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BRIDGE INSPECTOR’S MODULE
STREAM STABILITY AND SCOUR AT HIGHWAY BRIDGES
DETAILED LESSON SCHEDULE
Time ‘Z?T?lgt;] Lesson Topic Method of Instruction Resources Reference
INTRODUCTION
8:00- 8:45 45 1 Introduction - Magnitude of the Lecture Slides & -
Problem Video
STREAM STABILITY CONCEPTS
8:45-10:00* 75 2 Stream Stability Factors and Lecture Slides HEC-20
Principles
10:15-10:45 30 3 Hatchie River Bridge Failure Case Study Slides -
BRIDGE SCOUR CONCEPTS
10:45-11:15 30 4 Scour Concepts (long term, Lecture Slides & HEC-18
contraction, and local scour) Video
11:15-12:00 45 5 Scour Processes (contraction, pier  Lecture Slides HEC-18
and abutment scour)
COUNTERMEASURES AND INSPECTION
1:00- 1:30 30 6 Countermeasures for Stream Lecture Slides HEC-20
instability and Scour HEC-18
1:30- 2:00 30 7 NBIS and Coding for Stream Lecture Slides HEC-18
Instability and Scour Coding
Guide
2:00- 3:00 90 8 Scour Inspection Workshop Workshop Slides -
3:15- 3:45
3:45- 415 30 9 Summary of Scour Inspection Lecture Slides HEC-18
Procedures
4:15- 4:30 15 10 Critique Critique Certificate -

* 15 minute mid-morning and mid-afternoon break (stretch break in place between lessons)



OVERVIEW:

OBJECTIVES:

Bridge Inspectors Module

LESSON 1
INTRODUCTION

Method of Instruction: Lecture
Lesson Length: 45 minutes
Resources:

Lesson Outline

Slides
Video

At the conclusion of this lesson, the Participant shall be able to:

1 Understand the magnitude of the stream stability and scour
problem at highway crossings.

2. Understand the objectives of this module.

o Understand the module outline, organization, materials, and
relationship to HEC-18 and HEC-20, and NHI Course Nos.
13046 - "Stream Stability and Scour at Highway Bridges,"
13054 - "Engineering Concepts for Bridge Inspectors," and
13055 - "Safety Inspection of In-Service Bridges."
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LESSON 1
INTRODUCTION

HOST WELCOME

INTRODUCTION OF INSTRUCTORS

MAGNITUDE OF STREAM STABILITY AND SCOUR PROBLEM

A. There are about 575,400 highway bridges in the nation’s National Bridge

Inventory - 84% (483,158) are over streams or rivers.

B. Stream instability, long-term stream aggradation or degradation, contraction
scour, local scour, and lateral scour or erosion cause 60% of the bridge

failures in the United States.

C. Nationally, the annual cost for scour related bridge failures is about $30
million and flood damage repair costs for Federal-aid highways are about
$50 million.

D. Results of National screening for scour vulnerability. As of April 15, 1995,

97.8% of the 483,158 bridges over streams or rivers have been screened
into the following categories:
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Categories N;rr?db;ersof Percentage
Evaluation Complete
Low risk culverts 97,215 20.1
Low risk bridges 106,156 22.0
Scour critical 7,105 15
Evaluation Needed
Screened low risk 79,932 16.5
Scour susceptible 76,429 15.8
Not Screened 10,696 2.2
Evaluation Deferred '
Unknown foundations 105,625 21.9

Video of the Schoharie Creek bridge failure (April 5, 1987) illustrates the
catastrophic results of instantaneous bridge failure due to scour and
accompanying tragic loss of life. (Note: We will discuss the Schoharie
Creek failure in more detail later in this lesson.)

An evaluation of road and bridge damage occurring during major floods in
the United States during the 1980s indicates that the indirect costs of
bridge failure can exceed the direct costs by orders of magnitude. Using
the Schoharie Creek bridge and others damaged during the 1987 flooding
in New York as examples, it was estimated that the indirect costs suffered
by the general public, business, and industry because of long detours and
lost production time exceed the direct cost of bridge repair by a factor of
five.

Hatchie River bridge failure illustrates a failure caused by stream instability.
The National Transportation Safety Board concluded:

"... The probable cause of the collapse of the Northbound U.S. 51
spans was the northward migration of the main river channel which
the Tennessee Department of Transportation failed to evaluate and
correct. Contributing...was the lack of redundancy in the design of
the bridge spans."
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(Note: We will discuss the Hatchie River bridge failure in more detail in
Lesson 3.)

H. Slides showing scour and stream stability problems at bridges at various
locations in U.S. illustrate the extent of the problem.

I On March 10, 1995, the |-5 bridges over Arroyo Pasajero near Coalinga,

California, collapsed causing 7 deaths. Preliminary indications are that
scour contributed to the failure. An investigation is in progress.

NOTES:
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Bridge Inspectors Module

MODULE OBJECTIVES

A.
B.

Identify stream instability and scour problems at bridges.
Understand the problems caused by stream instability and scour.

Understand the magnitude of scour at bridge piers and abutments and in
the bridge reach.

Recognize potential countermeasures for stream instability and scour
problems.

Relate scour and stream stability evaluations to the National Bridge
Inspection Standards.

MODULE OUTLINE

A.

A detailed module outline and schedule has been provided. For each
lesson, the scheduled time, length, topic, and method of instruction are
indicated. Also, a general reference for the material is indicated.

This module uses two primary sources of information:

Scour - FHWA Hydraulic Engineering Circular (HEC) No. 18, "Evaluating
Scour at Bridges," updated 1995.

Stream Stability - FHWA Hydraulic Engineering Circular (HEC) No. 20,
"Stream Stability at Highway Structures,” updated 1995.

The material contained in this workbook is presented in more detail
in these references which can be obtained from FHWA. Some
material has been abbreviated to meet the needs of the bridge
inspector, and some equations have been rearranged algebraically to
provide a better qualitative understanding of the relationships among
variables.

In addition, Report No. FHWA-ED-89-044, December 1988, "Recording and
Coding Guide for the Structure Inventory and Appraisal of the Nation’s
Bridges," is used as a supporting report for the module.

Other important sources of information are referenced when used in the
Workbook.
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E. This module summarizes the most relevant information for bridge
inspectors from the longer course "Stream Stability and Scour at Highway
Bridges" National Highway Institute (NHI No. 13046). The module provides
detailed supplementary information on scour and stream stability for those
who have taken or will take the courses on "Engineering Concepts for
Bridge Inspectors" (NHI No. 13054) or "Safety Inspection of In-Service
Bridges" (NHI No. 13055).

VI. SCHOHARIE CREEK BRIDGE FAILURE

A. A brief overview of the Schoharie Creek Bridge failure illustrates the
potential catastrophic results of scour. Reference will be made to the
Schoharie Creek failure during the day to illustrate other points.

1.

The Setting.

On Sunday, April 5, 1987, at about 10:45 a.m. (EDT), the center
span (Span 3) and east center span (Span 4) of the 165-meter-long
bridge on the New York State Thruway over Schoharie Creek in
Montgomery County, New York, collapsed during a near record flood
(1,756 m3/s). About an hour and a half later the west center span
(Span 2) fell into the water and the western-most span (Span 1) slid
off the abutment (see photograph). One tractor semi-trailer and four
automobiles fell nearly 25 meters into the river after the first span
collapsed, resulting in ten fatalities.

The National Transportation Safety Board (NTSB) retained
consultants to determine the role that erosion, scour, and hydraulic
forces may have played in the collapse of the Schoharie Creek
Bridge. The study supported the broader investigation of the Board
which included such areas of inquiry as: bridge design, bridge
construction, bridge inspection and maintenance, emergency
planning, and Federal and State oversight responsibilities. The
study was co-sponsored by the New York State Thruway Authority
(NYSTA). This information was derived from the final consultant’s
report.

Schoharie Creek is the largest tributary of the Mohawk River. Rising
in the Catskill region, the Schoharie flows northerly into the Mohawk
at Fort Hunter (see location map). The USGS reports a drainage
area of 2287 km? above the Burtonsville gage. The upper reaches
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are mountainous while the lower watershed is made up of rugged,
rounded hills. This topography coupled with a relatively impervious
soil leads to rapid runoff and high flood flows. Schoharie Creek is
134 km long and has an average gradient of 0.0086, m/m.

Downstream of the bridge site the New York State Department of
Transportation (NYSDOT) operates a navigation system on the
Mohawk river with a series of locks and dams. Lock 12 and Dam 8
are located on the Mohawk river just downstream of the confluence
of Schoharie Creek. During the winter season (December-April) the
navigation system is closed and all gates are raised out of the water.

A railroad bridge and another highway bridge are located about 610
m downstream of the Schoharie Creek Thruway Bridge. The Fort
Hunter Bridge is located west of the Thruway Bridge and during
overbank flows can function as a relief opening for the main channel
bridge crossing (see detailed location map and photograph).

The Bridge.

The Schoharie Creek Bridge, completed in 1954, was a 5-span,
"simply supported" structure having a total length of 165 m (see
"South Elevation"). Each span was separated by an expansion joint
and acted independently (i.e., they were nonredundent). The bridge
was built on an upward 3% grade from west to east, and had an
average height of about 25 m above the creek. Alignment was
straight, and each roadway was crowned for drainage.

The substructure consisted of four piers and two abutments. Each
pier was a rigid frame (columns and tie beam) supported on a lightly
reinforced concrete plinth (pedestal) and spread footing bearing on
glacial till just below the streambed (1.5 m). A 0.9 m deep element
(plinth reinforcement) was added after construction (see "Cross-
section View"). The abutments were founded on piles driven through
the embankment fill into the underlying glacial till. The piers were
founded on spread footings 1.5 m deep by 5.5 m wide by 25 m long
with no piles. The bridge designers assumed that the glacial till was
"nonerodable."
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3. The Bed Material.

a.

Bed material at the bridge.

The bed material was only one particle (cobble size) size
thick between Piers 2 and 3. On either side (between Piers
1 and 2 and Piers 3 and 4) the bed material was thicker (0.3
to 0.9 m). This material was similar in size to the material
upstream and downstream of the bridge.

Glacial till.

Glacial till is an extremely compact, dense, and
heterogeneous mixture of silt, sand, gravel, and boulders
which were transported and deposited by glacial ice
advancing up the Schoharie Valley. Glacial till is typically
regarded as a highly satisfactory bearing material for spread
foundations; however, it is important to recognize that it is
erodible by moving water. Flume tests at Cornell University
using clear water flowing over samples of the glacial till taken
from the Schoharie Creek bed showed that some material
would be removed at velocities of 1.49 m/s or larger. At
velocities of 2.44 m/s the erosion rates were relatively large.
These tests subjected the sample to simple horizontal shear
with clear water. In very turbulent flow with abrasion from
moving sediment the erosion of this material would be higher.
Also, seams or areas of less dense till would increase the
erosion rate.

Riprap Protection - Piers 2 and 3.

New York Department of Public Works (NYDPW), ltem 80 was
specified for placement around the piers:

"At least 50% of the stones shall weigh in excess of 300 pounds
(136 kg) each and the remainder of the stones shall weigh from 100
to 300 pounds (45 to 136 kg) each. One dimension of each of the
stones furnished shall be the thickness of the riprap as shown on the
plans, and the stones shall be so laid that this dimension is
perpendicular to the prepared bed."

1.10



B

Bridge Inspectors Module

Conclusions.
s Probable Cause.

"The National Transportation Safety Board determined that the
probable cause of the collapse of the Schoharie Creek bridge was
the failure of the New York State Thruway Authority to maintain
adequate riprap around the bridge piers, which led to severe erosion
in the soil beneath the spread footings. Contributing to the accident
were ambiguous plans and specifications used for construction of the
bridge, an inadequate NYSTA bridge inspection program, and
inadequate oversight by the New York State Department of
Transportation and the Federal Highway Administration. Contributing
to the severity of the accident was the lack of structural redundancy
in the bridge."

2 Channel Stability and Scour.
. Schoharie Creek is a stable channel and there has been no

long-term bed elevation change at the Thruway Bridge since
it was built in 1954.
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The location of the bridge downstream of the bend
concentrated the flow in the right half of the channel. Thus,
scour potential at Pier 3 was substantially greater than at the
other piers.

Local scour at Pier 3 undermined the footing. Velocities and
scour pattern around the pier were affected by the exposure
of the footing.

Significant scour at Pier 2 did not occur until after Pier 3
failed, placing debris in the flow that intensified velocities at
Pier 2.

Riprap.

Measurement of velocity around Pier 3 in the model study
showed velocities to be larger than approach conditions and
extremely turbulent.

Item 80 riprap did not require sufficiently large rock to resist
the turbulence and velocity at Pier 3.

Velocities and turbulence at Pier 3 were sufficiently strong to
erode glacial till in the vicinity of the pier when the till is
exposed to the flow.

If sufficiently large riprap had been maintained around the
piers, it is highly probable that the bridge would not have
failed.

Cumulative Effects.

The 1987 flood alone probably did not cause failure of the
Thruway Bridge. Rather, the cumulative effect of local scour
around Pier 3, particularly in the last 10 years, was the most
significant hydraulic factor contributing to the failure.

Bridge Inspection.

L]

New York State Thruway Authority inspections of the
Schoharie Creek Bridge did not document the elevation or
condition of the streambed or underwater elements of the
substructure.

1.12
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Bridges with piers that have shallow spread footings and
riprap for protection from scour require more frequent and
more thorough inspections if the water has the potential to be
turbulent than do bridges located in placid water.

Structural members and foundation features critical to the
integrity of the bridge were not highlighted in the design plans
or recognized by the bridge inspectors.

Inspectors (and some supervisors) from the New York State
Thruway Authority, the New York State Department of
Transportation,.....either failed to understand the importance
of riprap or failed to recognize that sufficient riprap had
migrated from around Piers 2 and 3 to pose a danger to the

bridge.

VIl. ADMINISTRATIVE NOTES

A.
B.
C.

NOTES:

Facilities, Breaks, Lunch, etc.
Workshops and Case Studies.

Module Evaluation.

1.13




Bridge Inspectors Module

LESSON 2

STREAM STABILITY FACTORS AND PRINCIPLES

OVERVIEW:

OBJECTIVES:

Method of Instruction: Lecture
Lesson Length: 75 minutes
Resources:
Lesson 2 Outline
Slides
HEC-20, (Chapters 2.0 and 3.0)
HEC-20 Glossary (attached following Lesson 9)
At the conclusion of this lesson, the Participant shall be able to:

1. Understand the factors influencing stream stability.

2. Understand several basic concepts describing channel
response.

3 Define the water and sediment continuity concepts.

4, Understand the concept of resistance to flow in sand-bed
channels.
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LESSON 2
STREAM STABILITY FACTORS AND PRINCIPLES

RIVER PROCESSES

A. Rivers are dynamic, always changing their position, shape and other
morphological characteristics with variation in discharge and the passage
of time.

