wildfire exposure from ignition to interior fire growth. This approach reflects the
complexity of wildfire behavior and provides a more realistic and effective framework for reducing
structural losses and improving safety in WUI communities.

10. Conclusion

Wildfires in California’s wildland—urban interface represent an increasingly complex and severe
threat that cannot be effectively addressed through traditional design strategies alone. As
demonstrated by recent wildfire events including the Camp, Kincade, Dixie, Pacific Palisades, and
Eaton Fires, reliance on exterior hardening measures is insufficient under extreme conditions.
Ember-driven ignition, interior fire spread, and structure-to-structure propagation collectively
contribute to widespread structural loss, revealing critical gaps in current wildfire-resistant design
approaches.

This paper has shown that improving wildfire resilience requires a shift from prevention-focused
strategies toward integrated, performance-based design systems. The incorporation of fire-
retardant (FR) fabrics addresses one of the most significant vulnerabilities in residential structures:

Wildfire-Resilient Home Design 14 |
Page



interior ignition and fire growth. By delaying ignition, reducing flame spread, and lowering heat
release rates, FR fabrics provide critical time for evacuation and reduce the likelihood of total
structural involvement.

In addition, the integration of fire-retardant-treated (FRT) wall and roof sheathing extends
protection to structural components, limiting fire propagation within concealed spaces such as
walls and attics. When combined with exterior hardening measures and structural barrier systems,
these materials create a continuous, multi-layered defense that addresses the full progression of
wildfire exposure from ignition to internal fire spread.

The layered defense framework presented in this research, comprising exterior hardening,
structural barriers, FRT sheathing, and FR fabric integration, offers a comprehensive and scalable
approach to wildfire mitigation. Importantly, the inclusion of retrofit strategies ensures that this
model can be applied not only to new construction but also to existing homes, which represent the
majority of housing in wildfire-prone regions.

From an engineering and policy perspective, these findings highlight the need to expand wildfire
design standards beyond ignition resistance to include interior fire dynamics and occupant
survivability. Building codes, design guidelines, and mitigation programs should reflect this shift
by incorporating both structural and interior fire mitigation strategies.

Ultimately, wildfire resilience is not achieved through a single intervention but through a
coordinated system of defenses. By addressing both external exposure and internal fire behavior,
the integration of fire-retardant fabrics and fire-resistant structural materials provides a more
complete and effective strategy for protecting homes, reducing losses, and improving safety in
wildfire-prone communities.
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