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TECHNICAL MEMORANDUM  
 
Contract No.:  T4541-AV 
Tech Memo No.: 600771 (405160-40) 
Project Name: Pre-stressed Concrete Beam Type TL-2 Guardrail System at 31-inch 

Rail Height 
Sponsor:  Roadside Safety Research Program Pooled Fund Study 
 
 
DATE: April 23, 2015 
 
TO: Leni Oman, Director, Research Office 
 Washington State Department of Transportation 
 Transportation Building, MS: 47372 
 Olympia, Washington 98504-7372 
 
COPY TO: Rhonda Brooks, Washington State DOT 
 Erlinda Olivarez, TTI RDO 
 D. L. Bullard, Jr., Head, TTI Roadside Safety & Physical Security Systems 
 Roger P. Bligh, TTI Roadway Safety Program 
 Rebecca Haug, TTI Roadside Safety & Physical Security Systems 
 
FROM: William F. Williams, P.E., Associate Research Engineer, TTI Roadside Safety 

& Physical Security Systems 
 
FOR MORE INFORMATION: 

Name: William F. Williams 
Phone: 979-862-2297 
Email: w-williams@ttimail.tamu.edu 
 

SUMMARY REPORT: 
 
INTRODUCTION 

The West Virginia Department of Transportation (WVDOT) currently uses a side-mounted 
bridge rail system on pre-stressed concrete beam bridges that are designated for National 
Cooperative Highway Research Program (NCHRP) Report 350 Test Level 2 (TL-2) impact 
conditions (1).  This bridge rail system uses a W6×25 post with a welded side bracket.  Each post 
with welded bracket is anchored to the side of the pre-cast/pre-stressed beam elements using four 
threaded inserts cast into the side of the beam element.  The rail element for the system consists 
of a single HSS8×4×3/16 tube member with a 12-gauge W-beam rail element attached to the front 
face of the tube.  The current height of the rail system is approximately 28.375 inches in height.  
The purpose of this project is to review the current geometry and design features of the bridge rail 
system with the height of the rail increased to the 31-inch height. 

Texas A&M Transportation Institute 
3135 TAMU  
College Station, TX   77843-3135 
 
979-845-6375 
Fax:   979-845-6107 
http://tti.tamu.edu/crashtesting 
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BACKGROUND 
Many states currently use a side-mounted bridge rail similar to the one currently used by 

WVDOT.  Ohio Department of Transportation (ODOT) currently uses a side-mount design very 
similar to the one used by WVDOT for NCHRP Report 350 Test Level 3 (TL-3) applications.  A 
photo of the ODOT design is shown in Figure 1. 
 

 
Figure 1 – Ohio Department of Transportation Side Mount Bridge Rail 

 
In December 2010, Texas A&M Transportation Institute (TTI) completed a research 

project that consisted of making improvements to the ODOT side-mount bridge rail design to 
improve the performance for American Association of State Highway and Transportation 
Officials (AASHTO) Manual for Assessing Safety Hardware (MASH) TL-3 impact conditions 
(2).  One of the enhancements made to the design was to increase the height of the bridge rail to 
31 inches.  This project was performed for Ohio Department of Transportation Office of 
Research and Development, State Job Number 134394 (TTI Project Number 476890-1) and 
dated December 2010 (3).  The objective of this study was to investigate the performance of the 
ODOT Deep Beam Bridge Railing system per the NCHRP Report 350 TL-3.  A combination of 
analytical study, computer simulation, and testing approach were addressed to accomplish the 
objective of this study.  The final design developed for this project can be used in new 
construction or retrofit applications will bring the system in compliance with the NCHRP Report 
350 performance criteria per TL-3.  The modified ODOT Deep Beam bridge rail design using 
6 ft-3 inch post spacing, as shown in Figure 2, was considered to be acceptable with respect to 
the NCHRP Report 350 TL- 3 assessment criteria.  
 

This conclusion was based on engineering strength analysis and nonlinear finite element 
simulation performed for this project.  The added rail on the top of the bridge rail helped reduce 
potential vehicular dynamics instability that may occur if only the original rail (less height) was 
used. Also, the additional lower rail (rub rail) provided protection against tire snagging in the 
opening below the main rail and the deck.  This snagging mode could be detrimental for small 
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vehicle impacts due to the subsequent excessive deformation and increased ride-down 
acceleration. 
 

 
Figure 2 – Modified Ohio Deep Beam TL-3 Bridge Railing Design (6 ft-3 inch Post Spacing) 

 
 This system can be implemented in the field subsequent to Federal Highway 
Administration (FHWA) Office of Safety approval of the simulation results presented herein or 
the full scale crash tests which were recommended. The modified design presented herein 
represents an onsite retrofit installation that could be practically performed by a qualified 
construction crew. 
 The research team recommended using an approved crashworthy transition (ODOT 
transition GR 3.4) in conjunction with the design shown in Figure 2.  A modification was 
suggested for that transition detail to accommodate the added top and rub rails in the modified 
ODOT Deep Beam bridge rail.  One example would be to turn the top rail toward the middle rail 
at an angle and to extend the rub rail along few transition posts and then turn it back toward the 
field side. 
 
