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Evolution of Structure/Parcel and 
Community Hardening

Early Experiments

• Limited exposure to 
structure coupling 

• Limited ambient wind
• No ember hardening

“House in the woods”

Early Building Codes  
(2008-2020)

• Defensible Space
• Some exposure to 

structure coupling 
• Some ember hardening

“Parcel and zones”

Structure/Parcel/Community HMM 
(2022) 

• Goal: Stand alone structures
• Comprehensive exposure to 

structure coupling for Fire and 
Embers 

• Multiparcel fuels 
• Housing density (H, M, L)

• Community hardening 

“Multiparcel spatial analysis”

BARN

RV

Combustible fence
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Exposures 
(fire and embers)

Structure 
Hardening 
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Exposures and Structure Hardening
Baseline - ember hardening

 UNDERHARDENED

High Exposures Low Structure 
Hardening 

IGNITION 

High Exposures High Structure 
Hardening 

NO IGNITION 

Low Structure 
Hardening 

NO IGNITION 

Low Exposures

NO IGNITION

Low Exposures High Structure 
Hardening 

 EFFECTIVE HARDENING

 EFFECTIVE HARDENING

 OVERHARDENED



Structure Separation Experiments - Overview
NIST WUI FIRE DAYS 2022

https://www.nist.gov/el/fire-research-
division-73300/wildland-urban-interface-
fire-73305/structure-separation-0

No wind - 5 ft SSD

Structure Separation Experiments 2021

FAIL

Camp Fire 2018, BURNEY FIRE DISTRICT used by 
Permission 

Residence, Vegetation and Vehicle Fire 
Structure Separation Experiments 2008

Room Fire

FAIL
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Assembling the TEAM
The SSE TEAM
• NIST: technical lead, test method development
• USFS: modeling (cold flow and fire)
• CALFIRE: codes
• CBIA: construction
• WFCA (non-CA perspective both for response and 

buildings/hazard)
• IBHS: testing facility (wind)
• USFA: tech transfer to fire services
• FEMA: RVs
• ICC IWUI: implementation of findings at national level 
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Three Phase Effort  2020 – 2024
Building Technical Expertise

• Phase 1 –Sheds 15 (3x5) ft2 to 288 (12x24) ft2     

2 years (wrapping up in 2023)

• Phase 2 – Auxiliary Dwelling Units (ADUs) “in-laws suites”: 600 ft2    

1.5 years (in development)

• Phase 3 – Single Family Residences: 1200 ft2 and RVs and vehicles 
(in development)
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Technical Challenges

• Large number of variables (continuum of exposure/ 
hardening coupling, wind, slope, geometries)

• Limitations of experimental facilities/capabilities

• Modeling - limited validation data sets
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Determining SSD - Project Technical Overview
Technical 
Issue/Measurement

NIST Indoors NIST 
Outdoors

IBHS Outdoors Univ. Of Corsica Modeling

Heat Release 
Measurement

Y N N N Input Parameter

Mass Loss Rate (no 
wind)

Y Y Y Y (limited)

Mass Loss Rate (w/ 
wind)

N N N Y (limited) Must be inferred

Heat Flux 
Measurements

Y Y Y Y Predicted

Target Ignition Y Y Y Y Predicted based 
on flux

Effects of Slope Only very 
small scale

Only very small 
scale

Only small-
medium scale

Y (fixed slope) Limited validation 
data 

Effects of Target 
Geometry

Y Y Y Y  (limited) Predicted



SSE Project

• Leveraging skills and facilities from multiple 
agencies/organizations to address complex technical 
problem

• Addressing Code and Code+ issues

• Developing implementable low impact solutions 
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The Hazard
Source to structure spread from 
radiation and convection (not 
fire brands) causes significant 
losses in WUI

• Source: auxiliary structures, 
fences, vehicles

• Moderate and High-density 
construction additional source: 
residences

Source: CALFIRE used by 
permission, overlays NIST 

Camp Fire

Camp Fire

Source: BURNEY FIRE DISTRICT 
used by Permission 
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NIST Case Studies - Field Observations 
NIST Reconstructions
• Witch Fire (CA) – High density structure-to-

structure, just east of The Trails
• Tanglewood Complex (TX) – Hazard from detached 

combustibles, including sheds
• Waldo Fire (CO) – Majestic community, high density 

structure 
• Camp Fire (CA) – Hazard from auxiliary structures

NIST Recon
• Tubbs Fire (CA) – Coffey Park community, high 

density structure-to-structure 
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WUI Fires – Structure Ignition Hazard Mitigation
New Buildings/Communities

• Greater exposure reduction options:
o Community design
o Structure spacing 

• Cost effective construction/hardening
• Lifestyle/paradigm shift easier to implement

