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Schedule

Day 1
10:00-11:00 Introductions and Opening Comments
11:00 - 12:00 Bridge Scour Overview
12:00-1:00 Lunch Break

1:00 - 2:00 Long Term Degradation (LTD) and Stream Stability
2:00 - 3:30 Contraction Scour
Day 2

10:00 - 11:00 Pier Scour

11:00 - 12:00 Abutment Scour

12:00 - 1:00 Lunch Break

1:00 - 2:30 Bridge scour comprehensive example
2:30 - 3:00 Wrap-Up and Questions
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Housekeeping

 We are recording each session and plan to make the recordings
publicly available

* You should have received a PDF file with the presentation slides
« Please mute yourself when not speaking

« Please engage and ask questions (voice, Chat pod, or email)

« We greatly appreciate your feedback

A certificate for professional development hours (PDHs) will be
provided
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Disclaimers

« The contents of this presentation do not have the force and effect
of law and are not meant to bind the public in any way. This
presentation is intended only to provide information to the public
regarding existing requirements under the law or agency policies.

« The U.S. Government does not endorse products or
manufacturers. Trademarks or manufacturers’ names appear in
this presentation only because they are considered essential to
the objective of the presentation. They are included for
informational purposes only and are not intended to reflect a
preference, approval, or endorsement of any one product or
entity.
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Workshop Agenda

1. Introduction

>

V. V. V V V

Instructors

Workshop objectives
Resources for training

FHWA Bridge Scour Program
Bridge scour analysis review

Common pitfalls in computing scour
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Instructors

Scott Hogan
FHWA Resource Center |
Senior Hydraulic Engineer w

Scott.hogan@dot.gov |
(720) 575-6026

Laura Girard
FHWA Resource Center
Senior Hydraulic Engineer

laura.girard@dot.gov
(970) 217-3894

Paul Sharp
FHWA Office of Infrastructure
Senior Scour Engineer

Paul.Sharp@dot.gov
(629) 867-8384
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Workshop Objectives

* Provide an FHWA Bridge Scour Program update

* Present an overview of bridge scour analyses

* Provide a ‘refresher’ on correct methods for computing
scour

« Highlight FHWA's resources for computing scour
 Demonstrate practical applications of scour analyses
« Introduce new bridge scour tools

 Answer questions
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Poll Questions

 What is your background with Bridge Scour Analyses?
« What type of hydraulic modeling training have you had?

 Have you taken the NHI training course on '‘Stream
Stability and Scour’ (#135046)?
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Resources for Bridge Scour Analyses

T EEELER ERTTELS

« HEC-18 (2012 5% Edition) — Evaluating Scour at Bridges
« HEC-20 Stream Stability at Highway Structures

« HEC-23 Bridge Scour and Stream Instability Countermeasures
(2009 31 Edition) (Volume 1 and Volume 2)

« HDS-7 Hydraulic Design of Safe Bridges (2012)

« Two-Dimensional Hydraulic Modeling for Highways in the River
Environment — Reference Document (2019)
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https://www.fhwa.dot.gov/engineering/hydraulics/pubs/hif12003.pdf
https://www.nhi.fhwa.dot.gov/course-search?tab=0&cat=7&sf=0&course_no=135048
https://www.fhwa.dot.gov/engineering/hydraulics/pubs/09111/09111.pdf
https://www.fhwa.dot.gov/engineering/hydraulics/pubs/09111/09112.pdf
https://www.fhwa.dot.gov/engineering/hydraulics/pubs/hif12018.pdf
https://www.fhwa.dot.gov/engineering/hydraulics/pubs/hif19061.pdf

Resources for Bridge Scour Analyses

Training Courses

 NHI Training Course 135046 — Stream Stability and Scour at
Highway Bridges (virtual option coming soon)

* NHI Training Course 135048 - Countermeasure Design for Bridge

Scour and Stream Instability (virtual option coming soon)

 NHI Training Course 135095/135095V - Two-Dimensional Hydraulic
Modeling of Rivers at Highway Encroachments

 NHI Training Course 135041 — HEC-RAS (1D) River Analysis System
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https://www.nhi.fhwa.dot.gov/course-search?tab=0&cat=7&sf=0&course_no=135046
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https://www.nhi.fhwa.dot.gov/course-search?tab=0&cat=7&sf=0&course_no=135095
https://www.nhi.fhwa.dot.gov/course-search?tab=0&key=135095V&sf=0&course_no=135095V
https://www.nhi.fhwa.dot.gov/course-search?tab=0&cat=7&sf=0&course_no=135041

Resources for Bridge Scour Analyses

Questions ?
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FHWA Bridge Scour Program Update

« Scour Evaluations vs. Scour Assessments
* Plans of action for Scour Critical Bridges

« Scour Program Updates
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Guidance for Hydraulic Design Standards

(new bridges)

- Guidance:
. 23 CFR 625.3(a)(1) - NHS routes
. 23 CFR 625.4(d)(1)(v) - AASHTO LRFD specs
. 23 CFR 625.3(a)(2) — Non-NHS follow State Stds

- 23 CFR 650.115 - applies to all Federal-aid projects
- 23 CFR 650.117(b)(1)
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Guidance for Scour Evaluations

(existing bridges)

« Guidance:
« 23 CFR 650.313(e)
- MBE 4.2.6
« TA 5140.23
- HEC-18 (10.1)
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https://store.transportation.org/Common/DownloadContentFiles?id=1712
https://www.fhwa.dot.gov/engineering/hydraulics/policymemo/t514023.cfm

Risk-Based, Data-Driven Scour Program

« In 2011, FHWA implemented a risk-based, data-driven NBIP
« April 9, 2012 memo, applying risk to the Scour Program

 Scour evaluation element

e Scour evaluation vs. Scour assessment
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Risk-Based, Data-Driven Scour Program

« In 2011, FHWA implemented a risk-based, data-driven NBIP
« April 9, 2012 memo, applying risk to the Scour Program

« Scour critical element (requires a Plan of Action)

« Unknown foundation element (requires a Plan of Action)
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Scour Evaluation

« Scour Evaluation should be used to determine a structure’s
susceptibility to scour for existing structures and all new bridge
designs

« Scour Evaluation typically includes:

« Using the principles in HEC-18, HEC-20, and HEC-23
» Including Hydraulic modeling (HEC-RAS or SRH-2D)
» Calculating scour depths with HEC-18 eqgqtns (or FHWA Hyd. toolbox)

« Comparing those scour depths to existing foundation depths (existing
bridge)

* Or, using those scour depths and working with Structural and Geotech

engineers to determine the optimal foundation type and depth (new
bridge)
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Guidance for Plans of Action for Scour Critical

Bridges

« Guidance:
« 23 CFR 650.313(e)
- MBE 4.2.6
« TA 5140.23
- HEC-18 (10.1)
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Upcoming and Recent Scour Program Updates

« FHWA is anticipating the publishing of the updated NBIS
regulations soon.

 New and developing (*) FHWA TechBriefs
« Hydraulic Considerations for Shallow Abutment Foundations
« Scour Considerations within AASHTO LRFD Design
« *Scour Design within AASHTO LRFD Limit States (not yet published)

« *Embankment Protection at Deep Abutment Foundations (being
developed)
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Upcoming and Recent Scour Program Updates

continued

« Update to the following HEC/HDS manuals (associated training courses
also planned):

« Recently published:
« HEC-25
« Under development:
- HEC-16
« HEC-23
« HDS-2
« HDS-7
* Planned update:
- HEC-18
« HEC-20
« HEC-22
- HEC-24
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FHWA Bridge Scour Program Update

Questions ?
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Bridge Scour Analysis Review

« Hydraulic modeling
« Assumptions
* Flood events
« Modeling approach

« Extraction of hydraulic variables (location and type)
 Bed material gradation and sample locations

« Long term degradation and stream stability assessment
« Contraction scour

v’ Approach and contracted section locations and width
v’ Live-bed vs. clear water assessment
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Bridge Scour Analysis Review

* Pier scour
v Pier dimensions, orientation and angle of attack
v Pier configuration and complex pier geometry
v Location where depth and velocity values were extracted
v Location of piers and potential for channel to migrate

« Abutment scour

v Location of abutments relative to main channel
v'Channel migration potential
v'Application of abutment scour depth to determine the scour elevation

» Total scour results review (Multi-disciplinary review)
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Common pitfalls in computing bridge scour

« Assuming hydraulic modeling results are good (without review)
« Missing the worse case scour condition

» Incorrectly locating the approach section for contraction scour
« Incorrectly defining the width of flow transporting sediment

« Misinterpreting a live-bed vs. clear water scour condition

« Mis-applying tributary inflow immediately upstream of bridge
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Common pitfalls in computing bridge scour

« Using maximum hydraulic values rather than averaged values
* Not considering future channel migration potential
« Using insufficient or inaccurate gradation information

« Incorrectly interpreting scour depths to elevations
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Bridge Scour Analysis Review

Questions ?
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Workshop Agenda
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. Introduction

. Overview of bridge scour

. Long Term Degradation

. Contraction Scour

. Pier Scour

. Abutment Scour

. Comprehensive example with bridge scour tools
. Wrap-up and questions



Scour and Stream Stability Analysis and Evaluation

HEC-20 > HEC-18 > HEC-23
Stream Stability and Hydrologic, Hydraulic Bridge Scour and Stream
Geomorphic Assessment and Scour Analysis Instability Countermeasures

}I Develop Plan of Action |

Hydrologic Analysis

| Office Data Collection & Site Visit |

v
Evaluate CM P A
Hydraulic Analysis |€— Options with Matrix
Sufficient Y
Data
| Riverine I Tidal | Hydraulic Structural
| Field Data Collection | Structural /
¢ Geotechnical -)I Scour Analysis Monitoring
Input
—)I Define / Classify Stream | d v DesignCM/ [
¢ : Monitoring Plan
Plot Scour Prism
| Evaluate Stream Stability | ¢
4 Environmental

v

| Assess Stream Response |

v

| Establish Level of Analysis |

Considerations / Permitting

Evaluate CM Impact

Multi Disciplinary Evaluation
Hydraulics/Structures/Geotechnical

; Structure No

Stable (New Bridge,

revise design)
(Existing Bridge)
| Scour Critical: Plan of Action Required

Install CM /
Implement Monitoring Plan
| [ | e ;
Bri
ridge | Inspection & Maintenance |

Image source: FHWA Lesson 2 Slide 3



Worst-Case Scour

* Floods Smaller than the Scour Design or Check Floods can Cause
Deeper Scour

» Flow approach angles change
« Tailwater conditions change
« Evaluate several key discharges to assess worst case condition

« Bankfull discharge or other mid-range flow

Incipient Overtopping
Q100
Q500

Other unique flow scenarios (project specific)
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Total Scour

