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Bridge Scour: Evaluation, Documentation and Coding

Part 1 - History of Scour Evaluations
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History of Bridge Scour Evaluation Program

1973, 1978

Scour of bridge foundations 23 CFR 650 Subpart A
identified as most common cause Freeboard shall be provided, where
of bridge failure. practicable, to protect bridge

FHWA studied 383 bridge failures
caused by catastrophic floods.

structures from debris- and scour-
related failure.

73 Bridge Failures o A

Flooding in Pennsylvania, Virginia 17 Bridge Failures
and West Virginia.

Spring floods in New York and New
England.

Schoharie Creek Bridge Failure
killed 10 people.
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History of Bridge Scour Evaluation Program

1987 R

FHWA Memo 1988

Each state should evaluate the risk FHWA TA T5140.20

of its bridges being subjected to “Evaluating Scour at Bridges”
scour damage during floods on the = Detailed Scour Evaluations for all
order of a 100 to 500 year return new bridges

period or more. = Evaluate Scour Risk for All

existing bridges

1989 — Screenings (March 1991)

NBIS (23 CFR 650 Subpart C) - Evaluations (January 1997)
= Plan of Action (POA) for Scour

Critical Bridges

= At Least One Channel Cross

Section Required During
= Adds Underwater |nSpeCtI0n |nspections

Improved Procedures for Designing,
Protecting and Inspecting Bridges
for Scour
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History of Bridge Scour Evaluation Program

1991 R

= FHWA TA 5140.23

— Scour Plan of Action
* Monitoring
* Countermeasures

= FHWA HEC-18 (15t Ed.)

Screening”)

New and Updated Guidance

= TxDOT Scour Vulnerability
Examination and Ranking
(SVEAR) Procedure (a.k.a. “Initial

g 1991

TxDOT Bridge Design Guide (1%t Ed.)

Future scour depth, including scour
due to...the pier, should be
estimated...and taken into account
in the structural design.

Foundation elements must extend
sufficiently below the scour line to
resist design loads.

Structural design of the pier
elements should be considered in
terms of the anticipated scour.
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History of Bridge Scour Evaluation Program

1992 B

AASHTO Standard Specifications for

Highway Bridges

Hydraulic studies are a necessary .m

part of the preliminary design of a

bridge and should Texas Secondary Evaluation and
include...estimated scour depths Analysis for Scour (TSEAS)

The probable depth of scour shall = Secondary Screening

be determined by subsurface

exploration and hydraulic studies - Initial Screening (SVEAR) was

too conservative
In all cases, the pile length shall be

determined such that the design = Concise Analysis

structural load may be safely - Goal was to quickly evaluate as
supported entirely below the many bridges as possible
probable scour depth. - Simplified, conservative

estimate of scour depth
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History of Bridge Scour Evaluation Program

2001 R

Revisions to NBI Items 60 and 113

= |If [tem 113 < 3, Item 60 Should
Be Consistent with Item 113

Hydraulics Brach Moves from Bridge

= Additional Codes for Item 113
Division to Design Division.

- “U” (Unknown foundation, not
evaluated for scour)

- “T" (Bridge over tidal waters, .—m

not evaluated for scour)

| NBIS Update
- Plan of Action (POA) | Plan of Action (POA) required for all
Recommended for Bridges scour critical bridges.

Coded “U” or “T”"

FHWA Target Date
Jan. 2006

July 2, 2020

Bridge Scour: Evaluation, Documentation, and Coding



History of Bridge Scour Evaluation Program

Scour evaluations are addressed in:

= Hydraulic Design Manual
Hydraulics Section
Design Division

= Geotechnical Manual ‘m

Geotechnical Branch Hydraulics Section continues to
Bridge Division lead the H&H side of bridge scour.

Geotechnical Branch becomes the
Office of Primary Responsibility
(OPR) for bridge scour.
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History of Bridge Scour Evaluation Program

2008

TXDOT Scour Summary Sheet

2008

Provides quick reference for Bridge FHWA Technical Guidance for
Inspection Personnel: Unknown Foundations

= Calculated Scour Depth

= Max Allowable Scour Depth
= Observed Scour Depth

= Trigger Elevation/Condition

= Search the Archives
- Plans, Standards, Design
Guides, and Specifications
- ldentify Common Practices of
the Time Period of Orig. Const.
= Consider Subsurface Conditions,
Nearby Bridges
= Consider Using Subsurface NDT
Methods to Confirm Foundation
Type and Length
= |f Characterization is Possible,
Perform a Scour Evaluation
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History of Bridge Scour Evaluation Program

2012 R

g 2012

FHWA Risk & Data Utilization

Strategy for Unknown Foundations

= Bridge Importance
= Scour Risk
- Likelihood
- Consequence
= Operational Characteristics

TxDOT Risk Assessment for
Unknown Foundations

= Performed by Geotechnical
Branch

g 2014

Bridge Division Memo

Stop Showing Scour Envelope on
Bridge Layout

2018 R

Bridge Scour: Evaluation, Documentation, and Coding

FHWA NBIS Oversight Program
= Metric 18, Scour Critical Bridges

- Documented Scour Evaluation
Required for Bridges Over
Water

- POA Prepared and
Implemented for all Scour
Critical Bridges
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History of Bridge Scour Evaluation Program

2019 R

Coastal Hydraulic Design

5

TSEAS is Retired
= July 2020

New TxDOT Scour Evaluation Guide

Bridge Scour: Evaluation, Documentation, and Coding

New Chapter Added to the Hydraulic 'm
Design Manual.

TxDOT Plan of Corrective Action
(Metric 18)

= Scour Evaluations Must Be
Documented in AssetWise

= Coding Updates within 90 Days of
Evaluation or Inspection

Bridge Scour Webinar!
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Bridge Scour: Evaluation, Documentation, and Coding

Part 2 - Introduction of TxDOT Scour Evaluation Guide

= Scour Terminology

= Maximum Allowable Scour Depth

= Scour Coding

= Scour Evaluation & Documentation Requirements
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Introduction to TxDOT Scour Evaluation Guide

Chapter 1 - TxDOT Scour Evaluation Program §®

Chapter 2 - Maximum Allowable Scour Depth le

Chapter 3 - Material Characterization of Transportation

Chapter 4 - Scour Coding Scour Evaluation Guide
Chapter 5 - Unknown Foundations July 2020

Chapter 6 - Scour Vulnerability Screening

Chapter 7 - Scour Vulnerability Assessment

Chapter 8 - Detailed Scour Evaluations Based on Analyses
Chapter 9 - Trigger Elevations & Conditions

Chapter 10 - Stone Protection Riprap at Bridges

Appendix A - Scour Coding Guidance

Appendix B - SRICOS Method for Contraction & Pier Scour
Appendix C - Scour Summary Sheet for Span Bridges
Appendix D - Scour Summary Sheet for Bridge-Class Culverts
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Scour Terminology

What is bridge scour?

Erosion of stream bed or bank material due to flowing water

What is a scour evaluation?

A judgment about a bridge’s vulnerability to bridge scour

How is that judgment made?

Screening, Assessment, or Analysis
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Scour Terminology

What is the purpose of a scour evaluation?

To determine whether a bridge is low risk to scour, or scour critical

What is a scour critical bridge?
A bridge which requires additional attention ...
to monitor, protect, repair, retrofit, or replace foundations ...

which are vulnerable to damage from observed or calculated scour.
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Scour Terminology

TxDOT Scour Evaluation Guide
Scour Evaluation Procedures Chapter 1

= Screening
- ldentify bridges not susceptible to scour

The evaluation or investigation of something as part of a methodical
survey and to assess suitability for a particular role or purpose.

= Assessment
- Qualitative evaluation based on observed data

The evaluation or estimation of the nature, quality or ability of someone
or something.

= Analysis
— Quantitative evaluation based on hydrology, hydraulics and geotech

A detailed examination of the elements or structure of something.
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Scour Evaluations

TxDOT Scour Evaluation Guide
Scour Evaluations based on Screening Chapter 6

= |dentify Bridges Not Vulnerable to Scour

— Bridges Not Over Waterways

- Foundations Protected by
Non-Erodible Channel Materials

Minimal or Moderate Foundaiton Exposure

! .

( Maximum Possible Scour Depth Would Only Cause

Erodible Stratum { ‘

- Ymp —

Ya

~Non-Erodible
!— Stratum
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Scour Evaluations

TxDOT Scour Evaluation Guide
Scour Evaluations based on Assessment Chapter 7

= Qualitative Evaluation Based on Observed Data
— Current and Historical Scour ™

— Lateral Stream Migration

> Normal or Enhanced

— Channel Condition -
Scour Vulnerability

- Channel Materials /
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Scour Evaluations

TxDOT Scour Evaluation Guide
Scour Evaluations based on Analysis Chapter 8

= Calculate Scour Depth for Specific Flood Frequencies
— Site-Specific Hydrology Study
— Hydraulic Modeling

— Scour Calculations
e Contraction Scour

* Pier Scour (“Local Scour”)

- Engineering Judgment
Erodible Strata{;—f—; e

Non-Erodible
Stratum

No Calculated Scour Below This Interface J
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Scour Evaluations

TxDOT Scour Evaluation Guide
Maximum Allowable Scour Depth Chapter 2

= How much scour can occur before a foundation becomes unstable?

= |t depends on:

—

- Subsurface Material S~ As-Built

Channel Profile

- Foundation Type

Unbraced
Length

- Foundation Size

— Original Embedment

|

- Unbraced Length

Foundation Size

Original Embedment

-*
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Scour Evaluations

Maximum Allowable Scour Depth
* Rules of Thumb

- Bearing Capacity

- Rotation

- Unbraced Length

= Structural Analysis

Bridge Scour: Evaluation, Documentation, and Coding
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Scour Evaluations

Maximum Allowable Scour Depth

—

= /— As-Built
= Rules of Thumb TCU 8%‘:9 Channel Profile
@T 2
- Bearing Capacity Sl
_ Rotation N 1 Ll -~

- Unbraced Length

2 Original
Embedment

= Structural Analysis

r >~ Skin Friction

:

ﬁw
Point Bearing

ys = Observed or Calculated Scour Depth

Original Embedment

— e e

— )

Y, = Max Allowable Scour Depth for Bearing
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Scour Evaluations This slide has been updated.