B. When a channel at or near a bridge is modified, this local change
frequently causes modification of channel characteristics both up- and
downstream. Conversely, channel modifications above or below the bridge
reach can affect channel characteristics in the bridge reach.

C. Understanding river processes and the stream stability factors will assist
in coding the scour and stream stability related items of the NBIS,

including:

Item 60 - Substructure
Item 61 - Channel and Channel Protection

Item 71 - Waterway Adequacy
ltems 92 and 93 - Critical Feature Inspection

Item 113 - Scour Critical Bridges

. FACTORS AFFECTING STREAM STABILITY

A. The following figure summarizes factors affecting stream stability. Each
factor is discussed below as it relates to stream stability and scour.

1. Stream Size.
a. Flow depth tends to increase with increasing stream size, and the
potential for scour increases with increasing depth. Therefore,
potential scour depth increases with increasing stream size.

b. Lateral erosion potential also increases with increasing stream size.

2.1
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Small Medium Wide
(<30 m wide) (30-150 m) (> 150 m)
Ephemeral (Intermittant) Perennial but flashy Perennial
Silt-Clay Silt Sand Gravel Cobble or Boulder
VALLEY < _ . N
SETTING e % =S = s
(SECT.2.2.9) No valley; alluvial fan Low relief valley Moderate relief Hggg relief
(< 30m deep) (30-300 m deep) (> 300 m deep)
= ey
Litt] Ni Wide
(< 2x channel width) (2-10x channel width) (> 10x channel width)
NATURAL =
ATURA A elie =), =y
(SECT.2.2.8)
Little or none Mainly on concave Well developed on both banks
APPARENT
INCISION m @‘%‘
(SECT. 2.2.7) [ =" [~
Not Incised Probably Incised
= HHnsaffH
Alluvial Semi-alluvial Non-alluvial
< 50 percent of bankline 50-90 percent of bankline > 90 percent of bankline
———— NARAL
Straight Sinuous Meanderin Highly Meanderi
Sinuosity (1-1.05) (1.06-1.25) (1.25-20)g fglgs perccnetr)mg
= —=E =SS
Not braided Locally braided Generally braided
< t) (3-35 percent) (>35p
ANABRANCHED S SBEA_»
STREAMS ~— =" =% S
(SECT. 2.2.11) Not anabranched Locall; anabranched Generally anabranched
(<5 percent) (5-35 percent) (> 35 percent)
S~ W AT
Equiwidth Wider at bends Random variation
Narrow point bars Wide point bars Irregular poiat and lateral bars

FACTORS THAT AFFECT STREAM STABILITY

Shaded sections indicate factors most important to Bridge Inspectors
Section references are related to sections in Chapter 2, HEC-20
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Flow Habit.

a.

Ephemeral--flows in direct response to rainfall (includes intermittent
streams).

b. Perennial, but flashy--flows all or most of the year, but responds
to precipitation by rapid changes in stage and discharge.

c. Perennial--flows all or most of the year.

Bed Material.

a. Streams can be classified by the dominant size of sediment on their
beds.

b. There is no direct relation between bed material size and incidence
of scour problems at bridge crossings, although deep scour holes
are generally more probable in fine bed material.

C. All bed material can erode, even bedrock--it only takes more time.

Valley Setting.

a.

C.

Streams in mountainous regions, or areas of high relief often have
no hydraulic problems at bridge crossings due to coarse bed
material, narrow floodplains, nonalluvial type conditions.

In contrast, streams in regions of lower relief are usually alluvial
and have more problems due to more active channels.

There are special problems related to alluvial fans.

Floodplains.

a.

Floodplain width affects the length of the highway crossing,
composed of the approach embankment(s) and the bridge.

For longer highway crossings there are usually more bridge
components exposed to flow.
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Natural Levees.

a.

b.

Form during overbank flow conditions.

When well developed, natural levees tend to limit lateral migration.

Apparent Incision.

a.

b.

Determined by bank height at normal stage relative to width.

Incised streams tend to be fixed in position with slow lateral
migration rates, except for western arroyos with high, vertical and
clearly unstable banks.

Channel Boundaries.

a.

Channel boundaries may be alluvial, semialluvial, or nonalluvial.
Alluvial channels may be defined as channels that are formed in
materials that have been and can be transported by water.
Nonalluvial channels may be defined as channels in bedrock or in
very large material (cobbles or boulders).

Alluvial streams are generally more susceptible to stream instability
than nonalluvial; however, the quality of bedrock in a stream
considered nonalluvial must be considered.

In alluvial channels, approximately 90% of all channel changes
occur during flows greater than the dominant discharge, which
typically occur less than 10% of the time.

Bank appearance is a good indicator of stability.

Types of bank failure (see figure).

Tree cover or vegetative cover on the channel banks or overbank

(riparian vegetation) can provide stability against lateral channel
erosion.
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9. Stream Planform.

a. A study of stream planform, that is the shape of the stream when
viewed from above, is useful in understanding stream processes
and potential stream response to change.

b. The following figure illustrates the three basic planform patterns.

Braided Straight Meandaring

RIVER CHANNEL PATTERNS
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C. Meandering streams.

A meandering channel consists of pools and crossings, with the
thalweg (deepest point in the cross section where the main current
is flowing) flowing from pool to pool through the crossings in an
S-shaped alignment.

The degree of meandering is described by sinuosity, defined as
the ratio of the thalweg distance to valley distance. Straight
channels have a sinuosity of one. There is no direct relationship
between the degree of sinuosity and lateral instability (see Item
g below).

For a meandering stream, erosion generally attacks the outside of
the meander bend. Deposition occurs on the point bar on the
inside of the bend.

The position of the main current (thalweg) changes from low flow
to high flow.

Formation of cutoffs and oxbow lakes.

T S o

b) Section Thru (a-a)

Convex Bank

High Stage
Thalweg "

Low Stage Point Bar

Thalweg

a) Diagrammatic Plan of River Bend c) Section Thru (b-b)

CHARACTERISTICS OF A RIVER BEND
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Straight streams.
Alluvial channels of all types deviate from a straight alignment and
generally, a straight channel is considered a transitional stage to
meandering.

Even in straight channels, the thalweg will meander.

Straight channel reaches of more than 10 channel widths are not
common in nature.

Braided streams.
A braided stream consists of multiple and interlacing channels.

Braiding is usually associated with large bed-load transport and/or
easily eroded channel banks.

Braided streams are unstable and change alignment rapidly.
Anabranched streams.

Anabranched streams are somewhat similar to braided streams;
however, in an anabranched channel the individual braids, or
channels, are more widely and distinctly separated and more fixed
in position. This type of stream is often called island braided.

The more permanent nature of anabranched channels and the
probability of individual branches carrying significant discharge
under high flow complicates the diversion and/or confinement of
flow. This can result in a larger bridge crossing than at a braided
channel or multiple bridge crossings.

Variability of width and development of bars.

Variability of unvegetated channel width is an indicator of lateral
stability, based on the rate and development of point bars and
alternate bars.

In general, equiwidth streams with narrow point bars are the most

stable laterally, while random-width streams with wide, irregular
point bars are least stable.

2.8
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. CONCEPTS DESCRIBING CHANNEL RESPONSE

A. Analyzing Planform Response.

1 Stream form-slope relationship (see figure).

MEANDERING THALWEG CHANNEL

POINT BAR

THALWEG
SINUOSITY

SINUOSITY

| MEANDERING . ! D
STRAIGHT | THALWEG  COMBINATION SRACCH

of MEANDERING CHANNEL
CHANNEL = nd BRAIDED

SLOPE -===»=

SINUOSITY VS. SLOPE WITH CONSTANT DISCHARGE

2. Channel pattern (planform) can change from straight to meandering
to braided depending on the slope.

3. Channel instability as a result of natural processes or human
activity can be propagated for long distances and affect structures
such as bridges located upstream or downstream from the area of
disturbance.
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Armoring in Alluvial Channels.

1. Development of an armor layer (coarser particles on the surface of
the bed) can protect the bed up to the discharge sufficient to disrupt
the armor layer itself. Even then, the armor layer can reform as
flows diminish.

2. The armoring process begins as the non-moving coarser particles
segregate from the finer material in transport. The coarser particles
gradually accumulate in a layer which can prevent the underlying
fine material from leaching through the "armor" layer and can arrest
degradation.

3 Investigations and observations support the conclusion that less
than a complete covering of a relatively thin armor layer plays a key
role in stabilizing the bed, bars, and islands of alluvial rivers.

4. An insignificant fraction of the alluvium (perhaps the coarsest 1

percent) may significantly control the behavior and morphology of
the channel.
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IV. CONTINUITY OF FLOW
A. Water Continuity Concept.

i} Continuity Equation.

Q=VA

where
Q = Discharge, m>/s
V = Mean velocity, m/s

A = Area of flow, m?

CONTINUITY CONCEPT

2.1
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As the flow goes from the larger flow section A, to the smaller flow section
A,, continuity tells us:

0y =0

and:

What happens to the velocity from section 1 to section 2?

Sediment Continuity Concept.

1.

It is important to know the distinction between sediment transport
capacity and sediment supply.

Sediment supply is primarily that sediment provided to the channel
from watershed, tributary flow, and the channel bed and banks.
Sediment transport capacity can be considered the actual
physical capability of the channel to transport sediment, as defined
by flow conditions. Transport capacity is a function of the size of
bed material, flowrate, and geometric and hydraulic properties of
the channel.

Sediment transport capacity is generally proportional to the
discharge (flow) to the 1.5 to 2.5 power, which can be expressed
as:

Q. = aQ®’

Discharge of sedimen% m3/sec
Discharge of water, m”/s

A coefficient

An exponent ranging from 1.5 to 2.5

oo OO0
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3 Definition of sediment continuity (see figure).

Sediment Inflow
(Volume)

Change in Volume = Inflow - Outflow

Sediment Outflow [ If negative, erosion will occur ]
(Volume) If positive, sedimentation will occur

DEFINITION SKETCH OF SEDIMENT CONTINUITY CONCEPT APPLIED
TO A GIVEN CHANNEL REACH OVER A GIVEN TIME PERIOD

4. If the inflow of sediment equals the outflow of sediment, the river
reach will be in equilibrium (no change).

5. If the inflow of sediment is greater than the outflow of sediment,
aggradation (sedimentation) will occur in the river reach.

6. If the inflow of sediment is less than the outflow of sediment,
degradation will occur in the river reach.
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SAND-BED CHANNELS

Bed Configurations in Sand-Bed Streams.

Bed configurations are important because many streams flow on sand
beds for the greater part of their length and nearly all large rivers have
sand beds.

a. Bedforms (ripples, dunes, plane bed, antidunes).
Bedform condition influences resistance to flow and hydraulic
factors such as flow depth and flow velocity.

TYPICAL RIPPLE PATTERN

WEAK BOIL

R "-A“"'.:.":‘:f:‘.." UL S A
DUNES WITH RIPPLES SUPERPOSED

CHUTES and POOLS o

FORMS OF BED ROUGHNESS IN SAND CHANNELS
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Flow regime in sand-bed channels.

Upper Flow Regime. In upper flow regime (conditions 5-8,
above), resistance to flow is small and sediment transport is
large. The water surface is in phase with the bed surface
(typically plane bed or antidunes).

Lower Flow Regime. In lower flow regime (conditions 1-4,
above), resistance to flow is large and sediment transport is
small. The water surface is out of phase with the bed surface
(ripples or dunes).

Effects of bedforms.

Care must be taken in analyzing bridge crossings on sand-bed
streams in order to anticipate changes that may occur in
bedforms and the impact that may occur from changes in
resistance to flow, sediment transport, and stream stability.

At high flows, most sand-bed channels shift from dune bed to
plane bed, which reduces resistance to flow, increases velocity,
and decreases depth.

Dunes or antidunes can increase total scour depth due to
passage of dune troughs, which effectively lower the datum or
baseline elevation of the channel bottom.

Bedforms and bars also can change flow direction in a channel.
At low-flow, bars can be residual causing high velocity flow along
or at a pier or other structures, with potentially deeper scour
occurring.

In evaluating a bridge or countermeasure, it is good practice to
assume a dune bed (large n value) for water surface profile
analysis, and plane bed (small n value) for evaluation of
channel stability. Why?

2. Bed material gradation.

a.

b.

Silt-clay.

Silt.
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B, Sand.
d. Gravel.
e. Cobbles-boulders.

D¢, represents the diameter of the sediment particle for which 50
percent of the sample is finer by weight.

3. Resistance to Flow in Sand-bed Channels.

The following figure illustrates the relative resistance to flow as bed
forms change with increasing stream power.

BED FORM
Plane Bed| Ripples Dunes Transition | Plane Bed Satﬁgd:;‘_‘g“::;‘;?
Laitea, — B

AQ flow

(Manning’s roughness
coefficient)

Lower Regime Transition Upper Regime

z 2

Lower Flow Regime Upper Flow Regime

=2

STREAM POWER

RELATIVE RESISTANCE TO FLOW IN SAND-BED CHANNELS

Common values of Manning’s n (resistance coefficient) are given in
the following table (see HEC-20, Chapter 3 for more details).
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Manning’s roughness coefficients for alluvial sand-bed channels
(no vegetation).’

Lower Flow Regime

Plane bed 0.014 - 0.020
Ripples 0.018 - 0.030
Dunes 0.020 - 0.040
Transition

Washed out dunes 0.014 - 0.025
Upper Flow Regime

Plane bed 0.010 - 0.013
Standing Waves 0.012 - 0.015
Antidunes 0.012 - 0.020

'Data are limited to sand channels with Dgy < 1.0 mm.
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LESSON 3
CASE STUDY - THE HATCHIE RIVER BRIDGE FAILURE

OVERVIEW: Method of Instruction: Lecture
Lesson Length: 30 minutes
Resources:

Lesson 3 Outline

Slides

NTSB Highway Accident Report "Collapse of the Northbound
U.S. Route 51 Bridge Spans Over the Hatchie River near
Covington, Tennessee, April 1989" (June 1990)

USGS Open File Report 89-598 "Channel Evaluation of the
Hatchie River near the U.S. Highway 51 Crossing" (1989)
FHWA Report "April 1989 Hatchie River, U.S.51 Bridge
Failure" (TRB, January 1990)

OBJECTIVES: At the conclusion of this lesson, the Participant shall be able to:
1. Understand the role of stream instability (lateral migration)

in the failure of the Hatchie River bridge.