« Long-term Degradation

Contraction

Long Term
Scour (CS)

Degradation (LTD)

 Contraction Scour

e Local Scour

* Pier

« Abutment

Local Scour (LS)

- Lateral Migration Total Scour = LTD + CS + LS

Image source: FHWA
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Sediment Sampling for Bridge Scour Analyses

Approach Section channel bed Gradation Analysis (d50) (Wolman  The d50 is used to determine if clear-water
surface material count or sieve analysis) or live-bed conditions exist for each flow
scenario

Contracted Section channel bed Gradation Analysis (d50) (Wolman  The d50 is used to compute clear-water
surface material count or sieve analysis) scour depth potential
Critical Shear for cohesive material

Contracted Section channel Gradation Analysis (d50) The d50 is used to compute clear-water

subsurface materials (each layer  Critical Shear for cohesive material  scour depth potential if scour exceeds the

within the potential scour prism) surface layer depth

Contracted Section overbank Gradation Analysis (d50) Only needed if overbank contraction scour

material Critical Shear for cohesive material needs to be computed or if there is a relief
bridge

Approach Section overbank Gradation Analysis (d50) Only needed if overbank material is

material expected to be mobile (no vegetation) and

overbank contraction scour needs to be
computed, or if there is a relief bridge



Sediment Sampling for Bridge Scour Analyses

PR P i T N Contracted Section:
s g e, DKl Channel Bed Gradation (d50)
S ‘ ' i S (Used for Clear-Water Conditions)

Approach Section
Channel Bed Gradation
(d50)

(Used for Live-Bed
Conditions)

Contracted Section:
Multiple material gradations needed
to capture total scour depth
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Image source: FHWA
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Sediment Sampling for Bridge Scour Analyses

Non-Cohesive Materials

Grab sample (or boring) with sieve analyses
(finer materials)
or
Wolman Count

(coarser materials)

+
T

Gravelometer

Image source: FHWA

Cohesive Materials

Boring sample with ISTD or ESTD

Shelby Tube Sample and
Ex-Situ Scour Testing Device

Image source: FHWA

In-Situ Scour Testing Device

Image source: FHWA
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Bridge Scour Overview

Questions ?
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Hydraulic Variables
Flow direction

1D Modeling
Assumed by user

2D Modeling
Computed

Flow paths

Assumed by user

Computed

Land use roughness

Assumed constant between
Cross sections

Roughness values at
individual elements used in
computations.

Ineffective flow areas

Assumed by user

Computed

Flow contraction and
expansion through bridges

Assumed by user

Computed

Flow velocity

Averaged at each cross
section

Computed at each element

Flow distribution

Approximated based on
conveyance

Computed based on
continuity and momentum

Water Surface Elevation

Assumed constant across
entire cross section

Computed at each element

Flow splits

Based on Averaged constant
Energy Grade Line

Computed based on
continuity and momentum

Computing Hydraulic Parameters for Scour Analysis
1D vs 2D Hydraulic Modeling

Lesson 2
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Bridge Scour Analysis Tools

« SMS/SRH-2D (v13.1)
« Community version free to all
* 'Pro’ version licenses provided to all FHWA/DOT staff

* ‘Pro’ version licenses free to anyone in an official review role

« SMS/SRH-2D Bridge Scour Tutorials

» Introduction to Bridge Scour Tool (Aguaveo Learning Center)
« FHWA Bridge Scour Overview and Tutorials (contact FHWA RC)

« SMS Bridge Scour Workflow Instructions (Aquaveo website)

« Potential for future use with HEC-RAS 2D raster results
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Bridge Scour Tool (SMS)

o Efficient, effective, and consistent means
of extracting hydraulic variables for
bridge scour analysis

\ e

\

'-.\\\
}." Contracted Section
] Arc

N L
o 5
e N0
- Abutment Toe:Arc

* Uses arcs to define the approach and

it
contracted sections, bank stations, piers,  PierArc

R NSNS
and abutments B Abutment Toe Arc

A
* Extracts main channel averaged /!
hydraulic parameters

e Extracts overbank averaged hydraulic
parameters

Approach Section Arc

e Adjusts for bridge and pier skew




Bridge Scour Tool (SMS) (cont’d)

* Prompts for supporting data

Define Soil Gradation...

* Channel bed gradation .

* Pier shape and type ces et 20
Q50 (SRH-2D0)
Q100 (SRH-2D)

e Abutment type and scour condition 0500 SR 20)

Q ovr (SRH-2D)

e (Can extract values for multiple flows

* Extracts channel geometry e

Auto compute bridge starting station on export

e Extracts bridge geometry (when present) ||| e

| Upstream offset for pier hydraulics |0 ft

* Generates a Hydraulic Toolbox input file R ——————

Model Spedifications

° Vi e W V a I u e S a I I OW S p r evi e W Of V a ri a b I e S Contraction Scour Variable Extraction Approach: Bank Width Ratios -

MCHRP Abutment Scour Condition

: : : ft Abutment: Scour Condition a (Main Channel) ~ | Right Abutment: Scour Condition & (Main Channel) ~
or use in other applications -

Qutput
Browse... |C:Msersfscott.hogan.."DocumeniEIZD,."ZD_EXfNM_GiIaRi\rerScourfScourfGiIaRiverScourBW.hyd |
Export Hydraulic Toolbox File Launch Hydraulic Toolbox
Utilities
Edit Default Options. .. Delete Generated Arcs
Help... Ok Cancel

Ir;iage source: FHWA
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Bridge Scour Analysis Tools

FHWA Hydraulic Toolbox (v5.1.1) (May 3, 2021)

@ Hydraulic Toolbox - [Project: GilaRiverScourBW.hyd]

7 Eile Display Calculators Profiles Units Map Help

.5, Customary Units v
|l

[FHw Profile (read-anly) | kﬁ j
FhicefEnFARED 5 @O TEN

Bi=l Project: GilaRiverScourBW hyd l

-------- Channel Lining Design Analysis

........ P Weir Analysis

Curb and Gutter Analysis

Rational Method Analysis

== Rock/Sediment Gradation Analysis
--------- Median/Ditch Drop-Inlet Analysis
-------- ] . | Culvert Assessment Analysis

--------- = Bridge Scour Analysis

-------- = Haorizontal Grade Inlet Analysis
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Bridge Scour Analysis Tools

FHWA Hydraulic Toolbox (v5.1.1)

e Includes calculators for each scour

component (based on HEC-18)

« Summary Table provides scour

estimates and elevations for multiple

flow events

« Scour Plots display all results in
the Summary Table

Side note: FHWA discourages
the use of HEC-RAS Hydraulic

Design Bridge Scour calculator.
« Significantly outdated

* Not correctly used by most

5675—
5670 —

5665 —

(ft)

5660 —

Elevation

5655 —

Bridge Scour Plot (Q10)

Contraction Scour 1 Total Scour

1
§ !

I Bridge Deck M Left Abutment [ @ | Left Abutment Scour M Right Abutment
Right Abutment Scour Piers [ < | PierScour [ O | Bridge Cross-Section [ & | WSE

|
i
[y
I
f
|
A

—

B ' Bridge Scour Summary Table

Parameter Q10 Q50 Q100 Q500 Units Notes
L | | Iv ]

Scenario
Bridge Geometry
Bridge Cross-Section
WSE

Contraction Scour

Clear Water Contraction Scour Depth
Applied Contraction Scour Elevation with LTD

Approach Cross-Section
Local Scour at Piers
Plot Pier Scour
Piers
Pier Name
Pier Scour Depth
Total Scour at Pier
Total Scour Elevation at Pier
Piers
Pier Name
Pier Scour Depth
Total Scour at Pier
Total Scour Elevation at Pier
Local Scour at Abutments

Plot Cross Section

—
il ™ Color-Filled Plots

v

r
5.13
462.01

Pier 1
19.21
19.21
442.80

Pier 2
19.21
19.21
442.80

v

r
10.10
457.05

-

Pier 1
20.93
20.93
436.11

Pier 2
20.93
20.93
436.11

v
v
12.01
455.13

Pier 1
2149
21.49
433.64

Pier 2
21.49
21.49
433.64

ft Clear-Water or L
ft Clear-Water or L
ft Computation Me
ft
ft
ft Computation Me
ft
ft

eft Bank Right Bank
150 200

Station (ft)

M —————

250
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Bridge Scour Analysis Tools

Questions ?

Lesson 2 Slide 16



Bridge Scour Analysis Example

West Fork Gila River, New Mexico (Existing Condition Bridge)

Reach length
~ 1 mile
 Valley width
~ 800 ft
* Avg. slope
~ (0.003 ft/ft
» Bridge config.
90 ft (2-span)
Pier width=1.6 ft ¢ it
» Channel bed i it
Dy = 9mm (.0303 ft)
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Bridge Scour Example - Mapping
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SRH-2D Mesh

|
v

Q
=
©
=
1]
-
=
O
O
V)
v

o)
O
o
af

# of mesh

elements

~ 5,000

Size of mesh

elements

~ 1.5ft to 50ft

Model run time

~ 40 seconds

Image source: FHWA



Elevation (ft}

Bridge Scour Example — Boundary Conditions

624
1,643
3,439
6,550
9,901

14,344
19,000
26,000



Bridge Scour Example — 2D Model Results
010 Velocities and W PfiI

o

T pri.'a‘l"s;-jg'
L %X W 1
ilo. > J‘_‘ﬁ:‘pmﬁ:

‘r"j \ P
RS ) ls.,% iﬁ
]
x " 'l
»

AdpiN €

o e & ¢
Q10 Existing

s
9
5675 ’ .y
5670 i 19'#
£ "m 4
5 5665 " e
E AR * '
W 5660 ’
L] v
; ‘I 2 "
S I I E— — i i —r—r— i ] I I I m— % &,
ses0 i = e e e e e e i ‘ e e 5 it
200 400 600 200 1000 1200 1400 1600 1200 2000 2200 an A - -

Distance (ft)

Thalweg,Z — -~ — = Thalweg, Water_Elev_ft

Image source: FHWA
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Elevation {ft)

Bridge Scour Example — 2D Model Results

025 Velocities and WS Profile

mq

5665+

5660+

5655

5650

Distance (ft)

Thalweg,Z —— - — - Thalweg, Water_Elev_ft

Image source: FHWA

T i T T T
200 400 600 300 1000 1200
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Bridge Scour Example — 2D Model Results
050 Velocities and W PfiI

W)

5680

5675+

5670

Elevation (ft)
o
=
&
T

5660+

56554

— i i 11— i i e i i s ;. g
5650 T T \ T T T T T \ T T ) PR 4
200 400 §00 800 1000 1200 1400 1600 1800 2000 2200 S Ao
Distance (ft)

Thalweg,Z — -~ — = Thalweg, Water_Elev_ft

Image source: FHWA
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Bridge Scour Example — 2D Model Results

