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Motivation 

• Scour countermeasures 
provide good protection for 
bridge abutments when 
applied correctly.

• Correct use of 
countermeasures is 
application specific:
 Channel size.

 Abutment placement.

 Soil conditions.

 Channel morphology.

 Vegetation.



4

Presentation Scope

• Presentation will focus on use of 
countermeasures for protection 
of abutments.
 Wing-wall – small channels.

 Spill through – large channels.

• Countermeasures considered
include:
 Approach-channel control.

 Downstream-channel control.

 Armoring of bridge opening.

 Bridge modifications.

 Drainage control.

Typical small-channel bridge features

Typical large-channel bridge features
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Abutment Forms

Typical small-channel bridge features

Typical large-channel bridge features

Wing-wall abutment

Pier very close to abutment

Spill-through abutment
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Common Scour Conditions

• Flow field.
 Flow contraction.

 Turbulence caused through boundary 
interactions.

Flow field past wing-wall abutment

Near-field flow around spill-through abutment
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Common Scour Conditions

• Scour condition 1:
 Scour destabilization of the main-channel bank 

near the abutment.

 Several-stage failure process.

 Loss of soil and even riprap into scour hole.

 Exposure of piles and pile cap problematic.

Regions of abutment scour

Advanced progress of scour condition 1 at spill-

through abutment

Very advanced progress of scour condition 1 at 

wing-wall abutment (abutment collapse)
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Common Scour Conditions

• Scour condition 2:
 Scour of the floodplain around an abutment set 

back from main channel.

 Scour hole forms slightly downstream from 
abutment.

 Loss of soil and even riprap into scour hole. 

• Scour condition 3:
 Conditions 1 or 2 progress to allow washout of 

the embankment around the abutment.
Regions of abutment scour

Initial progress of scour condition 2 Advanced progress of scour condition 2 Scour condition 3
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Common Scour Conditions

• Scour condition 4:
 Scouring of the embankment some distance 

away from the abutment.

 Does not occur at bridge opening.

 Armoring of the bridge opening not effective.

• Scour condition 5:
 Scouring during overtopping event.

Scour condition 4 – scouring of embankment 

away from the bridge opening

Bridge scour after overtopping event (image source: CODOT, 2017)
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Common Scour Conditions

• Other scour processes of note:
 General scour.

 Head-cut migration along a channel.

 Channel (thalweg) alignment shift.

 Erosion of drainage channels along flanks of 
abutment.

Upstream progression of head cut through waterway exposes 

pier supports and destabilizes abutments

Erosion of side drainage in embankment close to abutment 

exposes it to scour
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Primary Categories of Scour Concern

• General bed degradation or overall scour:
 Results from reduction in the bed-load supply of sediment to the bridge site 

(i.e., degradation progressing from upstream to downstream). 

 Or from a steepening of channel slope owing to head-cutting of the channel 
bed (i.e., degradation progressing from downstream to upstream).

• Approach-flow scour:
 Results from channel shifting or thalweg shifting.

• Localized scour at the abutment:
 Results from localized vortices.
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• Suggested countermeasure design criteria:
1. Technical effectiveness (including no substantial adverse effects).

2. Constructability.

3. Durability and maintainability.

4. Aesthetics and environmental issues.

5. Cost.

• Recommended steps for countermeasure design:
1. Identify the process causing the scour concern.

2. Select a countermeasure concept.

3. Select a construction method for the countermeasure concept.

4. Design the countermeasure.

5. Review the design in terms of Criteria 1 through 5 above.

Recommendations
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Countermeasure Concepts

• Scour countermeasures should not 
be used alone:
 Maintenance and repair of waterway.
 Regular monitoring.

• Countermeasure approaches.
 Approach-channel control.
 Downstream-channel control.
 Armoring of the bridge opening.
 Bridge modification.
 Drainage control.

• Most commonly used 
countermeasures:
 Armoring (mostly riprap) most commonly 

used technology.
 HEC 18 and HEC 20 circulars most 

commonly cited standard for 
countermeasure design.
 MI: HEC 18, HEC23.

HEC 18 (Hydraulic Engineering Circular No. 18) 

Evaluating Scour at Bridges
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Countermeasure Concepts: Approach-flow Control

• Approach-channel/flow control:
 Guide approach flow directly through bridge 

opening:
• Most useful for approach-flow scour.
• Streamline flow to minimize the bridge’s obstruction to 

flow.
• Usually this means to minimize angle between approach 

flow and major horizontal axis of pier or abutment face.