2. Understand the role of bridge inspection in the bridge failure.
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LESSON 3

CASE STUDY THE HATCHIE RIVER BRIDGE FAILURE

I INTRODUCTION

A. About 7:14 p.m. central standard time on April 1, 1989, traffic was
moderate on the northbound U.S. Route 51 bridge over the Hatchie River
near Covington, Tennessee. At that time, the Hatchie River was above
flood stage, covering the floodplain with about 3 to 4 ft (1 m) of water and
the weather was cloudy and dry. A motorist traveling across the center of
the bridge about 7:15 p.m. encountered a depression in the bridge deck
and stated that it felt as though her car hit a large board in the road. Later
that evening, about 8:10 p.m., a motorist traveling about 50 mph (80
km/hr) across the bridge struck what she described as a "v" shaped
depression in the deck just north of the center span, which nearly caused
her to lose control of her vehicle. About 8:13 p.m., a motorist traveling
about 55 mph (88 km/hr) over the center of the bridge crossed a "drop in
the road," which caused the undercarriage of his truck to strike the bridge
deck. About the same time, another motorist struck the depression in the
deck causing him to strike his head on the vehicle’s ceiling. This driver
stated that the depression was about 2.5 to 3 ft (1 m) deep.

About 8:15 p.m., another motorist stated that while traveling northbound
across the bridge, he encountered a "3-ft" (1 m) depression in the bridge
deck, just north of the center span. After crossing this section of the
bridge, the motorist observed two sets of vehicle headlights in his rearview
mirror. He stated that the first vehicle disappeared from view. Following
this observation, the motorist continued north about 3 miles (5 km) to
Henning, Tennessee, to report the incident. Concurrently, a passenger car
with 2 occupants was traveling northbound across the bridge. Both
occupants stated that they encountered a deep depression in the bridge
deck north of the center span, which caused them to strike their heads on
the vehicle’s ceiling. After crossing the depression, they continued
northbound for a short distance before stopping, and then observed a
vehicle behind them fall into a void in the bridge deck where the
depression had been. Simultaneously, they heard a loud "rumbling noise."
Shortly afterwards, they watched several more vehicles and a
tractor-semitrailer drive into the void. These witnesses then drove about
1.5 miles (2.4 km) to a rest stop north of the bridge and telephoned the
Ripley, Tennessee, Police Department to report the incident.
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Also, about 8:15 p.m., a driver and 2 passengers of a van were traveling
about 50 to 55 mph (80-88 km/hr) northbound on the bridge. The drive
stated that he was traveling in the right lane behind a tractor-semitrailer
that was preceded by 2 vehicles. The van operator began to move to the
left lane to pass when the truck suddenly moved into the left lane in front
of the van. Several seconds later, the van operator observed the taillights
of the trailer shift "from side to side, kick up in the air," and then disappear
along with the 2 vehicles which were ahead to the truck. Following this
observation, the van operator stopped his vehicle approximately 12 ft (4 m)
from the edge of the void. The operator and passengers exited the van,
looked over the edge of the bridge, and observed the semitrailer floating
in the river. The van occupants then proceeded south on foot and stopped
oncoming traffic.

The Ripley Police Department was notified of a deep depression in the
bridge deck at 8:19 p.m., and subsequently advised the Lauderdale County
Sheriff's Department which dispatched a sheriff's deputy to investigate the
complaint. Shortly thereafter, both the Lauderdale and Tipton County
Sheriff's Departments received several reports of the bridge collapse.
Sheriff's deputies from both counties arrived at the bridge at 8:22 p.m. and
discovered that a section of the bridge deck and the supporting column
bents had fallen into the river. The deputies closed both ends of the
northbound bridge, and from the bridge deck, began to visually search the
river with flashlights for victims or survivors. They were able to see one
victim and the forward section of a 1978 Pontiac protruding from
underneath one of the fallen spans, but did not observe any other victims
or vehicles. The deputies made several attempts to reach the collapsed
spans; however, due to debris and the depth of the water on the floodplain,
they were unsuccessful. The Tennessee Highway Patrol (THP) and
Covington Fire Department arrived at the bridge shortly after 8:30 p.m.,
and rescue personnel reached the collapsed spans several minutes later.

An underwater search of the river in the areas of the collapsed spans
conducted from April 1 to 4, 1989, revealed that 4 passenger cars and 1
tractor-semitrailer with a total of 8 occupants had plunged into the river. Al
8 occupants died as a result of the collapse.

Location - West Tennessee near Covington. The Hatchie River flows
generally east to west toward the Mississippi River.
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. THE BRIDGE

A.

B.

Bridge Plan and Profile.

ihs

Northbound lanes built in 1936, spanned 1,220 m of floodplain on
143 simple spans (nonredundant).

Southbound lanes built in 1974, narrowed the bridge opening to 305
m on 13 spans.

Piers and Bents (Substructure - 1936 Bridge).

T

Main channel spans supported by reinforced concrete Piers 1
through 7 - about 13.5 m high and 8.0 m long, supported by 29
each 6.1 m long untreated timber piles.

Floodplain spans supported by concrete pile bents, 2each-82m
high columns, 1.2 m caps, 0.9 m footing resting on 5 each 6.1 m
untreated friction piles.

Generally, about a 4 m difference in elevation of pile caps between
main channel piers and shallower floodplain bents.

Il. FLOW CONDITIONS (1989)

Bridge designed for 100-year flood of 2,266 m’/s with 1.52 m/s main
channel velocity. Channel slope was 0.0001 and flow on floodplain was
less than 1 m deep with velocity of about 1 m/s.

A.

Flow Data.

1.

Q,., in 1946 = 1,578 m’/s.
Q,., on January 19, 1989 = 813 m%/s (3-year event).
Q = 244 m®/s (2-year event) at time of failure.

Duration: The USGS estimated that 1989 was in the top 10 for
overbank flow duration and was the most severe since 1974.
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C. Lateral Migration: a time lapse comparison of cross section shows the
following channel migration rates northward toward the floodplain bents:
1931-1975  0.24 mlyear (0.8 ft/year)
1975-1989  1.37 mlyear (4.5 ft/year)
1981-1989  0.58 m/year (1.9 ft/year)
. s . Piver Bsont , n
260 [ \] —_— R *j- — 260
1934 19'\/1 19179
240 D \:w L \/ A — !“, sac § LSRR g»uo
o e e T S
220 - 1985 _ - — 220
" 1987 e _ _
MIGRATION BASED ON TDOT INFORMATION
(Data Measured at the Northbound Bridge)
D. Local Scour.

1. The model constructed at the FHWA Turner-Fairbank Labs showed
about 1 m local scour at the floodplain bent that failed.

2, Local scour at the bent was calculated at 1.55 m using the Colorado
State University (CSU) equation.

3. Local scour and lateral migration combined to produce about 3 m of
exposure on the 6.1 m piles supporting the floodplain bent that
failed.
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IV. CONCLUSIONS BY THE NATIONAL TRANSPORTATION
SAFETY BOARD (1990)

Findings

1 The passenger car drivers and truck driver were unable to avoid the
accident.

2. The post-collapse emergency response could not have reduced the
severity of this accident.

3. Column bent 71 and span 79 were still standing following the collapse of
column bent 70 and spans 77 and 78.

4. The west column of column bent 71 was fractured, and the entire column
bent and span 79 subsequently collapsed, as a result of successive
impacts from the accident vehicles.

b: The deterioration of the exterior superstructure girders of spans 77, 78 and
79 did not contribute to the bridge collapse.

6. It is unlikely that a fracture of the concrete members of column bent 70
initiated the collapse sequence.

Fé It is unlikely that the piles buckled as a result of a reduction in the pile
cross sections.

8. Column bent 70 failed most likely from the disembedment of the supporting

timber piles, perhaps in combination with pile buckling, due to their
exposure from a combination of channel migration and local scour.

9. The simply supported spans of the northbound U.S. 51 bridge allowed the
collapse to occur with little warning over a short period of time.

10. It is unlikely that the additional weight of the concrete footings contributed
significantly to the collapse.

11. Because of the streambed elevation at the time of the collapse, the

rectangular configuration of the footing probably did not affect the depth of
local scour.
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14.

15.

16.
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18.

19.

20.

21.
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Enough information and guidance was available for the designers of the
southbound bridge to have discovered the natural channel meander of the
Hatchie River, and to have anticipated that further migration would
undermine column bent 70 of the northbound bridge.

The on-site inspections of the northbound U.S. 51 bridge adequately
identified the exposure of the column bent 70 footings and piles because
of the northward migration of the Hatchie River channel.

Had bridge design or as-built plans been available to the TDOT inspector
in 1987, he may have discovered that his measurement of the column bent
70 footing was contrary to the designed footing depth.

Even though the northbound U.S. 51 bridge did not meet the TDOT criteria
to receive a diver inspection, a diver inspection of the bridge should have
been conducted following the 1987 inspection because of the exposure of
the timber piles noted in the inspection report.

The 1987 TDOT inspection of the northbound bridge did not occur when
conditions were optimum for inspectors to examine the substructure
bridge elements.

Enough guidance and information was available in 1985 and 1987 for
TDOT to have recognized the need to develop and study a channel profile
record for the Hatchie River at the site of the U.S. 51 bridge.

Neither the TDOT regional inspection engineer nor the Structures
Inventory and Appraisals evaluator determined that the undermining of
column bent 70 was critical and required immediate action, even though
the 1985 and 1987 field inspection reports recommended that the column
bent be protected from scour.

TDOT evaluators did not recognize the importance or potential of scour
when they reviewed the 1985 and 1987 inspection reports.

TDOT evaluators failed to recognize the potential hazard caused by the
exposure of the friction piles supporting column bent 70, even though the
information to make .this determination was included in the 1987 Bridge
Inspection report.

The frequency with which overweight vehicles were permitted to travel
across the bridge was potentially harmful to the structure.
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22. Because TDOT did not have sufficient resources to accomplish the majority
of the maintenance recommendations, they missed the opportunity to
correct the channel migration beneath column bent 70, or protect column
bent 70 from scour, through routine preventive maintenance.

Probable Cause

"The National Transportation Safety Board determines that the probable cause of

the collapse of the northbound U.S. Route 51 bridge spans was the northward migration
of the main river channel which the Tennessee Department of Transportation failed to
evaluate and correct. Contributing to the severity of the accident was the lack of
redundancy in the design of the bridge spans."

Recommendations

As a result of its investigation, the National Transportation Safety Board

recommends:

To the Federal Highway Administration:

Modify the National Bridge Inspection Standards to require follow-up or diver
inspections of those bridges with underwater members that cannot be examined
visually or by feel during scheduled bridge inspections because of excessive
water depth or turbidity. (Class Il, Priority Action)(H-90-56)

Require States to develop and maintain channel profile records for bridges over
water, and to evaluate the channel profile records to determine the effects of
channel changes on bridges. (Class I, Priority Action)(H-90-57)

Modify the National Bridge Inspection Standards to require qualifications for
personnel who evaluate bridge inspection reports. (Class I, Priority
Action)(H-90-58)

Require States to develop a crucial element checklist for each bridge based on
the bridge design and as-built plans, or available bridge data. The list should
identify bridge elements or conditions that when damaged, exposed, corroded or
deformed would independently cause a sudden unexpected collapse of a section
of the bridge. This list should then become part of each bridge inspection report.
Further, require the States to immediately close the bridge or perform needed
repairs when an inspector discovers the deterioration of a bridge element
contained in the crucial element checklist. (Class Il, Priority Action)(H-90-59)
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Require that States review overweight vehicle traffic to evaluate the effects of
frequent overweight loads on unposted bridges. Require that, based on these
evaluations, the States limit the number or size of overweight vehicles permitted
to cross those bridges that may be damaged because of frequent exposure to
heavy loads. (Class Il, Priority Action)(H-90-61)

To the American Association of State Highway and Transportation Officials:

Modify Section 1.3.2, "Hydraulic Studies" of the Standard Specification for
Highway Bridges to include evaluations of geomorphic changes in streams caused
by the construction of a new bridge, and the effects of those changes on existing
structures. (Class Il, Priority Action)(H-90-61)

Modify Section 2.3, "Frequency and Level of Inspection" of the Manual for
Maintenance Inspection of Bridges to include a requirement that bridge inspectors
be provided with available bridge design or as-built plans during on-site bridge
inspections. (Class Il, Priority Action)(H-90-62)

Modify Section 4.6, "Rating of Bridges, Limiting Vehicle Weights" of the Manual
for Maintenance Inspection of Bridges to delete the section which exempts certain
concrete bridges from load posting. (Class Il, Priority Action)(H-90-63)

To the Tennessee Department of Transportation:

Modify TDOT bridge rating criteria to remove the requirement that a structure
show some settlement or leaning before it is rated critical. (Class I, Priority
Action)(H-90-64)

Modify bridge inspection procedures to provide inspectors with available bridge
design or as-built plans during on-site bridge inspections. (Class Il, Priority
Action)(H-90-65)

Expand TDOT bridge inspection criteria to require that submerged bridge
elements, that cannot be fully examined by bridge inspectors during scheduled
inspections, receive follow-up or diver inspections. (Class ll, Priority
Action)(H-90-66)

Establish an inter-disciplinary team of geotechnical, hydraulic, and structural

engineers to develop the repair and rehabilitation programs for those bridges that
are determined to be scour-critical. (Class Il, Priority Action)(H-90-67)
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Immediately repair those bridges determined to have exposed friction piles.
(Class Il, Priority Action)(H-90-68)

Train TDOT personnel involved in bridge inspections to evaluate scour, in
accordance with the FHWA Technical advisory "Scour at Bridges" and other
FHWA and AASHTO publications concerning the inspection of underwater bridge

elements. (Class I, Priority Action)(H-90-69)

Modify bridge inspection report review procedures to require that hydraulic
engineers review and evaluate all bridge inspection reports which identify the
presence of scour or channel migration; and emphasize the identification and
correction of channel movements and scour. (Class Il, Priority Action)(H-90-70)

Obtain weight per axle and axle spacing information for overweight vehicles when
issuing overweight permits. (Class Il, Priority Action)(H-90-71)

Establish a priority ranking system for maintenance recommendations issued as
the result of bridge inspections. (Class II, Priority Action)(H-90-72)

To the State of Tennessee:

Provide Maintenance resource necessary to complete recommended repairs
developed as a result of bridge inspections. (Class Il, Priority Action)(H-90-73)

As a result of its investigation of this accident, the National Transportation Safety
Board reiterates Safety Recommendation H-89-72 to the American Association
of State Highway and Transportation Officials:

Modify Section 4.5 "Rating of Bridges, Evaluations" of the Manual for Maintenance
Inspection of Bridges to require the evaluation of substructural bridge members
during load rating calculations. (H-89-72)
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LESSON 4
SCOUR AT HIGHWAY BRIDGES
CONCEPTS AND DEFINITIONS

OVERVIEW: Method of instruction: Lecture
Lesson Length: 30 minutes
Resources:
Lesson 4 Outline
Slides
Video - Colorado State University
HEC-18 Chapters 1, 2, 3
OBJECTIVES: At the conclusion of this lesson, the Participant shall be able to:
1. Understand the magnitude and nature of the scour problem.

