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Characteristic: Characteristic: RoadwaysRoadways

Interstate RoadwaysInterstate Roadways
13,800 miles13,800 miles
31% of US31% of US

NonNon--Interstate RoadwaysInterstate Roadways
321,500 miles321,500 miles
44% of US44% of US

Bridges over WaterwaysBridges over Waterways
186,500 Bridges186,500 Bridges
39% of US39% of US
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HydrologyHydrology
ScourScour
Stream StabilityStream Stability
DrainageDrainage
EnvironmentEnvironment



Issue: Issue: HydrologyHydrology

Texas DOT ResearchTexas DOT Research
Texas Tech University Texas Tech University -- TECHMRTTECHMRT



Hydrology: Hydrology: Texas DOTTexas DOT ResearchResearch

Regional Characteristics of Unit Hydrographs Regional Characteristics of Unit Hydrographs 
(Project 0(Project 0--4193)4193)

Using Actual Rainfall and Runoff DataUsing Actual Rainfall and Runoff Data
Currently LCurrently L--gamma distribution relationshipsgamma distribution relationships

Publish Guidance for Development and Application of Publish Guidance for Development and Application of 
Synthetic Unit HydrographsSynthetic Unit Hydrographs



Hydrology: Hydrology: Texas DOTTexas DOT ResearchResearch

Regional Characteristics of Storm Hyetographs Regional Characteristics of Storm Hyetographs 
(Project 0(Project 0--4194)4194)

Using Actual Rainfall and Runoff DataUsing Actual Rainfall and Runoff Data
Storm Peaks more FrontStorm Peaks more Front--end than Centrally loadedend than Centrally loaded
Variation in Intensity throughout storm Variation in Intensity throughout storm –– less severeless severe

Will Test Distributions against the NRCS 24Will Test Distributions against the NRCS 24--hr Type II hr Type II 
and III stormsand III storms

Publish Guidance for Development and Application of Publish Guidance for Development and Application of 
Rainfall HyetographsRainfall Hyetographs



Hydrology: Hydrology: Texas DOT ResearchTexas DOT Research

Estimating Time Parameters of Direct Runoff and Estimating Time Parameters of Direct Runoff and 
Unit Hydrographs for Texas Watersheds       Unit Hydrographs for Texas Watersheds       
(Project 0(Project 0--4696)4696)

Literature Review Literature Review –– Methods estimating time Methods estimating time 
parameters for hydrographs parameters for hydrographs 

Verify Methods for Small Watersheds with Actual DataVerify Methods for Small Watersheds with Actual Data

Publish GuidancePublish Guidance



Issue: Issue: ScourScour

Calculating ScourCalculating Scour
Pier ScourPier Scour
Abutment ScourAbutment Scour
Cohesive Material ScourCohesive Material Scour
Rock ScourRock Scour
Tidal ScourTidal Scour
Unknown FoundationsUnknown Foundations

Inspecting and MonitoringInspecting and Monitoring

CountermeasuresCountermeasures



Scour: Scour: PierPier

Florida DOT Research Florida DOT Research –– Dr. SheppardDr. Sheppard
Equation:Equation:

Based on data from many laboratoriesBased on data from many laboratories
Predicts equilibrium scour depthsPredicts equilibrium scour depths
Function of three dimensionless groupsFunction of three dimensionless groups

Water Depth/Structure DiameterWater Depth/Structure Diameter
Velocity/Sediment Critical VelocityVelocity/Sediment Critical Velocity
Structure Diameter/Sediment DiameterStructure Diameter/Sediment Diameter



Scour: Scour: Pier Pier –– Florida DOT ResearchFlorida DOT Research

Compared to HECCompared to HEC--1818
Regular Piers:Regular Piers:

Florida Equation less than HECFlorida Equation less than HEC--18 18 

Wide Piers:Wide Piers:
Florida Equation comparable to HECFlorida Equation comparable to HEC--18 WP for 18 WP for 
small Dsmall D5050

Florida Equation more than HECFlorida Equation more than HEC--18 WP for large 18 WP for large 
DD5050



Scour: Scour: Pier Pier –– Florida DOT ResearchFlorida DOT Research

Verify EquationVerify Equation
Clearwater Scour Flume Clearwater Scour Flume –– MassachusettsMassachusetts

