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7.1 SUBSTRUCTURE – REACTIVE MAINTENANCE
The substructure is the component of the bridge that transmits the loads and stresses from the
deck to the ground and supports the superstructure at its required elevation. The substructure
may be composed of abutments, piers, footings, piling, columns, stems or walls, shafts, caps,
and bridge seats.
Abutments are located at the beginning and end of a bridge. Piers are located between
abutments as intermediate support systems for multi-span bridges.
Foundations, which must be constructed below frost line, are the lower parts of abutments and
piers which distribute the loads to the ground by piling and/or concrete footings. Footings are
not used on pile bents except for temporary footings such as mud sills.
Maintenance Field Note:
Consult the Agency Bridge Engineer or Regional Bridge Construction Engineer prior to
performing the substructure repairs listed in this chapter. Many of the procedures shown
represent typical procedures and site specific plans may be warranted. Secure permits and
notify the proper agencies as required by current safety and environmental guidelines.

7.1.1 REPAIRING CRACKS IN SUBSTRUCTURE
Severe cracking in abutments, piers, and wingwalls may be addressed by pressure injecting
cracks with epoxy. However, conditions that caused the crack should be corrected before you
begin this type of repair. If corrosion is causing cracking, removing unsound concrete and
patching may be a more appropriate repair. If you have moisture concerns, some epoxies may
not be suitable.
Maintenance Field Note:
Document accomplishments and ensure all Labor, Equipment, and Materials for all work
associated with Cracks in the Substructures to Source Type Code 2831 Bridge Substructure
and the Bridge Project ID.
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7.1.1.1 Criteria and Frequency
Epoxy injection should be used for dormant cracks or cracks that remain unchanged but require
structural repair. Consult the Agency Bridge Engineer or Regional Bridge Construction
Engineer for repair recommendations for working cracks.
Cracking that is severe enough to lead to delamination and spalling may require concrete
removal and replacement instead of epoxy injection.
7.1.1.2 Equipment and Materials
Personal Protection Equipment:
•
•
•
•
•
•
•

High Visibility Safety Vest
Hard Hat
Face Shield (Refer to SDS)
Nitrile Gloves (Refer to SDS)
Eye, Ear, and Foot Protection
Dust Mask (Refer to SDS)
Tyvek Suit (Refer to SDS)

Equipment:
•
•
•
•
•
•
•
•
•
•

Air Compressor w/ Hose
Wire Brush
Putty Knife
Traffic Control Devices
Grinder
Epoxy Applicator
Margin Trowel
Injection Ports and Caps
Mixing Equipment, if needed
Hammer
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Material:
•
•
•

Epoxy Cap Sealant
Epoxy Injection Material
Approved Special Surface Finish

7.1.1.3 Procedure and Best Practices
STEP 1 – PLAN THE WORK
The repair procedures shown here represent typical procedures that may be used for this type
of repair. However, the type of epoxy used and the time required for injection will vary with each
job depending on the crack width, wall thickness and other conditions.
Epoxy injection should be performed by an experienced applier. The applier must understand
how to select the appropriate material and utilize the injection technology including flow rates,
operating pressures and temperature effects.

Follow safety and environmental guidelines and obtain any required permits prior to performing
the work.
Procure all required equipment and materials.
STEP 2 – SET TRAFFIC CONTROL
Set traffic control as per Section 1.5.1 of the BMM.
STEP 3 – PREPARE CRACK SURFACE
The concrete must be clean, dry and structurally sound. Clean the crack area with a wire brush
or grinding wheel, or oil free compressed air approximately 1 inch on each side of the crack so
that it is free of paint, dirt, dust, grease, oil, efflorescence or other foreign matter detrimental to
the epoxy bond. Acids and corrosives are not permitted for cleaning. Open the crack walls
slightly along the length of the crack with a small crack chaser blade if the crack walls remain
contaminated. Blow out the crack with oil free compressed air.
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Where concrete surfaces adjacent to the crack are deteriorated, route the crack in a V-groove
sufficient to reach sound concrete and blow with clean compressed air.
STEP 4 – APPLY CAP SEALANT AND INSTALL INJECTION PORTS
Install the injection ports. The spacing of the injection ports, viscosity of the epoxy and
application process should be determined by a trained applier before beginning repair. A
standard rule of thumb is to place the ports approximately 8 to 10 inches apart, or one inch
apart for each inch of wall thickness.
For Surface Ports: Using a plastic putty knife, apply the epoxy cap sealant underneath the
outer half of the port base without obstructing the port passageway. Center the port over the
crack at the port locations and press down to secure the port.