2. Understand the scour problem is four-fold.

3. Define the nature of the scour process as a sediment continuity

problem.
4. Define the three components of scour.
o Define the following:

- Scour

- Clear-water scour

- Live-bed scour

- Maximum depth of scour
- Equilibrium scour

- Aggradation

- Degradation

- Contraction scour

- Local scour

- Total scour

- Lateral scour or erosion
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LESSON 4
SCOUR AT HIGHWAY BRIDGES
CONCEPTS AND DEFINITIONS

SCOUR PROBLEM

A.

The United States is Losing Bridges from Scour.

1.

2

10.

1965 - Colorado lost 63 bridges

In 1973, FHWA study of 383 bridge failures found the failures were
25% pier and 75% abutment damage.

In 1978, more extensive study showed failures were about 50% pier
and 50% abutment damage.

1985 - Pennsylvania, Virginia, and West Virginia lost 73 bridges.
1987 - New York and New England states lost 17 bridges.

April 1987 - the Schoharie Creek bridge failure cost 10 lives when 4
cars and a truck went off the bridge.

April 1989 - Covington, Tennessee, Hatchie River bridge failure cost
8 lives.

In 1990, South Carolina had 72 bridges damaged by floods.

1993 - From information currently available, the flood in the Upper
Mississippi basin caused 23 bridge failures for an estimated damage
of $15 million. The modes of bridge failure were 14 from abutment
scour, 2 from pier scour only, 3 from pier and abutment scour, 2 from
lateral bank migration, 1 from debris load, and 1 from unknown scour.

1994 - Flooding from storm Alberto in Georgia, damaged over 500
state and locally owned bridges with scour. Thirty-one of state-owned
bridges experienced from 15 to 20 feet of contraction scour and/or
long-term degradation in addition to local scour. These bridges had to
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be replaced. The state also recommended that 73 other bridges be
repaired (shored-up) or replaced of more than 150 identified as scour
damaged. Total damage to the highway system was approximately
$130 million.

1995 - Several bridges in California fail, including the 1-5 bridges over
Arroyo Pasajero, resulting in 7 deaths.

60% of all bridge failures are from hydraulic or stream stability
problems.

American Association of State Highway and Transportation Officials
(AASHTO) standard specifications for highway bridges has the following
requirements to address the problem of stream stability and scour.

1.

Hydraulic studies are a necessary part of the preliminary design of a
bridge and should include....estimated scour depths at piers and
abutments of proposed structures.

The probable depth of scour shall be determined by subsurface
exploration and hydraulic studies. Refer to Article 1.3.2 and FHWA
HEC-18 for general guidance regarding hydraulic studies and design.

....in all cases, the pile length shall be determined such that the design
structural load may be safely supported entirely below the probable
scour depth.

Solution to Scour Problem is Four-Fold.

1.
2.
3.

4.

Design of new and replacement bridges.
Assessment of scour vulnerable bridges.
Inspection of existing bridges.

Countermeasures to protect existing bridges.

Problem of Existing Bridges Caused by:

1.

Most bridges 20 to 40 years old.
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Design based on inadequate scour knowledge.
a. Research only since 1950s.

b. Lack of field data on scour depths and related hydraulic
variables.

c. Lack of fundamental research to improve equations.
Many state and local bridges over water.

a. Piers and/or abutments in flow.

b. Spread footing or shallow piles.

o3 Overconfidence about rock resistance to scour.
Inadequate bridge management systems.

a. Poor data on existing bridges.

o F Unknown foundations.

Lack of trained personnel.

a. Hydraulics, river mechanics, etc.

b. For design, inspection, and evaluation.

A short (12 minute) video prepared by Colorado State University will illustrate
many of the basic concepts.
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Ill.  DEFINITION OF SCOUR

A. Scour.

1.

Scour is the result of the erosive action of flowing water, excavating
and carrying away material from the bed and banks of streams.
Different materials scour at different rates. Loose granular soils are
rapidly eroded by flowing water, while cohesive or cemented soils are
more scour resistant. However, ultimate scour in cohesive or
cemented soils can be as deep as scour in sand-bed streams.

Scour is a sediment transport problem.

Sediment continuity.

Change in Sediment = Sediment Inflow - Sediment Outflow

4. All materials erode - it's just a matter of time.
5. Scour occurs when bed material transport at the bridge crossing, or at
piers and abutments is larger than incoming bed material transport
(supply).
B. Scour Components.

1.

Long-term aggradation or degradation.

2. Contraction scour.

3. Local scour.

C. Total Scour - Normally considered the sum of the three components.
Error not large unless local scour holes overlap.
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BRIDGE DECX

2

JZ/’

LONG TERM DEGRADATION
CONTRACTION SCOUR
LOCAL SCOUR pre

DEFINITION SKETCH - TOTAL SCOUR
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SCOUR CONCEPTS

A. Scour is Time Dependent.

Scour generally occurs on rising limb of hydrograph and near peak flow.
The scour hole can refill on the receding limb of the hydrograph.

Storm
Hydrograph

Discharge

Time

Scour depth
\ at bridge

Time

Bed Elevation

critical time

TEMPORAL CHANGE OF SCOUR HOLE
DEPTH DURING A STORM

B. Types of Scour.
There are two types of bridge scour: clear-water and live-bed.

1. Live-bed scour occurs when the bed material in the channel upstream
of the bridge is moving at the flow causing bridge scour.

2. Clear-water scour occurs when the bed material in the channel
upstream of the bridge is not moving at the flow causing bridge scour.
(This does not imply fine sediment could not be in motion as wash

load.)
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PIER SCOUR DEPTH, y,

MAXIMUM CLEAR-WATER SCOUR
/EQUILIBRIUM SCOUR DEPTH

743\-_ —i.

10%

LIVE-BED SCOUR

CLEAR-WATER SCOUR

TIME

PIER SCOUR DEPTH AS A FUNCTION OF TIME (SCHEMATIC)

Clear-water scour occurs mainly on coarse-bed streams, or on well
vegetated floodplain overbank areas.

Maximum clear-water pier scour about 10% greater than equilibrium
live-bed pier scour.

Conditions can be such that at low-flow scour would be clear-water,
but at high-flow scour would be live-bed.

C. Equilibrium Depth of Pier Scour.

1

Live-bed scour in a sand-bed stream with a dune bed fluctuates about
an equilibrium scour depth due to variability in the bed material
transport in the approach flow, as dune bedforms move through the

bridge reach.

The recommended equations for local scour estimate maximum scour
depths.
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Aggradation and Degradation - long-term streambed elevation changes.
1. Aggradation is deposition of material (raising of the streambed).

2. Degradation is lowering or scouring of the bed of the stream over
relatively long distances.

3. Long-term degradation is generally estimated by comparing successive
(time-sequenced) cross section plots or the change in thalweg profiles
over time.

Contraction Scour involves removal of material from the bed across all or
most of the width of the channel in the bridge reach caused by:

Natural stream constrictions.

Contraction of flow by bridge or approaches.
Islands, bars, berms, ice, debris, or vegetation.
Change in downstream control.

Bends.

oLl p -

Local Scour involves removal of material restricted to a minor part of width
of channel, at an obstruction.

1. Local scour occurs at obstructions in the flow, such as piers,
abutments, spurs, and embankments.

2. Caused by acceleration of the flow and development of vortex
systems induced by obstructions in the flow.

==
—_—

@ Horseshoe Vortex

SCHEMATIC REPRESENTATION OF LOCAL SCOUR
AT A CYLINDRICAL PIER
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Total Scour is generally the sum of aggradation or degradation,
contraction scour, and local scour.

Lateral Shifting of Stream may erode approach roadway or change total
scour by changing approach angle of the flow at the bridge.

1. Bridges are static, rivers are dynamic (see Lesson 2).

2. Must evaluate vulnerability of bridge to changes in planform (lateral
channel migration).




SCOUR PROCESSES - CONTRACTION, PIER,

OVERVIEW:

OBJECTIVES:
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LESSON 5

AND ABUTMENT SCOUR

Method of Instruction: Lecture
Lesson Length: 45 minutes
Resources:

Lesson 5 Outline

Slides
HEC-18 Chapter 4

At the conclusion of this lesson, the Participant shall be able to:
1. Understand contraction scour processes.
2. Understand pier scour processes.

3. Understand abutment scour processes.
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LESSON 5
SCOUR PROCESSES - CONTRACTION, PIER,
AND ABUTMENT SCOUR
l. CONTRACTION SCOUR
A. Contraction Scour - Occurs when the flow area of a stream at flood

stage is reduced, either by a natural contraction or by a bridge.

B. Contraction Scour is Typically Cyclic - That is, the bed scours during
the rising stage of a runoff event, and fills on the falling stage.

C. Other Factors that can Cause Contraction Scour are:

natural stream constrictions,

long highway approaches over the floodplain to the bridge,

ice formation or jams,

natural berms along the banks due to sediment deposits,
island or bar formations upstream or downstream of the bridge,
debris,

growth of vegetation in the channel or floodplain.

NoOoohWN =

D. There are Two Approaches for Estimating Contraction Scour: One for
Live-Bed and One for Clear-Water Scour.

1. For any case or condition, it is only necessary to determine if the
flow in the main channel or overbank is transporting bed material
(live-bed scour) or is not (clear-water scour). The appropriate
equation is then applied with the variables defined according to the
location of the contraction scour being analyzed (channel or
overbank). HEC-18 provides criteria for selecting the appropriate

equation.
E. There are Four Cases of Contraction Scour.
1. Case 1. Overbank flow on a floodplain is forced back to the

main channel by approaches to bridge.

5.1
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a. River channel width becomes narrower because bridge
abutments project into the channel or the bridge is on a
narrower reach of the river.

b. Abutments set at the streambank.

C. Abutments set back from the stream channel.

INTO CHANNEL

L] L]

{ABUTMENTS PROJECT\l
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20 CONTRACTION
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CROSS-SECTION AT BRIDGE

CASE 1A: ABUTMENTS PROJECT INTO CHANNEL
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ABUTMENTS AT
| EDGE OF CHANNEL
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CROSS-SECTION AT BRIDGE

CASE 1B: ABUTMENTS AT EDGE OF CHANNEL
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FROM CHANNEL \q
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Flow
Overbank Flow Jf;

Channel

CROSS-SECTION AT BRIDGE

CASE 1C: ABUTMENTS SET BACK FROM CHANNEL
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Case 2. No overbank flow.

a. The bridge site is on a narrower reach of river.

b. Normal river channel width becomes narrower because of the

bridge itself.

Case 3. A relief bridge in the overbank area with little or no
bed material transport in the overbank area (clear-
water).

Case 4. A relief bridge over a secondary stream in the

overbank area with bed material transport (live-bed).

-~ g o

CROSS-SECTION DOWNSTREAM

. y

Flow

PLAN VIEW

CROSS-SECTION UPSTREAM

CASE 2A: RIVER NARROWS
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F. Live-bed Contraction Scour.
1. Modified 1960 Laursen’s equation: (average scour depth)
6 K,
L Y R
y1 Q1 W2

average scour depth y, =y, -y,

where

Yo = Average depth of scour in the contracted section, m

y, = Average depth of flow in upstream main channel, m

Y, = Average depth of flow in contracted section, m

Yo = Existing depth of flow in contracted section before scour, m

W, = Bottom width of upstream main channel, m

W, = Bottom width of main channel in contracted section less pier widths,
m

Q, = Flow in the upstream channel that is transporting sediment, m*/sec

Q, = Flow in the contracted channel, m*/sec

k, = Exponent determined by mode of bed material transport (0.59 to
0.69)
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2. Qualitatively, this equation tells us that live-bed contraction
scour increases if:

a. The total flow in the contracted section (Q,) is much
greater than the upstream (main channel) flow (Q,)-

b. The channel width in the contraction (W,) is much
smaller than the uncontracted channel width upstream

(W,).

Clear-water Contraction Scour.

1. A recommended clear-water contraction scour equation is:
2\3
y, - 0025 Q2)7
3 2
3 W2
D2 W
Ys = Y2 - Yo
where
Yo = Existing depth of flow in the contracted section before scour, m
Y, = Average depth of flow in the contracted section after contraction
scour, m
Y = Depth of scour in the contracted section, m
Q = Discharge through the bridge or on the overbank at the bridge

associated with the width, W, m*/sec

O
1

1.25 D, M
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Median diameter of bed material, m

Bottom width of the contracted section less pier widths, m

Qualitatively, this equation tells us that clear-water contraction
scour increases if:

a. The discharge in a clear-water channel or on the
overbank at the bridge is large.

b. The channel width or overbank width is small.

Clear-water contraction scour decreases as the bed material
particle size gets larger.

Tips for Inspecting for Contraction Scour.

1.

2

o o

4.

6.

Sand-bed channels normally have live-bed scour.

Clear-water scour occurs mainly on coarse-bed channels or on well
vegetated floodplain areas.

Significant contraction scour can occur if the total upstream flow is
captured by roadway approach embankments and forced through the
bridge opening.

Flow through relief bridges or over roadway approach embankments
can reduce the flow and contraction scour in the main channel bridge
opening.

Q, is the flow in the main channel upstream of the bridge (not
including overbank flows).

The average width of the bridge opening (W,) is generally taken as
the bottom width, with the width of the piers subtracted.

Where abutments are set back from the main channel, the
contraction scour in the main channel may be occurring under
live-bed conditions, while the contraction scour in the setback
overbank area can be clear-water scour.
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If there is no overbank flow, Q, = Q, and only a change in channel
width will influence live-bed contraction scour.

Unusual conditions will require knowledge of river mechanics and
analysis by experienced engineers.
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Il PIER SCOUR
A. Pier Scour Mechanism.
1. Recall from Lesson 4 that any obstruction in the flow, such as a pier,

creates a horseshoe vortex around the front and sides of the
obstruction.

2. The wake vortex behind the pier moves material that is eroded from
the front and sides of the pier downstream.

3. Like contraction scour, pier scour is typically cyclic. The pier scour
hole is generally deepest near the peak of a runoff event, and fills on
the falling stage.

4. Pier scour is influenced by many variables, including flow
characteristics, pier geometry, footing geometry and elevation, and
bed material.

B. Pier Scour Variables.

s Flow characteristics.

a. V,, Velocity upstream of the pier.

b. Y,, Depth of flow upstream of the pier.

o Angle of attack of the flow.
d. Pressure flow.
2. Pier geometry.

a. Pier width.
b. Pier length.

e, Pier shape.
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Footing geometry and elevation.

Width.

Length.

Thickness.

Elevation with respect to the bed surface.

ocooo

Bed material.

Size.

Gradation.
Cohesiveness.
Stratification.

Bed configuration.

®ooTp

SCOUR HOLES - HYDRAULIC MODEL OF
SCHOHARIE CREEK BRIDGE
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C. Types of Pier Scour.

1l

Live-bed scour occurs when the bed material upstream of the
crossing is moving.