Maximum Allowable Scour Depth *|E the foundation is

= Rules of Thumb embedded in hard rock:

» Ignore the bearing capacity
rule of thumb (y,,).

» Determine the Max Allowable
Scour Depth for Rotation (y,,):

- Bearing Capacity

=D

- Rotation*

- Unbraced Length -
Y., = Original Embedment - D

= Structural Analysis =E,- D

I — = }Erodible Strata

Minimum Socket Thickness

—~l

*
~Non-Erodible
Stratum

e

—

Foundation Size, D
(Drilled Shaft Diameter or Pile Width)
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Scour Evaluations

Maximum Allowable Scour Depth

* Rules of Thumb
- Bearing Capacity
- Rotation
- Unbraced Length

= Structural Analysis

Y, = Observed or Calculated
Scour Depth

Yo = Max Allowable Scour Depth
for Unbraced Length

For Drliled Shafts:

Max Allowable Unbraced Length (ft.) = 1.5 times Shaft Diameter (in.)

For Plles:

Max Allowable Unbraced Length (ft.) = 2.0 times Pile Width (in.)

Bridge Scour: Evaluation, Documentation, and Coding
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E=

—

Max Allowable Unbraced Length

—

Original
Unbraced Length

- As-Built
Channel Profile
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Scour Evaluations This slide has been updated.

Maximum Allowable Scour Depth (y,)
= Rules of Thumb

— Bearing Capacity Foundations Embedded in Soil

— |
— Rotation Ya = Minimum(y,y, Ye)

- Unbraced Length where: vy, = Max Allowable Scour Depth for Bearing
(or rotation, if founded in rock)

Y, = Max Allowable Scour Depth
for Unbraced Length

= Structural Analysis

Foundations Embedded In Rock
Y, = Minimum(y,,, Y,

where: y,, = Max Allowable Scour Depth for Rotation
Y, = Max Allowable Scour Depth
for Unbraced Length

Bridge Scour: Evaluation, Documentation, and Coding
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Scour Evaluations

Maximum Allowable Scour Depth (y,)

= Rules of Thumb
- Bearing Capacity
- Rotation
- Unbraced Length
= Structural Analysis
— Only necessary if stability is in question

* i.e., observed scour depth is getting close to y,

— Contact Geotechnical Branch

Bridge Scour: Evaluation, Documentation, and Coding
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Scour Evaluations

[ ]Stable
[ ]Unstable

MStru ctural Analysls
Needed

[ ]Stable
[ ]Unstable

MStructural Analysls
Needed

[ ]Stable

[ ]Unstable

MStru ctural Analysis
Needed

R

[ ]Stable

MUnsta ble

[ ]Structural Analysis
Needed

']

[V[Stable

[ ]Unstable

[ ]Structural Analysls
Needed

Ys
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Scour Evaluation

Recapitulation

= What procedures are available for scour evaluations?

— Screening, Assessment and Analysis

= What is a foundation’s capacity for scour?

- Maximum Allowable Scour Depth (y,)

= Why do we conduct scour evaluations?

— To determine whether a bridge is low risk to scour, or scour critical

= Next

- How to determine if a bridge is scour critical
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Scour Coding

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges
= What is the bridge’s vulnerability to scour?
= Foundation Exposure Category

TxDOT Scour Evaluation Guide
- Minimal Chapter 4, Appendix A

- Moderate

- Major
TXDOT Item 113.1, Scour Plan of Action

= Has a scour POA been implemented?

TXDOT Item 113.2, Unknown Foundations

= Does the bridge have any unknown foundations?
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Scour Coding

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges

= Use a single-digit code to identify the current status of the bridge regarding
its vulnerability to scour.

_9 A bridge is Scour Critical if observed or calculated
-8 scour results in Major Foundation Exposure.

-2 If tem 113 < 3, the bridge is scour critical and a
L scour plan of action is required.
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Scour Coding

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges

= Foundation Exposure Category?

— Calculated Scour Depth
* Scour Evaluation based on Analysis

— Observed Scour Depth
 Measured Channel Profile

- Max Allowable Scour Depth (y,)
* Use Rules of Thumb for Coding

Bridge Scour: Evaluation, Documentation, and Coding
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Scour Coding

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges

= One set of rules for Span Bridges

= One set of rules for Bridge Class Culverts

Bridges

Span Bridges

Bridge Class Culverts

Includes Bottomless Culverts

Bridge Scour: Evaluation, Documentation, and Coding
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Scour Coding

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges
= Span Bridges
— Drilled Shaft or Pile Foundations

G
As-Built
Channel Proﬁlew
O, (S &
@Minimal Foundation Exposure s
@Moderale Foundation Exposure @) >Ten
@D Major Foundation Exposure ¢ |
(4)Max Allowable Scour Depth (¥,) 3) % >Flen
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Scour Coding

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges
= Span Bridges
— Spread Footings

X
As-Built
Channel Proﬁlew
o 1T .
@] . tft___ o
Ol N b

@Minimal Foundation Exposure
@Moderale Foundation Exposure 4 J

@D Major Foundation Exposure Not Founded In Rock —

(4)Max Allowable Scour Depth (y,)
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Scour Coding

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges
= Span Bridges

- Complex Foundations S
As-Built
Channel Proﬁlew
B .
® =S &
@Minimal Foundation Exposure ‘} """"""""""""""" %
@Moderale Foundation Exposure @ >Sen
@D Major Foundation Exposure R I Y N
(4)Max Allowable Scour Depth (y,) 6):{ 2 5 ¥
~
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Scour Coding

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges

Code Description for Span Bridges
N Bridge is not over a waterway.

U Unknown foundation and lacking scour evaluation and/or
documentation.

T Over tidal waters and lacking scour evaluation and/or documentation.

9 All foundation components, including piles or shafts, are above flood
waters.

8 The calculated scour depth would cause minimal foundation exposure.

The observed scour depth has caused minimal foundation exposure.

4 Previously observed scour has been remediated: countermeasures
have been installed and are performing well.
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Scour Coding

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges

Code
6

Description for Span Bridges

Lacking scour evaluation and/or documentation. Refer to the TxDOT
Geotechnical Manual for scour evaluation and documentation
requirements.

The calculated scour depth would cause moderate foundation
exposure. The observed scour causes minimal foundation exposure.

The observed scour depth has caused moderate foundation exposure.
The calculated scour depth would cause minimal or moderate
foundation exposure. Action is required to address the observed scour.

The calculated scour depth would cause major foundation exposure.
The observed scour has caused minimal or moderate foundation
exposure. A Bridge Scour Plan of Action (Form 2604) is required.

Bridge Scour: Evaluation, Documentation, and Coding July 2, 2020



Scour Coding

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges

Code Description for Span Bridges

2 Observed scour has caused major foundation exposure. mmediate
action is required to remediate the observed scour. A Bridge Scour
Plan of Action (Form 2624) is required.

1 Observed scour exceeds the maximum allowable scour depth.
Failure is imminent and the bridge is closed to traffic. A Bridge Scour
Plan of Action (Form 2609) is required.

0 Failure has occurred and the bridge is closed to traffic.
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Scour Coding

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges

NBI Foundation Exposure
Item 113 Calculated Observed
Coding Scour Scour Additional Criteria
8 Minimal Minimal -
7 - - Countermeasures Performing Well
6 - - Lacking Scour Evaluation
3 Moderate Minimal Low-Risk Unknown Foundations
4 Min. or Mod. Moderate -
3 Major Min. or Mod. -
2 - Major -
1 - Major Failure is imminent.
0 - Major Bridge has already failed.
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Scour Coding

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges

= What is the bridge’s vulnerability to scour?

Bridges

Span Bridges Bridge Class Culverts

Includes Bottomless Culverts
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Scour Coding This slide has been updated.

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges

= Bridge Class Culverts

Culvert/Pipe
- Culvert/Pipe Undermining Category Undermining
- Culvert/Pipe Toewall Exposure Minimal <1ft.
. Moderate 1 - 3ft.
- Apron Undermining
Major > 3 ft.

— Apron Toewall Exposure

-
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Scour Coding This slide has been updated.

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges

= Bridge Class Culverts

Culvert/Pipe
- Culvert/Pipe Undermining Category Toewall Exposure
. 1
— Culvert/Pipe Toewall Exposure Minimal < /3 Hic
o Moderate < H,.
- Apron Undermining :
Major > H,,

— Apron Toewall Exposure

Culvert Toewall
Exposure
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Scour Coding This slide has been updated.

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges

= Bridge Class Culverts

Apron
— Culvert/Pipe Undermining Category Undermining
. .
— Culvert/Pipe Toewall Exposure Minimal < /s La
Moderate 1 -3/ L
— Apron Undermining /sLa = /s Ls
Major >3/ L,

— Apron Toewall Exposure
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Scour Coding This slide has been updated.

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges

= Bridge Class Culverts

Apron Toewall

~ Culvert/Pipe Undermining Category Exposure
— Culvert/Pipe Toewall Exposure Minimal < Hi
o Moderate > H,
- Apron Undermining :
Major .

— Apron Toewall Exposure

Apron Toewall
Exposure
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Scour Coding This slide has been updated.

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges
= Bridge Class Culverts

— Culvert/Pipe Undermining

— Culvert/Pipe Toewall Exposure

— Apron Undermining

— Apron Toewall Exposure

Choose the Most Critical Mechanism

Exposure
and/or Culvert/Pipe Apron
ltem 113 Undermining  Culvert/Pipe Toewall Apron Toewall
Coding Category Undermining Exposure Undermining Exposure
8 Minimal < 1 ft. <1/5H, <l/oL, <H,
4 Moderate 1 - 3ft. <H, s L, -3/sL, >H,,
2 Major > 3 ft. > H, >3/c L, -
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Scour Coding

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges

Code
N

U

o O

Description for Bridge Class Culverts

Culvert does not span a waterway.

[not applicable for culverts]

[not applicable for culverts]

[not applicable for culverts]

Refer to the coding table for bridge class culverts.

Previously observed scour has been remediated: countermeasures
have been installed and are performing well.

Lacking scour evaluation and/or documentation. Refer to the TxDOT
Geotechnical Manual for scour evaluation and documentation
requirements.
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Scour Coding

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges

Code

)
4
3
2

Description for Bridge Class Culverts

[not applicable for culverts]
Refer to the coding table for bridge class culverts.
[not applicable for culverts]

Refer to the coding table for bridge class culverts.
A Bridge Scour Plan of Action (Form 2624) is required.