Fine Sediment lowered equilibrium scour depthsFine Sediment lowered equilibrium scour depths

Live Bed Scour Flume Live Bed Scour Flume –– Auckland, New ZealandAuckland, New Zealand



Scour: Scour: Pier Pier –– Florida DOT ResearchFlorida DOT Research

Massachusetts Massachusetts 
Clearwater Clearwater 
FlumeFlume



Scour: Scour: Pier Pier –– Florida DOT ResearchFlorida DOT Research

Auckland, Auckland, 
New Zealand New Zealand 
Live Bed Live Bed 
FlumeFlume



Scour: Scour: Pier Pier –– Florida DOT ResearchFlorida DOT Research

Auckland, Auckland, 
New Zealand New Zealand 
Live Bed Live Bed 
FlumeFlume



Scour: Scour: AbutmentAbutment

Georgia DOT Research Georgia DOT Research –– Dr. SturmDr. Sturm
Compound ChannelCompound Channel

Equations: Clearwater and LivebedEquations: Clearwater and Livebed
HEC 18 HEC 18 -- Appendix EAppendix E
Additional Lab Data to ConfirmAdditional Lab Data to Confirm



Scour: Scour: Cohesive MaterialsCohesive Materials

Georgia DOT Research Georgia DOT Research –– Dr. SturmDr. Sturm
Laboratory and 3D Numerical Modeling with Laboratory and 3D Numerical Modeling with 
Field Monitoring of Regional Bridge Scour in Field Monitoring of Regional Bridge Scour in 
GeorgiaGeorgia

4 Bridges Monitored4 Bridges Monitored
2 Bridges Modeled in Lab2 Bridges Modeled in Lab
Compare Field, Lab, and 3Compare Field, Lab, and 3--D Modeling ResultsD Modeling Results
Regional Bridge Scour Prediction MethodologyRegional Bridge Scour Prediction Methodology



Scour: Scour: Cohesive Materials Cohesive Materials ––
Georgia DOT ResearchGeorgia DOT Research

Laboratory Laboratory 
ModelingModeling



Scour: Scour: Cohesive Materials Cohesive Materials ––
Georgia DOT ResearchGeorgia DOT Research

33--D D 
Numeric Numeric 
ModelingModeling



Scour: Scour: Cohesive MaterialsCohesive Materials

Texas DOT Research Texas DOT Research –– Dr. BriaudDr. Briaud
Erosion Function Apparatus (EFA)Erosion Function Apparatus (EFA)

Determine time rate of scour Determine time rate of scour 

SRICOS MethodSRICOS Method

HEC 18 Appendix LHEC 18 Appendix L



Scour: Scour: Cohesive Materials Cohesive Materials ––
Texas DOT ResearchTexas DOT Research

Erosion Erosion 
Function Function 
ApparatusApparatus



Scour: Scour: RockRock

North Carolina DOTNorth Carolina DOT
Tidal Bridges with Large SealsTidal Bridges with Large Seals
75 year life75 year life
EFA MachineEFA Machine
LimestoneLimestone



Scour: Scour: RockRock

Florida DOT Research Florida DOT Research –– Dr. SheppardDr. Sheppard
Procedure for Determining Scour in RockProcedure for Determining Scour in Rock

Determine “Rate of Erosion” properties Determine “Rate of Erosion” properties 
Rotating Erosion Test Apparatus (RETA)Rotating Erosion Test Apparatus (RETA)
Flume Erosion Test Apparatus (FETA)Flume Erosion Test Apparatus (FETA)

Determine Flows over Life of BridgeDetermine Flows over Life of Bridge
Construct Time History Bed Shear StressConstruct Time History Bed Shear Stress
Estimate Contraction ScourEstimate Contraction Scour
Estimate Local Scour Estimate Local Scour 



Scour: Scour: TidalTidal

Tidal Pool FundTidal Pool Fund
Led by South Carolina DOTLed by South Carolina DOT
Phase 3 completedPhase 3 completed

http://www.fhwa.dot.gov/bridge/hydpub.htmhttp://www.fhwa.dot.gov/bridge/hydpub.htm -- SCSC--0202--0303

Phase 4 being evaluatedPhase 4 being evaluated
WindWind
WavesWaves
TimeTime--dependent Scourdependent Scour