Clear-water scour occurs when there is no movement of the bed
material of the stream upstream of the crossing, but the acceleration
of the flow and vortices created by the piers or abutments cause the
material at their base to move.

. Clear-water scour occurs mainly on coarse-bed streams or
on well-vegetated floodplain overbank areas. Maximum
clear-water pier scour is about 10% greater than equilibrium
live-bed scour.

. Bridges over coarse bed material streams often have clear-
water scour at the lower part of a hydrograph, live-bed scour
at the higher discharges, and then clear-water scour on the
falling stages.

D. Estimating Pier Scour.

1.

Recommended equation.

Pier scour has been studied extensively in the laboratory, but there
is only limited field data. As a result of the many studies, there are
many equations. In general, the equations are for live-bed scour in
cohesionless sand-bed streams.

For the determination of pier scour, the modified Colorado State
University (CSU) equation is recommended for both live-bed and
clear-water scour.

For plane-bed and antidune flow, the CSU equation gives a scour
depth about 10% less than maximum scour.

The modified CSU equation for pier scour.

The modified CSU equation is:

yS = 1.224 K1 K2 K3 K4 80'65 V1 Y1

043  0.135
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where

Scour depth, m

Correction for pier shape from figure and table
Correction for angle of attack of flow from table
Correction for bed condition from table
Correction factor for armoring of the scour hole
Pier width, m

Mean velocity directly upstream of the pier, m/s
Flow depth directly upstream of the pier, m

<
»

-

w

AARNAXN
N

H

<<9o

With these correction factors, the equation predicts maximum pier scour.
3. Qualitatively, this equation tells us that pier scour increases if:

Pier has a blunt, rather than streamlined shape

Flow approaches a long web pier at a large angle of
attack

Bed consists of large dunes

Pier width is large

Velocity is large

Flow depth is large

o

IR -N )

4. The correction factor for pier nose shape, K,, should be used for
angles of attack up to 5 degrees. For greater angles, the correction
factor for angle of attack dominates, pier nose shape loses its effect
and K, should be considered as 1.0. For K,, if L/a is greater
than 12, use the L/a = 12 values as a maximum.

Correction Factor, K, for Pier Correction Factor, K, for Angle of Attack of
Type the Flow

Type of Pier K, Angle L/a=4 L/a=8 L/a=12
(a) Square nose 1.1 0 1.0 1.00 1.0
(b) Round nose 1.0 15 1.5 2.00 2.5
(c) Circular cylinder 1.0 30 2.0 275 3.5
(d) Sharp nose 0.9 45 2.3 3.30 4.3
(e) Group of cylinders 1.0 90 2.5 3.90 5.0

Angle - skew angle of flow
L = length of pier
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L

l—————.-
af_

(a) SQUARE NOSE

i G-~

(b) ROUND NOSE

{ O

(c) CYLINDER

L =(# of Piers)-(a)

L l
q <_ >l O Q,
a
(d) SHARP NOSE (e) GROUP OF CYLINDERS
(See Multiple Columns)

COMMON PIER SHAPES

5. The bed condition correction factor, K;, can be estimated from the
following table:

Bed Condition Dun: (}_rf)ight Ks
Clear-water Scour NA 1.1
Plane bed and antidune flow NA 11
Small Dunes 3>H = 0.6 1.1
Medium Dunes 9>H >3 1.1t01.2
Large Dunes H>9 1.3
6. The correction factor, K,, decreases the calculated depth of scour in

cohesionless materials if coarse material (D;, > 0.06m) is present
in the scour hole. The correction factor ranges from 1.0 for no
armoring to 0.70 for very coarse material.
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7. A Rule of Thumb for estimating pier scour.

Available research suggests for round nose piers aligned with the
flow, the maximum value of the ratio of scour depth to pier width
(y/a) should be taken as 2.4 for tranquil flow and 3.0 for rapid flow.

Thus, as a Rule of Thumb, the maximum depth of a pier scour
hole can be estimated at between 2.4 and 3.0 times the pier
width. This estimate is valid only for round nose piers aligned
with the flow.

Pier Scour for Exposed Pile Groups.

Pile groups that project above the streambed can be analyzed
conservatively by representing them as a single pier width equal to the
projected area of the piles ignoring the clear space between piles. Good
judgment needs to be used in accounting for debris because pile groups
tend to collect debris that could effectively clog the clear spaces between
piles and cause the pile group to act as a much larger mass.

Pier Scour with Pressure Flow.

Pressure flow occurs when the water surface elevation at the upstream
face of the bridge is greater than or equal to the low chord of the bridge
superstructure.

Pressure flow under the bridge results from a pile-up of water on the
upstream bridge face, and a plunging of the flow downward and under the
bridge. At higher approach flow depths, the bridge can be entirely
submerged with the resulting flow being a complex combination of the
plunging flow under the bridge and flow over the bridge.

With pressure flow, the local scour depths at a pier or abutment are
larger than for free surface flow with similar depths and approach
velocities. Laboratory studies of pressure flow scour indicate that pier
scour can be increased 200% to 300% by pressure flow.

Debris.

Debris (trees, brush, trash) or ice accumulating on a bridge pier can
increase the depth of scour significantly.
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Width of Scour Holes.

The top width of a scour hole in cohesionless bed material from one side
of a pier or footing can be estimated as from 1.0 to 2.8 times the depth of
scour. For practical applications use:

W =20y,

where

W = Top width of scour hole from one side of pier, as shown in the
following figure, m

y. = Scour depth, m

J

PILE

-

ESTIMATED WIDTH OF A SCOUR HOLE
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Tips for Inspecting for Pier Scour.

1

Width of pier has a direct effect on the depth of scour.
An increase in pier width means an increase in scour depth.

Length of a pier has no appreciable effect on scour depth if the pier is
aligned with the flow.

If the pier is at an angle to the flow, the length has a very large effect
on the depth of the scour hole. Doubling the length of the pier can

increase the scour depth from 30% to 60% (depending on the
angle of attack).

Flow depth has a direct effect on scour depth.

An increase in flow depth can increase scour depth by a factor of
2 or more.

Velocity of the approach flow increases scour depth.

The larger the velocity, the deeper the scour depth.
Pressure flow.

When bridge deck is submerged, scour depth increases.

Size of the bed material in the sand size range has no effect on
scour depth.

Fine bed material (silts and clays) will have scour depths as deep as
sand-bed streams (even if bonded by cohesion). The effect of
cohesion is to influence the time it takes to reach the maximum scour.

With sand-bed material, the maximum depth of scour is measured in
hours. With cohesive bed materials, it may take days, months, or even
years to reach the maximum scour depth.

Coarser bed material can limit the depth of scour.

Angle of attack of the flow to the pier has a large effect on local scour
(see pier length).
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10.
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Shape of pier has a significant effect on scour. Streamlining the
front end reduces the strength of the horseshoe vortex reducing scour
depth. Streamlining the downstream end reduces the strength of the
wake vortices.

A square-nose pier will have maximum scour depths about 20% larger
than a sharp-nose pier and 10% larger than a cylinder or round-nose
pier.

The shape of the pier nose has no effect on the magnitude of the
scour when the angle of attack is greater than about 5 degrees.

Bed configuration affects the magnitude of local scour.
Ice and debris can increase the width of the piers, change the shape
of piers, and cause the flow to plunge downward against the bed and
increase pier scour.

Debris can be taken into account in the scour equations by
estimating how much the debris will increase the width of the pier.

lll. ABUTMENT SCOUR

A.

B.

Abutment Scour Mechanism.

1.

8

At the upstream end of the abutment, the scour mechanism is the
horseshoe vortex (similar to that which occurs at a pier).

At the downstream end of the abutment, flow can separate from the
boundary and another vortex can form (similar to the wake vortex with
piers) and attack the approach roadway embankment.

Abutment scour can be live-bed or clear-water.

Abutment Site Conditions.

1.

Abutment shape - three general shapes for abutments:
a. Spill-through abutments.

b. Vertical wall abutments without wing walls.
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C. Vertical wall abutments with flared wing walls.
Elevation Elevz;ﬁon Ele‘vation
| A | A l A
| z La | Al
| .
; ; A\l
| Al | A | A'
Plan Plan Plan
—LN — S AN
Section A - A' Section A - A' Section A - A’
(a) Spill Through (b) Vertical Wall (c) Vertical Wall with
Flared Wingwalls

COMMON SHAPES OF ABUTMENTS

2. Abutment locations - abutments may:

a. Project into the channel.
b. Be at the edge of the channel.
G Be set back from channel.

3. Flow may be overbank or confined to channel. Overbank flow returning
to the channel at the abutment increases scour depths because:

a. Returning flow increases the strength of vortices.
b. Typically, the returning flow is sediment free.

4  Abutments at or back from the edge of the channel may have less
scour than abutments that project into the flow because:

a. Bankline may have trees or brush which decrease the flow
velocity and are resistant to scour.
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b. The abutment is out of the main flow and the velocities and
depth will be smaller.

C: Estimating Abutment Scour.

1. There are many equations for abutment scour. Most take into
consideration the different abutment shapes.

2. All the equations are based on laboratory data and will predict the
maximum scour that could occur for an abutment with approach
velocity and depth similar to the main channel, which is rarely the case;
therefore, ALL EQUATIONS ARE FORWORST CASE, CONDITIONS,
and often predict excessive scour depths (see figure).

Flow Distrioution for Laboratory Flow Distribution At Typical Bridges

COMPARISON OF LABORATORY FLOW
CHARACTERISTICS TO FIELD CONDITIONS
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3. Froehlich’s (1989) equation.

Froehlich (1989) analyzed 170 live-bed scour measurements in
laboratory flumes to obtain the following equation:

v, =151 K, KL)% y

0.265 0.61
a Ve + Ya

where
K, = Coefficient for abutment shape (see table)
K, = Coefficient for angle of embankment to flow (see figure)
g = Length of abutment (embankment) projected normal to flow,
m
V., = Velocity of approach flow upstream of the abutment, m/s
Ya = Average depth of flow on floodplain, m
Yy, = Scourdepth, m
Abutment Shape Coefficients.
Description K,
Vertical-wall abutment 1.00
Vertical-wall abutment with wing walls 0.82
Spill-through abutment 0.55
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To correct the abutment scour equation for abutments skewed to the
stream, (K,), use the following figure

¢
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&
S g l.2F ]
- 4
35 I10f =
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. W 0.8 y
O
< g 0.6} // .
Q
g2 oal — 7
s ° 02}, e
o - e/ .
oL 0 1 | // 1
e 0 45 90 135 180
Angle of Inclination, €, deg

CORRECTION FACTOR FOR SKEWED ABUTMENTS

4.

Qualitatively, this equation tells us that abutment scour increases
if:

a. A long approach embankment intercepts overbank flow
b.  The depth of flow upstream of the abutment is large

C. The velocity of flow approaching the abutment is high
d. The abutment is angled (skewed) upstream into the flow

Note that vertical wall abutments will have twice the scour depths
of spill-through abutments.
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Tips for Inspecting for Abutment Scour.

The potential for lateral channel migration, long-term
degradation, and contraction scour should be considered when

inspecting for abutment scour.

Riprap and guide banks can be used to protect an abutment from
failure.

Riprap or some other bank protection should always be used to
protect the abutment from lateral erosion or channel migration.

Abutment scour will be most severe where the approach roadway
embankment leading to the abutment obstructs a significant amount
of overbank flow.

Scour can also occur at the downstream end of the abutment as the
flow expands through the bridge opening.

Abutment scour will increase if the abutment (embankment) is
skewed in an upstream direction (into the flow) as shown in the skew

correction figure.

Abutment scour will decrease if the abutment (embankment) is
skewed in a downstream direction (away from the flow).

Remember, a vertical wall abutment will have twice the scour
depth as a spill-through (sloping) abutment.
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LESSON 6

STREAM INSTABILITY AND SCOUR COUNTERMEASURES

OVERVIEW:

OBJECTIVES:

1.

Method of Instruction: Lecture

Lesson Length: 30 minutes

Resources:

Lesson 6 Outline

Slides

HEC-20, Chapters 5 and 6
HEC-18, Chapter 7

At the conclusion of this lesson, the Participant shall be able to:
Recognize countermeasures for:

Meander migration.

Channel braiding and anabranching.

Long-term aggradation and degradation.
Contraction and local scour.

aoow

Describe scour countermeasures for new and existing bridges.

Explain why riprap is only a temporary countermeasure to protect an
existing bridge from pier scour.

Recognize well-designed riprap.




LESSON 6
STREAM INSTABILITY AND SCOUR COUNTERMEASURES

PURPOSE OF COUNTERMEASURES

A. A countermeasure controls, inhibits, changes, delays, or minimizes stream
instability problems.

B. Countermeasures can be either integral or appurtenant to the bridge.
C. Retrofitting for countermeasures sometimes makes good economic sense.
D. Monitoring is also considered a countermeasure.

FACTORS AFFECTING PERFORMANCE OF

COUNTERMEASURES
A. Stream Characteristics.
il Channel width. 5. Bend radii.
2. Bank height. B. Velocities and flow depths.
3. Bank vegetation. £, Ice and debris.
4. Sediment transport. 8. Flow on floodplain.
B. Construction and Maintenance Requirements.
1. A poorly designed countermeasure can just make the problem
worse.
2 A countermeasure needs to be inspected and maintained frequently.
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COUNTERMEASURES FOR LATERAL CHANNEL MIGRATION

A.

B.

POTENTIAL
CHANNEL CUTOFF

STABILIZED BEND' CROSSING

N\
\

\

!

\
\
I

(a) (b)

A NATURAL CHANNEL

A CHANNEL WITH STABILIZED

MEANDER MIGRATION AND COUNTERMEASURES

Locate Bridge on Straight Reach.

1. Protect existing banks.

2. Establish new alignment. (Yes, a limited cut off program can
work--with sound engineering and consideration of potential

consequences!)
3. Control and constrict channel flow.

Countermeasure Methods Include:

1. Spurs.
. Impermeable.
. Permeable.
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IV.

Rock Apron 1m or more

P

PR
E%E
TYPICAL ROUND NOSE SPUR
2 Revetments.
3. Retardance structures, longitudinal dikes.
4. Jack field.
5. Channel relocation.
COUNTERMEASURES FOR CHANNEL BRAIDING

ANABRANCHING

A. Confine Multiple Channels by:

1 Spur fields.

2. Dikes.

=3 Multiple bridge crossings.

6.3
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VI.

COUNTERMEASURES FOR DEGRADATION AND
AGGRADATION

A. Degradation.

1. Check dams.

2. Drop structures.

B. Aggradation.

1. Maintenance is the most important countermeasure for aggrading
bridge crossings, including:

a. Channelization.

b. Bridge modifications.

C. Continued dredging.

d. Controlled sand and gravel mining. (Yes, sand and gravel
can be considered a renewable resource, with sound
engineering and a consideration of potential consequences!)