Failure is imminent and the bridge class culvert is closed to traffic.
A Bridge Scour Plan of Action (Form 2609) is required.

Failure has occurred and the bridge class culvert is closed to traffic.
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Scour Coding

National Bridge Inventory (NBI) Item 113, Scour Critical Bridges
= What is the bridge’s vulnerability to scour?
= Foundation Exposure Category
- Minimal
- Moderate
- Major
TXDOT Item 113.1, Scour Plan of Action

= Has a scour POA been implemented?

TXDOT Item 113.2, Unknown Foundations

= Does the bridge have any unknown foundations?
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Scour Coding

TXDOT Item 113.1, Scour Plan of Action

A Bridge Scour Plan of Action is only required if the structure is scour critical.
If Item 113 > 3, or if Item 113 = N, then Item 113.1 should be blank.

Code Description for Span Bridges

Blank A Bridge Scour Plan of Action has not been documented or
implemented. (This coding may be applied when a Bridge Scour Plan
of Action is required but is missing in AssetWise, or when a Bridge
Scour Plan of Action is not required)

P A Bridge Scour Plan of Action and Form 2607, “Plan of Action Follow-
Up” have been uploaded to the bridge’s AssetWise folder. The plan of
action is underway and implementation efforts are being documented
in the Plan of Action Follow-Up worksheet.
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Scour Coding

TXDOT Item 113.2, Unknown Foundations

Code Description for Span Bridges

Blank All of the bridge’s abutments and bents are supported by known
foundations. This includes any culvert with a bottom slab; unknown
toewall height does not constitute an unknown foundation.

U At least one of the bridge’s abutments or interior bents is supported by
an unknown foundation. This includes bottomless culverts with

unknown wall height and foundations that are visible above ground,
but whose depths are unknown.
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Scour Coding

Recapitulation

= What are the three Foundation Exposure Categories?
- Minimal, Moderate and Major

= What is a scour critical bridge?

- One with Major foundation exposure from Observed or Calculated scour
- NBl Iltem 113 <3

= How do | change the coding for Item 1137
— Email coding requests to Trenton Ellis (trenton.ellis@txdot.gov)

= Next

— Which evaluation procedure to use and how to document it
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Scour Evaluation & Documentation Requirements

TxDOT Scour Evaluation Guide
Scour Evaluation Requirements Chapter 1

Span Bridges

Does the bridge cross a waterway?

- “Waterway” includes floodwaters
- Review the following documents:
* Bridge Layout
* Inspection Records
e Hydraulic Data Sheet
* Drainage Report
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Scour Evaluation & Documentation Requirements

TxDOT Scour Evaluation Guide
Scour Evaluation Requirements Chapter 1

Span Bridges

Does the bridge cross a waterway?

— Check high water elevations under each span

ENO BRIDGE
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/~ BRIDGE 26 BENT 95
/ STA 16244587
- [ PGL EL 49316
PGl TE51{MOD) RAIL 1 P OVERHEAD SIGN /
S Hon COLUMN vei— | /
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ol | =
— T -
| I 1
Ll
| & | il
Il = 1E V'le— BRIDGE 26 BENT 95
b 1|l (SEE BRIDGE 26 PLANS)
i 1 g
| - i
1 | |||
— - — 4 ! 1
2-48" DUA D 5.—-|-T| AT | ol
I R g L) S Sy S s vy T il
=] Tl - L L = & L2 1
| I|--—?6t)"|'3.f£.D.S. s —
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Scour Evaluation & Documentation Requirements

TxDOT Scour Evaluation Guide
Scour Evaluation Requirements Chapter 1

Span Bridges

Does the bridge cross a waterway?
= No — Scour Evaluation IS NOT Required

" Yes — Scour Evaluation IS Required

If a bridge does not cross a waterway:
= NBI Item 71 (Waterway Adequacy) = N
= NBI Item 113 (Scour Critical Bridges) = N
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Scour Evaluation & Documentation Requirements

TxDOT Scour Evaluation Guide
Scour Evaluation Requirements Chapter 1

Span Bridges

If a scour evaluation is required:
Start with a scour evaluation based on screening.

If the foundations are protected by non-erodible channel
materials, no further evaluation is necessary.

If the screening criteria does not apply, a different scour
evaluation method is required.
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Scour Evaluation & Documentation Requirements

TxDOT Scour Evaluation Guide
Scour Evaluation Requirements Chapter 1

Span Bridges

If the screening doesn’t apply:
Should | use a method based on Assessment or Analysis?

New Span Bridges

= Scour evaluation is required during design phase
= Submit with Preliminary Bridge Layout Review (PBLR)
= Must be based on Analysis.

Existing Span Bridges
= |t depends.
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Scour Evaluation & Documentation Requirements

TxDOT Scour Evaluation Guide
Scour Evaluation Requirements Chapter 1

Span Bridges

If the screening doesn’t apply for existing bridges:

= |nterstate Highways )
= Principal Arterials Scour evaluation

. m d on Analysis.
= Evacuation Routes > ust be base alysis

= | ocal Emergency Routesj

= Everything EIse} Scour evaluation may be based
on Analysis or Assessment.
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Scour Evaluation & Documentation Requirements

TxDOT Scour Evaluation Guide
Scour Evaluation Requirements Chapter 1

Bridge Class Culverts This slide has been updated.

= Different erosion mechanisms than span bridges
= Integral construction provides redundancy

No Scour Calculations for Culverts (New or Existing)

Scour Evaluations Are Based on Observation
Form 2606 is the scour evaluation for culverts.

Re-evaluate whenever conditions change.
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Scour Evaluation & Documentation Requirements

TxDOT Scour Evaluation Guide
Scour Documentation Requirements Chapter 1

If a Scour Evaluation is Required, Documentation is Also Required.

Span Bridges

= Documentation of Scour Evaluation
= Scour Summary Sheet (Form 2605)
= Bridge Scour Plan of Action

« Bridge Scour POA Follow-Up Worksheet (MY réquired if scour critical)

Bridge Class Culverts
= Scour Summary Sheet (Form 2600)
= Bridge Scour Plan of Action

« Bridge Scour POA Follow-Up Worksheet (ONIY réauired it scour critical)

Bridge Scour: Evaluation, Documentation, and Coding July 2, 2020 59



Scour Evaluation & Documentation Requirements

Documentation of Scour Evaluation Span Bridges Only

= Scour Evaluations based on Screening
— Scour Vulnerability Screening (Form 538)
- TXxDOT Secondary Screening
= Scour Evaluations based on Assessment
— Scour Vulnerability Assessment (Form 537)
- TxDOT Secondary Scour Evaluation
- Risk Screening for Unknown Foundations
= Scour Evaluations based on Analysis
- Drainage Report with Scour Calculations
- Bridge Hydraulic Data Sheet with Scour Calculations
- TXxDOT Simplified Scour Method
— TXDOT Concise Analysis
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Scour Evaluation & Documentation Requirements

Documentation of Scour Evaluation Span Bridges Only

. Effective July 2020
- TXDOT Secondary Screening

= These methods are no
longer permitted for
- new scour evaluations.

= Documented scour
B evaluations remain
- valid IF the conditions
_ assumed for the
evaluation remain
accurate.

- TXDOT Simplified Scour Method
- TXDOT Concise Analysis
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Scour Evaluation & Documentation Requirements

Scour Forms

Form 2605
Form 2606
Form 2604
Form 2624
Form 2609
Form 2607
Form 538

Form 537

LN S X X

Scour Summary Sheet for Span Bridges

Scour Summary Sheet for Bridge Class Culverts
Bridge Scour POA for Item 113 = 3

Bridge Scour POA for Item 113 = 2

Bridge Scour POA for ltem 113 = 1

Bridge Scour POA Follow-Up Worksheet

Scour Vulnerability Screening

Scour Vulnerability Assessment

v' Must be signed & sealed by professional engineer.
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Scour Evaluation & Documentation Requirements

Scour Summary Sheet for Span Bridges (Form 2605)
= Summary of Scour Evaluation and Coding
— Type of Scour Evaluation
- Recommended Coding for NBI Item 113
= Summarizes Key Information
— Calculated Scour Depth [if applicable]
- Max Possible Scour Depth (y,,,,) [if applicable]
— Observed Scour Depth
- Maximum Allowable Scour Depth (y,)
= Trigger Elevation & Required Action

— Action: re-coding, countermeasures, etc. . .
& TxDOT Scour Evaluation Guide

Chapter 9, Appendix C
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Scour Evaluation & Documentation Requirements

TXDOT Scour Evaluation Guide
Trigger Elevation or Condition Chapter 9

*= How much additional scour can occur before...
- NBI Item 113 needs to be lowered?
— Countermeasures need to be installed?
— The bridge needs to be load posted?
— The bridge needs to be closed?

= Specify a trigger condition that would be observed before the next threshold
IS crossed.

— This provides time to develop and implement any required actions before
the threshold is crossed.
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Scour Evaluation & Documentation Requirements

TXDOT Scour Evaluation Guide
Example Trigger Elevation Chapter 9

Channel Profile Measured
During Most Recent — As-Built

Channel Profile

Routine Inspection . ,/_

Next Coding Threshold

Y, = Current Observed Scour Depth
y, = Max Allowable Scour Depth
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Scour Evaluation & Documentation Requirements

Scour Summary Sheet for Bridge Class Culverts (Form 2606)
= Recommended Coding for NBI Item 113

= Document Scour-Related Observations
— Culvert/Pipe Undermining
— Culvert/Pipe Toewall Exposure
- Apron Undermining

— Apron Toewall Exposure

= Trigger Condition & Future Action
— Trigger Condition: distress, undermining or exposure

— Action: re-coding, countermeasures, etc.

TxDOT Scour Evaluation Guide
Chapter 9, Appendix D
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Scour Evaluation & Documentation Requirements

TxDOT Scour Evaluation Guide
Bridge Scour Plan of Action (POA) Chapter 9, Appendix C

= Only Required for Scour Critical Structures

- NBI Iltem 113 <3

= Use the Appropriate Form
- Same Form for Span Bridges and Culverts
- Item 113 = 3 — Form 2604
- Item 113 = 2 — Form 2624
- Item 113 =1 — Form 2609

= Must be Completed by TxDOT District or Area Office

- Consultants may suggest countermeasures
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Scour Evaluation & Documentation Requirements

Bridge Scour Plan of Action (POA)
= Off-System Structures

- Under the jurisdiction of local governments
— Must coordinate POA with local owner

 What work is required to stabilize the bridge?