Prepare the epoxy cap sealant in accordance with the manufacturer’s recommendations. Seal
(or cap) the crack by applying an approved epoxy sealant on the surface of the crack and
around the base of the ports. Press the cap sealant into the crack and smooth with a putty knife
so that the sealant is approximately 1 to 2 inches wide along the length of the crack. Seal any
pin holes or voids between the ports and the concrete surface.
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If the crack passes completely through the concrete, seal the back of the crack, if possible.
Allow the cap sealant to fully cure prior to beginning injection.
STEP 5 – INJECT EPOXY
Prepare the epoxy injection material per the manufacturer’s recommendations.
The following steps represent typical injection procedures. Follow the manufacturer’s
recommendations for the system that is used. In general, start with the lowest port when
injecting vertical cracks or the port at the widest part of the crack when injecting horizontal
cracks.
Inject with slow, constant pressure until refusal or until epoxy vents from an adjacent port.
When an adjacent port bleeds, cap the port that is currently being injected and move to the next
port. Repeat the injection process at the next port and continue in a similar fashion along the
length of the crack until the entire crack has been filled with epoxy. Allow the epoxy to cure per
the manufacturer’s recommendations.

For hairline cracks not suited for injection to refusal, increase the injecting pressure to
approximately 200 psi as needed. However, monitor injection to prevent a blowout of the cap
seal or ports.
After the epoxy has cured, remove the ports by knocking off with a hammer or cutting off flush
with a grinder. If appearance is important, the surface can also be finished with a grinder.
STEP 6 – APPLY SPECIAL SURFACE FINISH
Apply the final special surface finish in accordance with the manufacturer’s recommendations.
Use a MnDOT approved/qualified special surface finish product.
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7.1.2 REPAIRING SPALLED OR DELAMINATED CONCRETE SUBSTRUCTURE
ELEMENTS

Substructure elements, such as abutments, piers and footings can become severely spalled or
cracked over time and may require repair.

Maintenance Field Note:
Document accomplishments and ensure all Labor, Equipment, and Materials for all work associated
with concrete abutments and footings to Source Type Code 2831 Bridge Superstructure and the Bridge
Project ID.
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7.1.2.1 Criteria and Frequency
Check substructure elements for spalling and cracking during the routine bridge inspection.
Schedule repairs if needed. Exercise caution when repairing bearing areas.
7.1.2.2 Equipment and Materials
Personal Protection Equipment:
•
•
•
•
•

High Visibility Safety Vest
Hard Hat
Personal Floatation Device
Eye, Ear, Hand, and Foot Protection
Dust Mask

Equipment:
•
•
•
•
•
•
•

Traffic Control Devices
Snooper or Other Vehicle if Needed for Access
Power Source
Demolition Equipment
Excavation Equipment
Water Pump w/ hoses
Concrete Placing Equipment

Material:
•
•
•
•
•
•

Sandbags, Plastic Sheeting
Armor / Rip-Rap
#4 Rebar
Grout
Jackhammer
3B52 Concrete, Structural Repair Bagged Mix (suitable for vertical repair) or Shotcrete

7.1.2.3 Procedure and Best Practices
STEP 1 – PLAN THE WORK
The repair procedures shown here represent typical procedures that may be used for this type
of repair. However, consult the Agency Bridge Engineer or Regional Bridge Construction
Engineer prior to performing this work in order to develop a project specific repair plan.
Follow safety and environmental guidelines and obtain any required permits prior to performing
the work.
Procure all required equipment and materials.
STEP 2 – SET TRAFFIC CONTROL
Set traffic control as per Section 1.5.1 of the BMM.
STEP 3 – CONSTRUCT COFFERDAM AND PUMP OUT WATER
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For abutments or footings located in the waterway, construct a coffer dam and pump out water if
necessary. If required, excavate soil to expose deteriorated concrete.

