
In 1986, the Federal Highway Administration (FHWA) specifi ed in the National Cooperative Highway Research 
Program Report 350 that all highway bridges on the National Highway System and the Interstate Highway 
System must use successfully crash-tested bridge railing.  Texas Department of Transportation (TxDOT) policy 
requires the use of successfully crash-tested bridge rails on all new bridge construction as well as existing 
bridges scheduled for safety rehabilitation.  In general, crash-tested bridge rails have greater height and less 
open space when compared to bridge rails that have failed crash testing.  The requirement to use successfully 
crash-tested rails poses a concern with respect to fl oodplain analysis.  In the event that existing bridge rails 
are upgraded to crash-tested rails, the possible additional rail height and decreased open space may adversely 
impact the surrounding fl oodplain elevation.  Construction or modifi cation of bridge structures in communities 
that participate in the National Flood Insurance Program must meet regulatory requirements for surrounding 
fl oodplains mapped by the Federal Emergency Management Agency (FEMA).  Typically, a fl oodplain analysis 
will model fl ow over the bridge as a simple broad crested weir.  Construction of new structures or modifi cation 
of existing structures, as in the case of safety rehabilitation, cannot result in an increase of the water surface 
profi le for the one percent annual chance (100-year) fl ood event by more than one foot (30.5 cm).  If the water 
surface profi le is expected to increase by more than one foot, a FEMA map revision is required, which can 
be costly and time consuming.  The use of crash-tested bridge rails with a greater height and less open space, 
especially in the safety rehabilitation of bridges, can raise issues with FEMA compliance due to poor hydraulic 
performance, requiring a fl oodplain map revision and delay of the project.  Therefore, to prevent such setbacks, 
it is important to understand the hydraulic performance of various bridge rail types in order to determine the 
impact of different rails on the surrounding fl oodplains.
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The hydraulic performance of six different TxDOT rails, a 
two-tube steel railing used in Wyoming, and a weir rail were 
evaluated through physical model studies.  Rating curves, 
which describe the relationship between the upstream specifi c 
energy (depth) and fl ow rate passing over and through the 
rail, were measured for each rail type.  Measurements were 
calibrated to a three-parameter model that allows prediction 
of hydraulic performance of rail systems over a range of fl ow 
conditions.  Submergence effects caused by backwater from 
downstream rails were evaluated through hydraulic model 
studies, and submergence hydraulic performance models 
were also developed.  

What the Researchers Did

Research Performed by:
Center for Transportation Research (CTR), 
The University of Texas at Austin

Research Supervisor:
Randall J. Charbeneau, CTR

Researchers:
 Michael E. Barrett, CTR
 J. Brandon Klenzendorf, CTR

Project Completed: 8-31-08



For More Information:
 0-5492-1 Hydraulic Performance of Bridge Rails

Research Engineer - German Claros, TxDOT, 512-465-7403
Project Director - Amy Ronnfeldt, TxDOT, 512-416-2328
Research Supervisor - Randall J. Charbeneau, CTR, 512-471-2125

  

This research was performed in cooperation with the Texas Department of Transportation and the Federal Highway Administration. The contents of this report 
refl ect the views of the authors, who are responsible for the facts and accuracy of the data presented herein. The contents do not necessarily refl ect the offi cial 
view or policies of the FHWA or TxDOT. This report does not constitute a standard, specifi cation, or regulation, nor is it intended for construction, bidding, or 
permit purposes. Trade names were used solely for information and not for product endorsement. 

Research and Technology
Implementation Offi ce
P.O. Box 5080
Austin, Texas 78763-5080
512-465-7403

What This Means

www.txdot.gov
keyword: research

This research program has provided information on the hydraulic performance of different TxDOT crash-tested 
rails that can be used in new bridge construction and bridge rehabilitation.  A procedure has been developed 
for including the effects of bridge rail hydraulic performance in fl oodplain analysis models.  This information 
and procedures allow the design engineer to predict the backwater effects of different bridge rail systems and 
determine whether a FEMA fl oodplain re-evaluation would be required based on rail hydraulic performance.  

What They Found
The hydraulic performance of different bridge rail systems varies widely, primarily as a function of rail height 
and the amount of open space within the rail face.  Using the hydraulic and submergence models with calibrated 
coeffi cients, the hydraulic performance of bridge rail systems can be accurately predicted for a range of fl ow 
conditions.  Skew orientation has a negligible effect on bridge rail hydraulic performance.  Of all the bridge 
rails tested, the Wyoming two-tube rail has the highest hydraulic effi ciency, in that it will allow a given fl ow rate 
to pass the rail with the least required upstream headwater (upstream depth).  The T101 rail is the TxDOT crash-
tested rail with greatest hydraulic effi ciency.

Four bridge rail systems were tested with rails in series, representing conditions with fl ow across the bridge 
superstructure with upstream and downstream rails.  The hydraulic performance of a single rail system in skew 
orientation was evaluated through hydraulic model studies.  Methods for incorporating bridge rail hydraulic 
performance characteristics in fl oodplain analysis models (HEC-RAS) were developed.  
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