* Will the bridge be repaired or replaced?

* Who will perform the work and when will it begin?
* How will the work be funded?

* Who is responsible for additional monitoring?

* Who is responsible for closing and re-opening the bridge, if needed?
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Scour Evaluation & Documentation Requirements

AssetWise File Naming Conventions
= Documentation of Scour Evaluation

- DD-CCC-CCCC-SS-SSS_Scour_YYYY-MM

= Scour Summary Sheets

- DD-CCC-CCCC-SS-SSS_ScourSumSht_YYYY-MM

= Bridge Scour Plans of Action

— DD-CCC-CCCC-SS-SSS_ScourPOA_YYYY-MM

= POA Follow-Up Worksheet
- DD-CCC-CCCC-SS-SSS_POAFU_YYYY-MM
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Scour Evaluation & Documentation Requirements

AssetWise File Naming Conventions

= Original Plans

— DD-CCC-CCCC-SS-SSS_OrigPlans_YYYY

- PLEASE Include
* Bridge Layout
* Boring Logs
* Hydraulic Data Sheets
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Scour Evaluation & Documentation Requirements

Recapitulation

= Scour Evaluations for New Bridges
— Screening or Analysis

= Scour Evaluations for Existing Bridges
— Screening, Assessment or Analysis
— Assessment not permitted for certain high-priority routes

= Required Scour Documentation for Span Bridges

- Documentation of Scour Evaluation
- Scour Summary Sheet

— Bridge Scour POA and Follow-Up Worksheet (only if scour critical)

= Required Scour Documentation for Bridge Class Culverts
- Scour Summary Sheet

— Bridge Scour POA and Follow-Up Worksheet (only if scour critical)
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Bridge Scour: Evaluation, Documentation, and Coding

Part 3 - Scour Evaluation Methods
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Scour Evaluation Methods

Scour Evaluation Methods
= Scour Vulnerability Screening (SVS)
- ldentify bridges not susceptible to scour
= Scour Vulnerability Assessment (SVA)
- Qualitative evaluation based on observed data
= Detailed Scour Evaluation Based on Analysis

- Quantitative evaluation based on hydrology, hydraulics and geotech

Risk Screening for Unknown Foundations
= Now Available for Use by Districts

— ldentify low-risk bridges using NBI data
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Scour Evaluation Methods

TXDOT Scour Evaluation Guide
Scour Vulnerability Screening (SVS) Chapter 6
|dentify Bridges Not Susceptible to Scour

= Bridges Founded in Non-Erodible Rock
- Does the material qualify as non-erodible rock?

- What happens if material above the non-erodible rock is removed?

74
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Scour Evaluation Methods

TXDOT Scour Evaluation Guide
Scour Vulnerability Screening (SVS) Chapter 6
|dentify Bridges Not Susceptible to Scour

= Bridges Founded in Non-Erodible Rock
- Does the material qualify as non-erodible rock?
- No Open Joints or Extensive Cracking
* RQD > 75% (Optional)
- Non-Erodible Rock Material
*  “Non-Erodible” in Scour Evaluation Guide Table 3-1

—  Concrete-Lined Channels

 Entire Channel (Including Foundations) Protected

74
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Scour Evaluation Methods

TXDOT Scour Evaluation Guide
Scour Vulnerability Screening (SVS) Chapter 6
|dentify Bridges Not Susceptible to Scour

= Bridges Founded in Non-Erodible Rock
- Does the material qualify as non-erodible rock?
* No Open Joints or Extensive Cracking (RQD = 75%)

Core Length
X2 X4

- — |
e e s r-EHE
X1 X3 L X5 »‘

X1+ Xo+ ... + X,
Core Length (

Rock Quality Designation = RQD = 100%)

X = Length of Intact Rock = 4 in.
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Scour Evaluation Methods

Scour Vulnerability Screening (SVS)
|dentify Bridges Not Susceptible to Scour

= Bridges Founded in Non-Erodible Rock

TxDOT Scour Evaluation Guide

- Does the material qualify as non-erodible rock?

* Non-Erodible Rock Material

Non-Erodible Rock Scour Evaluation Guide Table 3-1

Chapter 6

Material

Sub-Category

Hard (granite, limestone, shale)

TCP Values
<4 1n./100 blows

Scour Vulnerability
Non-Erodible

Soft (shale) <12 1n./100 blows | Mildly Erodible
Clay Hard (redbed, shaley clays, very stiff clays) | <12 1n./100 blows | Mildly Erodible
Soft to Medium >121./100 blows | Erodible
Sand All All Very Erodible
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Scour Vulnerability Screening (SVS) Chapter 6
|dentify Bridges Not Susceptible to Scour

= Bridges Founded in Non-Erodible Rock
- Does the material qualify as non-erodible rock?

e Concrete-Lined Channels

- (a) Entire Channel Lined; (b) Lining is Non-Erodible

W T i _,'|':" l
et = = - | ]
- e R I Sl e, P S e o - .
. a - . - a - a =
- - - ) ®
0 0 O
—_-
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Scour Evaluation Methods

TXDOT Scour Evaluation Guide
Scour Vulnerability Screening (SVS) Chapter 6
|dentify Bridges Not Susceptible to Scour

= Bridges Founded in Non-Erodible Rock

- What happens if all the material above
the non-erodible rock is removed?

* Yinp = Maximum Possible Scour Depth

- As-Built
J/f Channel Profile

=

—— > Erodible Strata

* . {
~Non-Erodible
Rock

Ymp
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Scour Evaluation Methods

TXDOT Scour Evaluation Guide
Scour Vulnerability Screening (SVS) Chapter 6
|dentify Bridges Not Susceptible to Scour

= Bridges Founded in Non-Erodible Rock

- What happens if all the material above
the non-erodible rock is removed?

Assumed Corresponding . -
Scour Depth Foundation Exposure Category allele e Sk
Maximum Possible Minimal Yes
Scour Depth Moderate Yes
(Yonp) Major

If the Maximum Possible Scour Depth (y,,,) causes the bridge to be scour
critical, another scour evaluation method must be used.
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide

Scour Vulnerability Screening (SVS) Chapter 6
|dentify Bridges Not Susceptible to Scour Foundation Exposure  Eligible for
_ _ _ fromy,,, SVS?
= Bridges Founded in Non-Erodible Rock "
Minimal Yes
- What happens if all the material above Moderate Yes
the non-erodible rock is removed? Major No
Ymp™ Maximum Possible Scour Depth
B |
y, = Maximum Allowable Scour Depth J A | I . 1
Erodible Stratum = S0 (1)
(1) Minimal Foundation Exposure . - S‘U:m.% >
P |(3
(2) Moderate Foundation Exposure Non-Erodible Stratum- A *
(3) Major Foundation Exposure Lz bese
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide

Scour Vulnerability Screening (SVS) Chapter 6
|dentify Bridges Not Susceptible to Scour Foundation Exposure  Eligible for
_ _ _ fromy,,, SVS?
= Bridges Founded in Non-Erodible Rock o
Minimal Yes
- What happens if all the material above Moderate Yes
the non-erodible rock is removed? Major No
Yo Maximum Possible Scour Depth
y, = Maximum Allowable Scour Depth NG A I il 1
Erodible Stratum < o - o
(1) Minimal Foundation Exposure - = ®“ i
(2) i
(2) Moderate Foundation Exposure Non-Erodible Stratum < .. Special Case:
@) Major Foundation Exposure S‘_ Leﬁo_rf%?ggl',zoﬂggﬁd
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Scour Evaluation Methods

TXDOT Scour Evaluation Guide
Scour Vulnerability Screening (SVS) Chapter 6
|dentify Bridges Not Susceptible to Scour

= Recommended Scour Coding

Foundation Exposure Recommended Item 113 Coding
from ye,, Observed Scour Depth =y, Observed Scour Depth <y,

Minimal 8 8

Moderate 4 S

= Required Documentation

- Form 2605 (Scour Summary Sheet for Span Bridges)

Must be signed and
sealed by a
professional engineer

- Form 538 (Scour Vulnerability Screening)
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Scour Evaluation Methods

TXDOT Scour Evaluation Guide
Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

= Scour Vulnerability Class
- Four Risk Factors
* Channel Material
* Channel Condition
e Scour History
* Channel Migration History
= Recommended Coding for NBI Item 113
= Recommended Future Action
- Remediation

— Detailed Scour Evaluation Based on Analysis
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide

Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

= Scour Vulnerability Class

Channel Material Score
+ Channel Condition Score
+ Scour History Score

+ Channel Migration History Score

Total Score

— |f Total Score < 3, Scour Vulnerability Class = Normal

- |f Total Score = 3, Scour Vulnerability Class = Enhanced
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide

Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

= Scour Vulnerability Class

- Channel Material Score

Channel Material Score
Competent, Hard Rock -3
Soft Rock or Hard Clay -1
Fractured or Weathered Rock 1
Soft to Medium Clay 2
Sand 3

Refer to Scour Evaluation Guide Table 3-1 for Material Descriptions
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide

Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

= Scour Vulnerability Class

- Channel Condition Score

NBI Item 61 Coding Score
8-9 -1
6-7 1
5 3
<4 5

Based on NBI Item 61 (Channel and Channel Protection)
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Scour Evaluation Methods

TXDOT Scour Evaluation Guide
Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

= Scour Vulnerability Class

— Scour History Score

Historic Foundation Exposure Score

Minimal -2
Moderate 1
Major 4

Based on current and previous measured channel profiles. Use the most
severe observed scour at the most critical abutment or bent.
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide

Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

= Scour Vulnerability Class

— Channel Migration History Score

Channel Migration Impact Score

No history of channel migration 0

Channel migration has occurred,
but the lateral shift has not impacted 1
adjacent bents or abutments.

Channel migration has occurred,
and the lateral shift has impacted 2
adjacent bents or abutments.