HEC 25HEC 25



Scour:  Scour:  Unknown FoundationsUnknown Foundations

53,500 Bridges with Unknown Foundations53,500 Bridges with Unknown Foundations
60% of All Bridges with Unknown Fdns in US60% of All Bridges with Unknown Fdns in US
29% of Total Bridges over Water in South29% of Total Bridges over Water in South

Determine Tip ElevationDetermine Tip Elevation
Most Waiting for TechnologyMost Waiting for Technology
Mississippi DOTMississippi DOT

Dispersive Bending Wave TechnologyDispersive Bending Wave Technology



Scour: Scour: Inspecting and MonitoringInspecting and Monitoring

Louisiana DOTD Scour Monitoring SystemLouisiana DOTD Scour Monitoring System
Developed by LSUDeveloped by LSU
Used Research MoneyUsed Research Money

Program DevelopmentProgram Development
Historical Data InputHistorical Data Input

New Data Input by Survey SectionNew Data Input by Survey Section
Analyzed by FullAnalyzed by Full--time Hydraulic Engineertime Hydraulic Engineer



Scour: Scour: Inspecting and MonitoringInspecting and Monitoring ––
LADOTD Scour Monitoring SystemLADOTD Scour Monitoring System

Survey MapSurvey Map



Scour: Scour: Inspecting and MonitoringInspecting and Monitoring ––
LADOTD Scour Monitoring SystemLADOTD Scour Monitoring System

CrossCross--sections sections 
for Different for Different 
Locations Locations 
Upstream and Upstream and 
DownstreamDownstream



Scour: Scour: Inspecting and MonitoringInspecting and Monitoring ––
LADOTD Scour Monitoring SystemLADOTD Scour Monitoring System

Longitudinal Longitudinal 
PlotPlot



Scour: Scour: Inspecting and MonitoringInspecting and Monitoring ––
LADOTD Scour Monitoring SystemLADOTD Scour Monitoring System

Survey Points Survey Points 
Plotted Over Plotted Over 
TimeTime



Scour: Scour: CountermeasuresCountermeasures

Riprap PreferredRiprap Preferred

Ajacks Ajacks -- Kentucky KYTCKentucky KYTC
ExperimentedExperimented
Requirements for SuccessRequirements for Success

Tie togetherTie together
BuryBury



Scour: Scour: Countermeasures Countermeasures ––
KYTC AjacksKYTC Ajacks

Ajacks around Ajacks around 
pierpier



Issue: Issue: Stream StabilityStream Stability

ResearchResearch
Texas DOT Texas DOT 

CountermeasuresCountermeasures
Oklahoma DOTOklahoma DOT
Tennessee DOTTennessee DOT
New Mexico SHTDNew Mexico SHTD
Mississippi DOTMississippi DOT
Kentucky TCKentucky TC



Stream Stability: Stream Stability: Texas DOTTexas DOT ResearchResearch

Establish Guidance for Soil Properties Establish Guidance for Soil Properties 
Based Prediction  of Meander Migration Based Prediction  of Meander Migration 
Rate (Project 0Rate (Project 0--4378)4378)

Flume TestsFlume Tests
Numerical SimulationsNumerical Simulations
Develop Prediction MethodDevelop Prediction Method
VerificationVerification



Stream Stability: Stream Stability: Texas DOTTexas DOT ResearchResearch

FlumeFlume



Stream Stability: Stream Stability: Texas DOTTexas DOT ResearchResearch

Coastal Coastal 
Engineering Engineering 
Lab FlumeLab Flume



Stream Stability: Stream Stability: Texas DOTTexas DOT ResearchResearch

Plot of Flume Plot of Flume 
TestTest



Stream Stability: Stream Stability: Texas DOTTexas DOT ResearchResearch

Velocity and Velocity and 
Secondary Secondary 
Flow VectorsFlow Vectors



Stream Stability: Stream Stability: Texas DOTTexas DOT ResearchResearch

Bed and Bed and 
Bank Shear Bank Shear 
Stress Stress 
DistributionsDistributions