STEP 4 – REMOVE DETERIORATED CONCRETE
Preservation performed by maintenance crews may require the removal of significant areas of
unsound deck, superstructure or substructure concrete. Bridges with concrete deck,
superstructure, or substructure elements in Condition State 3 or 4 should be assessed for the
possibility of extensive removals. This assessment may include additional evaluation through
sounding, coring or sample removals conducted by the District safety team leader in
consultation with the Regional Construction Engineer if needed.
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Remove the deteriorated concrete from the face of abutments down to sound concrete or to a
depth that exposes the reinforcement in the near face. If extensive removal is required, consult
the Agency Bridge Engineer or Regional Bridge Construction Engineer prior to removal (refer to
warning above). Limit jackhammer size to a nominal 30-pound class and limit chipping hammer
size to a 15-pound class.
STEP 5 – FORM AND ADD NEW REINFORCEMENT GRID
Form the repair area and add a new reinforcement grid to make the abutment 4” to 6” thicker.
Refer to Detail C for an example of this type of repair.
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STEP 6 – PLACE CONCRETE
Use 3B52 concrete or appropriate mix for the repair. Depending on the dimensions of the repair
and clearance to rebar, you may need a mix with smaller aggregate or use a self-consolidating
mix. It is important while placing concrete with a tremie to keep the end of the tremie in the
newly poured concrete to prevent the fresh concrete from washing out.
Fill remaining space with grout after the 3B52 concrete has cured a minimum of one day.

CHAPTER 7 – FIELD GUIDE – SUBSTRUCTURE

7-13

MNDOT BRIDGE MAINTENANCE MANUAL

CHAPTER 7 – FIELD GUIDE – SUBSTRUCTURE

JULY 2019

7-14

MNDOT BRIDGE MAINTENANCE MANUAL

JULY 2019

7.1.3 REPAIRING DETERIORATED TIMBER PILE BENTS AT OR NEAR GROUND
LEVEL

Piles can be damaged in a number of different ways:
•
•
•
•
•

Decay and Insects (least apparent damage)
Ice Damage
Mechanical Damage
Overload from Soil Pressure
Overload from Vertical Pressure

Maintenance Field Note:
Document accomplishments and ensure all Labor, Equipment, and Materials for all work
associated with Timber Pile Bents to Source Type Code 2831 Bridge Substructure and the
Bridge Project ID.
7.1.3.1 Criteria and Frequency
One or several piles are rotting at or near ground level, including deterioration found 2’-6” to 3’9” below the ground surface. During routine bridge inspections, inspect piles for:
•

Deformation

•

Decay in the center of the pile near the top of the pile or at waterline.

Tapping on piles with a hammer can be used to detect decay in the center of the pile. Schedule
repairs based on the inspection findings.
7.1.3.2 Equipment and Materials
Personal Protection Equipment:
•
•
•
•

High Visibility Safety Vest
Hard Hat
Eye, Ear, and Foot Protection
Dust Mask

Equipment:
•
•
•
•
•
•
•

Traffic Control Devices
Power Source
Dewater Pump w/ Hoses
Concrete Equipment
Excavation Equipment
Chainsaw
Welding Equipment
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Material:
•
•
•
•
•
•
•

Steel Pile Shell (split)
Treated Timber Pile
3B52 Concrete
Primer & Paint
Small Steel Plates (Welding Straps)
Drift Pins
Armor / Rip-Rap

7.1.3.3 Procedure and Best Practices
STEP 1 – PLAN THE WORK
The repair procedures shown here represent typical procedures that may be used for this type
of repair. However, consult the Agency Bridge Engineer or Regional Bridge Construction
Engineer prior to performing this work in order to develop a project specific repair plan.
Follow safety and environmental guidelines and obtain any required permits prior to performing
the work.
Procure all required equipment and materials.
STEP 2 – SET TRAFFIC CONTROL
Set traffic control as per Section 1.5.1 of the BMM if needed to complete the repair.
STEP 3 – EXCAVATE AND REMOVE ROTTED SECTION BY SAWING THE PILE OFF
If required, construct a coffer dam to provide a working area around the damaged pile and
dewater as needed. Excavate down around the pile to good timber. Remove the rotted section
by squarely sawing off both ends of the pile.
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STEP 4 – PLACE NEW PIECE OF TIMBER AND ENCASE IN STEEL PILE TUBE
Construct a split steel pile shell casing. Place a new section of timber pile of the exact same
length as the section of pile that was removed. Encase this new section of pile plus 2’-6” on
each end of the saw cuts with the steel pile tube. Place a minimum of 2’-6” of backfill around
the steel shell.

SPLIT STEEL PILE SHELL

STEP 5 – FILL VOIDS WITH CONCRETE
Fill the void between the timber pile and steel tube with 3B52 concrete.
STEP 6 – PAINT THE STEEL SHELL
Paint the steel shell.
STEP 7– BACKFILL EXCAVATION
Backfill excavation to the original ground line. Consult the Agency Bridge Engineer or Regional
Bridge Construction Engineer regarding the type, size and depth of armor or riprap if needed.

7.1.4 REPAIR OF STEEL H-PILE BENTS OR CIP PILES

Repairs may be needed for steel H-piling that is severely rusted or damaged at or near the
water line or for corrosion protection of CIP piles. Consult with the Agency Bridge Engineer or
Regional Bridge Construction Engineer to determine the need for bridge closure during repairs.