 Site-specific analysis is typically required for 
effective use of flow control:
• Laboratory testing.
• Numerical modeling.

• Upstream flow control structures:
 Guidebanks.
 Hardpoints.
 Spur dikes.
 Bendway weirs and barbs.
 Vanes.

• Additional upstream channel-control 
methods:
 Removal of vegetation and sloughed riverbank 

material.
 Bridge widening or shifting:

• Most attractive is an existing abutment is already damaged 
or washed out.

Flow control structures

Spur dikes

Barbs Vanes

Hardpoints

Bendway weirs1

Guidebanks

1.Image source: Cunningham, R.S. and Lyn, D.A., "Laboratory Study of Bendway Weirs as a Bank Erosion 

Countermeasure," Journal of Hydraulic Engineering, 142(6), 04016004 (2016). 
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• Approach-channel/flow control:
 Spur details:

• Redirect flow at bend in channel.

• Halt channel migration.

• Orient flow more optimally to bridge opening.

Spur dikes

Flow scour and siltation features for spurs (including 

spur dikes, groins, exposed barbs, and bendway weirs) 

Typical spur dike layout

Barbs

Countermeasure Concepts: Approach-flow Control
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• Downstream-channel control:
 Prevention of channel bed degradation:

• Degradation progressing from downstream 
typically due to head-cutting:

 Use of check dam or low weir can be effective.

 Placement of sheet piling around abutment can also be 
useful.

 Lining the channel with riprap or concrete has been 
observed not to be effective.

 Low weirs also useful for upstream 
channel bed degradation issues.

Downstream weir to arrest head-cutting

Sheet pile weir (with fish ladder)

Sheet pile skirt

Countermeasure Concepts: Downstream-channel Control

Concrete weir
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Countermeasure Concepts: Armoring

• Commonly used armoring 
technologies:
 Riprap.

 Cable-tied blocks.

 Geobags.

• Choice of technology largely up 
to designer:
 Consider life-cycle costs.

 Might also consider aesthetics.

Cable-tied blocks (Photo source Contech

Company)

Geobags used to form and protect recently damaged 

abutment.

Riprap (Photo source WISDOT)

Cable-tied blocks
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Countermeasure Concepts: Armoring

Armoring system design: please see HEC 18, 

HEC23, and NCHRP Report 587
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Countermeasure Concepts: Bridge Modification

• Increase bridge span size or add additional span(s):

• Very costly approach:

 Can reduce flow reduction at bridge opening.
• Decreases scouring effects.

• Useful approach if the bridge opening constrains flow enough to cause upstream flooding.

 Approach becomes more attractive when a bridge abutment has already been 
compromised by scour and major remediation is already required.

Bridge abutment critically compromised by scour1

1Photo source: Ettema, R., Bergendahl, B.S., Yorozuya, A. and Idil-Bektur, P., "Breaching of Bridge Abutments and Scour at Exposed Abutment 

Columns," Journal of Hydraulic Engineering, 142(10), 06016010 (2016).
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Countermeasure Concepts: Drainage Control

• Poorly maintained surface 
drainage control systems may 
also threaten bridge abutments:
 Increase the geotechnical stability at the 

abutment.

Erosion due to surface runoff increases scour exposure

Erosion due to surface runoff threatens roadway
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Abutment Scour Concern Countermeasure Concept Construction Option

General bed degradation Use a bed-control structure 1. Place weir across channel to maintain bed

level at bridge waterway.

2. Place sheet pile around abutment to maintain

bed level at abutment.

Channel or thalweg shift Use a channel control structure 1. Use a channel-control structure to guide flow

away from a bank.

2. Use a bank-control structure to armor the

bank and thereby prevent further channel

shifting.

3. Shift the abutment back and add a bridge 

span.

Localized scour at abutment Modify the flow field at the abutment 1. Align approach-channel banks.

2. Shift the abutment back and add a bridge 

span.

3. Add a relief bridge.

4. Add a parallel wall or guidebanks.

5. Place flow-deflection spur dikes or groins.

Armor the abutment boundary 1. Place riprap or cable-tied blocks at spill-

through abutments located on floodplain.

2. Place riprap, cable-tied blocks, parallel walls, 

or spur dikes at wing-wall abutments at main 

channel bank at narrow crossings.

3. Armor the outflow region of lateral drains 

and the adjacent channel bank.

Increase the geotechnical stability of the 

abutment

1. Place sheet pile around the abutment to retain 

the embankment.

Recommendations