StreamStream StabilityStability: : CountermeasuresCountermeasures

Cohesionless, Highly Erodible MaterialCohesionless, Highly Erodible Material

ChannelizationChannelization

ExamplesExamples



StreamStream StabilityStability: : CountermeasuresCountermeasures

SpursSpurs



StreamStream StabilityStability: : CountermeasuresCountermeasures

Bendway Bendway 
WeirsWeirs



StreamStream StabilityStability: : CountermeasuresCountermeasures

Jack FieldJack Field



StreamStream StabilityStability: : CountermeasuresCountermeasures

Drop Drop 
StructureStructure



StreamStream StabilityStability: : CountermeasuresCountermeasures

Drop Drop 
StructureStructure



StreamStream StabilityStability: : CountermeasuresCountermeasures

Wood Wood 
Fence Fence 
RetarderRetarder



StreamStream StabilityStability: : CountermeasuresCountermeasures

Extend Extend 
BridgeBridge



StreamStream StabilityStability: : CountermeasuresCountermeasures

Downstream Downstream 
ViewView



StreamStream StabilityStability: : CountermeasuresCountermeasures

AJACKSAJACKS



Issue: Issue: DrainageDrainage

Florida DOT Pipe PolicyFlorida DOT Pipe Policy
Permanent Pipe Permanent Pipe -- Service Life > 100 yrsService Life > 100 yrs

Not Replace PipeNot Replace Pipe
Developing CriteriaDeveloping Criteria

NonNon--Permanent Pipe Permanent Pipe –– Service Life > 50 yrsService Life > 50 yrs
Replace Pipe Replace Pipe 

DrivewaysDriveways



Issue: Issue: DrainageDrainage

Florida DOT ResearchFlorida DOT Research
Soil BoxSoil Box

20 ft x 7.5 ft x 7 ft20 ft x 7.5 ft x 7 ft
Test Steel Reinforced and Fiber Reinforced Test Steel Reinforced and Fiber Reinforced 
Concrete PipeConcrete Pipe
Load Test until FailureLoad Test until Failure
Variables:Variables:

Compaction levelCompaction level
Soil saturation levelSoil saturation level
Depth of overburdenDepth of overburden



Issue: Issue: EnvironmentEnvironment

Water QualityWater Quality
Research CentersResearch Centers
ProjectsProjects

Fish PassageFish Passage

Stream RestorationStream Restoration



Environment: Environment: Water QualityWater Quality

Research CentersResearch Centers
AL DOT AL DOT –– Center on Coastal Transportation EngineeringCenter on Coastal Transportation Engineering

University of South AlabamaUniversity of South Alabama
Research:Research:

Coastal RoadwaysCoastal Roadways
Water Quality IssuesWater Quality Issues

FL DOT FL DOT –– Stormwater Management Academy Stormwater Management Academy 
University of Central FloridaUniversity of Central Florida
Research:Research:

Stormwater Management PrinciplesStormwater Management Principles



Environment: Environment: Water QualityWater Quality

Research CentersResearch Centers
NC DOT NC DOT –– Center for Transportation and EnvironmentCenter for Transportation and Environment

North Carolina State UniversityNorth Carolina State University
Research:Research:

Methodology to Estimate NonMethodology to Estimate Non--Point Source Pollutant Loadings Point Source Pollutant Loadings 
from North Carolina Highways from North Carolina Highways 

GISGIS
StatisticalStatistical

Measures to Reduce Erosion and Turbidity in Construction Site Measures to Reduce Erosion and Turbidity in Construction Site 
RunoffRunoff

Polyacrylamide Polyacrylamide 



Environment: Environment: Water QualityWater Quality

Research CentersResearch Centers
Texas DOT Texas DOT –– Center for Transportation ResearchCenter for Transportation Research

University of Texas at AustinUniversity of Texas at Austin
Research:Research:

Effectiveness of Permanent Highway Runoff Controls:             Effectiveness of Permanent Highway Runoff Controls:             
Grass Swales and Sedimentation/ Filtration SystemsGrass Swales and Sedimentation/ Filtration Systems

Grass SwalesGrass Swales
-- Length, Depth, Season Determine EfficiencyLength, Depth, Season Determine Efficiency
Buffer StripsBuffer Strips
-- Consistent all the timeConsistent all the time
Filtration SystemsFiltration Systems
-- Detention Time and Maintenance CriticalDetention Time and Maintenance Critical