Based on current and previous measured channel profiles.
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Scour Evaluation Methods

TXDOT Scour Evaluation Guide
Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

= Recommended Coding for NBI Item 113
Recommended NBI Item 113 Coding

Current Scour Condition Scour Vulnerability Class
Normal Enhanced
Countermeasures Installed and 7 7
Functioning

Minimal Foundation Exposure
Moderate Foundation Exposure
Major Foundation Exposure
Bridge Closed

Bridge Failed

©S B~ N b~
© K~ N W O
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide

Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

= Recommended Future Action

Recommen_ded Future Action Timeline for
Scour Coding Completion

8 No additional action required. -

7 No additional action required. -

5 Detailed Scour Evaluation based on Analysis 4 years

4 Scour Remediation 3 years

3 Detailed Scour Evaluation based on Analysis 2 years

2 Scour Remediation < 1year
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

Site-Specific Hydrology Study

Determination of Channel Cross-Sections

Hydraulic Modeling

Channel Material Sampling and Testing

Scour Depth Calculations

Detailed Report
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Site-Specific Hydrology Study
— TxDOT Hydraulic Design Manual
* Hydrology Study Requirements
* Design Flood Standards (HDM Table 4-2)
- TXxDOT Geotechnical Manual
* Scour Design Flood Standards (GM Table 5-3)
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Site-Specific Hydrology Study
— Quick Vocabulary Review:

* Annual Exceedance Probability (AEP)

— The probability of an event occurring once over the course of one year.

* Return Period
- The average amount of time between events.

* Annual Recurrence Interval (ARI)
- The average amount of time between events.
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Site-Specific Hydrology Study
- Example: Consider a span bridge for the main lanes of a freeway.

Step 1: Hydraulic Design Manual, Table 4-2
* The return period for the Design Flood is 50 years.

50%o 20% 10% 4%p 2%
Functional classification and structure type (2-¥r) (5-vr) (10-y1) (25-y1) (50-y1)

Freeways (main lanes):

Culverts X

. +
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide

Detailed Scour Evaluation Chapter 8

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Site-Specific Hydrology Study
- Example: Consider a span bridge for the main lanes of a freeway.

Step 2: Scour Evaluation Guide, Table 6-1
* The return period for the Scour Design Flood is 100 years.

* The return period for the Scour Design Check Flood is 200 years.

Design Flood

Scour Design Flood

Scour Design Check Flood

10-year

25-year

50-year

25-year

100-year

50-year
100-year

200-year

100-year

200-year

500-year
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

: : : XS XS) (XS) XS)
= Determination of Channel Cross-Sections

- General Guidelines

* Surveyed Cross Sections b | — 11
- Four Specific Locations — | © |
- 200 ft. Upstream & Downstream — / =
- 50-ft. Max Spacing

* LiDAR Cross Sections 1 (.,

- 5,000 ft. Upstream & Downstream
(Beyond Surveyed Reach)
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Hydraulic Modeling
— One-Dimensional Hydraulic Modeling
 Suitable for most cases
- Two-Dimensional Hydraulic Modeling
* Highly braided streams
* Flow around abrupt bends

* Very wide and flat floodplains
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 3

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Channel Material Sampling and Testing
— Sampling usually requires drilling equipment

- Lab tests (for each layer): Sand
Particle Size Analysis (Tex-110-E)

Clay

Particle Size Analysis (Tex-110-E)
Liquid Limit (Tex-104-E)

Plastic Limit (Tex-105-E)

Plasticity Index (Tex-106-E)

USCS Soil Classification (Tex-142-E)
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Scour Depth Calculations

— Contraction Scour

. Generally, these are the only two calculations needed.
— Pier Scour

- Abutment Scour
* Do not calculate abutment scour
* Protect all abutments with a flexible revetment, whenever possible

— Pressure Scour
* Only applicable if overtopping occurs
* |[ncipient overtopping usually governs for larger bridges
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Scour Depth Calculations

At Abutment Toewall

_ Contraction | ;
Total Scour = Contraction Scour Scour = 5
| o \\7// S — { ﬁ‘;\_\r |
Away from Abutments and Piers ~— Pier Scour
Total Scour = Contraction Scour .

At Interior Bent
Total Scour = Contraction Scour + Pier Scour
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Scour Depth Calculations

- Manual Calculations (i.e., hand-written, spreadsheet, etc.)

- FHWA Hydraulic Toolbox

Note for HEC-RAS Users:

* Do not use automated scour calculations in HEC-RAS
- Those equations are out of date

* HEC-RAS results may be imported to FHWA Hydraulics Toolbox
- Be sure to import the intended cross section
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Scour Depth Calculations
— Analysis Methods
 Traditional HEC-18 Method (Sandy Soils)

* FDOT Pier Scour Method (Sandy Soils, Complex Piers)
* Scour Rate in Cohesive Soils (SRICOS) Method (Clay or Soft Rock)

* Annandale’s Erodibility Index Method (Fractured/Jointed Rock)
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Scour Depth Calculations

— Analysis Methods
- Traditional HEC-18 Method Sand
- Contraction Scour
HEC-18 Equations 6.1, 6.2, and 6.4

Eq. 6.1: If Dgy < 0.20 mm, Use Dy, = 0.20 mm

- Pier Scour For silty or clayey soils (> 12% fines),
HEC-18 Equation 7.1 reduce the calculated pier scour by 50%.
— Notes “Fines” are materials passing the No. 200 sieve.

Developed for sandy soils (overly conservative for clay).
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Scour Depth Calculations

— Analysis Methods

 FDOT Pier Scour Method Sand
— Pier Scour
HEC-18 Section 7.3 For silty or clayey soils (> 12% fines),
If Doy < 0.20 MM, reduce the calculated pier scour by 50%.
Use D50 =0.20 mm “Fines” are materials passing the No. 200 sieve.

— Notes
Developed for sandy soils (overly conservative for clay).
Use Traditional HEC-18 Method for contraction scour.
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8, Appendix B

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Scour Depth Calculations

- Analysis Methods C|ay or
» Scour Rate in Cohesive Soils (SRICOS) Method
Soft Rock

— Contraction & Pier Scour
Refer to TXxDOT Scour Evaluation Guide, Appendix B

- Notes
Developed for clayey or silty soils and intact rock.
Based on measured soil properties, but no testing required.
» NCHRP 915 Erosion Spreadsheet
» Analysis Spreadsheet
BRG - Field Ops = Geotech = Scour Forms & Guidance
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8, Appendix B

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Scour Depth Calculations
— Analysis Methods Jointed

» Allandale’s Erodibility Index Method Rock
— Contraction & Pier Scour
HEC-18 Sections 4.7.2 and 7.13.1

Example: HEC-18 Section 7.13.2

- Notes

Developed for jointed/fractured rock.

\
\
“Quarrying and plucking” scour mechanism |
\
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Detailed Report

- Hydrologic Method(s) & Details
* Drainage Area, Time of Concentration, Curve Number, etc.

— Channel Cross-Section & Manning’s Roughness Values
* Data Source(s): Survey, LiDAR, Topo, Aerial, etc.

* Describe Any Extension or Extrapolation of Cross Sections

- Hydraulic Method(s) & Assumptions
* Program and Version; Boundary Conditions, Modeling Approach, etc.
 Summary of Peak Flow Data

— Incipient Overtopping, Scour Design Flood and Scour Design Check Flood
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Detailed Scour Evaluation Chapter 8

Based on Analysis
Quantitative Scour Evaluation Based on Hydrology, Hydraulics, and Geotech

= Detailed Report

— Soil Conditions Near the Bridge
* Boring Logs or Reference to Existing Data

* Layering, Depth to Bedrock, D5, USCS Classification, etc.

— Scour Calculations

* Description of Method(s); Include References & Summary of Calculations
* Assumptions (e.g., reduction factors, erosion parameters, etc.)
 Summary of Contraction, Pier, and Total Scour Depths

— Left Overbank, Center, Right Overbank (if applicable)
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Scour Evaluation Methods

TXDOT Scour Evaluation Guide
Risk Screening for Chapter 5

Unknown Foundations
|ldentify Low-Risk Bridges Using NBI Data

= Determine Risk Category based on NBI Coding
= This method is not permissible for:
— High-Priority Bridges
* |nterstate (ltem 26 = 1, 11, 21, or 41)
* Freeway or Expressway (ltem 26 = 12, 22, or 42)
* Other Principal Arterials (Item 26 = 2, 13, 23, or 43)

- Bridges with Known Foundations
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide

Risk Screening for Chapter 5
Unknown Foundations
|dentify Low-Risk Bridges Using NBI Data Scour Vulnerability
= How It Works ltem 60 (Substructure)
. . 0123456 7 89 N
- Estimate Scour Vulnerability —~
000000 0O 0 N
2 ey G10 U @ | [ | [ e ]
° ltem 61 S201222222 22N
3012234444 4N
§40123445566N
55012345656 77N
= 6lol1lalzsldlslele 77N
c R EnEE AR E
S80123467788N
§90123477889N
S NNNNNNNNNNNN
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Scour Evaluation Methods

TXDOT Scour Evaluation Guide
Risk Screening for Chapter 5

Unknown Foundations
|ldentify Low-Risk Bridges Using NBI Data

= How It Works

— Estimate Overtopping Frequency Overtopping Frequency

* Item 26 ltem 71 (Waterway Adequacy)

* ltem 71 012345678 9N
® 1,11,2,41 F - 0 0 0 0 S S S R N
§°12,22,42 F - FOOOSSSTR RN
€ 2,13,23,43 F - F 0O OO S S SR N
© 3142444 F - FOOOS S S RN
%4,15,25,45 F - FOOOSSSTR RN
V5 F - FFOOOSSTR RN
2 6,16,26,46 F - F F 0 0O 0O S S RN

R=Remote S =Slight O =Occasional F = Frequent
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide
Risk Screening for Chapter 5
Unknown Foundations
|ldentify Low-Risk Bridges Using NBI Data
= How It Works P, = Annual Probability of Failure

- . . Overtopping F
- Estimate Annual Probability of Failure vertopping Frequency

R S o) F
* Overtopping Frequency e 10 10 10
* Scour Vulnerability 1 o001 0.01 0.01 0.01
.. 2 0.005 0.006 0.008 0.009
% 3 00011  0.0013  0.0016  0.002
§ 4 00004 0.0005 0.0006  0.00007
3 5 0000007 0.000008 0.00004 0.000 07
g 6 0.00018 0.00025 0.0004  0.0005
® 7 000018 000025 00004  0.0005
8 0.000004 0.000005 0.00002 0.000 04
9 0.000002 0.000003 0.000004 0.000007
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Scour Evaluation Methods