CHAPTER 7 – FIELD GUIDE – SUBSTRUCTURE

7-17

MNDOT BRIDGE MAINTENANCE MANUAL

JULY 2019

User Note:
The largest load that piles carry occurs when they are driven into the ground. Some section
loss is acceptable to still perform their function. Based on past project calculations,
approximately 20% section loss on H-piling and 30% on CIP piling was determined to be
acceptable until a preservation project needs to be implemented to prevent future
deterioration. Consult the Agency Bridge Engineer or Regional Bridge Construction Engineer
prior to performing this repair to ensure adequate load carrying capacity of the repaired pile
remains.
Maintenance Field Note:
Document accomplishments and ensure all Labor, Equipment, and Materials for all work
associated with Steel H-Pile Bents to Source Type Code 2831 Bridge Substructure and the
Bridge Project ID.
7.1.4.1 Criteria and Frequency
Steel H-Piles that are severely rusted, bent, or damaged at or near the water line.
7.1.4.2 Equipment and Materials
Personal Protection Equipment:
•
•
•
•

High Visibility Safety Vest
Hard Hat
Eye, Ear, and Foot Protection
Dust Mask

Equipment:
•
•
•
•
•
•
•
•

Traffic Control Devices
Power Source
Dewater Pump w/ Hoses
Concrete Equipment
Excavation Equipment
Painting Equipment
Welding Equipment
Demolition Equipment

Material:
•
•
•
•
•

Steel Pile Shell (Split)
Armor / Rip-Rap
3B52 Concrete
Small Steel Plates (Welding Straps)
Paint
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7.1.4.3 Procedure and Best Practices
STEP 1 – PLAN THE WORK
The repair procedures shown here represent typical procedures that may be used for this type
of repair. However, consult the Agency Bridge Engineer or Regional Bridge Construction
Engineer prior to performing this work in order to develop a project specific repair plan.
Follow safety and environmental guidelines and obtain any required permits prior to performing
the work.
Procure all required equipment and materials.
STEP 2 – SET TRAFFIC CONTROL
Set traffic control as per Section 1.5.1 of the BMM if needed to complete the repair.
STEP 3 – PREPARE THE SURFACE
If required, construct a coffer dam to provide a work area around the pile bent and dewater as
needed. Excavate material around pile to assess the extent of section loss. Remove rust from
in-place piling by scraping, sandblasting, or other methods. Clean the area following removal
procedures.
STEP 4 – INSTALL SPLIT STEEL PILE SHELL CASING OR OTHER SUPPORT
STRUCTURE
Place a split steel pile shell casing or sonotube around the damaged piling. Rebar may need to
be added to the repair area.
Steel channels can also be used to strengthen damaged piles. Consult the Agency Bridge
Engineer for the Regional Bridge Construction Engineer for recommendations.
STEP 5 – WELD STRAPS, PAINT STEEL SHELL AND DRIVE CASINGS INTO GROUND
Weld straps on each side, paint the steel shell and drive the casings approximately 2’-0” into the
ground.
STEP 6 – PUMP WATER OUT OF CASING VOID
Pump the water out of the casing void if necessary.
STEP 7 – FILL CASING VOID WITH CONCRETE
Fill the casing with 3B52 concrete. Backfill excavation to original ground line.

7.2 AREA UNDER STRUCTURES – REACTIVE MAINTENANCE
Maintaining the area under a bridge may be necessary to protect and preserve the structure.
Reactive maintenance includes the maintenance of slopes, slope protection, waterway or
channel, marsh, roadway, railway, utility, protective construction, such as spur dikes, dams, and
berms and debris and vegetation control. For areas that are maintained by highway
maintenance crews, report any problems to the highway maintenance superintendent or the
appropriate sub-area supervisor immediately to ensure that essential work is completed in a
timely manner.
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In general, remove all excess vegetation near slope protection, toe walls and/or sidewalls by as
soon as possible. Check the bridge drainage system and correct any erosion problems
(especially at the toe of slopes) by means of splash blocks, flumes or a combination thereof.
Some deck drains could be plugged and eliminated, but only after consultation with the Agency
Bridge Engineer or Bridge Hydraulics Engineer.
Typical maintenance for aggregate slope paving includes spraying with an asphalt emulsion.
Place filter cloth under the aggregate slope paving to prevent erosion. Apply the emulsion to
the aggregate slope paving per MnDOT Spec. 3151 at the rate of about 0.88 gal/SY as needed.