Environment: Environment: Water QualityWater Quality

Research CentersResearch Centers
Texas DOT Texas DOT –– Texas Transportation InstituteTexas Transportation Institute

Texas A&M UniversityTexas A&M University
Research:Research:

Performance of LowPerformance of Low--End Stormwater Quality StructuresEnd Stormwater Quality Structures
Consider Water Quality Structures Early OnConsider Water Quality Structures Early On
Use 90 Percent Rule to SizeUse 90 Percent Rule to Size
Use Vegetated Roadside and MediansUse Vegetated Roadside and Medians
Use Detention instead of InfiltrationUse Detention instead of Infiltration



Environment: Environment: Water QualityWater Quality

Texas DOT Texas DOT –– Proposed ResearchProposed Research
NonNon--Proprietary, Small Footprint Stormwater Quality Proprietary, Small Footprint Stormwater Quality 
Structures for Use in Urban AreasStructures for Use in Urban Areas

Limited Space and HeadLimited Space and Head
Detention StrategiesDetention Strategies
OffOff--thethe--shelf RCP and Boxesshelf RCP and Boxes



Environment: Environment: Water QualityWater Quality

PROJECT: IPROJECT: I--65 Widening65 Widening
KYTCKYTC
Mammoth CaveMammoth Cave
Green River plus Underground StreamsGreen River plus Underground Streams
Karst TopographyKarst Topography
BMP’sBMP’s

Cap Sinkholes in RightCap Sinkholes in Right--ofof--WayWay
Trap and Filter All Flow to Sinkholes within 150 ftTrap and Filter All Flow to Sinkholes within 150 ft

Filter traps and swalesFilter traps and swales



Environment: Environment: Water QualityWater Quality

PROJECT: MultiPROJECT: Multi--Compartmental Filtration BasinCompartmental Filtration Basin
NMSHTDNMSHTD

FirstFirst Compartment Compartment ––
First Flush (2 yr)First Flush (2 yr)
Trap Debris, Oil, SedimentsTrap Debris, Oil, Sediments
Concrete LinedConcrete Lined

Second Compartment Second Compartment ––
Separated by Metal WeirSeparated by Metal Weir
100 yr Flood Capacity100 yr Flood Capacity
UnlinedUnlined



Environment: Environment: Water QualityWater Quality

Filtration Filtration 
BasinBasin



Environment: Environment: Fish PassageFish Passage

Georgia DOT Georgia DOT 
Bottomless culvertsBottomless culverts
Modified CulvertModified Culvert

North Carolina DOTNorth Carolina DOT
BafflesBaffles



Environment: Environment: Fish PassageFish Passage

Bottomless Bottomless 
CulvertCulvert



Environment: Environment: Fish PassageFish Passage

Modified Modified 
Culvert Culvert ––
Upstream Upstream 
ViewView



Environment: Environment: Fish PassageFish Passage

Modified Modified 
Culvert Culvert ––
Downstream Downstream 
ViewView



Environment: Environment: Fish PassageFish Passage

Culvert with Culvert with 
BafflesBaffles



Environment: Environment: Stream RestorationStream Restoration

North Carolina DOTNorth Carolina DOT
Stream BankingStream Banking

1 to 1 onsite1 to 1 onsite
2 to 1 offsite2 to 1 offsite

Rosgen TechniquesRosgen Techniques
J J –– HooksHooks
Rock VanesRock Vanes
Coir BundlesCoir Bundles
Root WadsRoot Wads



Environment: Environment: Stream RestorationStream Restoration

J J –– HookHook



Environment: Environment: Stream RestorationStream Restoration

Rock Vane Rock Vane 
with Logwith Log



Environment: Environment: Stream RestorationStream Restoration

Coir Bundle Coir Bundle 
and       and       
Root WadRoot Wad



Southern States: Southern States: IssuesIssues

HydrologyHydrology
ScourScour
Stream StabilityStream Stability
DrainageDrainage
EnvironmentEnvironment



Further Information:Further Information:

Cynthia NurmiCynthia Nurmi
Resource Center at AtlantaResource Center at Atlanta
(404) 562(404) 562--39083908
cynthia.nurmi@fhwa.dot.govcynthia.nurmi@fhwa.dot.gov