Risk Screening for

Unknown Foundations
|ldentify Low-Risk Bridges Using NBI Data

= How It Works

- Find Minimum Performance Level (MPL)

ltem 26 (Functional Classification)
1,2

3,4

5

6

11, 21,41, 12, 22,42, 13, 23, 43
14, 24, 44

15, 25, 45

16, 26, 46

Bridge Scour: Evaluation, Documentation, and Coding

MPL
0.0001
0.0005
0.001
0.002
0.0001
0.0002
0.0005
0.002

TxDOT Scour Evaluation Guide

Chapter 5
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Scour Evaluation Methods

Risk Screening for

Unknown Foundations
|ldentify Low-Risk Bridges Using NBI Data

= How It Works

- Determine Risk Category
* P, = Annual Probability of Failure
* MPL = Minimum Performance Level

P,/ MPL Risk Category

<1 Low
1-25 Medium
>25 High

Bridge Scour: Evaluation, Documentation, and Coding

TxDOT Scour Evaluation Guide

Chapter 5
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide

Risk Screening for Chapter 5
Unknown Foundations P,/ MPL  Risk Category
Identify Low-Risk Bridges Using NBI Data <1 Low
= Remember, this is only a Screening 1-925 Medium
- Low Risk >25 High
° ltem 113 =5

* Upload Risk Screening to AssetWise
* Scour Summary Sheet (Form 2605) also required

— Medium or High Risk
* Additional Scour Evaluation is Required (SVS or SVA)
— Assume or Infer foundation size
- Document all assumptions on Scour Summary Sheet
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Scour Evaluation Methods

TxDOT Scour Evaluation Guide

Risk Screening for Chapter 5
Unknown Foundations P.,/MPL  Risk Category
Identify Low-Risk Bridges Using NBI Data <1 Low
= Assumptions 1-25 Medium

- Deep Foundations >25 High

* Must Verify Deep Foundations
* Assume 10’ Original Embedment

— Spread Footings
* Assume 1’ Current Embedment and 2’ Thickness
= |Inferences
— NDT or Subsurface Investigation
* Depth to Bedrock
— Standard Practices of Time & Region

Bridge Scour: Evaluation, Documentation, and Coding July 2, 2020 17



Scour Evaluation Methods

Risk Screening for
Unknown Foundations
|ldentify Low-Risk Bridges Using NBI Data

= BRG = Field Ops = Geotech = Scour Forms & Guidance

Scour Forms and Guidance

Scour Documentation
e November 27, 2018 Memo: Bridge Layouts / Scour Depths
Scour Evaluation Resources

o FHWA Hydraulic Engineering Circular No. 18, "Evaluating Scour at Bridges”

¢ NCHRP Research Report 915, "Relationship between Erodibility and Properties of Soil”
o FHWA Technical Advisory T5140.23, "Evaluating Scour at Bridges”

¢ Texas Secondary Evaluation and Analysis for Scour (TSEAS)

Scour Evaluation Tools

¢ Bridge Scour Risk Screening for Unknown Foundations h
o TxDOT SRICOS Analysis
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Scour Evaluation

Recapitulation

= What methods are available for scour evaluations?

— Scour Vulnerability Screening (SVS)
— Scour Vulnerability Assessment (SVA)
— Detailed Scour Evaluation based on Analysis
- Risk Screening for Unknown Foundations
= Does it matter which method | use?
- Yesl!
— Refer to Chapter 1 in the Scour Evaluation Guide

= Next

- Examples
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Bridge Scour: Evaluation, Documentation, and Coding

Part 4 - Scour Evaluation Examples
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Example 1

Example 1

= Off-System

= Phased Widening in 2011
= Three Simple Spans

= 8 Drilled Shafts per Bent

= [tem 26 (Functional Classification) = 45
— Urban Collector (Population 200,000+)

= [tem 61 (Channel and Channel Protection) = 7
- Bank protection is in need of minor repairs.

= [tem 113 (Scour Critical Bridges) = 6

- Lacking Scour Evaluation and/or Documentation
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Example 1

Bridge Layout & Boring Logs

——RIPRAP @ i ;
Ll / .57 EX cnloa// R

50i3,351 56(2.51 ™ " B¢ s o s . S 5003.25) 5003)
) s i amm_sees ol i 00,5 S005)
N (LONGER : SO 50N

50(1.25) 501.5) 1o 5-30° DIA DS
OF 28’ LENGTH OR 8’ MIN 50(1.25150(.75)

501.75) 50050 i
5001 $00.5) i i : EIEAP"EES.[[R(;QNE?N INTO GRAY 50L75) 50.25)
cnnafemren gy esssswnsesdpuenanernsrnrrs srern e + + e et W.,S,,,,,.,..,_..__.

5001 $0(.25)
S0(1.75) 50L.5) 500) SX.5)

B/H £ - | B

5-30" DIA DS (LONGER B/H = F
Hale-No: Bt LiOF 28 LENGTH OR 8’ MIN i

Approx iEl= 688.5" : [PENETRATION INTO GRAY ; L DS (LONGER Test Hold No.B-2

Gl - { LIMESTONE) D*DIA DS (LONGER " LENGTH OR 8 MIN Approx £= 681"

Noigshelan i DO’ LENGTH OR 8 MN | a N INTO! GRAY e

Actudl Location) 5 PENETRATION INTD GRAY LIMES TONE} . ActuciLoéation)

{ : LIMESTONE) : i i

TEST HOLE LEGEND:

SO e SR GRS B 50(3.51 50(Z.5) ®). 50(3.25) 5003
5001.5) $0L5)

CLAY, gray,. brown to tan with calcareous 50(1.251 50L.5) 50(1.5) 50“)
nodules, sand and silt pockets 50(.75) 50(.5) : . ST
" 50(1,25) 50(.75)

LIMESTONE, ton
50() 50.5) 50L.75) 50¢.25)

LIMESTONE, . with Interbedded .
Erestone, Dyoret (iatereessediion 23{?72?‘520?51 50(.75) 5005)
LIMESTONE, gray = : 50(1) 50(.5)
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Example 1

Bridge Layout & Boring Logs

= 8 - 10 ft. Clay underlain by Hard Limestone (Non-Erodible)

Scour Evaluation Guide Table 3-1

Material | Sub-Category

Rock Hard (granite, limestone, shale)

Soft (shale)

TCP Values

Scour Vulnerability

<4 1n./100 blows | Non-Erodible
<12 1n./100 blows | Mildly Erodible

TEST HOLE LEGEND:

®

with roots

CLAY, gray, brown to tan with calcareous 5011.25) 50L.5)
nodules, sand and silt pockets S0(.75) 50(.5)

LIMESTONE, tan 50(1) S0(.5)

LIMESTONE, gray, with Interbedded tan S0(1) 50(,25)

limestone layers 50(1.75) 500.5)
LIMESTONE, gray

@

©
®
@

Bridge Scour: Evaluation, Documentation, and Coding

K e j
CLAY, dark gray ond dark brown, 5043.151 5025} ....eer b5

50(3.25) 50(3) .
50(1,5) $0(.5)
50(1.5) 50(1)

" 50(1.25) 50(.75)

S0L75) 50(.25)
50(.75) 50(.5)
50(1) SC.5)
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Example 1 - Scour Vulnerability Screening (SVS)

Which Scour Evaluation Method to Use?

= Does the bridge cross a waterway? — Scour Evaluation Is
~ Yes Required

= |s it founded in non-erodible rock? — SVS May Be Applicable
- Yes.

= Would the maximum possible scour depth (y,,,) be scour critical?
- 8 - 10 ft. of clay over non-erodible rock
— Y = 10 ft.

— Need to determine the Max Allowable Scour Depth (y,)
to obtain Foundation Exposure Category for s
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Example 1 - Scour Vulnerability Screening (SVS)

Max Allowable Scour Depth | =l
. £ 8S| As-Built _
= From the Bridge Layout ©|  Stf| Channel = Onserved
. . I > | Profile— Profile
—- Drilled Shaft Diameter = o8 *
= 30 in. ) ! =28 AL
.. = |
— Original Unbraced Length 4 E’ | | - |
= 16.5 ft. & G B Erodible | [ > )
i E
= :
%Eﬂ ‘_C“T 30in._| |_
SL o 1
1 ©
Drilled Shafts Are Typically Hard Limestone” /
Embedded by 1 or 2 ft. (Non-Erodible) CED
o
" Original Unbraced Length may The drilled shaft is founded in hard rock, and
be shorter than “H” skin friction is not required. Therefore, ignore y.,,.

= Original Embedment may be

: Yo, = Original Embedment - Drilled Shaft Diameter
longer than the design length
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Example 1 - Scour Vulnerability Screening (SVS)

Max Allowable Scour Depth (y,)

= Max Allowable Scour Depth for Lateral Bracing
- Max Allowable Unbraced Length = 1.5 (30 in.) = 45 ft.
-y, = 45 ft. - Original Unbraced Length = 45 ft. - 16.5 ft. = 28.5 ft.

= Max Allowable Scour Depth for Bearing
- In most cases, we would calculate this as:
- Y., = Y2 (Original Embedment) = %2 (21.5 ft.) = 10.5 ft.

— But since this is founded in rock and does not rely on skin friction for
bearing capacity:

- Y., = Orig. Embedment - Drilled Shaft Dia. = 21.5 ft. - 2.5 ft. = 19.0 ft.

= Max Allowable Scour Depth
- ¥, = Min(y,, Y,,) = 19.0 ft.
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Example 1 - Scour Vulnerability Screening (SVS)

Max Allowable Scour Depth (y,)

= What level of foundation exposure would be caused by y,,,?

As-Built __Observed / Max Possible
Channel ' Channel Ymp/ Ya Foundation Exposure
Profile—, Profile
- 0-0.33 Minimal
= — 0.34 - 0.66 Moderate
— SN Sin| >0.66 Major
| | [ (=~ 1
Erodible & \
Clay S| @ = y,=19.0ft.
1r
J . = 10 ft.
Sjen| Ymp
]
£ " Ymp/ Ya=0.93
Hard Limestone — Moderate Foundation Exposure
(Non-Erodible)
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Example 1 - Scour Vulnerability Screening (SVS)

Which Scour Evaluation Method to Use?