0100 Velocities and WS Profile

wa

5680

5675+

5670

=
S 5665-|
I 5660-|
5655
e s B 1 :::::::‘g",i
5650 T T \ T T T T T \ \ T A nE 4
200 400 600 800 1000 1200 1400 1600 1300 2000 2200 % s
Distance (ft)
Thalweg,Z — - — - Thalweg, Water_Elev_ft

Image source: FHWA
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Bridge Scour Example - 2D Model Results

Bridge Cross Section (view downstream)

Bridge XS

View Downstream

5675 —

5670 —

5665 —

Elevation (ft)

5660 —

Image source: FHWA

0

|
100

Bridge XS, Q25 (SRH-2D)\Water_Elev_ft

Bridge XS, Q100 (SRH-2D)\Water_Elev_ft

|
200

| | | | | | | |
300 400 500 600 700 800 900 1000 1100 1200 1300 1400
Distance (ft)

Bridge XS, Q500 (SRH-2D)\Water Elev_ft

Bridge XS, Q10 (SRH-2D)\Water_Elev_ft

Bridge XS, Q ovr (SRH-2D)\Water_Elev_ft

Lesson 2 Slide 25



Bridge Scour Example - 2D Model Results

Bridge Cross Section (view downstream)

B Bridge Scour Summary Table
Q100 Q500
Scenario [ [ [ [ v [
Bri Geomet
Bl Geametry Brldge Scour _Plot (CISQO)
wer - - - - - - [ Bridge Deck [ 4 ] Piers [ ® | Pier Scour
Comtraction Scour = = = - = = [¥ ] Bridge Cross-Section WSE
Applied Contraction Scour Depth 3.45 6.74 8.82 7.78 12.88 5.64 ft Cﬂntradl on SCOur I:l Tﬂtal SCGur
Contraction Scour Depth and Long Term Degradation (LTD) 3.45 6.74 8.82 7.78 12.88 5.64 ft
Clear Water Contraction Scour Depth 3.45 6.74 8.82 7.78 12.88 5.64 ft 56?0 | '
Live Bed Contraction Scour Depth 3.96 10.23 13.30 14.55 16.58 7.98 ft B
Applied Contraction Scour Elevation with LTD 5654.80 5651.61 5648.88 564527 5642.32 5652.71 ft
Approach Cross-Section
Local Scour at Piers 55650_
Plot Pier Scour - - r r v - E | |
Fiers 2 | |
Pier Name Pier 1 Pier 1 Pier 1 Pier 1 Pier 1 Pier 1 -E 5650 B | |
Pier Scour Depth 14.08 13.25 13.60 13.83 15.89 15.44 ft - | |
Total Scour at Pier 14.08 13.26 13.60 13.83 15.89 13.44 ft L 5640 . | |
Total Scour Elevation at Pier 5540.82 5638.35 5635.28 5631.45 5626.43 5639.27 ft | |
Local Scour at Abutments | |
Abutment scour currently cannot be computed with pressure flo... 5630 — | |
Left Abutment | Left Wank |Right Bank
Plot Left Abutment Scour r r r r v r | | I I | I
Abutment Scour Depth 8.96 11.82 14.61 16.73 21.70 10.64 ft D 5D 1 DD ‘1 50 EDD 25D
Total Scour at Abutment 8.96 11.82 0.00 0.00 0.00 10.64 ft
Total Scour Elevation at Abutment 3551.95 5649.70 5647.37 5645.79 5641.81 5650.64 ft Statl on {ﬁ}
Right Abutment
Plot Right Abutment Scour - - I I v - Image source: FHWA
Abutment Scour Depth 6.95 10.64 12.77 15.08 20.58 9.77 ft
Total Scour at Abutment 6.95 10.64 0.00 0.00 0.00 9.77 ft
Total Scour Elevation at Abutment 5652.55 5649.37 5647.57 53645.96 5642.45 5650.06 ft

Image source: FHWA



Bridge Scour Example Project

Questions ?
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Workshop Agenda

. Introductions and Opening Comments

. Bridge Scour Overview

. Long Term Degradation and Stream Stability
. Contraction Scour

. Pier Scour

. Abutment Scour

. Comprehensive example with bridge scour tools

oo N O U1 A W N =

. Wrap-Up and Questions



Disclaimers

« The contents of this presentation do not have the force and effect
of law and are not meant to bind the public in any way. This
presentation is intended only to provide information to the public
regarding existing requirements under the law or agency policies.

« The U.S. Government does not endorse products or
manufacturers. Trademarks or manufacturers’ names appear in
this presentation only because they are considered essential to
the objective of the presentation. They are included for
informational purposes only and are not intended to reflect a
preference, approval, or endorsement of any one product or
entity.

Lesson 3 Slide 3



Long-term Degradation and Stream Stability —

Overview

* The three levels of analysis
« Factors influencing long-term bed elevation changes

 Identifying stream instability trends

Lesson 3 Slide 4



Assessment Procedures

« Information on long-term degradation and stream instability
can be found in HEC-18, HEC-20, and HEC-16.

« HEC-18 and HEC-20 outline a three-level approach:

Level 1: Application of simple geomorphic concepts and other
qualitative analysis

Level 2: Application of basic hydrologic, hydraulic, and
sediment transport engineering concepts

Level 3: Application of mathematical or physical modeling studies

Lesson 3 Slide 5



Level 1 — Qualitative Geomorphic Analysis

Step 1: Stream Characteristics
Level 2
Step 2: Land Use Changes Analyses
Step 3: Qverall Stability YES
Step 4: Lateral Stability | Unstable
More
Detailed
Step 5: Vertical Stabilty ~ |[2SEE__ | Apauses
Necessary?
Step 6: Stream Response Instability
Possible
NO
Screening/
Evaluation
Complete

Image source: FHWA

Figure 4.1. Flow chart for Level 1: Qualitative Geomorphic Analyses. Lesson 3 Slide 6



Level 2 — Basic Engineering Analysis

Step 1: Flood History
|
Level 3
Step 2: Hydraulic Conditions
Analyses
1
Step 3: Bed and Bank Material YES
|
Step 4: Watershed Sediment Changin
Yield
1 More
Unstablo Detailed
Step 5: Incipient Motion BT e Analyses
1 Necessary?
Step B: Armoring Potential No Armor
Potential
1 Shifting 7
i Bed Elevation
Step 7: Rating Curves
NO
| High Scour
Step 8: S Anal Potential
ep 8: Scour Analyses — -
Design Bridge,
- Countermeasures,
or Channel
Image source: FHWA Restoration

Lesson 3 Slide 7
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Level 3: Mathematical & Physical Models

Computer Models:
USACE HEC-RAS MD SWMS

GSTARS CHARIMA
FLUVIAL MEANDER
SMS/SRH-2D -

E—

Physical
Models:

. Irr;agesaurce:FHWA Lesson 3 Slide 8



Level 1 — Qualitative Geomorphic Analysis

Data Needed:

* Photos, Bridge Inspections, and Stream
Reconnaissance

» Topographic, Geographic, Soils, & Land-Use
Maps

» Aerial Photographs

 Climatological & Stream Gage Data

» Soils & Sedimentation Data

« Other As-built, Basin, Project, or Special
Reports

Lesson 3 Slide 9



Channel Migration and Widening

Long-term changes to channel bank locations and channel alignment
due to natural or man induced causes.

Migrating toward abutment. Changing
Migrating toward roadway. flow alignment at piers.

2019 Image
- = == 1980 Bankline .
s 2010 Revetment 3

Bank Alignment |
Measured 1980

e leasured 2015

=l Migration Direction

Image source:

Wapsipinicon River, IA. ..., 5 <ide 10

Image source: Original image from National Agriculture Imagery Program (NAIP)

Maple River, IA.




Channel Migration and Widening - Tools

Stream Reconnaissance
* Eroding banks

Trees in channel are
often produced by
* Compare Aerial Images channel migration

* Trees in channel

* Google Earth
* Farm Service Agency
* USGS

e Compare Maps (USGS)

Google Earth

2 | 1985

Image source: Map Data © 2019 Google

Middle Fork Clarks River, US 641 at Murray, KY Lesson 3 Slide 11




Channel Migration and Widening - Tools

Aerial imagery comparisons are used to identify historic trends in channel
alignment and channel widening. Overlays of channel banks can be created
easily in GIS software or even PowerPoint.

2015

Shifting and

W|den|ng? N
Revetment?

Google Earth 1} Google Earth

magery Gate: 415 ; ooy 40t /2 : : o, BT Lesson 3
Image source: Map Data © 1998 Google Image source: Map Data©2015 Google Sllde 12

Mlddle Fork CIarks River, US 641 at Murray, KY




Channel Migration and Widening - Tools

USGS map comparisons are also used to identify historic trends.

https://ngmdb.usgs.gov/topoview/
%USGS W suare | €3 LKE

science for a changing world

topoView GETMAPS  COMMENTS

arit S CHARLEST.OWN

ABOUT  HELP

EAST i
CAMBRIDGE

NORTH END

Boston
BEACON =
i 5 Old State House ‘!,_-"x*'
] FINANCIAL
: DOWNTOWRM D |51 RIUGHT,
‘ s Hoc, . CROSSING
Boston Carmnmon &
Museum -
pun . CHURCH
Accessing USGS Topographic Maps Has Never Been Easier

Image source: USGS

Lesson 3
Slide 13



Channel Migration and Widening -
USGS map near M

00

Image source: USGS

Thurman Rd

=
S

=

Crossland Rd

ach Orchard Rel

7 padne)

urry,

mer Rd

KY from 1930s to Present

| &) Airg

P Kapeg

Brinn Rd

N 14th 5t

Hudson Rd

71-12th:St

Sz LEs

N Bth S

Applewood Rd

ust Gro

m

1B Ma

Tools

Q &

17 maps here | Scale: All, Date: 1880-2021, Series: All
Filter records

Hazel, KY
1936 (HTMC, 1936 ed)) Scale 1:24000
@)JPEG 2MB) () GeoTiff 7 MB)
@ KMZ(1MB) () GeoPDF (5MB)
m e a O
SHOW INFO 700M PAN
Hazel, Ky
- 1951 (HTMC, 1955ed)) Scale 1:24000

2

Murray, KY
1957 (HTMC, 1957 ed) Scale 1:62500
Hazel, Ky

1957 (HTMC, 1962 ed) Scale 1:24000
Dyersburg, TN

1956 (HTMC, 1960 ed) Scale 1:250000
Dyersburg, TN

1956 (HTMC, 1966 ed) Scale 1:250000
Dyersburg, TN

1956 (HTMC, 1973ed)) Scale 1:250000
Dyersburg, TN

1956 (HTMC, 1973 ed.) Scale 1:250000

ot Fitts Re




Channel Migration and Widening - Tools

e e —

-
i

y B

] i
= 1

™

-

i, 8
= - _'H.\_.
-8 A

3 R |, TR

Fork _

%
o

-~/ 1 Contours 1946-'48
.| Aerial Photos ‘46-'48

—~g

J1257 | Channel

I % !

