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6.4 Mechanical, Electrical, and Plumbing Components 

6.4.3 Pressure Piping 

6.4.3.6 Roof-Mounted Supports 

This category covers roof-mounted supports for pressure piping.  Roof-mounted supports may 
be used to support either horizontal or vertical pipe runs.  Roof-mounted supports consist of 
wood blocking or steel shapes anchored to structural framing or a structural concrete slab and 
may be mounted with or without vibration isolation.  These supports may be flush with the roof 
surface, have one cantilevered support member, one propped cantilever member, or be built up 
of multiple elements to form a trapeze or braced frame. 

Provisions 

BUILDING CODE PROVISIONS 

ASCE/SEI 7-10, Minimum Design Loads for Buildings and Other Structures, (ASCE, 2010) 
Chapter 13 classifies roof-mounted supports as “Component Supports.”  The design for 
component supports may be based on reference standards, proprietary systems, or calculated 
forces.  When calculating seismic forces, the design coefficients for the supports are typically 
the same as those used for the piping.  However, in no case should the value of Rp used for 
support design be greater than 6.0.   

 ASCE/SEI 7-10 exempts piping from seismic bracing requirements in Seismic Design 
Category C if Ip =1.0. 

 ASCE/SEI 7-10 requires seismic design for all distribution systems including piping in 
Seismic Design Categories D, E, and F that weighs more than 5 pounds per linear foot. 

 ASCE/SEI 7-10 exempts high-deformability or limited deformability piping (such as 
steel and copper pipe) where the pipe diameter is small (anywhere from 1 to 3 inch 
diameter depending on the Seismic Design Category and occupancy).  Provisions must 
be made to accommodate anticipated movement (such as by providing flexible 
connections, as shown in Section 6.4.3.3) and to avoid impact with other structural or 
nonstructural components or to protect the piping in the event of such impact  

The stiffness of the support should be designed to be compatible with its’ intended function.  
For example, a relatively slender, flexible cantilever pipe support may not provide effective 
restraint for a stiff, large diameter steel pipe.  
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RETROFIT STANDARD PROVISIONS 

The requirements for component supports in ASCE/SEI 41-06, Seismic Rehabilitation of Existing 
Buildings, (ASCE, 2007) depend on the type of piping system.  Refer to the discussions of 
different distribution systems for more specific application information.  Roof-mounted 
supports are acceleration sensitive, and when retrofit is required, they must meet the force 
requirements of the standard. 

Typical Causes of Damage  

 Failure of pipe supports may result in damage to the support in question, damage to 
adjacent supports which are overloaded due to the initial failure, damage to the piping, 
damage to insulation or roofing, leakage of the contents, and outage of the system that 
the pipes support.  Joints may fail if the layout of the seismic restraints is poor or where 
the restraints are inadequate for the anticipated forces and displacements.  Piping 
damage may occur at locations where piping runs across roof separations or seismic 
joints if the piping has not been detailed to account for the differential movement. 

 Seismic accelerations are often highest at the roof level and thus roof-mounted items 
are particularly vulnerable to failure unless properly designed.  Several failure 
mechanisms exist for roof-mounted supports: failure at base if anchorage is 
undersized, yielding of cantilever elements causing excessive deflection, and buckling of 
braced elements if braces are undersized.   

 Unrestrained piping supported directly on the roof is vulnerable to damage due to 
excessive movement.  Unanchored wood sleepers may overturn or slide. 

 Damage to roof-mounted items may also result in damage to the roofing membrane 
causing subsequent water damage. 
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DAMAGE EXAMPLES 

 

Figure 6.4.3.6-1 Damaged supports and piping on roof-mounted HVAC unit in the 1994 
magnitude-6.7 Northridge Earthquake (Photo courtesy of Mason Industries).  
Both the roof-mounted wood sleepers and strut supports failed. 
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Figure 6.4.3.6-2 Unrestrained wood sleepers on roof-mounted piping slid a foot in either 

direction in 2010 magnitude-6.5 Eureka Earthquake (Photos courtesy of 
Maryann Phipps, Estructure). 
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Figure 6.4.3.6-3 Unrestrained roof-mounted piping broke at the connection to the equipment in 
the 2010 Eureka Earthquake. Piping mounted on wood sleepers should typically 
be restrained to the roof, not free to slide (Photo courtesy of Maryann Phipps, 
Estructure). 

Seismic Mitigation Considerations 

 Pipe runs need vertical, lateral and longitudinal restraints.  Roof-mounted supports can 
be used to provide restraint for any combination of these loads, can be designed for 
many different configurations, and may be used with or without vibration isolation.  
Longitudinal restraints require positive support to the pipe with a pipe clamp or welded 
lug; U-bolts do not provide effective longitudinal restraint.  

 Seismic accelerations are often highest at the roof level; roof-mounted supports may 
need to be more robust than those located elsewhere in a building.  They additionally 
need to be protected from corrosion and deterioration or they will be ineffective during 
an earthquake.  

 If the pipe supports are vibration isolated, analysis is required to determine the 
appropriate seismic design force.In an existing concrete roof slab, care must be taken to 
locate rebar or post-tensioned tendons prior to drilling holes for anchor bolts.  If the 
base plate for the pipe support is near the edge of a concrete curb or slab, care must be 
taken to provide sufficient edge distance and embedment for the anchor bolts.  Some 
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types of anchors are not recommended for use with vibratory loads.  FEMA 414, 
Installing Seismic Restraints for Duct and Pipe (2004) provides additional precautions 
regarding the installation of anchor bolts.  

 Weatherproofing is an important consideration for roof-mounted supports; any 
penetration of the roof membrane must be adequately sealed to prevent roof leakage.  
Refer to Section 6.4.3.8 for additional discussion of pipe penetrations. 

 Seismic restraint hardware for any exterior exposure should be specified using materials 
or coatings to reduce corrosion and may require periodic painting or replacement to 
maintain the effectiveness of the restraint.  Items exposed to salt air, or deicing 
compounds such as in a parking structure, may be especially at risk. 

MITIGATION EXAMPLES 

 

Figure 6.4.3.6-4 Roof-mounted supports with vibration isolation (Photo courtesy of Mason 
Industries). 
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MITIGATION DETAILS 

 

Figure 6.4.3.6-5 Roof-mounted single vertical pipe support (ER). 
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Figure 6.4.3.6-6 Roof-mounted pipe stand and sleeper anchored to slab (ER). 


	6.4 Mechanical, Electrical, and Plumbing Components
	6.4.3 Pressure Piping
	6.4.3.6 Roof-Mounted Supports
	Provisions
	Building Code Provisions
	Retrofit Standard Provisions

	Typical Causes of Damage
	Damage Examples

	Seismic Mitigation Considerations
	Mitigation Examples
	Mitigation Details






<<

  /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