Existing Buildings/Communities

• Limitations to exposure reduction  - existing 
Structure Separation Distance (SSDs) 

• Limited ignition resistance

• Transition from parcel to multiparcel hazard 
assessment and mitigation needed

• Lifestyle - paradigm shift needed
• Large building stock – cost effective 

hardening/funds needed

Exposures 
(fire and embers)

Structure 
Hardening 



Range of Housing Density in Paradise
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NIST Camp Fire Report #3, Figure 2. 

a) Apple Tree Village 
Mobile Home Park

• ≤ 3 m (10 ft) separation

• 7 structures / acre

b) Lancaster Dr (Bille Rd)
• 3 m (10 ft) separation

• 2.9 structures / acre

c) Valley Ridge Dr
• 8 m (26 ft) separation

• 1.4 structures / acre

d) Round Valley Ranch Rd
• 25 m (82 ft) separation

• 0.3 structures / acre



SSE Update July2022

Fed: IWG (including FEMA, USFA, 
HUD)

States: CA, OR, WY, CO, SC
Codes and Standards/ Best 

Practices 
CA Chapter 7A & Chapter 49

ICC IWUI
NFPA 1140 & Firewise

Sheds RVs, ADUs and Single Family
SPRING & FALL 2022

FEMA Collaboration

2022 2023 2024NIST WUI DAYS 
2022

NIST WUI DAYS 
2024

https://www.nist.gov/el/fire-research-
division-73300/wildland-urban-interface-
fire-73305/structure-separation-0
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Camp Fire

Source: BURNEY FIRE DISTRICT 
used by Permission 

17

SSE Phases 2 & 3 Development
• Previous lab experiments = baseline for 

next phases
• Early NIST research TN1600 – August 2008

• Field data = support for problem 
identification and experimental design



SSE Phases 2 & 3 Development

18NIST Technical Note 1600.



80 seconds to ignition of 
adjacent structure

Not ‘worst case”:
• Limited exposure from just a 

room
• No eaves
• No wind
• No in line windows
• No fences or other 

combustibles

• Unrestricted and Partly-
Hardened Construction

SSE Phases 2 & 3 Development

19NIST Technical Note 1600.

6-foot spacing
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Structure Ignition, SSE Phase 3 
Vehicle

Wildlands WUI

Detached Combustibles
• Fences
• Wood piles
• Railroad ties
• Mulch/ground debris
• Playsets
• Retaining walls
• Vehicles

Ornamental 
Vegetation

Residence
Eaves/ roof
Vents
Siding 
Window and door frames
Garage door

Other 
Residences 

Secondary Structures
• Sheds
• Barns 
• Car Ports

Attached Combustibles
• Decks
• Pergolas
• Awnings

Wildland 
Vegetation

Residence
Eaves/ roof
Vents
Siding 
Window and door frames
Garage door

Detached Combustibles
• Fences
• Wood piles
• Railroad ties
• Mulch/ground debris
• Playsets
• Retaining walls
• Vehicles



Displaced 
vehicle

Structure
ignition

Photo courtesy of TD-091, 14:07. 
Used with permission.

Overlays by NIST. Photo by NIST (Dec 1, 2018).

Structure Ignition, SSE Phase 3: Vehicle

21NIST Camp Fire Report #3, Figure 52. 

a) A dozer displaced the 
vehicle to stop fire spread 

b) Associated evidence of the fire ignition 
and defensive actions encountered during 
NIST damage assessments.
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Structure Ignition, SSE Phase 1 
Shed

WUI

Detached Combustibles
• Fences
• Wood piles
• Railroad ties
• Mulch/ground debris
• Playsets
• Retaining walls
• Vehicles

Ornamental 
Vegetation

Residence
Eaves/ roof
Vents
Siding 
Window and door frames
Garage door

Other 
Residences 

Secondary Structures
• Sheds
• Barns 
• Car Ports

Attached Combustibles
• Decks
• Pergolas
• Awnings

Neighboring 
Parcel

Residence
Eaves / roof
Vents
Siding 
Window and door frames
Garage door

Detached Combustibles
• Fences
• Wood piles
• Railroad ties
• Mulch/ground debris
• Playsets
• Retaining walls
• Vehicles

FenceFence

Secondary Structures
• Sheds
• Barns 
• Car Ports

Neighboring 
Hazards
• Sheds
• etc.

Neighboring 
Hazards
• Sheds
• etc.
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Structure Ignition, SSE Phase 1
Shed ignition leading to residence destruction

Fire Spread Pathway:
Shed to Fence to Shed to House

Imagery: Google, Landsat/Copernicus. Overlays by NIST.

Imagery: Butte County GIS. Overlays by NIST.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