1940s Channels
traced
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Channel Migration and Widening - Tools

% ..
Revision: channel -
outside contour

A |.' \
— & ||

| Revision: channel
shifted at bridge

; iy .
Revision: complete | ™
channel alignment

- | VY
Wiy |
g .ri .-"III ..-':u"f-;l'-l-.-. |
.'.:l'r. o "-\..l:'.::i- "I
I o
2 Vi—d ' el l .
-/ { Revision: channel /F = ||| e WL W
== relocated including T | ||' | Contours 1946-'48 -
| | at bridge - ;
'l il e 1940s Channel £ \_
i .--_I_,II J o . A 2
| b ¥ ol | ReV|5|o_n§| (purple) 1981
== SO ST
- P EL' oYy l”‘l. ll
j_____.-' _..-"!-':" ; A I _—-.'.:;. e l." J-" |"H' } :" '-.15-&_1

USGS maps often
include revisions
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Channel Mig

\___(_TANTERBE_RR?

> yBECKETT [

"-'--'-;(LONDQN DF

QXFOa

_\_
_SPRING CREE)

= I

K__.--

ration and Widening - Tools

s
Ll -
2 =iz
ALL e =
il
b VA -
i
iy
<§‘ % e
| Contours 2002
Br

12016 NAIP

"'1940s Channel 7 N—r

L2001-2018 Hydrography

Comparisons
between time
periods show
historical channel
movement. Further
movement should be
expected in the
future.
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Aggradation and Degradation

Long-term elevation changes due to natural or man induced causes

Image source: FHWA

Aggradation:

River bed rise due
4 to excess sediment
= dcposition

Degradation:

River bed
lowering due to |
long-term

erosion

Lesson 3 Slide 18



Lane’s Equilibrium Concept

Dy Slope
QS D50 a Q S Coarge Fﬁ
» A
where: Sediment Discharge
: load

QS = Sed|ment DEGRADATION ———AGGRADATION

transport rate \
D, = Median

sediment size /
Q = Discharge Sediment size, load o) Slope, Discharge

d

S = Bed Slope

Image source: Johnson et al. (2019) after E.W. Lane
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Factors Influencing Long-term Bed Elevation Changes

* Dams & reservoirs
 Channel Alterations
* Streambed mining
* Base level changes
 Watershed changes
* Urbanization

* Water use

* Natural Causes

Lesson 3 Slide 20



Vertical Stability - Tools

Field Evidence Direct Evidence
* Head cuts » Bridge inspections: channel
- High, failing banks profiles, foundations exposed

« Exposed utilities or undermined

—-— 1963

— 1982

CROSS SECTION VIEW
Image source: FHWA e SR 147 OVER LAS VEGAS WASH

1976
1989 MAIN CHANNEL PROFILES

—_— 195

Lesson 3 Slide 21
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Vertical Stability: Tools -

2 USGS MRy | (e A . £
e, BRI A .,:;E” *. T

science for a changing world

USGES Water Resources

© Click for News Bulletins

Streamflow Measurements for the Nation

USGS 03610000 CLARKS RIVER AT MURRAY, KY

Available data for this site urface-water i E3SUrEmean

Calloway County, Kentucky
Hydrolegic Unit Code 06040006
Latitude 35°35'34", Longitude 88°18'00" MADZ27
Drainage area 89.70 square miles
Tab-separated datz with channel data

Gage datum 459.73 feet above NAVDES Gage Height\
343 measurements & Stream Flow &=

HTML table with channel data

HTML table without channs| data

343 2021-05-07 10:50:42 CDT i KTK usG =] 0.C
342 2021-03-01 10:25:02 CST i ARMSABC USGE 1790 1.5 1.1
341 2021-02-05 11:49:39 CST Y ABC USGS 114 5 0.
340 2020-12-01 12:45:39 CST i ABC USGs 2 4.9 0.1
329 2020-09-29 14:03:30 cDT i AR USGS 9 4.2 0

Image source: USGS

Specific Gage Plots

Evidence at Gages

USGS repeats flow and
stage measurements at
gages to maintain the
rating curves.

Specific gage plots track
changes in stage with
time. For low flows the
stage and bed elevation
are closely tied.

Lesson 3
Slide 22



Vertical Stability: Tools - Specific Gage Plots

Specific Gage (Q<1 cfs)

6 O Discharge e Stage eeees Linear (Stage) EVIdence at Gages
£S5 . USGS repeats flow
- ¥, and stage
7 4 ey J
© . e e measurements at
-3 s s\ gages to maintain
g “ '..._,_.‘.--égso(e“\ &) the rating curves.
§° A\

3 % e o *
04 "" o O -
g &t . Gap in Record 0
0 I%:I L_LLIEEI O E

4/12/1949 8/7/1961 12/2/1973 3/29/1986 7/24/1998 11/18/2010 3/15/2023
Measurement Date

Image source: FHWA
Lesson 3
Slide 23



Long-term Degradation & Stream Stability Review

Questions ?

Key Points:

« Select the level of analysis based on complexity, uncertainty, and
structure importance.

« Reviewing bridge inspection channel profiles is a good first step to
identify bed elevation change and, potentially, channel shifting.

« Historical aerial photography and USGS maps are useful in identifying
channel migration trends.

« Other methods are described in HEC-20.

Lesson 3 Slide 24
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Workshop Agenda

O N O 01 b W IN =

. Introduction

. Overview of bridge scour

. Long Term Degradation

. Contraction Scour

. Pier Scour

. Abutment Scour

. Comprehensive example with bridge scour tools
. Wrap-up and questions



Contraction Scour Overview

« Definition of contraction scour

» Types of contraction scour

* Critical velocity / critical velocity index

* Pressure scour (vertical contraction scour)

« Steps to compute contraction scour

Lesson 4 Slide 3



What is Contraction Scour?

- General lowering of the streambed
across bridge opening

« Caused by a constriction in the channel
or overbank areas that forces flow into
the main channel

 The constriction increases the unit
discharge, velocity, shear stress, and
sediment transport capacity

« Scour may not be uniform in depth

« Scour may be cyclical (erosion and
refilling)

Lesson 4 Slide 4



Types of Contraction Scour

Two types of contraction scour

« Clear water - No transport of bed material sediment from upstream.
The area of the contracted section increases until the velocity of the
flow is equal to the critical velocity of the bed material

- Live-bed - Bed material from the riverbed upstream is transported
into the crossing

Lesson 4 Slide 5



Types of Contraction Scour

How do you know which one to use, clear-water or live-bed?
- Compare the average velocity (V;) and the critical velocity (V.) for
bed material transport at the approach section
« If V, > V. > live-bed is most likely
- If V; < V. > clear-water is most likely

« Compute clear-water scour using the bed material gradation (D50)
at the bridge

* For live-bed conditions, compute contraction scour for live-bed and
clear-water scour and use the lesser of the two. In some cases, the

bed material size at the bridge location may result in armoring that
can limit scour depths.

Lesson 4 Slide 6



Critical Velocity Index

N 7 AT

Sasn N .

N

B i T = T
LI

F
3 ;;ﬁfj Critical velocity index = tI: I "4
e T N 11.17 y /'eD /3
U & V= flow velocity (fit/s)
¥ = flow depth (ft)
D= Median grain diameter (ft) ﬁ

e e
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0.0

Image source: FHWA
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Critical VeIOC|ty Index
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2.0

1.0

0.0

Ny - N 5 100 Year .' Bl Critical velocity index = —
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V= flow velocity (ft/s)
¥ = flow depth (ft)
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Computing Contraction Scour

How do we compute
contraction scour?

« Locate the appropriate locations and
widths for the approach section and
contracted section

« Approach Section location:

« Upstream of where overbank flow is diverted
into the main channel

« Width represents the flow that would likely
transport sediment (toe to toe (of slopes) or
between tops of banks)

» Avoid locally higher velocity locations, as
they result in underestimating contraction

scour

age source: FHWA
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Computing Contraction Scour

« Contracted Section location:

« Where flow is most contracted through the
bridge

« Width should be consistent with the
approach section reference (i.e. toe to toe
(of bank slopes))

WU .* : '-w.
Contracted

« Width should exclude effective width of piers

« Width needs to be adjusted for skew

Velocity (fps}) |
1 2 ':;7":-."-,._

10
8

6
4
2
0

Image source: FHWA

Lesson 4 Slide 10



Computing Contraction Scour

« Main channel vs overbank
contraction scour:

Separate processes / separate computations

If the main channel can migrate to either
abutment, the channel scour is used and the
floodplain contraction scour is typically
ignored.

Main channel contraction scour is likely live-
bed scour, but clear-water scour may occur

Overbank contraction scour is predominantly
clear-water scour when the overbanks are
vegetated (i.e. secondary and relief
structures)

1 Plan View 2
A
— 'Floodﬁb_lgin.a___
\ 4 ____-__-_":"---:.-:___'E_ —
—— 3
“Channel ——— =
\ A __-:‘_'j"':.____-’-_. —
R R e e
— ——! ey ~— ———a
1 //‘/ /
S_treamll:neE - --Floédplain
i ,ay
. W
Approach Bridge
Section Section

Image source: FHWA
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Computing Contraction Scour

Computation steps:

« Perform hydraulic analysis for governing flow
conditions (Qbankfull, Q50, Qovertopping, Q100,
Q500)

« Extract average depth, average velocity, width
and discharge from the approach section

« Obtain the bed gradation at the approach
section (d50)

« Extract average depth, average velocity, width
and discharge from the contracted section,
adjusted for skew and pier width

« Obtain the bed gradation at the contracted
section (d50)

Image source: FHWA

Lesson 4 Slide 12



Computing Contraction Scour

Computation steps:

« Compute critical velocity at the approach section
and compare to average velocity to determine
scour condition

« Compute contraction scour for the main channel,
for each flow event, and repeat for overbank
areas as necessary

« Compute pressure scour if pressure flow exists

: :"'ﬁ'-_:'j:t_»‘.‘,,4 3
. N
5 e 4 - '.v 5

12
10
8

6
4
2

0

Velocity (fps) #

Image source: FHWA
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Bridge Scour Equations

