
Summary of Updates to Provided Fragilities for use with FEMA P-58 
March 2018 
 
The following fragility updates were made in response to review team observations of PACT 
findings.  Trivial grammatical changes are not listed.  The revisions are included in the March 
2018 version of the Fragility Database and the corresponding PACT Input Matrix.  This 
database also includes environmental consequences for all of the provided fragilities. 
 

1. Updates to damage states and consequences. 
 
Fragility Component 

Description 
Notable Changes 

B1031.001 
B1031.011a 
B1031.011b 
B1031.011c 
B1031.021a 
B1031.021b 
B1031.021c 

Gravity beam shear 
tab, steel base 
plate, and steel 
column splice 

• The DS1 damage state was found to generate 
disproportionately high repair cost.  In response, it 
was decided to duplicate the DS1 state and introduce a 
mutually exclusive DS1/DS2 condition.  DS1 results 
in zero repair and zero cost consequence and 
represents 95% of events DS1/DS2 mutual exclusive 
events triggered.  DS2 retains the former repair and 
cost consequence in the remaining 5% of events.   

• The former DS2 and above remain as renamed 
subsequent sequential damage states.   

• DS1 “beta” values are set to 0.25 in order to prevent 
computational error within PACT.  

B1033.011a 
B1033.011b 
B1033.011c 
B1033.012a 
B1033.012b 
B1033.012c 
B1033.013a 
B1033.013b 
B1033.013c 

 • DS1 unsafe placard value was changed from “Yes” to 
“No” to be consistent with minimal damage at DS1. 

B1033.031a 
B1033.031b 
B1033.031c 
B1033.032a 
B1033.032b 
B1033.032c 

 • DS1 and DS 2 repair descriptions were updated. 

B2011.201a Precast concrete 
cladding panel – in 
plane response 

• The DS1 damage state was found to generate 
disproportionately high repair cost.   

• In response, it was decided to duplicate the DS1 state 
and introduce a mutually exclusive DS1/DS2 
condition where a new DS1 calls for repair equal to 
20% of the former DS1 consequence.  The new DS2 is 
equal to the former DS1.  The resulting DS1/DS2 



mutual exclusive damage states are given 50%/50% 
event probability respectively.   

• The former DS2 and above remain as sequential 
states. 

B2022 Curtain Walls • Excessive injuries were observed. In response, 
damage state injury medians were revised from 25% 
to 2% with a dispersion of 0.50. 

• The unsafe placard for glass falling was revised from 
50% median and 0.50 dispersion to 90% median and 
0.50 dispersion.  

B2023.031 
B2023.032 
B2023.033 
B2023.034 
B2023.051 
B2023.052 
B2023.053 
B2023.054 
B2023.055 
B2023.056 
B2023.057 
B2023.058 

Curtain Walls • Revisions to demand and consequence data. 

C2011 (all) Stairs • Excessive unsafe placarding was observed.  In 
response DS2 was revised not to cause unsafe placard.  
Similarly, the DS3 unsafe placard probability was 
increased to 75%. 

D4011 (all) Fire sprinkler pipes 
and mains 

• It was observed that excessive unsafe placards 
resulted from damage to this component.  In response, 
all unsafe placards were changed to zero. 

 
2. Updates to repair costs 

 
For the following fragilities, file quantity max and quantity min ($min & $max) were edited so 
that the consequence data are in agreement with the cost unit of the source data.  For example, if 
the source cost data are provided on a per square foot basis, then the economy of scale quantities 
must also be in square foot units – not in the PACT UNIT which have varying bundled quantities 
for ceilings, walls, glazing, and distributed mechanical components.   
 
Fragility Component 

Description 
Notable Changes 

C1011.001a 
through 
C1011.011a 

Wall Partitions • Revised $max and $min to 1300 square feet and 
13,000 square feet to generate 1 to 10 PACT UNITS 

B3041.001 Masonry Parapets • Revised $max and $min to 100 feet and 500 feet to 
generate 1 to 5 PACT UNITS 



C3032.001a 
through 
C3032.004d 

Ceilings • Revised $max and $min to 100 feet and 500 feet to 
generate 1 to 10 PACT UNITS.  Specific multipliers 
applied vary due to ceilings having variable quantiles 
ranging between 250 square feet and 2500 square feet. 

D3041.001a 
through 
D3041.002d 

Fan Units • Revised $max and $min to 10 and 50 to generate 1 to 
5 PACT UNITS. 

D3041.031a 
through 
D3041.041b 

HVAC drops • Revised $max and $min to 10 and 50 to generate 1 to 
5 PACT UNITS. 

D4011.031a 
through 
D4011.074a 

Sprinkler drops • Revised $max and $min to 200 and 500 to generate 2 
to 5 PACT UNITS.   

 
3. Miscellaneous changes  

The following fragilities were revised in response to review comments offered by various 
groups.   
Fragility Component 

Description 
Notable Changes 

B1031.021a 
B1031.021b 
B1031.021c 

Welded column 
splices, various 
column sizes. 

• Damage State 3 removed. 
• Minor DS1 and DS2 description and repair 

description edits. 
• Revision of DS1 and DS2 median demand. 
• Addition of toughness note to commentary. 
• Revision history added linking edits to FEMA P-58 

literature. 
B1033.001a  
through 
B1033.073c 

Concentrically 
Braced Frames 
(CBF) 

• Removed reference to HSS in DS2 description. 