OBJECTIVE 

The purpose of this study is to increase the height of the WVDOT Pre-stressed Concrete 
Beam TL-2 Guardrail system to 31 inches above the pavement surface.  Figure 3 shows the 
current WVDOT Bridge Rail raised to the 31-inch height. 
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Figure 3 – West Virginia DOT Pre-stressed Concrete Beam TL-2 Guardrail (6 ft-3 inch Post 

Spacing) at 31-inch Height 
 
The height of the rail system, shown in Figure 3, may vary several inches depending on 

the thickness of the asphalt wearing surface.  As part of this project, engineering strength 
analyses were performed on the post to determine if the W6×25 post size is acceptable with 
respect to the MASH TL-2 impact loads on the bridge rail system at the increased rail height of 
31 inches.  Other features of the railing system were analyzed and redesigned as part of this 
project.  These features include investigating the post to determine if modification(s) can be 
made to improve performance and reduce fabrication cost.  In addition, the details of the post 
will be investigated to see if height adjustment (added holes for anchorage) can be added such 
that the height of the bridge rail system can be adjusted to accommodate asphalt overlays on the 
bridges. 
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PRODUCTS 
 Provided herein are the design details of the modified 31-inch tall side-mount bridge rail 
that meet the strength requirements of MASH TL-2.  The work plan for this project is provided as 
follows. 
 
WORK PLAN 
Task 1 – Perform Engineering Strength Analyses and Develop Details for the Modified 
Pre-stressed Concrete Beam Type TL-2 Guardrail System 
 The researchers have reviewed the existing details of the current 28-inch height bridge 
rail design shown below in Figure 4, and have increased the height to 31 inches. 
 

 
Figure 4 – West Virginia DOT Pre-stressed Concrete Beam TL-2 Guardrail (6 ft-3 inch Post 

Spacing) at 28⅜-inch Height 
 

Engineering strength analyses were performed on the post to determine if the new post 
size and anchoring details meet the strength requirements of MASH TL-2 impact conditions. The 
modified design is shown below in Figure 5.  The design shown below meets the strength 
requirements of MASH TL-2.  The post and steel block out have been modified such that these 
two components can be bolted together.  Some adjustment (+4 inches) can be accommodated in 
this connection.  

After increasing the rail height to 31 inches, there was a significant opening between the 
main rail and the deck of 18⅞ inches.  The lower rail (HSS8×4×3/16) was added to provide 
protection against tire snagging in the space between the main rail and the deck.  Also, stiffeners 
were added in the W8×24 block out and post for strength.  Additional details for the new design  
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Figure 5 – Modified Pre-Stressed Concrete Beam TL-2 Guardrail (6 ft-3 inch Post Spacing) at 

31⅛-inch Height 
 
IMPLEMENTATION 
 Based on the analyses results, the details presented herein are recommended for 
implementation on bridges for MASH TL-2 applications. 
 
REFERENCES 

1.) National Cooperative Highway Research Program (NCHRP) Report 350, 
“Recommended Procedures for the Safety Performance Evaluation of Highway 
Features,” Transportation Research Board, National Research Council, 1993. 

2.) AASHTO.  Manual for Assessing Safety Hardware.  American Association of State 
Highway and Transportation Officials (AASHTO), 2009.  

3.) Ohio Department of Transportation Side Mount Bridge Rail, Ohio Department of 
Transportation Office of Research and Development, State Job Number 134394 
(TTI Project Number 476890-1), dated December 2010.   



Page 7 of 17 
 

2015-04-23 

A
PPE

N
D

IX
 A

 
D

E
T

A
IL

S O
F PR

E
ST

R
E

SSE
D

 C
O

N
C

R
E

T
E

 G
U

A
R

D
R

A
IL 

                                            
A

-1 
 



Page 8 of 17 
 

2015-04-23 

 
A

-2 
 



Page 9 of 17 
 

2015-04-23 

 
A

-3 
  



Page 10 of 17 
 

2015-04-23 

 
A

-4 
 



Page 11 of 17 
 

2015-04-23 

 
 

A
-5 

  



Page 12 of 17 
 

2015-04-23 

 
A

-6 
 



Page 13 of 17 
 

2015-04-23 

 
A

-7 
   



Page 14 of 17 
 

2015-04-23 

 
A

-8 
 



Page 15 of 17 
 

2015-04-23 

 
A

-9 
  



Page 16 of 17 
 

2015-04-23 

 
A

-10 
  



Page 17 of 17 
 

2015-04-23 

 
A

-11 
 


	INTRODUCTION


<<
  /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