Critical Velocity V. = Kuy,'/6D1/3

Live Bed Condition

HEC-18(2012) Egs. 6.2 and 6.3

Clear Water Condition

HEC-18(2012) Egs. 6.4 and 6.5

6 k 2 \3/7
Contraction S Vs =V — Yo=Y ((22) /7<W1> 1 y y —< Ruls ) y
ontraction ccour = V2" Vo= V1 \ A Thr — Yo s — 2 —)o
’ Q1 W, Dm“3w,2
1 Plan View 2
; r
————{Floodplain._ Approach Bridge
- Section Section
: A | . ,
A : a3 — ;——:—— — [:|
— W1, Qq | channel—— W,,Q, % y N— Water Surface ¥
f Y — — i A A
B e S —— Vi
B If,-’ ,;— — T | 3
| - - / / Y1 : YE YD
Streamlines - P
> AR Flo/o}:ﬁlaln Bed | Material Transport
A4 . : :
Approach Plan View Bridge 1 Profile View 2
Section Section Image source: FHWA

Image source: FHWA
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Pressure Scour (Vertical Contraction Scour)

Computation steps: v

1. Determine the flow through the bridge || - _________________________ __" P Ll TR .:_
o) p en | n g +  Stagnation streamline | j

2. Compute horizontal contraction scour, = v Q_Dt_}_ —
Y2 L, { N e ===

————{M __ orfice dischargg T [P —

3.Assess low chord elevation and vertical +— _'__Gén_ri&a i S —==
bridge opening (hy) I | E——

4. Assess the flow depth at the upstream | L’—”'—/
bridge face (h,) ® ©

Image source: FHWA

5.Compute flow separation thickness (t)

; I}.EIr + 0.1
6.Compute the pressure scour depth (y.) he UThZ

y5:y2+t_hh

(HEC-18 Eq 6.16) (HEC-18 Eq 6.14)



Cohesive vs. Non-cohesive Contraction Scour

The HEC-18 contraction scour in cohesive materials is
used for cohesive channel bed or when a cohesive
layer is exposed from live-bed or clear-water non-
cohesive scour.

Computation steps:

« Determine T, the critical shear stress for the
cohesive bed or cohesive layer.

« Determine y,, the upstream average flow depth.

- Determine V,, the average velocity in the
contracted area.

« Use HEC-18 Equation 6.6 to compute ultimate
scour.

« Ultimate scour assumes sufficient time to develop.
HEC-18 includes a method to compute long-term

Image source: FHWA

cohesive scour from a sequence of scouring events. Lesson 4 Slide 16



Contraction Scour Example

Elevation (ft)

Computation steps:

« Perform hydraulic analysis for a range
of flow conditions (Q10, Q25, Q50,
Qovertoppingr Qlool QSOO)

5675

Channel CL WS Profiles

5665 —

56604

3655

200

Image source: FHWA

250

400 450 500 550

Distance (ft)

350 600

CL, Q50 (SRH-2D)\Water_Elev_ft CL, Q25 (SRH-2D)\Water_Elev_ft

CL, Q500 (SRH-2D)\Water_Elev_ft

CL, Q100 (SRH-2D)\Water_Elev_ft CL, Q10 (SRH-2D)\Water_Elev_ft

CL, Q ovr (SRH-2D)\Water_Elev_ft

Lesson 4 Slide 17



Contraction Scour Example (Q100)

Computation steps:

« Extract EGL slope (0.011 ft/ft), average
depth,y, (11.6 ft ), average velocity, V,
(4.3 fps), width, W, (50 ft) and discharge,
Q; (2530 cfs) from the approach section

« Obtain the bed gradation at the approach
section (D;;) (0.0303 ft ~ 9mm)

« Compute critical velocity at the approach
section (5.5 fps) and compare to average
velocity to determine scour condition (4.3
fps)

> Clear water condition for Q100

@ (From SMS Bridge Scour Tool for Q100)

APPROACH 5ECTION HYDRALILIC PARAMETERS:

Entire approach cross section:

Energy grade line slope at the approach section (ft/ft)

*I:I.I:IIEIEEEE

Approach section main channel average velodty (ft/s)

Total flow in the approach section (cfs) 12215.8
Total flow area of the approach section (ft~2) 5194.32
Total wetted perimeter of the approach section (ft) 629.637
Main channel (approach):
Approach section left bank station (ft) 135.946
Approach section right bank station {ft) . 185.9
Approach section main channel width (ft) 1 50.05912_‘
Approach section main channel flow (cfs) 2530.18
Approach section main channel low area (ft~2) 582.377
Approach section main channel wetted perimeter (ft) 35,8993
i i i ius (ft) 15 7829
|.-5.|:||:|r|:|a|:h section main channel hydraulic depth (ft) * 11.6355|
(used for average depth upstream of contraction)
Approach section main channel maximum depth (ft) 12,3779

Approach section critical velodity (ft/s)

*5.51525

Image source: FHWA
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Contraction Scour Example

Computation steps:

« Obtain the bed gradation at the contracted

section (D;) (0.0303 ft ~ 9 mm)

- Extract average depth,y, (8.7 ft), width, W,
(64.9 ft), and discharge, Q, (7937 cfs), from
the contracted section, adjusted for skew

and pier width

« If pressure flow exists, the average depth
upstream of the bridge deck is needed (13.7
ft) (for rapid drawdown, reference the WSEL

prior to the drawdown)

@ (From SMS Bridge Scour Tool for Q100)

CONTRACTED SECTION HYDRAULIC PARAMETERS:

Main channel;

Contracted section left bank station (ft) 116.414

Contracted section right bank station (ft) 183.017

Contracted section main channel width (ft) 65,5879

Contracted section main channel agjusted width (Tt) *6—1.9 166
(adjusted for piers and skew)

Contracted section main channel flow (cfs) *}'93?.—1

Contracted section main channel flow area (ft~2) 563.623

Contracted section main channel adjusted flow area (ft~2) §53.015
(adjusted for piers and skew)

Contracted section main channel skew angle (degrees) 2.66035

Contracted section main channel wetted perimeter (ft) 53,4239

Contracted section main channel hydraulic radius (ft) 9.64713

[Contracted section main channel hydraulic depth (ft) *8.6?29
(used for the depth prior to scour in the contracted section)

Contracted section main channel maximum depth (ft) 9,78857

Contracted section main channel unit discharge (cfs/ft) 122,271

[Contracted section main channel average velocdty (ft/s) 14,0528

Image source: FHWA
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Contraction Scour Example

Compusatin Method:
- Parameter Value Units MNotes
Computation steps: S—
p p u Average Depth Upstream of Contraction 11.64 ft
D50 9.235440 mm 0.2 mm is the lower limit for ...
- . Average Velocity Upstream 4.34 ftfs
« Compute contraction scour for the main e
Critical velodty above which bed material of size D and 5... | 5.24 ftfs
Cha nnel, for ea Ch fIOW event’ a nd repeat Contraction Scour Condition Clear Water
Clear Water Input Parameters
for overbank areas as necessary Discherge n Coniracted Section 737.40 s
Bottom Width in Contracted Section 58.94 ft Width should exdude pier wi...
. Depth Prior to Scour in Contracted Section 9,55 ft
« Compute pressure scour if pressure flow e
Temperature of Water 60.00 oF
eX i Sts Slope of Energy Grade Line at Approach Section 0.010527F ftjft
Discharge in Contracted Section FI37.40 cfs
Cha]]]]el CL WS P]‘{} ﬁles Discharge Upstream that is Transporting Sediment 2530,18 cfs
Width in Contracted Section 53.94 ft Remove widths occupied by ...
- Width Upstream that is Transporting Sediment 50.05 ft
5675 CL" Water_EIev_ﬂ CL" z Depth Prior to Scour in Contracted Section 9.55 ft
Unit Weight of Water 52.40 Ibjft~3
Unit Weight of Sediment 165,00 Ib/ft~3
Results of Clear Water Method
5670 — \ Diameter of the smallest nontransportable partide in the b...  11.544300 mm
_ A Average Depth in Contracted Section after Scour 21.16 ft
H"é" \ Scour Depth 11.61 ft Megative values imply ‘zero’ ...
=) Results of Live Bed Method
1§ 5665 7] k1 0,840000
=2 Shear Velocity 1.99 ftfs
w Fall Velocity 1.40 ftyfs
5660 — Average Depth in Contracted Section after Scour 27.92 ft
Scour Depth 18,37 ft Megative values imply ‘zero’ ...
Shear Applied to Bed by Live-Bed Scour 0.7187 Ib/fft~2
Shear Required for Movement of D50 Particle 0.1212 Ib/ft~2
200 2$D 360 SéD 46[) 4$D 560 5%0 600 Recommendations
Lesson 4 Distance (ft) Recommended Scour Depth 11.61 Wlthout pressure ﬂow

Slide 20 Image source: FHWA




Contraction Scour Example

AT TT T I
Computation steps: | E— e

he  Orfice discharge h. |y,

T —QoQ, = |

« Compute contraction scour for the main I M
channel, for each flow event, and repeat . \éy_w_
for overbank areas as necessary

Image source: FHWA

. B " Contraction Scour
« Compute pressure scour if pressure flow |
Computation Method: >
e X I St S Parameter Motes
Channel CL WS Pl'ﬂﬁles Input Parameters for Scour Condition
Upstream Channel Flow Depth ft
Average Velocity Upstream 4,34 ftfs
CL, Water_Elev_ft cL,Z : =
5B75 D50 9.235440 mm 0.2 mm is the lower limit for non...
Results of Scour Condition
Critical velocity above which bed material of size D and s... | 5.24 ftfs
Contraction Scour Condition Clear Water
5670 —
—_ \, Input Parameters for Bridge Scour
E \ Width of the Contracted Section 58.94 ft
E 1 3 65 Flow through bridge opening 7937.40 cfs
= 5665 . ; :
o] Depth Prior To Scour At Upstream Bridge Face 13.65 ft To be measured between WSE a.. |
=
@ Vertical Size of Bridge Opening Prior to Scour 10.30 ft To be measured between low ch...
w Deck Thickness 6.00 ft
5660 — Results
Diameter of Smallest Mon-moving Partice 0.037875 ft
Average Depth In Contracted Section 21.16
Flow Separation Thickness 3.68 fi
200 2$D 36D SéD 46[) 4$D 560 EéD 600 e 1453 )
Lesson 4 Distance (ft) ; With pressure flow

Slide 21 Image source: FHWA




Contraction Scour Example

Bridge Scour Plot
1 n [ Bridge Deck M Left Abutment
Com p Utatlo n Ste ps u m L;ﬂ Elﬂ:?butifent Sl::l:uurel:mﬂ}u w Right Abutment

» | Right Abutment Scour (Q10) [+ | Piers [ 2 | Pier Scour (Q10)
: : O | Bridge Cross-Section E WSE
ReVIeW Contra Ctlon Scour resu |ts for d ” Contraction Scour (Q10) [ ¢ ] Left Abutment Scour (Q25)
< | Right Abutment Scuur QEE [ * | Pier Sl:uur (Q25)
events & | WSE Cnntractmn Scnur (Q25) Pier Scour (Q50)
+ | WSE Contraction Scour (Q50) | + | Pier Scour (Q100)
+ | WSE Contraction Scour (Q100) | + | Pier Scour (500}
+ | WSE Contraction Scour {Q2500) Total Scour (Q500)

B Bridge Scour Summary Table

Parameter Q1 Q23 Qa0 Q100 0500 Qovr Lnits

Contraction Scour v
Applied Contraction Scour Depth 4,08 7.26 9,43 11,61 14.16 E.11 ft
Contraction Scour Depth and Long Term Degradation (LTD) 4,08 7.26 3,43 11.61 14.16 G.11 ft g
Clear Water Contraction Scour Depth 0.00 7.26 3,43 11.61 14.16 G.11 ft g ."
Live Bed Contraction Scour Depth 4,08 0.00 13.87 18.37 17.50 0.00 ft '% \ f
Applied Contraction Scour Elevation with LTD 5654.27 5651.09 5647.01 5643.82 5640.10 5652.24 ft 5 “\ "w
0 Y/

| |
5640 — I \ \V/ : I
| |
5630 — | |
I Left Rank I Right Bank

| | |
0 50 100 150 200 250

Station (it)

Image source: FHWA
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Contraction Scour Review

Questions ?