CASE HISTORIES OF STREAM INSTABILITY
COUNTERMEASURES

Section 5.7 of HEC-20 summarizes case histories of stream instability problems
at bridge sites and provides information on the success (or failure) of various
countermeasures used to stabilize streams. This information is from a study of
224 bridge sites in North America as reported in Report No. FHWA-RD-78-163
and is recommended reading.
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Vill. COUNTERMEASURES FOR SCOUR AT BRIDGES

A. General.
% New bridges.
a. Locate bridge to avoid adverse flood flow patterns.
b. Minimize bridge obstructions to flow.
C. Design foundations safe from scour.

. Piers should be founded sufficiently deep to not
require riprap or other countermeasures.

. Abutments can be founded above the estimated scour
depth when the abutment is protected by well
designed riprap or other suitable countermeasures.

2. Existing bridges.

a. Evaluate for vulnerability.

b. Monitor and inspect.

5] Flood watch and close if necessary.

d. Replace.

e. Construct countermeasures.

f. Plan of action. (See Chapter 7, HEC-18, and Lesson 7 for
discussion of monitoring inspecting, and closing scour critical
bridges.)
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B. Contraction Scour.

1.
2.
a.
b.
o
C. Local Scour.
1.
2

Stabilization of the bed and banks is not a recommended
countermeasure.

Countermeasures should reduce flow contraction or the effects of
contraction.

Increase flow area at the bridge opening:

. Raise the bridge.

. Widen bridge opening.

. Increase spacing of piers.

Decrease discharge flowing through bridge opening:
. Relief bridges.

. Overtopping approaches.

Retard flow returning to bridge opening:

. Spurs.

. Guide banks (spur dikes).

Countermeasures should reduce scour depth or move scour away

from structural elements of the bridge.

Countermeasures for abutment scour.

a.

b.

Guide banks (spur dikes).

Revetments.
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3. Guide bank functions.

a. Cut off overland flow returning to the main channel.

b. Guide flow through bridge opening.

G. Transfer scour away from bridge abutments.
d. Prevent erosion of approach embankments.
4. Countermeasures at piers.
a. Streamline and align piers to flow.
b. Increase spacing of piers and columns.
C. Riprap is not recommended as a countermeasure for pier

scour at new bridges because it can be removed over
time (see photos).
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Riprap at Pier 2 Schoharie Creek Bridge in 1977
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d. Riprap can be considered as a temporary
countermeasure at existing bridges, but only with
monitoring and inspection during and after high flows.

-------

Fine Granular
Filter

SCHEMATIC OF RIPRAP AND FILTERS

D. Tips for Inspecting Riprap at Bridges.

1.

Riprap should be angular and interlocking. (Old bowling balls
would not make good riprap). Flat sections of broken concrete
paving do not make good riprap.

Riprap should have a granular or synthetic geotextile filter
between the riprap and the embankment to prevent the loss of

embankment material.

Riprap should be well graded (a wide range of rock sizes). The
maximum rock size should be no greater than about twice the
median (D,,) size.
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NOTES:

Revetment riprap must have an adequate burial depth at the toe
(toe down) to prevent it from being undercut. Toe down should be
deeper than the expected long-term degradation and contraction
scour. Additional material should be provided to launch into any
scour hole that develops.

For piers and abutments, riprap should generally extend up to the
bed elevation so that the top of the riprap is visible to the inspector,
during and after floods.

When inspecting riprap, the following would be strong indicators of
problems:

. Has the riprap been displaced downstream?
. Has the riprap blanket slumped down slope?
. Has angular riprap material been replaced over time by

smoother river run material?

. Has the riprap material physically deteriorated,
disintegrated, or been abraded over time?

. Are there holes in the riprap blanket where the filter has
been exposed or breached?
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LESSON 7

NBIS AND CODING FOR STREAM STABILITY AND SCOUR

OVERVIEW:

OBJECTIVES:

Method of Instruction: Lecture

Lesson Length: 30 minutes

Resources:

Lesson Outline

Slides

HEC-18, Chapter 6

T 5140.23

1988 Recording and Coding Guide

At the conclusion of this lesson, the Participant should:

1

Understand how scour and stream stability inspection relates to
the National Bridge Inspection Standards (NBIS).

Understand what is required by Technical Advisory, T 5140.23,
dated October 28, 1991.

Know what a scour-critical rating means.

Understand the relationship between a scour inspection and
NBIS coding.
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LESSON 7

NBIS AND CODING FOR STREAM STABILITY AND SCOUR

. NBIS REQUIREMENTS RELATED TO UNDERWATER
INSPECTION AND SCOUR

Bridge inspection crew at work Dive inspection crew at work

A.

B.

The National Bridge Inspection Standards (NBIS) require that each
State Highway Agency shall have a bridge inspection program.

Each of the 575,400 bridges in the National Bridge Inventory shall be
inspected at regular intervals not to exceed 2 years. There is a provision
for longer periods (4 years) between inspections if justified and approved
by the Federal Highway Administration.

Bridges with underwater members which cannot be visually inspected
during periods of low flow or examined by feel for condition, integrity and
safe load capacity due to excessive water depth or turbidity shall be
inspected by divers at least once every 5 years. Divers inspect for both
scour and structural integrity. Underwater inspections are coded in ltems
92 and 93 of the Recording and Coding Guide for Structure Inventory and
Appraisal of the Nation’s Bridges ("Coding Guide").

The "Coding Guide" involves nearly 100 separate items describing the
bridges, about 25 of which are reviewed at each bridge inspection. Items
relevant to bridge scour and channel stability are: Item 60, Substructure;
ltem 61, Channel and Channel Protection; ltem 71, Waterway Adequacy
(all three included in the original Coding Guide); Items 92 and 93, Critical
Feature Inspection (underwater); and Item 113, Scour Critical Bridges
(tems 92, 93, and 113 were added in the 1988 revision of the Coding

Guide).
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NOTES:
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The 1987 Schoharie Creek bridge failure with national press coverage
provided impetus for inclusion of bridge scour in the NBIS.

The 1988 revision of the "Coding Guide" with its inclusion of bridge
scour strengthened certain coding items and added other items relative to
scour.

The 2-year cycle bridge inspections are the basis for coding Items 60,
61, 71, 92, and 93. Item 113 coding is based on T 5140.23, Scour at
Bridges.

The 1996 revision of the "Coding Guide" includes metric conversion for

coding bridges and the addition of alpha codes "U" and "T" for bridges with
unknown foundations and/or over tidal waterways, respectively.
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. TECHNICAL ADVISORY T 5140.23

EVALUATING SCOUR

v

AT BRIDGES

Technical Advisory T 5140.23

Technical Advisory T 5140.23

A.

A National Scour Evaluation Program as an integral part of the National
Bridge Inspection Program was established by Technical Advisory
T 5140.20, issued in 1988.

T 5140.23, issued in 1991 to supersede T 5140.20, provides guidance on
the development and implementation of procedures for evaluating bridge
scour.

The Technical Advisory indicates new bridges should be designed for
scour by assuming that all streambed material in the computed scour prism
has been removed and is not available for bearing or lateral support.

The Technical Advisory indicates that every existing bridge over a
waterway should be evaluated for scour in order to determine if it is scour-
critical and to define prudent measures to be taken for its protection.

An Interdisciplinary Team consisting of hydraulic, structural, and
geotechnical engineers should conduct the scour evaluations.

The Scour Evaluations should include the following steps:

1. Prioritize scour-susceptible bridges.

2, Perform scour analysis.

=4 Determine scour-critical bridges.
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Results of the Evaluation are Coded in Item 113:

Currently, the bridge inspector in most states does not code Item 113,
but information from a bridge inspection supports the
interdisciplinary engineering team in their scour evaluation and
coding of Item 113.

A single digit code is used to identify the current status of the bridge
regarding its vulnerability to scour. The scour evaluations should be
conducted by an interdisciplinary team comprised of hydraulic,
geotechnical, and structural engineers. A scour-critical bridge is one with
abutment or pier foundations which are rated as unstable due to (1)
observed scour at the bridge site, or (2) a scour potential as determined
from a scour evaluation study.

Whenever a rating factor of 4 or below is selected for this item, the rating

factor for Item 60 - Substructure, should also be revised to reflect the
severity of actual scour conditions and resultant damage to the bridge.

1 Low-risk bridges.

Code

Description

Bridge not over waterway.

Bridge foundations (including piles) well above flood water
elevations.

Bridge foundations determined to be stable for assessed or
calculated scour conditions; calculated scour is above top of
footing (Example A - see figure, p. 7.6).

Countermeasures have been installed to correct a previously
existing problem with scour. Bridge is no longer scour critical.

Bridge foundations determined to be stable for calculated scour
conditions; scour within limits of footing or piles (Example B - see
figure, p. 7.6 ).

Bridge foundations determined to be stable for calculated scour
conditions; field review indicates action is required to protect
exposed piles from effects of additional erosion and corrosion.
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Scour-critical bridges.

Code

Description

Bridge is scour-critical; bridge foundations determined to be
unstable for calculated scour conditions:

- scour within limits of footing or piles (Example B - see
figure, p. 7.6)

- scour below spread footing base or pile tips (Example C -
see figure, p. 7.6)

Bridge is scour-critical; field review indicates that extensive scour
has occurred at a bridge foundation. Immediate action is required
to provide scour countermeasures.

Bridge is scour-critical; field review indicates that failure of
piers/abutments is imminent. Bridge is closed to traffic.

Bridge is scour-critical. Bridge has failed and is closed to traffic.

Scour-susceptible bridges.

Code 6 assumes that a bridge has been screened and is scour-
susceptible. Code 6 is used only to describe the case where a
bridge has not yet been evaluated for scour potential.

Code

Description

Scour calculation/evaluation has not been made.

Other.

Recently, two alpha codes were added to Item 113 (see Metric
Coding Guide, which should be available in January 1996).

Code

Description

Bridge with "unknown foundation that has not been evaluated for
scour. Since risk cannot be determined, flag for monitoring during
flood events and, if appropriate, closure.

Bridge over "tidal" waters that has not been evaluated for scour,
but considered low risk. Bridge will be monitored with regular
inspection cycle and with appropriate underwater inspections.
("Unknown" foundations in "tidal" waters should be coded U.)
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A. Above top
of footing

B. Within limits
of footing
or piles

C. Below pile tips
or spread
footing base
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Technology to identify the type of foundation for bridges with unknown
foundations has not yet been fully developed. Since bridges with unknown
foundations cannot be evaluated for scour until their foundations have been
determined, the stability of bridges with unknown foundations must rely on
documentation and comparison of cross sections taken during regular NBIS
inspections and after flood events.

Similarly, technology for bridges in tidal zones needs further development.
Until this technology is developed, bridges over tidal waterways should be
monitored during regular NBIS inspections and after flood events or storm

surges.

As general guidance, Interstate bridges with unknown foundations and/or
in tidal zones should be evaluated using current technology available and
be monitored during and after flood events or storm surges.

Scour-Critical Bridges Require Development of a Plan of Action (see
Section V).

Bridge Inspectors Should Receive Appropriate Training and
Instruction in Inspecting Bridges for Scour.

1. The bridge inspector should accurately record the present condition
of the bridge, including channel cross-section measurements,
evidence of pier riprap, and abutment protection.

2. The bridge inspector should identify conditions indicative of potential
problems with scour and stream stability.

S Effective notification procedures should be available to permit the
Inspector to promptly communicate findings of actual or potential
scour problems.

4. Special attention should be focused on the routine inspection of
scour-critical bridges and on the monitoring and closing of scour-
critical and other bridges during and after floods.

5. The bridge inspector should be aware of the bed elevation which will
cause a bridge to be unstable.

If Monitoring is Used as a Scour Countermeasure, this needs to be
clearly communicated to the Bridge inspectors. Appropriate data collection
and inspections must then be completed before, during and after floods.
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lll.  ADDITIONAL CODING AND NOTIFICATION

A. Additional Coding for Scour and Stream Stability.

1. Based on the results of coding Item 113, other items related to scour
or bed and bank stability should be reviewed. These include:

Item 60, Substructure; Item 61, Channel and Channel Protection;
Item 71, Waterway Adequacy; Item 92, Critical Feature Inspection
(underwater); and Item 93, Critical Feature Inspection Date.

2. Evaluate condition of:

a. Substructure - Item 60.

This item describes the physical condition of piers,
abutments, piles, fenders, footings, or other
components. All substructure elements should be
inspected for visible signs of distress including
evidence of cracking, section loss, settlement,
misalignment, scour, collision damage, and corrosion.
The rating given by Item 113, Scour-Critical Bridges,
may have a significant effect on Item 60 if scour has
substantially affected the overall condition of the
substructure.

A code of 4 or less in Item 113, Scour-Critical Bridges,
may necessitate a revision in this item to reflect the
severity of actual scour and resultant damage.
Coding guidance.

Code 5 FAIR CONDITION: for "minor" scour.
Code 4 POOR CONDITION: for "advanced"

scour, removal of bed material below the
top of footing or pile cap.
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Code 3

Code 2

Code 1

Code O

Bridge Inspectors Module

SERIOUS CONDITION: for scour having
partially removed foundation support and
seriously affected primary structural
components. Local failures possible with
resulting fatigue cracks in steel or shear
cracks in concrete.

CRITICAL CONDITION: scour has
removed substructure support resulting
in advanced deterioration of primary
structural elements.

"IMMINENT" FAILURE CONDITION:
scour has removed foundation material
resulting in major deterioration in critical
structural components with obvious
vertical or horizontal movement. Bridge
is closed to traffic, but corrective action
may put it back in light service.

FAILED CONDITION: out of service and
beyond corrective action.

Channel and Channel Protection - Item 61.

I. Evaluates physical characteristics such as stream
stability, condition of channel riprap, slope protection
and stream control structures, including guide banks.

il. Undermining of bank and embankment protection.

iii. Coding definition is specific.

Waterway Adequacy - ltem 71.

i. Evaluates the bridge waterway opening with respect to
the passage of flow.

ii. A functional classification shall be used.

iii. Coding definition is specific.
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Critical Feature Inspection - Items 92 and 93.

Critical features which need special emphasis during
inspections are identified, along with the designated
inspection interval.

Could include the need for an underwater inspection
when scour conditions cannot be determined by other
means.

Note that Item 91 provides for special nonscheduled
inspections after unusual physical traumas, including
floods. After and during severe floods, the stability of
the substructure of bridges may have to be determined
by probing, underwater sensors or other appropriate
measures. Underwater inspection by divers may be
required for some scour-critical bridges immediately
after floods.

Enter codes in the respective Items.

Evaluate codes assigned in view of Item 113 coding.

Ensure that all entries on the list of concerns identified during the
Office Review have been addressed.

Coding for ltems 60, 61 and 71 may indicate imminent need for
highway closure. Notify proper authorities immediately.

Notification Procedures for Bridge Inspectors.

1.

2.

A notification plan should be set up by each bridge owner.

