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1.051 Structural Engineering Design 
 

Recitation 6 

Design Procedures of Tension Members 
In Accordance to the AISC-LRFD 

 
 
Reference: Chapter D, Load & Resistance Factor Design – Manual of Steel Construction, 

American Institute of Steel Construction 
 
 
Design Principle 

  ntu PP ⋅Φ≤           and 
  ntu RP ⋅Φ≤  

 
where   = design tensile strength (kips) uP
  = nominal tensile strength (kips) nP
  = block shear rupture strength (kips) nR
  = strength reduction factor  tΦ

 
Failure Modes 

• Yielding failure in the gross section 
• Fracture failure in the net section 
• Block shear rupture in the connection area 

 
The LRFD code states that in estimating the design strength of a tension member, all 
failure modes should be considered. The governing design tensile strength is the smaller 
value obtained from the three cases. Note that the nominal strength is multiplied by its 
respective strength reduction factor. In other words, the controlling case can be either (a) 
yielding in the gross section, or (b) tensile fracture in the net section, or (c) block shear 
rupture in the connection region. The nominal strengths, or resistances, and their 
respective strength reduction factors of a tensile member for the three failure modes are 
presented below. 
 
 
A. Yielding Failure 

For yielding in the gross section, 9.0t =Φ  
 
 gyn AFP ⋅=  LRFD Eq.(D1-1) 
 
 where  = specified minimum yield stress (ksi)  yF
    = gross area of the member (in.gA 2) 
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B. Fracture Failure 

 For fracture in the net section, 75.0t =Φ  
 
          eun AFP ⋅=   LRFD Eq.(D1-2) 
 
 where  = specified minimum tensile stress (ksi)  uF
    = effective net area (in.eA 2) 
 
 
C. Block Shear Failure 

For block shear rupture, 75.0t =Φ . One of two failure modes is possible - tensile 
fracture or shear fracture. The case with a larger fracture value is the controlling 
case.  

 
 Case 1 – Tensile fracture + Shear Yield  

This case can be expressed as nvuntu AF6.0AF ⋅⋅≥⋅ , that is, the tensile fracture 
value is equal to or exceeds the shear fracture value. 
 
        ntugvyn AFAF6.0R ⋅+⋅⋅=  LRFD Eq.(J4-3a) 

 
 Case 2 – Shear Fracture + Tensile Yield 

This case can be expressed as nvuntu AF6.0AF ⋅⋅≤⋅ , that is, the tensile fracture 
value is equal to or less than the shear fracture value. 
 
        gtynvun AFAF6.0R ⋅+⋅⋅=  LRFD Eq.(J4-3b) 

 
   where  = gross area subjected to shear (in.gvA 2) 
      = gross area subjected to tension (in.gtA 2) 
      = net area subjected to tension (in.ntA 2) 
      = net area subjected to shear (in.nvA 2)  
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Definition of Areas 
 

1. Gross area  

gA = area of a cross-section with no holes 
 
2. Net area   

 For N non-staggered holes, 

tdNAA egn ⋅⋅−=  
    
 For N staggered holes, 
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 where  = bolt size + hole clearance (1/16)” + hole damage (1/16)” (in.) ed
   = member thickness (in.) t
  S = pitch (in.) 
  G = gage (in.) 
 
3. Effective net area   

eA  = nAU ⋅ (bolted) 

eA  = gAU ⋅ (welded) 
 

 where U = reduction coefficient 
    = 0.9 for W, M, S, or tee sections and for connections to the 

flanges. Minimum of 3 bolts per line in the direction of 
stress 

    = 0.85 for all shapes and built-up cross sections not meeting 
the requirement of the U=0.9 case. Minimum of 3 bolts per 
line in the direction of stress 

    = 0.75 for all members whose connections having only 2 
bolts per line in the direction of stress 

 

 3



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