Key Points:

« Carefully locate the approach and contraction sections

« Assign bank stations/channel width based on sediment transport

» Use consistent approach in assigning bank stations at both sections
« Extract average hydraulic parameters for contraction scour

« Review live-bed vs. clear-water scour condition

« Evaluate pressure flow conditions

Lesson 4 Slide 23
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Schedule

Day 2
10:00 - 11:00 Pier Scour
11:00 - 12:00 Abutment Scour
12:00-1:00 Lunch Break
1:00 - 2:30 Bridge scour comprehensive example
2:30 - 3:00 Wrap-Up and Questions
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Disclaimers

« The contents of this presentation do not have the force and effect
of law and are not meant to bind the public in any way. This
presentation is intended only to provide information to the public
regarding existing requirements under the law or agency policies.

« The U.S. Government does not endorse products or
manufacturers. Trademarks or manufacturers’ names appear in
this presentation only because they are considered essential to
the objective of the presentation. They are included for
informational purposes only and are not intended to reflect a
preference, approval, or endorsement of any one product or
entity.
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Workshop Agenda

o N O U A W N =

. Introductions and Opening Comments

. Bridge Scour Overview

. Long Term Degradation and Stream Stability

. Contraction Scour

. Pier Scour

. Abutment Scour

. Comprehensive example with bridge scour tools
. Wrap-Up and Questions



Pier Scour — Overview

* Pler scour processes
« Factors that influence pier scour potential

« Calculate pier scour

Lesson 5 Slide 6



Pier Scour Equations for Range of Conditions

e Detailed information on can be found in HEC-18.

« HEC-18 includes pier scour equations for:
« Sand bed channels
« Coarse bed channels
« Cohesive and erodible rock materials
« Complex pier geometry
 Debris accumulations

« Surface sample and geotechnical R

Bridge deck

Total scour line

exploration at/around pier location K “_"f'”l\;'sf””d —
. Equations applied sequentiall yll Ly creve >layered)
qur Iayers pp q y Jzﬁ' \Weathered rock streambed
s Bedrock
d

Lesson 5 Slide 7



Definition Sketch

Pier width, a
Velocity, V
Flow Depth, y,

W N -

Scour depth, vy,

Velocity and Depth are for
the flow approaching the
pier. The location is close
to the pier but outside the
influence of the pier.

| e P b o e e

wnfiow V

Downflow

—_—

N

Image source: FHWA

The maximum velocity location, often identified as the location
with the highest unit discharge, q, is selected to account for potential

channel shifting. (g = V*y)




Example Pier Scour

« Large piers

» Cobble and
boulder bed
over (erodible)
glacial till

* Deep scour

Lesson 5 Slide 9



Pier Foundations exposed from channel migration

 Formerly a
floodplain pier

* Channel shifting

 Pier scour
geometry is the
footing and
exposed piling

 Note debris
accumulations

Lesson 5 Slide 10



Maximum Expected Scour — Single Cylindrical Pier

*y/a < 2.4 for Froude No. <= 0.8
*y/a < 3.0 for Froude No. > 0.8

Fr=

3 <
<<

Lesson 5 Slide 11



HEC-18 Pier Scour Equation

a

— = 2.0K1K2K3 FTO'43

y y 0.35
. ()

(Equation with variables grouped)

2.0

Ve = g0.215 K1K2K3a0.65vO.43y0.135

K., K5, and K5 are correction factors

Use V, ., for piers that channel can shift to.

contraction scour + pier scour

Image source: FHWA
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K, Pier Shape Factor

N
N4

(a) Square Nose (b) Round Nose

(d) Sharp Nose

(c) Cylindrical

L = (# of Piers) x (a)

l
—
| @
v

(e) Group of Cylinders

(see Multiple Columns)

Table 7.1. Correction Factor, K4,
for Pier Nose Shape.

Shape of Pier Nose Ki

(a) Square nose

(b) Round nose

(d) Group of cylinders

(e) Sharp nose

Image source: FHWA

1.1
1.0
(c) Circular cylinder 1.0
1.0
0.9

A single cylindrical pile
maintains the same shape and
total obstruction for any angle
of attack and channel
alignment changes.

Lesson 5 Slide 13



K5 Angle of Attack Factor

Table 7.2. Correction Factor, K,, for Angle of Attack,
0, of the Flow.
_ Angle L/a=4 L/a=38 L/a=12
0 1.0 1.0 1.0
19 1.5 2.0 25
30 2.0 2.49 3.0
45 2.3 3.3 4.3
90 2.5 3.9 5.0
Angle = skew angle of flow
L = length of pier (Also limit L/a to a maximum of 12)

L

K, =(Cos0 3

Sin e ) 0.65

aligned
0=0°

Lesson 5 Slide 14



K5 Bed Condition Factor

Bed Condition Dune Height (ft) K,
Clear-Water Scour N/A

Plane Bed and Antidune Flow N/A

Small Dunes 1M0>H=>2

Medium Dunes 30>H=>10 1.2 to 1.1
Large Dunes H> 30 ’ 3

K5 almost always equals 1.1

Lesson 5 Slide 15



Multiple Columns Skewed to the Flow

» Use the HEC-18 . ot J F ot |
equation with N N -

Multiple Columns

* Spacing < 5a, use
equivalent pier Spacing = 9 ft < 5a = 10 ft
Use Equivalent Pier

» Spacing > 5a, use e
single column and J g
K2 — 12 ZHﬁ\_- L/a=3
¢ COﬂSlder debFIS Equivalent Pier

Lesson 5 Slide 16



Additional Information in HEC-18

* Pier Scour in Coarse Bed Materials (Section 7.11)
* Pier Scour in Cohesive Materials (Section 7.12)

» Pier Scour in Erodible Rock (Section 7.13)

» Pier Scour with Debris (Section 7.7)

« Complex Pier Geometry (Section 7.5)

Lesson 5 Slide 17



Pier Scour with Debris

S

\’ Rectangular debris

Image source: FHWA

Image source: FHWA

Worst case pier scour with debris occurs when flow plunging under the
debris hits the pier and the two scour holes overlap.

Lesson 5 Slide 18



Complex Pier Scour

* Pier Stem
* Pile Cap
* Pile Group
(any can add to scour)

Exposure can come from
long-term degradation,
lateral migration,
contraction scour, or scour
from a higher element.

Image source: FHWA

Calculations progress in
sequence from higher to Case 1: Pile cap bottom Case 2: Pile cap bottom not
lower elements. exposed exposed

Lesson 5 Slide 19



Pier Scour Example (Q100)

Using either equation on Lesson 5 Slide 9,
calculate the pier scour for these conditions:

* Velocity u/s of pier = 8.9 fps (11.1 at max q)
* Pier width = 1.6 feet

* Pier length = 24 ft

* Depth u/s of pier = 10.3 feet (11.5 at max q)
e Pier shape: Square nose

* Pier L/a =16. Angle of attack = 15 degrees

* Bed condition: plane bed

@max unit g
V=11.1 fps
y=11.5ft
© =15 degrees

Velocity (fps)
18.0

120 Local

— o0 V = 8.9 fps

- | y=103ft |
| ©=15degrees |*

Lesson 5 Slide 20



Pier Scour Example (Q100)

v 111
JIV  V322+115

= (0.58

Vs Y11 0-35
— = 2.0K, K, K3 | —
q 18283 7

FTO'43

0.35

Ys
16 20x1.0x25%x1.1 EW3

y, = 1.6 * 8.63 = 13.8 ft

(0.58)%43 = 8.63

B Pier Scour

Computation Method: |HEC-18 j
Parameter Value
Input Parameters
Pier Shape Sguare Mose ﬂ
Bed Condition Plane Bed and Antidu... j
Depth Upstream of Pier 11.52
Velocity Upstream of Pier 11.14
Width of Pier 1.60
Angle of Attack 15.00
Results
Froude Mumber Upstream 0,53
Correction Factor for Pier Mose Shape (K1) 1.00
Correction Factor of Angle of Attadk (K2) 2.49
Pier Length to Pier Width (L/a) 12,00
Correction Factor for Bed Condition (K3) 1.10
Scour Depth 13.83
Scour Hole
Angle of Repose 44.00
Use the Pier Width as the Bottom Width of Scour Hole [
Scour Hole Bottom Width 1.60
Scour Hole Top Width 28.15

ftfs
ft
ft

Degrees

degrees

ft
ft
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Pier Scour Example (Q100)

« Compute pier scour for a
range of events

« Review the results for all
events

Q10 (SRH-... |Q25(SRH-... [Q50 (SRH-... |Q100 (SRH... |Q500 (SRH...
Local Scour at Piers
Plot Pier Scour v v v v v v
Piers
Pier Mame Pier 1 Pier 1 Pier 1 Pier 1 Pier 1 Pier 1
PFier Scour Depth 14.08 13,26 13.60 13.83 15.89 13,44 ft
Total Scour at Pier 14,08 13,26 13.560 13.83 15.89 13,44 ft
Total Scour Elevation at Pier So40.82 5638.35 5635.28 5531.45 5626.43 5639,.27 ft
Bridge Scour Plot
5670 — —
E 5660 —
=
= CRE0 — ‘1
e 1
o
1L 5640 — | |
| |
. | |
=630 LeftBa [Right Bank
| | | !
0 50 100 150 200 250
station (fty Lesson 5 Slide 22




Pier Scour Review

Questions ?