Emergency action due to hazardous scour conditions identified
during a bridge inspection may be required.

a.

Immediately advise police authority concerning potential
bridge closure either through designated State highway
agency contact or directly, depending on State’s notification

plan.
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b. Through notification of the State highway agency Unit
responsible for the scour evaluation program and the
Maintenance Unit, activation of the Interdisciplinary Team
should be considered to assist in remedial measures.

Scour and stream stability issues identified in bridge inspections may
require timely but no immediate action and may also necessitate
consideration by the Interdisciplinary Team.

Complete appropriate bridge inspection paper work in a timely
fashion.

Routine inspection findings should be routed to Maintenance,
Hydraulics, and other Units of the State highway agency as-needed.
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PLAN OF ACTION

A.

Bridges Identified as Scour Critical, Either by Office or Field Review,
Require Development of a Plan of Action.

The Plan of Action for Scour-Critical Bridges includes:

1.

Timely installation of temporary scour countermeasures, such as
monitoring, or riprap and monitoring.

Development of a monitoring program which includes both scour
measurements and detailed bridge closure instructions. Scour
measurements may occur as part of:

- Two-year inspection cycle with soundings for all bridges.
*  Underwater inspection at 5-year intervals for all bridges.
+  Periodic inspections after major floods or coastal storm surge.

. Continuous scour measurement with a fixed instrument on the
bridge.

A schedule for the timely design and construction of permanent
scour countermeasures or immediate bridge replacement depending
on risk involved.

A well-designed monitoring program is an acceptable (permanent)
countermeasure; however, the use of monitoring does not fix the
scour problem and the bridge would still be considered scour-critical.

Special instructions to the bridge inspectors and maintenance
personnel, including guidance as to when the bridge should be
closed to traffic.

Recommended items for consideration when developing a plan of
action monitoring plan are outlined in HEC-18, Chapter 7.

Appendix F HEC-18 "Scour Measuring and Monitoring Equipment"

summarizes the capabilities of currently available scour
instrumentation (attached following Lesson 9).
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OVERVIEW:

OBJECTIVES:
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LESSON 8
SCOUR INSPECTION WORKSHOP

Method of Instruction: Workshop
Lesson Length: 90 minutes
Resources:

Lesson Outline

Slides

Inspection Forms

Workshop Solution

At the conclusion of this lesson, the Participant shall be able to:

1. Complete a scour and stream stability inspection.
2 Code a bridge for stream stability and scour.
3. Determine follow-up action needed.
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LESSON 8
SCOUR INSPECTION WORKSHOP

OVERVIEW OF THE PROBLEM

A.

The Inspection Team is conducting inspections on bridges in northern
Pinellas County near Tarpon Springs, Florida (northwest of Tampa).

Bridge Number 150032 which carries U.S. 19 (SR55) over the Anclote
River is scheduled for a biennial inspection. Our objective in the next hour
is to complete the scour and stream stability portion of the inspection and
code Iltem 113.

In the office we have reviewed the last four inspection reports and a
T 5140.23 scour evaluation which was completed in 1993. Bridge plan
and profile have been sketched on the scour inspection cross section sheet
and the last five cross sections have been added.

The Bridge was Rated Scour-Susceptible after a Phase | Qualitative
Scour Evaluation in 1993 and a more detailed scour analysis was
recommended. This more detailed analysis is scheduled but has not been
completed. In the interim, the 1993 evaluation recommended that the
bridge should be inspected following flood events or coastal storms
resulting in storm surge.

Summary of Findings from previous inspection reports and 1993 scour
evaluations.

1. The bridge was constructed in 1970 over a tidally influenced reach
of the Anclote River with tidal marsh upstream and downstream.
Several residential developments are being constructed in the
surrounding area at the edge of the floodplain. The upstream and
downstream channels are vegetated and have stable banks. The
right abutment is at the edge of the channel and the left abutment
projects about 12 m into the channel.

2. Review of the bridge inspection reports identified deterioration of
concrete encasement pier protection. In addition, an area of eroded
riprap on the north abutment was reported in 1993.

8.1




Bridge Inspectors Module

8. There is a potential for high stage flows from both river flooding and
coastal storms or storm surge. Either could cause additional scour
of the easily erodible bed material. The Federal Emergency
Management Agency (FEMA) 100-year flood elevation for the
Anclote River is 10 feet (3.05 m).

4. The foundation of the bridge includes eleven bents with driven steel
(12BP74) and concrete piling. Concrete pile jackets, 0.6 m
diameter, were placed around each exposed steel pile. Plans
indicate the jackets extend from elevation +1.4 m (MSL) to 3 m
below existing ground, or to the top of rock.

5. Soil boring logs taken from the Design Plans indicate that the
surface bed material is silt and sand. A layer of hard limestone is
reported at approximately 16 m below the datum (bridge rail) on
most borings.

6. The following data were located during the office review.

. Design plans dated September 1969, and soil boring logs

. Pile driving records

. Bridge inspection reports dated between May 7, 1970, and
March 16, 1993

. Phase | (qualitative) scour evaluation conducted on August
24, 1993

7. The average daily traffic (ADT) for this bridge is 19,467.
Note: Data for this workshop problem have been altered for

instructional purposes and do not reflect current conditions at
this bridge

II. DETAILED INFORMATION

A.

Review of the 1993 Inspection Report Indicates the Following NBIS
Coding:

ltem 113 Scour

ltem 60 Substructure

Iltem 61 Channel: Channel Protection
Item 71 Waterway Adequacy

oo [N [e>
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Review of the 1993 T 5140.23 Qualitative Scour Evaluation Reveals the
Following Reasons for the Scour-Susceptible Rating:

Bridge susceptible to storm surge and riverine flood flows
Easily eroded bed material

Bridge encroaches on channel with significant overbank flow
Countermeasures at north abutment in poor condition

Large angle of attack

Review of the Files Provided the Following Information for Use in the
Inspection:

A bridge location map from DOT data base
USGS quad sheets for Elfers and Tarpon Springs (1:24000)
An aerial photograph of the bridge reach

A standard set of photographs from the 1993 inspection
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AERIAL PHOTOGRAPH OF THE BRIDGE REACH
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ANCLOTE RIVER

UPSTREAM FACE
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VIEW TO EAST OF UPSTREAM CHANNEL

8.8



Bridge Inspectors Module

g

o A AL S

24

SOUTH ABUTMENT - GROUTED RIPRAP ARMORING

8.9



Bridge Inspectors Module
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VIEW TO WEST OF DOWNSTREAM CHANNEL
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WORKSHOP PROBLEM

A. During the Field Visit a Portable Sonic Sounding Device was used to
Obtain the Following Sounding Information.

Top of Rail to Sounder Reading Distance to
Water Surface Streambed
(m) ) i (m)
Bent 2 4.8 7.9 2.41 7.21
Bent 3 4.8 17.4 5.30 10.10
Bent 4 4.8 22.9 6.98 11.78
Bent 5 4.8 20.7 6.31 11.11
Bent 6 4.8 19.7 6.00 10.80
Bent 7 4.8 17.7 5.39 10.19
Bent 8 4.8 10.8 3.29 8.09
Bent 9 4.8 7.9 2.41 7.21
Bent 10 4.8 8.2 2.50 7.30

Plot these soundings on the Scour Inspection Cross Section Sheet (see
Page 8.14).

What problems do the soundings indicate?

What is the most likely cause of this change?
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While completing the soundings, you observe a high water mark stain on
the piling (normal tide) about 0.5 m above the water surface. The water
surface appears low in relation to bank height and the tide is going out.

You estimate the distance from the upstream face of the bridge to the
downstream face to be 10.7 m. You drop an orange (biodegradable) at the
upstream face and measure its travel time to the downstream face at 15.3
seconds.

What is the surface velocity?

V=___-= m/s

While inspecting the right (north) abutment you note that the sand cement
(grouted bag) slope protection reported as eroding in 1993 has not been
repaired and appears to be deteriorating.

Using the Information Presented Above, Complete the Scour
Inspection Office/Field Review Report.

Note: You can request review of slides, as needed.
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County: Pinellas

I SCOUR_INSPECTION - SUMMARY SHEET l

Bridge No.: 150032 Route: SR55(US19)

Waterway: Anclote R.

PREVIOUS SCOUR VULNERABILITY RATING 2. CURRENT SCOUR VULNERABILITY RATING
a. Scour Critical O YES M NO a. Scour Critical O YES O NO
Scour Susceptible H YES J NO Scour Susceptible O YES ] NO
Low Risk O YES M NO Low Risk O YES O NO
Tidal M YES O NO Tidal O YES O NO
Foundation B Known [ Unknown Foundation O Known O Unknown
b Reasons for vulnerability rating: b. Rﬁasons for vulnerability rating or
changes:
e Bridge susceptible to storm surge and
riverine flood flows
e Fasily eroded bed material
e Bridge encroaches on channel with
significant overbank flow
e Countermeasures at north abutment in
poor condition
e Large angle of attack
CODING
Previous Recommended*
[tem 113 Scour 6
Item 60 Substructure 7
Item 61 Channel & Channel Protection 8
Item 71 Waterway Adequacy 8
*Major change in condition rating requires corrective action (see 4)
RECOMMENDATIONS/ACTION
O No further action required O Plan of Action
[0 Qualified interdisciplinary team O Monitor (specify
conduct foundation scour and frequency/criteria
structural analysis
O Install scour countermeasures
O Underwater or follow up inspection
required O Repair existing countermeasures

O Notification

O Close Bridge or Contingency Plan
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Bridge Number
SCOUR INSPECTION CROSS SECTION SHEET
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5 — SOFT LMEROCK & CLay 11 — SOFT ROCK
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NOTES: PROFILE
1. DRAWING BASED ON 1969 DESIGN PLANS.
(STATE PROJECT NO. 15150-3517) CHANNEL SOUNDING LEGEND
2. SOIL BORING DATA BASED ON 1969 DESIGN PLANS. e 1393 INSPECTION REPORT
(STATE PROJECT NO. 15150-3517) 1991 INSPECTION REPORT
3. CHANNEL CROSS—SECTION TAKEN FROM LEFT ——— 1989 INSPECTION REPORT
SIDE OF BRIDGE. e — 1987 INSPECTION REPORT
4. 1969 MUD LINE WAS SCALED FROM THE DESIGN — - < —— --— 1986 INSPECTION REPORT
PLANS AND IS APPROXIMATE. ————— 1969 DESIGN PLANS
Instructions:

(1) Office Review: Sketch plan and profile of bridge and plot previous cross sections from
bridge inspection files or T 5140.23 scour evaluation.

(2) Field Review: Plot cross section (soundings) taken in field and compare with previous

cross sections for indications of Tong-term aggradation, degradation, or local cross
section changes.
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Bridge Number

SCOUR INSPECTION

1. SITE FIELD REVIEW

- OFFICE/FIELD REVIEW REPORT

4 Fvidence of Scour at Structure (Response: YES/NO or Comment.)
1) Abutment Tilting / Moving In: OO YES (1 NO
2) Pier Rotating/Tilting 0 YES (1 NO
3) _Slopes Washing In / Sloughing: O YES [1 NO
4) _Scour Near Abutments / Bents: [0 YES [1 NO
5) Loss of abutment protection or pier riprap O YES [1 NO
6) Bridge Rail or Deck S5agging: 0 YES [1 NO
7)__Debris: 00 YES [1 NO
b Feasibility of Monitoring During High Flow
1) _Rod / Pole / Weight from Deck: 0 YES [1 NO
2) Portable Monitoring Device: O YES [ NO
3) Fixed Monitoring Device: 0 _YES [1 NO
¢ Feasibility of Adding Riprap/QOther Countermeasures. 0 YES (1 NO

2. ABUTMENTS

a. Structure Type: [ Bridge O Conc. Box Culvert
b, Abutment Type: (] _Spill Throuah [] Vertical Wall [J Wing Walls ] Seawall
c. Foundation Dimensions, (L,W,D) Embedpent Exposure
(m) (m) (m)
] Spread Footings
] Pile Caps
JPHES 1.5X1.5X20 (ft)
[0 _Drilled Shaft
Source of Data: O Field Review M Design Plans O As-Builts
[1 Pile Driving Records [ Inspection Records [ Other
d. Location from Bank Left (m) Riaght (m)
Set Back
At Edae of Channel
Project Into Channel
e Protection
1) Countermeasures: [ Sand Cement [ Riprap O Commercial Block [ Grouted
] Seawall ] Guide Bank [ None [ Other
2)  Condition of Countermeasures: [J N/A Good Fair Poor Unknown
Left O O | O
Right O | ]
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Bridge Number

[ SCOUR INSPECTION - OFFICE/FIELD REVIEWREPORT
3. PIER

a._ Tvpe (Typical or Worst Pier)

[ Concrete Wall [ Pile Bent [ Column
b, location: [J Channel [ Qverbank
c. Shape: [ Square [ Rounded [ Sharp Nose
d. Width ( ) m Lepagth ( 10.7 ) m
e Flow Angle of Attack: Flood Flow ( °) Normal Flow ( i)
f. Foundation Dimensions (L,W,D) Embedpent Exposure
(Worst Pier) (m) (m) (m)
[1 Spread Footina
[JPile Cap
[1 Piles
] Drilled Shaft
Source of Data: O Field Review [0 Design Plans O As-Builts

[] Pile Drivina Records [0 Inspection Records [ Other

g, Protection:

1) Countermeasures: [ Sand Cement [ Riprap O Commercial Block [ Grouted
[ Seawall [1 None [1 Other:

2) Condition of Countermeasures: [J1 N/A [ Good [ Fair [ Poor 1 _Unknown

4, CHANNEL LATERAL STABILITY

a.  Bends

1) Bridae Location: [0 Upstream of Bend [J Downstream of Bend 1 In Bend

2) Channel Migration [] Yes (1 No
3) Countermeasures [ Yes (1 No Type:
b Bank Condition: Upstream Downstream
1) Froding 1 ]
2) Stable ] [
3) Vegetated [ |
4) Seawall | [l
5) Countermeasures [1 Yes [0 No Type:
c. Point Bar Under Bridge: [] Yes [1No
Islands or Bars
1) Upstream (] Yes (1 No
| 2) Downstream _ []Yes __[1 No
8.16




Bridge Number

R
5. CHANNEL VERTICAL STABILITY

——1 L T 2R e
—_—— |

v E

a. Exposed Footing O Yes [JNo [J Unknown
b, Exposed Piles O Yes [J No [J Unknown
c. Contraction Scour (Encroachment)
1) Overbank Flow Oleft DOYesONo ( m)
ORight [JYes [INo ( m)
2) Relief Bridge(s) ] Yes 1 No
3) Roadway Overtopping [ Yes O No [J Unknown [ Possible
4) Bridge Overtopping ] Yes O No [J Unknown [J Possible
d. Long Term
1) Adggradation O Yes 0 No [ Unknown
2) Degradation 0 Yes O No [ Unknown
e. Bed Material
(] Sand
(] Gravel
(] Cobbles
(1 Other

