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INTRODUCTION 
In this project Texas A&M 

Transportation Institute (TTI) developed a 
design for anchoring F-shape temporary 
concrete barrier on asphalt pavement 
surface using steel pins. This new 
pinning design is an extension of a 
recently developed anchoring system 
(405160-3) that TTI designed specifically 
for anchoring barriers on concrete 
pavement or thin bridge decks.  Since 
many situations require pinning the 
barrier on asphalt, this project focused on 
making modifications to the pinning 
scheme of the existing anchoring system 
and extending its use to placement on 
asphalt. 

 
RESEARCH APPROACH 
 To determine the appropriate pinning 
scheme, the researchers evaluated the 
response of a single anchoring pin when 
installed in soil and asphalt.  A series of 
dynamic pull tests were performed to 
determine the lateral resistance and 
deflection response of a single anchoring 
pin when installed in soil and in different 
thicknesses of asphalt pad laid over soil 
base.  These tests revealed that pinning 
the barrier directly on soil is not likely to 
yield enough lateral restraint to 
sufficiently anchor the barrier with two to 
three pins per barrier segment.  
However, installing the anchoring pin in a 
4-inch thick asphalt pad can yield the 
required lateral restraint needed.  Based 
on the findings of the dynamic pull tests, 
the pinned down anchored barrier design 
was developed for placement on a 4-inch 
thick asphalt pad. 
 The researchers performed finite 
element analyses to determine the 
performance of the pinned barrier system 
under MASH test 3-11 conditions.  
Analyses were performed with a 5000-lb 
pickup truck model impacting the barrier 

Finite Element Model 
 
system restrained by two and three 
anchoring pins per barrier segment.  
Results of the FE analyses showed 
slightly better performance when three 
pins per segment were used to anchor 
the barrier.  Furthermore, using three 
anchoring pins per barrier segment 
provided greater factor of safety against 
failure or cracking of asphalt, as well as 
variability in soil and asphalt properties in 
the field. The anchorage design with 
three pins per barrier segment was thus 
selected for further evaluation by full-
scale crash testing. 
 A 151-ft test installation comprising 
of 12 barrier segments, connected using 
pin-and-loop connections, was built for 
MASH test level 3 testing.  The barrier 
was placed adjacent to a 1.5H:1V slope 
at a lateral offset of 1 ft from the slope 
break point.  The barrier was anchored 
using three 1.5-inch diameter, 48-inch 
long steel pins per barrier segment. 
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 MASH test 3-11 was performed 
with a 2005 Dodge Ram 1500 pickup 
impacting the barrier at an impact 
speed and angle of 62.2 mi/h and 
24.8 degrees, respectively.  The test 
vehicle was successfully contained 
and redirected by the pinned down 
anchored barrier system.  The pinned 
down anchored barrier design meets 
MASH test level 3 criteria.  The 
maximum dynamic and static 
deflections of the barrier system were 
17.8 inches and 17 inches, 
respectively. 

 
Vehicle exiting pinned barrier 

 
Pinned barrier and vehicle after test 

 
Pinned barrier after test 

 
Vehicle after test 

SUMMARY AND CONCLUSIONS 
 As described in this report, the 
test installation was comprised of a 
12-inch thick Type-A Grade-1 
crushed limestone road base, over 
which a 4-inch thick asphalt 
pavement was constructed. This road 
base was primarily used to meet 
MASH requirements for the type of 
soil that should be used for testing, 
and to be able to compact the 4-inch 
thick asphalt pavement on top.  In a 
field installation, it may not always be 
feasible to have a 12-inch thick road 
base.  Furthermore, native soil 
conditions may vary from one site to 
another.  It should be noted that the 
primary resistance to the deflection of 
the barrier comes from the asphalt 
pavement.  While differences in soil 
properties underneath the asphalt 
layer can have some influence on the 
lateral deflection of the barrier, their 
effect is expected to be minimal as 
long as the sub-base is stable 
enough to roll and compact the 
asphalt pavement on top of it.  Thus, 
smaller thickness of road base may 
also be used in combination with 
native soil if the sub-base can be 
stabilized to achieve proper 
compaction of the 4-inch thick 
asphalt pavement on top. 
  The barrier in this research was 
placed adjacent to a 1.5H:1V slope 
with a 12-inch offset from the slope 
break point.  These design conditions 
were agreed by the Pooled Fund 
states at the start of the project.  The 
slope should not be increased 
without additional testing and/or 
modifications to the anchoring 
design.  Similarly, the 12-inch lateral 
offset from the slope break point 
should not be decreased without 
further evaluation through crash 
testing. 

 The length of the barrier 
segments used in the test installation 
was 12.5 ft.  This is the minimum 
segment length of the portable 
concrete barriers used among the 
participating Pooled Fund states.  
While the design was developed 
using the smallest barrier segment 
length, it can also be extended for 
use with longer barrier segments by 
adding additional anchoring pins if 
needed. Based on an estimate of the 
number of pins needed per unit 
length of the barrier, a 15-ft barrier 
segment should not need an 
additional anchoring pin. A 20-ft 
segment length however will require 
a fourth anchoring pin (i.e. two pins 
equally spaced in the mid-span of the 
segment) to attain nearly the same 
level of anchorage. 
 
FOR MORE INFORMATION: 

Test Report No. 405160-25 

Research Supervisor: 
   Nauman M. Sheikh 
   Nauman@ttimail.tamu.edu 
 
Pooled Fund Technical Rep.: 
   Dave Olson 
     Washington State  
     Department of Transportation 
       Olsonda@wsdot.wa.gov 
 
 

 
Visit our website at: 

www.roadsidepooledfund.org 

 

Page 2 

http://www.roadsidepooledfund.org/files/2012/05/405160-25-1.final_.pdf
mailto:Nauman@ttimail.tamu.edu
mailto:Olsonda@wsdot.wa.gov
http://www.roadsidepooledfund.org/


<<

  /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