Key Takeaways:

« Use material gradation representative of channel in vicinity of the pier

Consider multiple channel bed layers

Evaluate pier scour for a range of flow conditions (Use worst case)

Consider changes in channel alignment and location for design

Use cylindrical piers where there is potential for channel migration

Consider the impacts of debris on scour potential
Lesson 5 Slide 23



FHWA
Bridge Scour
Workshop

Abutment Scour

) Oo,
A o

O RESOURCE CENTER
U.S. Department of Transportation O O nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
Federal Highway Administration O



Workshop Agenda

. Introduction

. Overview of bridge scour

. Long Term Degradation

. Contraction Scour

. Pier Scour

. Abutment Scour

. Comprehensive example with bridge scour tools
. Wrap-up and questions
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Abutment Scour Overview

 Define abutment scour and scour conditions at abutments

« Highlight the NCHRP abutment scour approach and types of
abutment scour

« Determine the abutment scour condition and parameters

« Steps to compute abutment scour using the NCHRP approach

Lesson 6 Slide 3



What is Abutment Scour

« Local scour resulting from the flow
obstruction caused by an abutment

/ embankment ScourArea  High

i Turbulence

—_Rglers

« Contracting flow accelerates and
forms a vortex

.

L R ]
tttttttttttt
iiiiiii
lllllllll
ttttttttt
-----------
------------
ttttttttttt
ttttttttt
llllllll
------
llllll
-----
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NCHRP Approach

] Live-Bed Contraction Scour — HEC-18 Eq.6.2
« FHWA recommends using the

6
NCHRP approach Q) 7 (Wi\"
_ Ys =Y\~ w.,| ~ Yo
- The HIRE and Froehlich methods Q1 2
will be archived in the next Live-Bed Contraction Scour — HEC-18 Eq.6.2
version of HEC-18 k,~6/7
- Abutment scour is computed by QZ/V\\//\/Z =_q2c
multiplying contraction scour by Qu/W, =q,
an empirically derived Q ;
amplification factor o/
« Amplification factors were Ymax = @4 /5Y1 (@)
developed for two abutment q1

configurations and two location NCHRP Abutment Scour — HEC-18 Eq. 8.3

; a, ;g = Amplification factor for livebed or clear water conditions
SCeNarios Lesson 6 Slide 5



Abutment Scour Scenarios (Location)

~ | Scour Condition A:

 The abutment is located near the channel bank
or the channel may migrate into the abutment
over the life of the bridge

 Main channel hydraulic parameters are used to
compute abutment scour

Scour Condition B:

« The abutment is set back from the channel
bank far enough that it will not be in contact
with the channel over the life of the bridge

« Overbank hydraulic parameters are used to
compute abutment scour

Lesson 6 Slide 6
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Abutment Scour Scenarios (Abutment Type)

Abutment Fl‘:?rd lain

Spill-through abutments (sloped)

L

Wingwall abutments (vertical)

Lesson 6 Slide 7



NCHRP Approach Amplification Factor

Abutment Floodplain
N
A1 SN

Four reference curves in HEC-18 (2012)

(Note the clarifications in Figure Captions)
« Scour Condition A, spill-through abutments (Figure 8.9)

‘||rq

! | constant - « Scour Condition A, vertical abutments/wingwalls (Figure
[ L//B——a@‘ 8.10)
=Y ] « Scour Condition B, spill-through abutments (Figure 8.11)
o ¥ ] « Scour Condition B, vertical abutments/wingwalls (Figure
16 : 8.12)
Lol \ - - When qg,/q; is low, contraction scour is small and
. \< ; flow separation and turbulence dominate the
12 [0S ' SCour process
—-—d__ T . . |
[ =L -  When q,/q, is large, contraction scour dominates
1.0 — P . .
1.0 e 25 30 the process and the amplification factor is small
Image source: FHWA HEC-18 2 I

Figure 8.9. Scour amplification factor for spill-
through abutments and live-bed conditions

(Scour Condition A) Lesson 6 Slide 8



Computing Abutment Scour (NCHRP Method)

Computation steps:

« Compute contraction scour for all
flows first to assess scour condition
and pressure flow conditions

« If pressure flow exists, abutment
scour cannot be computed using
current HEC-18 methods. An
abutment scour countermeasure is
required.

Lesson 6 Slide 9

Thalweg

HaEEeEn R wﬁjI:.LQ.”_Q:t?I_@.D.%Q;LLIDJ-‘

Contraction Scour (CS)
for SCF (MC) + LTD

1y, (MC) MIN

2y, (MC) MIN

SCF = Scour Check Flood
LTD = Long Term Deg.
y, = Flow depth in the
bridge opening in MC
MC = Main Channel

Image source: FHWA

Abutment Scour Countermeasure (From FHWA 2018 Tech Brief (HIF-
19-007), ‘Hydraulic Considerations for Shallow Abutment
Foundations’)



https://www.fhwa.dot.gov/engineering/hydraulics/library_arc.cfm?pub_number=211&id=169

Computing Abutment Scour (NCHRP Method)

Contraction Scour

Computation steps (cont’'d):

* Determine Scour Condition (A or B)

» For Scour Condition A, use main channel average
hydraulic parameters to compute abutment
scour

» For Scour Condition B, use overbank average
hydraulic parameters to compute abutment
scour. (Most overbank scenarios will be a clear-
water condition when vegetation is present.

« Compute unit discharges (g, and g,) using
hydraulic parameters from contraction
scour

« Evaluate the amplification factor
(ay ,p) from HEC-18 Figures 8.9 - 8.12

Ref: HEC-18 (2012) Equations 6.2-6.4, 8.3-8.6

Live Bed
Condition

Clear Water

Condition

Abutment Scour

Ymax = @4 /Byl (

6/7
QZC> /
91

Contraction Scour

Dm2/3

3/7
K, Q? >/
— Yo
WZ

Abutment

Scour

|
E
|

Ymax = aA/B(

6/7
q2f
K D50; )
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Computing Abutment Scour (NCHRP Method)

Bridge Scour Plot (Q10)

n
[y
(]
o

Elevation (ft)

2650 —

5B4D—|—
130

4

O

140 150 160 170 180 190

otation (ft)

[ Bridge Deck WM [ eft Abutment

Left Abutment Scour I Right Abutment

Right Abutment Scour [ + | Piers [ @ | Pier Scour
Bridge Cross-Section | & | WSE

Contraction Scour 1 Total Scour

Image source: FHWA

Computation steps (cont’'d):

« Identify an abutment toe location
for reference. The equations will
estimate a maximum flow depth
including abutment scour.

« The reference location is used to
determine the abutment scour depth at
that location. (Y, is based on the selected
location)

* Y, should always be reported with a
location or the elevation at y,,., should
be given

Lesson 6 Slide 11



Abutment Scour Example (Q25)

Computation steps:

« Compute contraction scour for all flows
first to assess scour condition and
pressure flow conditions

> Clear-water scour for Q25

« Determine Scour Condition

» Scour Condition A for both abutments
(abutments will be impacted by main channel —

hydraulics)

Lesson 6 Slide 12

Elavation

Bridge (contracted) Section
View Upstream (Q2§ WSEL)

I
300

1 1
400 500 600
Distance (ft)

Image source: FHWA



Abutment Scour Example (Q25)

||‘4

\k/

Computation steps (cont’d): e s

« Compute unit discharges using the

hydraulic parameters from contraction S P —
S CO u r : L constant,

I L/B—> 0
» q; = Q1/W1 = 1875 cfs/50 ft = 37.5 cfs/ft '8 =~
> g, = Q2/W2 = 5167 cfs/58.5 ft = 88.4 cfs/ft =~ 16f
« Evaluate the amplification factor T:M / L0 \
3

> q,/q; = 88.4/37.5 = 2.36 \<
) 13 —O0.5H/Y,.

= T~
» From Figure 8.9, o, = 1.14 114 = "L—._: P b-r--_._
]_0 L N L N N . 3 .= 5 .-
1.0 1.5 2.0 2.5 3.0
Image source: FHWA q2 /q] 2 . 3 6

Figure 8.9. Scour amplification factor for spill-
through abutments and live-bed conditions
(Scour Condition A) Lesson 6 Slide 13



Abutment Scour Example (Q25)

Computation steps (cont’'d): Bridge Scour Plot (Q25)

B Bridge Deck N | eft Abutment [ ® | Left Abutment Scour
HE Right Abutment Right Abutment Scour Piers

« Identify the abutment toe reference location [o] Pier Scour [ O] Bridge Cross Section [&] WSE
. Contraction Scour 1 Total Scour
for each abutment and determine the flow 5675 =
depth prior to scour

5670 —
. Left = 5.2ft, Right = 6.9ft

5665 —
« Compute the flow depth including = 500 B
contraction scour (Eq 8.6-Clear water scour) '*%5555
¢ YC = (qZ/KuD501/3)6/7 = % 5650 =
(88.4/(11.17*.03031/3))6/7= 16.0 ft j |
. ) 5645 — | |
« Compute the maximum flow depth resulting | |
from abutment scour *e10-3 | Loft Bank [Right Bank
* Ymax = @Y= 1.14 (16.0) = 18.4 ft ra'u a'u 1:1':0 12'0 1=|m 1@"0 18|0 2:1'::] 22':?:
« Abutment scour elevation = 5645.1 ft (same for Station (ft)
both abutments in this case) Image source: FHwA
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Abutment Scour Example (Q100)

Computation steps:
* Pressure flow exists

« Abutment scour currently cannot be
estimated with pressure flow conditions.

« An abutment scour countermeasure is
required for pressure flow, with an apron
placed at the depth of the computed
pressure flow scour.

. See HEC-18 and the Tech Brief: Hydraulic Bridge (contracted)section

(View upstream - Q100 WSEL) 22

Considerations for Shallow Abutment W IR == == S
FoundationSformore information Ry PSS MEMEERERERENE e ot e e

0 16[} 260 360 460 560 Edﬂ Tﬂ[} 860 960 -
Distance (ft)

Elevation

Lesson 6 Slide 15
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https://www.fhwa.dot.gov/engineering/hydraulics/pubs/hif19007.pdf

Abutment Scour Example

Computation steps (cont'd):

« Review abutment scour results for all events

8 Bridge Scour Summary Table

Parameter

Local Scour at Abutments
Abutment scour currently cannot be computed with pressure flo...
Left Abutment

Flot Left Abutment Scour

Abutment Scour Depth

Total Scour at Abutment

Total Scour Elevation at Abutment
Right Abutment

Flot Right Abutment Scour
Abutment Scour Depth

Total Scour at Abutment

Total Scour Elevation at Abutment

r
9.34
9.34
5651.56

r
1.33
1.33
5652.16

13.04
13.04
5648.48

11.26
11.26
5648.75

16.19
0.00
5645.79

r
14.35
0.00
364399

15.40
0.00
564418

16.75
0.00
Jo44.32

v

23.04
0.00
5640.47

21.92
0.00
5641.10

r
12,12
12,12
5649.17

r
10.30
10.30
J645. 54

Units

Image source: FHWA
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Abutment Scour Review

Questions ?