6. OVERALL STREAM STABILITY (complete attached figure)

a. Alluvial Fan L1 Yes [ No

b. Dam or Reservoir L1 Yes [ No [J Upstream [J Downstream
c. River Form: [] Straight [] Meandering [J Braided [ Man Made
d. Instream Mining / Dredaing L] Yes (1 No

e. ?ﬁggﬁg%ss%ggggpt drop 1in O Yes O No

f__Diversions 0] Yes 1 No

g. Channel Straightening L] Yes J No

h. Stream Size: [ Small (<30 m)

] Medjum (30-150 m)

O Large (>150 m)

1. Flow

Characteristics: [ Ephemeral

O Intermittent

[J Perennial O] Tidal |

8.17
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STREAM SIZE Small Medium Wide
(<30 m wide) <0 150} (> 150 m)
FLCHRER Ephemeral (Intermittant) Perennial but flashy

BED MATERIAL

Cobble or Boulder

Silt-Clay Gravel

VALLEY
SETTING .
Low relief valley Moderate relief High relief
30md (30-300 m deep) (> 300 m deep)
ooorans | ()
ittl N
(< 3 hanne) wedth) (2-10 x channel width) = Dxanslsidin)
evees LA s =7 ey
Mainly on concave Well developed on both banks
APPARENT
INCISION Vﬁ %‘
[~ ]
Probably Incised
CHANNEL .“‘“ D) N
BOUNDARIES iRaE=S HHsafil
luvi Semi-alluvial Non-alluvial
TREE COVER
ON BANKS < 50 percent of bankline 50-90 percent of bankline > 90 percent of bankline
v
b \/\/\/
. Straight Sinuous Meandering Hi g Meandering
Sinuosity (1-1.05) (1.06-1.25) (1.25-2.0) S percent)
iyl = —== ===
STREAMS N = =
Not braided Locally braided Generally braided
(<S5 percent) (5-35 percent) (> 35 percent)
ANABRANCHED \-\//@—/\’\f
STREAMS e =
Not anabranched Locallg anabranched anabranched
(<5 percent) 3-35 percent) percent)
\_—/
VARIABILITY \M W
OF WIDTH AND 4 i
DEVELOPMENT Equiwidth Wider at bends Random variation
OF BARS ﬂ

Narrow point bars Wide point bars Irregular point and lateral bars

FACTORS THAT AFFECT STREAM STABILITY
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[ scow mecrion- oFflce/pEoReviEwRePRT

7. OTHER CONSIDERATIONS

a.  Sediment Transport:

1) [J live-Bed Condition [ Clear-Water Condition [J Unknown

2) Armored Bed [1 Yes [1 No [1 Unknown
b, Watershed: [ Agricultural [J Forested [J Swamp (1 Urban
c. Tributaries [1 Upstream [] Downstream [ No Factor
d. Distance to confluence of next stream or water body - km (2.5) upstream
e. _In-channel vegetation [1 None [1light [] Heavy
f._Qverbank vegetation [] None [1Llight (] Heavy
8. TIDAL WATERWAYS
a. Tidal Influence: (1 Yes (1 No [] Unknown [ Possible
D. Tidal Features: [1 Bay [1 Estuary [1 Inlet [1 Barrier Island
Tidal Conditions:
1) Normal Range [1 Field Observation [1 Tide Table
2) Storm Surge [1 Yes [1 No
3) Seiching (wind set up) [1 Yes (1 No

4) Distance to coast - km (1.6) Km Along Thalwea (1.6)

5) Traffic: O Ship O Recreation [ Commercial O Barge
[ Intracoastal Waterway

9, ADDITIONAL COMMENTS

a. Photographs: [ Bridge Number O Upstream Channel [J Upstream Face
(] Downstream Channel [ Downstream Face

b. Conditions at time of inspection:

1) Flow conditions (riverine) [1low Flow (] Bank Full [1 Qverbank
2) Flow conditions (tidal) 0 Low Tide O Slack Tide O High Tide
[1 Ebb Tide [1 Flood Tide
3) Flow velocity: Surface velocity can be estimated in the field from the time of

travel of a floating object over a known distance.

y - distance _

- m/s
time

4) Flow depth ( ) M

5) Hiah water mark ( ) m above normal flow

C. Remarks:

Field Inspectors:

Date of Inspection: Time of Inspection.
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Code l S Description ,

LOW-RISK BRIDGES

Bridae not over waterway

Bridae foundations (including piles) well above flood water elevations

Bridge,foundation? determined to pe stable for assessed or %a1cu1ated scour
conditions: calculated scour is above top of footing (Example A)

Countermeasures have ?een installed to,coqrect a previously existing problem with
scour. Bridae is no longer scour critica

Bridge foundatians determined_%o be stable for calculated scour conditions; scour
within limits of footing or piles (Example B)

Bridge foundations determined to be stable for ca]cu]ated scour conditions; field
review indicates action 1s required to protect expose piles from effects of
additional erosion and corrosion :

SCOUR-CRITICAL BRIDGES

Bridge is scour critical; bridge foundations determined to be unstable for calculated
scour conditions:

- scour within limits of footing or piles (Example B)
-_scour be%ow spread footing bage orpoi?e L£ips %Examo1e Q)

Bridge is scour critical; field review indicates that extensive scour has occurred at
a bridae foundation. Immediate action is required to provide scour countermeasures

Bridges is scour criti%a1; field review indicates that failure of piers/abutments 1is
imminent. Bridage is closed to traffic

Bridae is scour critical Bridae has failed and is closed to traffic

SCOUR _SUSCEPTIBLE BRIDGES

Scour calculation/evaluation has not been made

OTHER

Bridge with "unknown" foundation that has not been evaluated for scour. Since risk
E ggggebe determined. flag for monitoring during flood events and, 1f appropriate,

Bridge over "tid?1" waters that has not b?en evaluated for ?cour, but considered 1ow
risk. Bridge will be monitored with regular inspection cycle and with ap ropriate
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Bridge Number

CALCULATED SCOUR DEPTH

.........

A. Above top HHHHHH HHHHHHHHHH

of footing

B. Within limits /[—\\—_’]‘ }

of footing N SR " il
S e PPN S _' -+

|

C. Below pile tips

or spread

footing base  fyppiriiiHH R

SPREAD FOOTING PILE FOOTING
(NOT FOUNDED
[N ROCK)

+HHHHH++H+ = Calculated scour depth

ACTION NEEDED

None - indicate
rating of 8 for
this item

Conduct
foundation
structural
analysis

Provide for
monitoring

and scour
countermeasures
as necessary

EXAMPLES FOR CODING GUIDE ITEM 113-SCOUR CRITICAL BRIDGES
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Bridge Inspectors Module

Using the results of the field visit as noted on the Scour Inspection
Office/Field Report and the soundings taken in the field, complete Part 2
of the Scour Inspection Summary Sheet.

Using the Scour Inspection Coding Sheet for Item 113, determine a
current scour coding.

Reevaluate other NBIS coding items related to scour (ltems 60, 61,
and 71) and recode as appropriate.

Complete Part 4 of the Scour Inspection Summary Sheet -
Recommendations/Action.

What follow-up action is required?

If a Plan of Action is recommended, what are the essential elements?

8.22



Discuss any other observations and potential problems for this bridge as
a result of your inspection for scour.

A solution to the workshop problem is attached following Lesson 9.
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Bridge Inspectors Module

LESSON 9

SUMMARY OF SCOUR INSPECTION PROCEDURES

OVERVIEW:

OBJECTIVES:

Method of Instruction: Lecture
Lesson Length: 30 minutes
Resources:

Lesson Outline

Slides

At the conclusion of this lesson, the Participant shall be able to:

1. Identify the steps necessary to complete a scour and stream
stability inspection.

2. Understand a standardized procedure for completing scour
and stream stability inspections.

3. Relate a scour and stream stability inspection to NBIS
coding.




Bridge Inspectors Module

LESSON 9

SUMMARY OF SCOUR INSPECTION PROCEDURES

I BRIDGE INSPECTION PROCEDURES - STREAM STABILITY
AND SCOUR

A.

This lesson summarizes the procedures applied to a field problem in the
scour inspection workshop (Lesson 8). Detailed guidance is provided on
the use of the Scour Inspection Summary Sheet and the Scour Inspection
Office/Field Review Report in relation to the National Bridge Inspection

Standards.

Inspection Objectives.

1: Accurately record present condition of bridge and channel.

2. Identify potential problems from scour and stream instability for
further review and evaluation by others.

Office Review.

F Prior to bridge inspection.

2. Consider these issues at each site:
a. Previous 2-year cycle bridge inspections.
b. Previous underwater inspections.

o Status of scour evaluation (T 5140.23).
i. Unknown foundation?
ii. Scour critical bridge?
iii. Bridge being monitored?

iv. Scour countermeasures?

V. Plan of action?




NOTES:

Bridge Inspectors Module
Previous cross sections.
i. Location.
il. Plot and compare.
Determine equipment needed.
Compare sketches and ground and aerial photos.
Confer with Maintenance Staff for observed problems.

Confer with Hydraulic Unit for unusual discharges and any
other hydraulic aspect(s) impacting the site.

Develop a list of concerns that will require special attention
during the inspection.
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Bridge Inspectors Module

. STANDARDIZED PROCEDURES

A.

Inspection Procedures.

1. Standardized procedures for inspecting bridges for stream stability
and scour will ensure that results of the bridge inspection can be
replicated.

2. A standardized approach will permit comparing sequential inspection

results to detect progressive scour and stream instability problems
as they develop.

3 Standardized procedures will support development of a district-wide
or state-wide database on bridge scour status.

4 Stream stability and scour inspection procedures should incorporate
the guidelines of HEC-20, Stream Stability at Highway Structures,
and HEC-18, Scour at Bridges.

Suggested Approach.

1. A suggested approach to scour and stream stability inspections is
presented as an Office/Field Review Report.

2. This standardized approach was developed in cooperation with
Florida DOT to support T 5140.23 scour evaluations and has been
revised to support the broader requirements of the normal inspection
cycle and NBIS coding.

3 Because of the complexity of inspecting stream stability and scour
factors, the approach is qualitative, requiring an understanding of
the processes involved. Good judgment and experience are
required to arrive at the scour vulnerability rating.

4. A detailed scour evaluation requires analyses by qualified
hydraulic, structural, and geotechnical engineers. The
qualitative evaluation resulting from this suggested approach
provides guidance to the inspector to determine if a major
change has occurred in any coding item related to stream
stability and scour. If so, the interdisciplinary team of
engineers must reevaluate the bridge.

A Suggested Office/Field Review Report Format is presented on pages
9.4-9.12. Explanation of the sections of the report is presented in Section
D and guidelines for the scour vulnerability rating are presented in Section
E.
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SCOUR INSPECTION - SUMMARY SHEET

Bridge No. Naterway.

Item 113 Scour

[tem 60 Substructure

Item 61 Channel & Channel Protection

Item 71 Waterway Adequacy

*Major change in condition rating requires corrective action (see 4)

o ee ..
1. PREVIQUS SCOUR VULNERABILITY RATING 2. CURRENT SCOUR VULNERABILITY RATING
a. Scour Critical £ YES O NO a. Scour Critical CJ YES CJ NO
Scour Susceptible O YES CJ NO Scour Susceptible OJ YES [ NO
Low Risk O YES O NO Low Risk O YES O NO
Tidal O YES CJ NO Tidal O YES O NO
Foundation 0 Known [ Unknown Foundation 0 Known  [J Unknown
b. Reasons for vulnerability rating: b. gﬁgﬁggngor vulnerability rating or
3. CODING
Previous Recommended*

4. RECOMMENDATIONS/ACTION

O No further action required O Plan of Action
(0 Qualified interdisciplinary team O Monitor (specify

conduct foundation scour and frequency/criteria

structural analysis

O Install scour countermeasures

O Underwater or follow up inspection

required O Repair existing countermeasures
[ Notification O Close Bridge or Contingency Plan
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Bridge Number
SCOUR INSPECTION CROSS SECTION SHEET
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Instructions:

(1) Office Review: Sketch plan and profile of bridge and plot previous cross sections from
bridge inspection files or T 5140.23 scour evaluation.

(2) Field Review: Plot cross section (soundings) taken in field and compare with previous
cross sections for indications of long-term aggradation, degradation, or local cross

section changes.
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SCOUR INSPECTION - OFFICE/FIELD REVIEW REPORT

—_— |
1. SITE FIELD REVIEW

3 Evidence of Scour at Structure (Response: YES/NO or Comment.)

1) Abutment Tilting / Moving In: O YES [0 NO
?2) Pier Rotating/Tilting O _YES [ NO
3) Slopes Washing In / Sloughing: 1 _YES [0 NO
4) Scour Near Abutments / Bents: [0 YES [0 NO
5) loss of abutment protection or pier riprap O _YES [0 NO
6) Bridae Rail or Deck Saaging: [0 _YES [1 NO
7)  Debris: [0 _YES [0 NO
b Feasibility of Monitoring During High Flow
1) Rod / Pole / Weight from Deck: [O_YES [0 NO
2)  Portable Monitoring Device: [0 YES [0 NO
3)  Fixed Monitoring Device: 0 _YES [ NO
¢ Feasibility of Adding Riprap/QOther Countermeasures: 0 _YES [ NO
2. ABUTMENTS
a. Structure Type: [O Bridge O Conc. Box Culvert
b, Abutment Type: [0_Spill Through [1 Vertical Wall [J Wina Walls ] Seawall
c. Foundation Dimensions, (L,W,D) Embedment Exposure
(m) (m) (m)
[0 Soread Footinas
[1 Pile Caps
[ Piles
[0 Drilled Shaft
Source of Data: O Field Review O Design Plans O As-Builts
[] Pile Driving Records [ Inspection Records [ Other
d._location from Bank left (m) Right (m)
Set Back
At Edae of Channel
Project Into Channel
e, Protection
1) Countermeasures: [ Sand Cement [ Riprap O Commercial Block [ Grouted
[ Seawall [1 Guide Bank [ None [1 QOther
2)  Condition of Countermeasures: [ N/A Good Fair Poor Unknown
| eft | [ [ [
Riaght | O
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_SCOUR INSPECTION - OFFICE/FIELD REVIEW REPORT

3. PIER
a  Type (Typical or Worst Pier)
[1 Concrete Wall [0 Pile Bent [ Column
b |location: [ Channel ] _Qverbank
¢ Shape: [ Square ] Rounded [ Sharp Nose
d._ Width ( ) m Length ( ) M
e Flow Anale of Attack: Flood Flow ( °) Normal Flow ( °)
f. Foundation Dimensions (L.W.,D) Embedment Exposure
(Worst Pier) (m) (m) (m)

1 Spread Footing

] Pile Cap

1 Piles

] Dri