= Does the bridge cross a waterway? — Scour Evaluation Is
~ Yes Required
= |s it founded in non-erodible rock? — SVS May Be Applicable
- Yes.
Assumed Corresponding i
?
Scour Depth Foundation Exposure Category ElglEIere
Maximum Possible Minimal Yes

Yenp) Major No

— SVS Is Applicable

Bridge Scour: Evaluation, Documentation, and Coding July 2, 2020



Example 1 - Scour Vulnerability Screening (SVS)

TxDOT Scour Evaluation Guide

Recommended Item 113 Coding Chapter 6
As-Built ~—Observed Foundation Observed Observed
Channel Channel

Profile—. Profile Exposure Scour Scour
- * from y,, Depth =y, Depth <y,
“Tl= i Minimal 8 8
T -
Clay !
" Yoo would cause moderate foundation exposure
= observed scour depth <y,
— Recommended Coding for Item 113 =5

Hard Limestone
(Non-Erodible)

Bridge Scour: Evaluation, Documentation, and Coding July 2, 2020



Example 1 - Scour Vulnerability Screening (SVS)

Form 538

Form 538

Scour Vulnerability Screening &
age 1 of

PSN:

FEATURE CARRIED:

FEATURE CROSSED:

CRITICAL ABUTMENT / BENT:

SCREENER:

DATE OF SCREENING:

Seal, Signature, and Date

Description of Non-Erodible Stratum:

Include material descriptions(s) consistent with those in the plan set, geotechnical report, and/or drainage report. Refer to Table 3-1 in the Scour
Evaluation Guide.
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Example 1 - Scour Vulnerability Screening (SVS)

Form 538

Max Possible Scour Depth (Ymp) = ft. (EL = ft)

Ymp is the distance between the as-built channel profile and the top of the
non-erodible stratum; refer to Chapter 6 of the Scour Evaluation Guide.

Max Allowable Scour Depth (Refer to Chapter 2 of the Scour Evaluation Guide):

FoundationType: | | Pile || Drilled Shaft || Trestle pile
l_l Other
Maximum Allowable Scour Depth for Rotation (y,,) = ft.
Maximum Allowable Scour Depth for Unbraced Length (y5]) = fit
Maximum Allowable Scour Depth (y3) = Min(yay, Yal) = ft
Ymp/Ya=
Ymp /¥a Recommended ltem 113 Coding

0-0.33 8
Recommended ltem 113 Coding =: 034-1.0 4 (ifyg= Yenp) OF 5 (ifyg < Ynp)
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Example 2

Example 2

= Off-System

= Constructed in 1975

= 3 Simple Spans

= 3 Belled Drilled Shafts per Bent

= [tem 26 (Functional Classification) = 16
- Local Urban (Population 5,000 - 49,999)

= [tem 61 (Channel and Channel Protection) = 7
- Bank Protection Needs Minor Repairs

= [tem 113 (Scour Critical Bridges) = 6

- Lacking Scour Evaluation and/or Documentation
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Example 2

Original Plans

= Foundation Dimensions and Tip Elevations
- 24-inch belled shafts

= As-Built Channel Profile

| i |
e e BT, B L e mEE. TET. &[S - |

Bridge Scour: Evaluation, Documentation, and Coding July 2, 2020




Example 2

Origi nal Pla ns !‘Q “_.‘_.I“_h:;" i hrm' L ELEY. (B8 .28 - EXETA T o F ER-UND

1 | LT BrZouw kl Samn uf | Seme ST REAR T r_-
. | jCHamciue To LIGHT Tan SILTY SadD |
esSt nole bata e bar |

- Unclear where test on [ | S LI
holes were located | [

- Layer thicknesses vary |
- Bearing material is T
hard, jointed clay R h
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Example 2

Which Scour Evaluation Method to Use?

= Does the bridge cross a waterway?
- Yes

= |s it founded in non-erodible rock?
- No: the bearing material is hard, jointed clay.

" |s it a new bridge?
— No: the bridge was constructed in 1975.

= Does the bridge carry a high-priority route?

- No: not an interstate or other principal arterial.

— Scour Evaluation Is
Required

— SVS Is Not Applicable

— Detailed Analysis May
Not Be Required

— Detailed Analysis Is Not
Required

— Use the SVA Method.

Bridge Scour: Evaluation, Documentation, and Coding
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Scour Evaluation Methods

TXDOT Scour Evaluation Guide
Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

= Scour Vulnerability Class
- Four Risk Factors
* Channel Material
* Channel Condition
e Scour History
* Channel Migration History
= Recommended Coding for NBI Item 113
= Recommended Future Action
- Remediation

— Detailed Scour Evaluation Based on Analysis
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Example 2 - Scour Vulnerability Assessment (SVA)

Elev = 164.21 ft.—

Original Embedment

13.58 It

!
| A
As-Built —
Channel _
July2019\ i
©
50
L~ N
i _/ /( .
d =
o )
== o
May 2016 -
4]
24-in. E
!

Test Hole Data

e
L~

Elev=138.1ft.

Bridge Scour: Evaluation, Documentation, and Coding

EL 160
[
EL 155 7
%
%
EL 150
EL 145 -
-
EL 140 N
EL 135
/
EL 130

Silty Sand

Sandy Clay

Stiff Clay

Hard Jointed Clay
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Example 2 - Scour Vulnerability Assessment (SVA)

Elev = 164.21 ft.— Yar = Max Allowable Scour Depth
for Bearing
=
E = Original Embedment / 2
E:E" As-Built \ =13.58/2=6.79
L Channel -
& July 2019 \ - y, = Max Allowable Scour Depth for
%ﬂ o Lateral Bracing
T N

| / r = (1.5)(Shaft Dia.)

= = T - Orig. Unbraced Length
g May 2016 g = (1.5)(24") - (23.61" - 13.58’)
% 24-4in. | | kS = 25.97’ (Not Possible)

| / \ | Y, = Min(y,p, ¥s) = 6.79’

~—— Elev = 138.1 ft.

Bridge Scour: Evaluation, Documentation, and Coding July 2, 2020



Example 2 - Scour Vulnerability Assessment (SVA)

Elev = 164.21 ft.w'

=

(0]

=

3 A

; As-Built

L|E.I § Channel o

—

E o| July 2019— o

L \ ©

O = | g
! i

o 0

&£ = o

% ' May 2016 :_;S

™ 24-in. o o
1 / !

%

Elev=138.1 ft.

Y.p = Max Allowable Scour Depth
for Bearing

= QOriginal Embedment / 2
=13.58"/2=6.79

Y, = Max Allowable Scour Depth for
Lateral Bracing

= (1.5)(Shaft Dia.)
— Orig. Unbraced Length

= (1.5)(24") - (23.61" - 13.58’)
= 25.97" (Not Possible)

Y, = Min(y,,, Y,) = 6.79’

Bridge Scour: Evaluation, Documentation, and Coding
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Example 2 - Scour Vulnerability Assessment (SVA)

Elev = 164.21 ft.—

= Y Test Hole Data
©
=
D i EL 160
2 o As-Built |
Wl o Channel _ e
8 3 July 2019 = EL155(] [
AT \ © T
SIS & ¢ :
! ~ | Silty Sand
A A:ﬁﬂmé Minimal 2 EL 150 l/
, S| Moderate \ o 1
» Q /
% =S Major May 2016 - EL145 [ H
= | : 3 Sandy Clay
% l 24-in, g N L
/ \ EL 140 N
! ! Stiff Clay
‘L EL 135 N
—— Elev = 138.1 ft. 7R
H [ I
L1307 ard Jointed Clay
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Example 2 - Scour Vulnerability Assessment (SVA)

TxDOT Scour Evaluation Guide

Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

Test Hole Data

= Scour Vulnerability Class —

- Channel Material Score ] AsBth_} e
Channel 7
Channel Material Score VPPN — EL155 )
] 7 1 silty sand
Competent, Hard Rock -3 / / =i
- |
Soft Rock or Hard Clay -1 May 2016 — EL145N | s Ciey
EL 140
Fractured or Weathered Rock 1 f E > it iy
Soft to Medium Clay o B\
Hard
Sand 3 EL 130 Jointed Clay

Refer to Scour Evaluation Guide Table 3-1 for Material Descriptions
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Example 2 - Scour Vulnerability Assessment (SVA)

TxDOT Scour Evaluation Guide

Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

@_

= Scour Vulnerability Class % 9 O i

— Channel Condition Score _

i

NBI Item 61 Coding Score % Report Info
Report Sections
8-9 -1 Pictures/Files

Location Map

Asset Files
i I
% Routine - Field Notes

5 3 lInder Records D
<4 5 Item 61 =7

Based on NBI Item 61 (Channel and Channel Protection)
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Example 2 - Scour Vulnerability Assessment (SVA)

TxDOT Scour Evaluation Guide

Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

= Scour Vulnerability Class

- Scour History Score S Bt
Channel
Historic Foundation Exposure Score July 2019\
Minimal -2 +
™| Minimal
! =™ Major May 2016
Major 4 *
Based on current and previous measured i E

channel profiles. Use the most severe observed
scour at the most critical abutment or bent.
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Example 2 - Scour Vulnerability Assessment (SVA)

TxDOT Scour Evaluation Guide

Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

= Scour Vulnerability Class

— Scour History Score

Channel Migration Impact Score
* Has lateral channel

No history of channel migration 0 . .
& J migration occurred?

Channel migration has occurred,

but the lateral shift has not impacted 1 * If so, has it impacted
adjacent bents or abutments. adjacent bents or
abutments?

Channel migration has occurred,
and the lateral shift has impacted 2
adjacent bents or abutments.

Based on current and previous measured channel profiles.