Key Points:
 FHWA recommends using the NCHRP abutment scour method

 When evaluating the abutment scour condition, consider the channel
migration potential over the life of the bridge

« For Scour Condition A use main channel average hydraulics
« For Scour Condition B use overbank hydraulics

 Clearly identify the abutment scour reference location when reporting
a scour depth, or provide the abutment scour elevation

« Abutment scour currently cannot be estimated with pressure flow

Lesson 6 Slide 17
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Workshop Agenda
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. Introduction

. Overview of bridge scour

. Long Term Degradation

. Contraction Scour

. Pier Scour

. Abutment Scour

. Comprehensive example with bridge scour tools
. Wrap-up and questions
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Disclaimers

« The contents of this presentation do not have the force and effect
of law and are not meant to bind the public in any way. This
presentation is intended only to provide information to the public
regarding existing requirements under the law or agency policies.

« The U.S. Government does not endorse products or
manufacturers. Trademarks or manufacturers’ names appear in
this presentation only because they are considered essential to
the objective of the presentation. They are included for
informational purposes only and are not intended to reflect a
preference, approval, or endorsement of any one product or
entity.
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Middle Fork Clarks River, near
Murray KY

2-mile reach
Main bridge and relief structure

Flood flows

« Q10 = 8,090 cfs

+ Q50 = 13,200 cfs

« Q100 = 15,700 cfs

« Q500 = 22,600 cfs
Evaluate scour for existing
conditions using the SRH-2D bridge

scour tools and the Hydraulic
Toolbox

Image source: Map Data@2019 Google
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Comprehenswe Brldge Scour Example
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Comprehensive Bridge Scour Example

Bridge XS

View Downstream
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Image source: FHWA
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Distance (ft)
Bridge XS, Q500 Existing Condition (SRH-2D)\Water_Elev_ft Bridge XS, Z
Bridge XS, Q10 Existing Condition (SRH-2D)\Water_Elev_ft Bridge XS, Q100 Existing Condition (SRH-2D)\Water_Elev_ft

Bridge XS, Q50 Existing Condition (SRH-2D)\Water_Elev_ft
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Comprehensive Bridge Scour Example

« SMS/SRH-2D Demo
- Hydraulic Toolbox Demo

Lesson 7 Slide 7



Comprehensive Bridge Scour Example

Questions ?
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FHWA
Bridge Scour
Workshop

Wrap-Up and Questions
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Workshop Agenda

. Introduction

. Overview of bridge scour

. Long Term Degradation

. Contraction Scour

. Pier Scour

. Abutment Scour

. Comprehensive example with bridge scour tools
. Wrap-up and questions
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Wrap Up

Questions ?

« Bridge Hydraulic Design Standards and Policy
« Hydraulic modeling / analysis

« Long Term Degradation assessment

« Contraction Scour Analysis

» Pier Scour Analysis

 Abutment Scour Analysis

« Bridge Scour Tools
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Wrap Up

Key Considerations in Computing Bridge Scour

 Verify hydraulic modeling approach and results

« Evaluate the worse case scour condition

» Locate the approach section for contraction scour
appropriately

» Define the approach width of flow transporting sediment

» Closely review live-bed vs. clear water scour condition
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Wrap Up

Key Considerations in Computing Bridge Scour

» Use averaged hydraulic values
» Consider future channel migration potential and degradation

» Collect bed gradation information in the appropriate
locations

« Carefully interpret scour depths to design elevations
« Consider limitations of HEC-18 methods
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Scott Hogan
FHWA Resource Center
Senior Hydraulic Engineer

Scott.hogan@dot.gov
(720) 575-6026

Laura Girard
FHWA Resource Center
Senior Hydraulic Engineer

laura.girard@dot.gov
(970) 217-3894

Paul Sharp
FHWA Office of Infrastructure
Senior Scour Engineer

Paul.Sharp@dot.gov
(629) 867-8384

Lesson 8 Slide 6


mailto:Scott.hogan@dot.gov
mailto:Paul.Sharp@dot.gov
mailto:laura.girard@dot.gov

	01_BridgeScourWorkshop_Introduction and Opening Comments.pdf
	FHWA �Bridge Scour Workshop
	Schedule
	Housekeeping
	Disclaimers
	FHWA �Bridge Scour Workshop
	Workshop Agenda
	Instructors
	Workshop Objectives
	Poll Questions
	Resources for Bridge Scour Analyses �Reference Manuals
	Resources for Bridge Scour Analyses �Training Courses
	Resources for Bridge Scour Analyses
	FHWA Bridge Scour Program Update
	Guidance for Hydraulic Design Standards          (new bridges)
	Guidance for Scour Evaluations �(existing bridges)
	Risk-Based, Data-Driven Scour Program
	Risk-Based, Data-Driven Scour Program
	Scour Evaluation
	Guidance for Plans of Action for Scour Critical Bridges
	Upcoming and Recent Scour Program Updates
	Upcoming and Recent Scour Program Updates (continued)
	FHWA Bridge Scour Program Update
	Bridge Scour Analysis Review
	Bridge Scour Analysis Review
	Common pitfalls in computing bridge scour
	Common pitfalls in computing bridge scour
	Bridge Scour Analysis Review

	02_BridgeScourWorkshop_Overview of Scour.pdf
	FHWA �Bridge Scour Workshop
	Workshop Agenda
	Scour and Stream Stability Analysis and Evaluation
	Worst-Case Scour
	Total Scour
	Sediment Sampling for Bridge Scour Analyses
	Sediment Sampling for Bridge Scour Analyses
	Sediment Sampling for Bridge Scour Analyses
	Bridge Scour Overview
	Computing Hydraulic Parameters for Scour Analysis�1D vs 2D Hydraulic Modeling
	Bridge Scour Analysis Tools
	Bridge Scour Tool (SMS)
	Bridge Scour Tool (SMS) (cont’d)
	Bridge Scour Analysis Tools
	Bridge Scour Analysis Tools
	Bridge Scour Analysis Tools
	Bridge Scour Analysis Example�West Fork Gila River, New Mexico (Existing Condition Bridge)
	Bridge Scour Example - Mapping
	Bridge Scour Example – SRH-2D Mesh
	Bridge Scour Example – Boundary Conditions
	Bridge Scour Example – 2D Model Results�Q10 Velocities and WS Profile
	Bridge Scour Example – 2D Model Results�Q25 Velocities and WS Profile
	Bridge Scour Example – 2D Model Results�Q50 Velocities and WS Profile
	Bridge Scour Example – 2D Model Results�Q100 Velocities and WS Profile
	Bridge Scour Example – 2D Model Results�Bridge Cross Section (view downstream)
	Bridge Scour Example – 2D Model Results�Bridge Cross Section (view downstream)
	Bridge Scour Example Project

	03_BridgeScourWorkshop_LongTermDegradation.pdf
	FHWA �Bridge Scour Workshop
	Workshop Agenda
	Disclaimers
	Long-term Degradation and Stream Stability – Overview
	Assessment Procedures 
	Level 1 – Qualitative Geomorphic Analysis 
	Level 2 – Basic Engineering Analysis 
	Level 3: Mathematical & Physical Models 
	Level 1 – Qualitative Geomorphic Analysis 
	Channel Migration and Widening
	Channel Migration and Widening - Tools
	Channel Migration and Widening - Tools
	Channel Migration and Widening - Tools
	Channel Migration and Widening - Tools
	Channel Migration and Widening - Tools
	Channel Migration and Widening - Tools
	Channel Migration and Widening - Tools
	Aggradation and Degradation
	Lane’s Equilibrium Concept
	Factors Influencing Long-term Bed Elevation Changes
	Vertical Stability - Tools
	Vertical Stability: Tools - Specific Gage Plots
	Vertical Stability: Tools - Specific Gage Plots
	Long-term Degradation & Stream Stability Review

	04_BridgeScourWorkshop_Contraction Scour.pdf
	FHWA �Bridge Scour Workshop
	Workshop Agenda
	Contraction Scour Overview
	What is Contraction Scour?
	Types of Contraction Scour
	Types of Contraction Scour
	Critical Velocity Index
	Critical Velocity Index
	Computing Contraction Scour
	Computing Contraction Scour
	Computing Contraction Scour
	Computing Contraction Scour
	Computing Contraction Scour
	Bridge Scour Equations
	Pressure Scour (Vertical Contraction Scour)
	Cohesive vs. Non-cohesive Contraction Scour
	Contraction Scour Example
	Contraction Scour Example (Q100)
	Contraction Scour Example
	Contraction Scour Example
	Contraction Scour Example
	Contraction Scour Example
	Contraction Scour Review

	05_BridgeScourWorkshop_Pier Scour.pdf
	FHWA �Bridge Scour Workshop
	Schedule
	Disclaimers
	FHWA �Bridge Scour Workshop
	Workshop Agenda
	Pier Scour – Overview
	Pier Scour Equations for Range of Conditions
	Definition Sketch
	Example Pier Scour
	Pier Foundations exposed from channel migration
	Maximum Expected Scour – Single Cylindrical Pier
	HEC-18 Pier Scour Equation
	K1 Pier Shape Factor
	K2 Angle of Attack Factor
	K3 Bed Condition Factor
	Multiple Columns Skewed to the Flow
	Additional Information in HEC-18
	Pier Scour with Debris
	Complex Pier Scour
	Pier Scour Example (Q100)
	Pier Scour Example (Q100)
	Pier Scour Example (Q100)
	Pier Scour Review

	06_BridgeScourWorkshop_Abutment Scour.pdf
	FHWA �Bridge Scour Workshop
	Workshop Agenda
	Abutment Scour Overview
	What is Abutment Scour
	NCHRP Approach	
	Abutment Scour Scenarios (Location)
	Abutment Scour Scenarios (Abutment Type)
	NCHRP Approach Amplification Factor	
	Computing Abutment Scour (NCHRP Method)
	Computing Abutment Scour (NCHRP Method)
	Computing Abutment Scour (NCHRP Method)
	Abutment Scour Example (Q25)
	Abutment Scour Example (Q25)
	Abutment Scour Example (Q25)
	Abutment Scour Example (Q100)
	Abutment Scour Example
	Abutment Scour Review

	07_BridgeScourWorkshop_Comprehensive Review Example.pdf
	FHWA �Bridge Scour Workshop
	Workshop Agenda
	Disclaimers
	Comprehensive Bridge Scour Example
	Comprehensive Bridge Scour Example
	Comprehensive Bridge Scour Example
	Comprehensive Bridge Scour Example
	Comprehensive Bridge Scour Example

	08_BridgeScourWorkshop_Wrap-up and Questions.pdf
	FHWA �Bridge Scour Workshop
	Workshop Agenda
	Wrap Up
	Wrap Up�Key Considerations in Computing Bridge Scour
	Slide Number 5
	Instructors