B1041.021a 
B1041.021b 
B1041.022a 
B1041.022b 
B1041.023a 
B1041.023b 
 

ACI 318 
Intermediate 
Moment Frame 
(IMF) 

• Included value for axial load ratio under component 
description 

B1042.001a 
B1042.001b 
B1042.002a 
B1042.002b 
B1042.011a 
B1042.011b 
B1042.012a 
B1042.012b 
B1042.021a 
B1042.021b 

Diagonally or 
conventionally 
reinforced concrete 
link beams 
 
 

• Median demand of DS1, DS2, and DS3 corrected to 
be in numeric drift, not percent drift.  (e.g. 1.79 
revised to 0.0179) 



B1042.022a 
B1042.022b 
B1044.091 
B1044.092 
B1044.093 
B1044.101 
B1044.102 
B1044.103 
B1044.111 
B1044.112 
B1044.113 

Slender concrete 
walls. 

• DS1, DS2, and DS3 median demand, dispersion, and 
total dispersion (beta) values revised slightly. 

• Demand parameter revised from “Story drift ratio” to 
“Effective Drift”. 

B1061.001a 
B1061.001b 
B1061.011a 
B1061.011b 
B1061.021a 
B1061.021b 

Various cold 
formed steel walls. 

• Revised DS1, DS2, and DS3 (where it occurs) to be 
numeric drift, not percent drift.  (e.g. 0.40 revised to 
0.004) 

B2011.001a 
B2011.001b 
B2011.011a 
B2011.011b 
B2011.021a 
B2011.021b 

Various exterior 
wall cold formed 
steel walls. 

• Revised DS1, DS2, and DS3 (where it occurs) to be 
numeric drift, not percent drift.  (e.g. 0.40 revised to 
0.004) 

C1011.001a 
C1011.001b 
C1011.001c 
C1011.001d 
C1011.001e 
C1011.001f 
C1011.011a 

Various gypsum 
interior wall 
partition types. 

• Reduced from five damage states to three damage 
states by removal of mutually exclusive DS2 and DS3 
to be sequential DS1 through DS3. 

• Edit to DS1, DS2, and DS3 damage and repair 
descriptions.   

• Changes to DS1, DS2, and DS3 median demand and 
total dispersion (beta) values. 

• Revision of DS1, DS2, and DS3 cost and time 
consequences with corresponding changes to reported 
statistical parameters (mean, CV, p10, p50, p90, and 
normal / lognormal fit type).   

C3021.001a 
through 
C3021.001p 

Various generic 
floor covering 
types- flooding of 
floor caused by 
pipe breakage. 

• Fragilities redefined to be the flooding of the floor 
caused by breaking of pipes.   

• Costs based upon repair of one square foot of 
flooring.   

• Seismic design category now by user. 
• Damage state DS2 (drop joint piping breaks) 

removed. 
• Data quality, relevance, and documentation changed 

to “none” 
• Changes to DS1 damage and repair text descriptions. 
• Note added requiring user to supply median demand 

and total dispersion (beta).   



C3032.001a 
C3032.001b 
C3032.001c 
C3032.001d 
C3032.003a 
C3032.003b 
C3032.003c 
C3032.003d 
C3032.004a 
C3032.004b 
C3032.004c 
C3032.004d 

Various suspended 
ceilings 

• Editing of DS1, DS2, and DS3 median demand and 
total dispersion (beta) values. 

• Minor grammatical edit to DS1, DS2, and DS3 repair 
description. 

• Change DS3 to have more specific damage extent 
description. 

• Extend to include SDC A, B, and C (SDC C formerly 
not included) 

 
Note:  C3032.002a C3032.002b, and C3032.002c do not 

exist. Omission is intentional. 

D2021 (all) Cold or hot potable 
water 

• Corrected consequence description 

D2022 (all) Heating hot water 
piping 

• Corrected consequence description 

D2031 (all) Sanitary waste 
piping 

• Corrected consequence description 

D2051 (all) Chilled water 
piping 

• Corrected consequence description 

D2061 (all) Steam piping • Corrected consequence description 
D2061.023a 
D2061.023b 

Steam piping – 
large diameter 
welded steel 

• Corrected consequence description 

D3031.011a 
through 
D3031.13l 

Chiller • Revised repair description. 

D3032.021a 
through 
D3032.023l 

Cooling tower • Revised repair description 

D3052.011a 
through 
D3052.013l 

Air handling unit • Revised repair description 

D4011.021a 
through 
D4011.074a 

Fire sprinkler drops • Clarified damage state descriptions 

D5011.011a 
through 
D5011.013l 

Transformer/ 
Primary service  

• Revised repair description 

 
4. Editorial Changes  

 
A line-by-line comparison of the fragility database versus versions prior to September 2016 is 
documented in FEMAP-58_LinebyLineComparisonofFragilityDB.xls within FEMA P-58-3 
Folder 3.2.  The following table summarizes the notable changes.   
 



NISTIR 
No.  

Component 
Description 

Notable Changes 

B1071 Light-framed wood 
walls 

• Reorganized subcategory numbering 

C1011 Modified 
consequences 

• Deleted. This was used as a placeholder for internal 
project work.  

C3033 Recessed lighting 
in suspended 
ceiling 
 

• Deleted.  Damage to this type of component is 
covered in ceilings.  

D3067 Control panel • Reorganized subcategory numbering 
D2021 Cold or hot potable 

water 
• Clarified component definition 

 



<<

  /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