Bridge Scour: Evaluation, Documentation, and Coding July 2, 2020 144



Example 2 - Scour Vulnerability Assessment (SVA)

Scour Vulnerability Assessment (SVA)

= Channel Migration History Score

E-Church.5t
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Example 2 - Scour Vulnerability Assessment (SVA)

Scour Vulnerability Assessment (SVA)

= Channel Migration History Score

CHANNEL Structure ID: I Inspection Date: 07/29/2019
(ITEM 61) DO NOT DISCLOSE. THIS INFORMATION IS CONFIDENTIAL UNDER THE TEXAS HOMELAND
SECURITY ACT & 23 U.S.C SECTION 409, SAFETY SENSITIVE INFORMATION.
Component Description Min.  Rating Comment
Channel Banks 0 7 Stream banks have minor erosion. Rock riprap has been placed on north bank
under bridge where concrete riprap toewall has been exposed up to 1' deep.
Channel Bed ' 0 7 Drilled shaft for west column at south interior bent has been exposed 2' deep from
bank erosion.
Rip Rap, Toe Walls & Apron 5 7 Concrete riprap has shifted up to 2-1/2° away from north abutment & 1" away from
south abutment & riprap has settled slightly. See also above comment.
Dikes 5 N
Jetties 5 N
Other - N
Overall Component Rating 7
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Example 2 - Scour Vulnerability Assessment (SVA)

View Through Bridge: Looking East (July 2017) This slide has been updated.

Note: If scour countermeasures have
been installed and are performing well,
the appropriate coding for Item 113 is
“7”. Clearly, riprap has been installed
here. However, we will assume
countermeasures have not been installed
in order to demonstrate the SVA method. &

- Y
e ]
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Example 2 - Scour Vulnerability Assessment (SVA)

View Through Bridge: Looking East (July 2019)
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Example 2 - Scour Vulnerability Assessment (SVA)

This slide has been updated.
Measu red Cha N nel Profi |es Note: The shaded green area is where stone riprap was

installed. Remember, if countermeasures have been
installed and are performing well, the appropriate coding

= Scour for ltem 113 is “7”.
. . For this example, we are ignoring the countermeasures
= Cha N nel M |grat|0n to illustrate how this bridge would have been coded

before countermeasures were installed.

08/2017
2019 - No Sianificant Change . ===
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Example 2 - Scour Vulnerability Assessment (SVA)

TxDOT Scour Evaluation Guide

Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

= Scour Vulnerability Class

— Scour History Score

Channel Migration Impact Score

No history of channel migration 0

Channel migration has occurred,
but the lateral shift has not impacted 1
adjacent bents or abutments.

Channel migration has occurred,

and the lateral shift has impacted
adjacent bents or abutments.

Based on current and previous measured channel profiles.
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Example 2 - Scour Vulnerability Assessment (SVA)

TxDOT Scour Evaluation Guide

Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

= Scour Vulnerability Class

Channel Material Score = 1
+ Channel Condition Score = 1
+ Scour History Score = 1

+ Channel Migration History Score = 2

Total Score =5

— |f Total Score < 3, Scour Vulnerability Class = Normal

[— If Total Score = 3, Scour Vulnerability Class = Enhanced ]
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Example 2 - Scour Vulnerability Assessment (SVA)

TxDOT Scour Evaluation Guide

Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

Recommended NBI Item 113 Coding
Current Scour Condition Scour Vulnerability Class

Normal Enhanced

Countermeasures Installed & Functioning 7
Minimal Foundation Exposure
Moderate Foundation Exposure

Major Foundation Exposure

Bridge Closed

S » N b+~
CDlAI(JQOT\II

Bridge Failed

Bridge Scour: Evaluation, Documentation, and Coding July 2, 2020



Example 2 - Scour Vulnerability Assessment (SVA)

TxDOT Scour Evaluation Guide

Scour Vulnerability Assessment (SVA) Chapter 7
Qualitative Scour Evaluation Based on Observed Conditions

= Recommended Future Action This slide has been updated.
Recommen_ded Future Action Timeline for
Scour Coding Completion
8 No additional action required. -
I No additional action required. -
5 Detailed Scour Evaluation based on Analysis 4 years
4 Scour Remediation 3 years
3 Detailed Scour Evaluation based on Analysis 2 years
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Example 2 - Scour Vulnerability Assessment (SVA)

Form 537

Form 537

Scour Vulnerability Assessment (8/20)
Page 10f 2

PSN:

FEATURE CARRIED:

FEATURE CROSSED:

ASSESSOR:

DATE OF ASSESSMENT:

Most Vulnerable Bent:

Seal, Signature, and Date

Existing Countermeasures:
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Example 2 - Scour Vulnerability Assessment (SVA)

Unknown Foundations:

| The structure is supported by unknown foundations. The following assumptions were made in order to estimate the
* Maximum Allowable Scour Depth (y,).

Max Allowable Scour Depth (Refer to Chapter 2 of the Scour Evaluation Guide):

FoundationType: | | Pile | Drilled Shaft || Spread Footing

|:| Other

D Scour depths are measured from the as-built channel profile.

|| Scour depths are measured from:

Maximum Allowable Scour Depth for Bearing (y,p) = ft.

Maximum Allowable Scour Depth for Unbraced Length (y,|) = I

Maximum Allowable Scour Depth (y;) = Min(yap, Yal) = ft.

Current Conditions
Date of Most Recent Inspection:

Current Scour Depth = | ft. (EL = ft)
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Example 2 - Scour Vulnerability Assessment (SVA)

Form 537 (8/20)
Page 2 of 2

Risk Factors

Channel Material Score:

Comments

Channel Condition Score:

ltem 61 =

Scour History Score:

Comments

Channel Migration History Score:

Comments
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Example 2 - Scour Vulnerability Assessment (SVA)

Form 537 (Continued)

Total Score = Sum of Risk Factor Scores =

Scour Vulnerability Class (Check One): D Normal (Total Score < 3) D Enhanced (Total Score >= 3)

Recommended Coding for Item 113 (Check One):
Refer to Table 5-5 in the Scour Evaluation Guide for Coding Guidance.

(s 7 [Je [Js
L« O3 2 [

Future Action Refer to Table 5-6 in the Scour Evaluation Guide.

Future Action

Timeline for Completion
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Bridge Scour: Evaluation, Documentation, and Coding

Part 5 - Consultant Requirements
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Consultant Requirements

Common Roadblocks to Scour Compliance
= More Questions than Answers

- Piecemeal Policy

- Evolving Requirements

— Confusing Coding Guidance

Division Response
= New Scour Evaluation Guide

= |[ncorporates 2020 Updates to Geotechnical Manual
& Bridge Inspection Manual

= June 2020 Addendum to TxDOT Coding Guide
= Internal Crossroads Website:
BRG = Field Ops = Geotech = Scour Forms & Guidance
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Consultant Requirements

Common Roadblocks to Scour Compliance
= Lack of In-House Resources

- Experience, Expertise and/or Time

Division Response
= Scour Training (available upon request)
= Facilitate Scour Evaluation Contracts
= Build Contracts around District Needs
= Clearly Define Expectations & Deliverables
= Act as SME for Negotiations & Review of Deliverables
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Consultant Requirements

Common Roadblocks to Scour Compliance
= Lack of In-House Resources

- Experience, Expertise, and/or Time

Division Response
= Scour Training (available upon request)
= Facilitate Scour Evaluation Contracts
= Build Contracts around District Needs
= Clearly Define Expectations & Deliverables
= Act as SME for Negotiations & Review of Deliverables

= Moving Forward: Contract, In-House, or Both?
— Need to consider which resources are required.
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Consultant Requirements

Scour Evaluations in PS&E Contracts for New Bridges

= Scour Evaluation Is Required During Design Phase
= Scour Contract Deliverables

— Documentation of Scour Evaluation

— Completed Scour Summary Sheet?

Scour
e Calculated Scour Depth
* Max Allowable Scour Depth
Design

Initial
Observed Scour Depth
Scour Summary
Sheet
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Consultant Requirements This slide has been updated.

Scour Evaluations in PS&E Contracts for New Bridges

= Scour Evaluation Is Required During Design Phase
= Scour Contract Deliverables
- Documentation of Scour Evaluation

- Completed Scour Summary Sheet? Yes!

Scour

e Calculated Scour Depth
* Max Allowable Scour Depth
Design

Initial

Observed Scour Depth
Scour Summary
Sheet

Bridge Scour: Evaluation, Documentation, and Coding July 2, 2020

When preparing a

Scour Summary Sheet

(Form 2605 or Form 2606)

for a new bridge or culvert, it is
permissible to assume zero scour, exposure,
and/or undermining for the as-built condition.
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Consultant Requirements

Scour Evaluations in PS&E Contracts for New Bridges

= Remember, Detailed Scour Evaluations based on Analyses involve:
— Site-Specific Hydrology Study
— Determination of Channel Cross-Sections
- Hydraulic Modeling
- Channel Material Sampling and Testing
— Scour Depth Calculations

= Required Expertise
- Hydrology
— Surveys, LiDAR, Aerial; FEMA/USGS Resources
- Hydraulic Modeling
- Geotechnical: Materials, Sampling and Testing
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Consultant Requirements

Scour Evaluation Contracts for Existing Bridges

= Potential Contract Deliverables
— Review of Original or As-Built Plan Sets
— Review of Existing Scour Documentation
— New Scour Evaluation
* Screening, Assessment or Analysis
— Hydrology Study
- New Channel Cross Section Surveys
- Hydraulic Modeling
— Geotechnical Sampling, Testing, Interpretation
— Determination of Max Allowable Scour Depth
- Recommended Scour Codings
- Scour Summary Sheet
— Countermeasure Recommendations
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Consultant Requirements

Scour Evaluation Contracts for Existing Bridges

= Required Expertise
- Hydrology
— Channel Cross Sections: Surveys, LiDAR, Aerial; FEMA/USGS Resources
- Hydraulic Modeling
- Geotechnical: Materials, Sampling and Testing
— Structural Design Principles A
- Familiarity with Bridge Plans (Design and As-Built)

* Bridge Layout

 Foundation Details > Scour Evaluations

_ for Existing Bridges
- Bridge Construction Practices Broader Skill Set

- Inspection/Coding

— Scour Countermeasures
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Consultant Requirements

Scour Evaluation Contracts
= New Bridges

- Hydrology

- Surveying

- Hydraulic Modeling

— Geotechnical

= EXxisting Bridges
- Hydrology
- Surveying
— Hydraulic Modeling
— Geotechnical
— Structural
- Inspection/Coding
— Bridge Construction

Bridge Scour: Evaluation, Documentation, and Coding

Scour is multi-disciplinary

It requires collaboration

It is not optional

Any questions?

July 2, 2020
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Bridge Scour: Evaluation, Documentation, and Coding

Questions?
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