7.2.1 SEALING TOP OF CONCRETE SLOPE PAVING JOINT
Many slope paving problems are directly caused by water washing through curbs, leaking deck
joints and/or deck drains.
Typical maintenance includes sealing the joint between the top of the slope paving and the face
of the abutment and around pier columns that are placed within the slope protection. This
operation is performed to prevent erosion from undermining concrete slabs, riprap, toe walls,
etc.
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7.2.1.1 Criteria and Frequency
Consider sealing the joint when the sealant placed during construction is no longer effective.
Check for any settlement of the slope paving as this is an indicator that erosion and voids may
be present under the slope paving and behind the abutment. A typical repair procedure for
slope paving settlement is pouring or injecting foam or grout into the voids under the slope
paving. Refer to Chapter 4, Section 4.2.5 CORRECTING APPROACH PANEL SETTLEMENT
AND SAG.
7.2.1.2 Equipment and Materials
Personal Protection Equipment:
•
•
•
•

High Visibility Safety Vest
Hard Hat
Eye, Ear, and Foot Protection
Dust Mask

Equipment:
•
•
•
•
•

Air Compressor and Hoses
Hammer Drill or Electric Screw Gun
Caulk Gun
Utility Knife
Generator

Material:
•
•
•
•
•

Approved Sealant
Reinforced Rubber Belting with no mold release (16" wide by 1/8" min thick)
1 ½" stainless steel fender washers
Polystyrene, if needed
¼" diameter x 1 ¼" long stainless steel concrete screws
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7.2.1.3 Procedure and Best Practices
STEP 1 – PLAN THE WORK
The repair procedures shown here represent typical procedures that may be used for this type
of repair.
Follow safety and environmental guidelines and obtain any required permits prior to performing
the work.
Procure all required equipment and materials.
STEP 2 – SET TRAFFIC CONTROL
Set traffic control as per Section 1.5.1 of the BMM.
STEP 3 – CLEAN AREA
Clean area if needed.
STEP 4 – INSTALL RUBBER BELTING
Install 16” wide by 1/8” minimum thick reinforced rubber belting, gray in color with no mold
release. Overlap splices by 6”. Anchor belting with stainless steel concrete screws at one foot
spacing.

STEP 5 – COAT ABUTMENT SURFACE
Seal top edge of belting with approved sealant per Spec 3722 or 3728.
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7.2.2 DEBRIS REMOVAL
Removal of timber, debris, ice jams and stream restrictions from waterways is necessary,
especially after heavy rainfalls with heavy runoff. This operation is performed to prevent scour
and erosion of fills under abutments and piers. Continued buildup of debris reduces the flow
area and increases the scour potential.
Maintenance Field Note:
Document accomplishments and ensure all Labor, Equipment, and Materials for all work associated
with Removal of Waterway Obstructions to Source Type Code 2834 Waterway Maintenance and the
Bridge Project ID.

7.2.2.1 Criteria and Frequency
Inspect the upstream channel periodically and after any unusual storms which may have
washed out trees or other debris. Schedule debris removal to prevent scour and erosion. It is
best to be proactive with debris removal before the problem becomes severe.

7.2.2.2 Equipment and Materials
Personal Protection Equipment:
•
•
•
•

High Visibility Safety Vest
Hard Hat
Eye, Ear, and Foot Protection
Personal Floatation Device

Equipment:
•
•
•
•
•
•
•
•

Boom Truck With Clam
Cables and Ropes
Excavator, if needed
Skid Steer, if needed for loading
Chainsaw
Boats
Front End Loader, if needed
Tandems, if needed for hauling

Material:
•

None
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7.2.2.3 Procedure and Best Practices
STEP 1 – PLAN THE WORK
The repair procedures shown here represent typical procedures that may be used for this type
of repair. Ensure that sufficient right of way or a permanent easement is acquired so that
access to the stream is available. Also consider downstream impacts when releasing a debris
pile.
Follow safety and environmental guidelines and obtain any required permits prior to performing
the work.
STEP 2 – SET TRAFFIC CONTROL
Set traffic control as per Section 1.5.1 of the BMM.
STEP 3 – REMOVE DEBRIS
Cut larger debris as needed in order to loosen the pile.

Dislodge all drift, logs, trees and other debris in and around the channel. Any debris removed
from the channel must be hauled away and disposed of in accordance with applicable
regulations; it cannot be returned to the channel. If possible, dislodge as much of the debris pile
possible and send it downstream rather than removing it from the channel. Consider any
downstream impacts before performing the work.
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In addition, remove undercut trees so they do not fall into the stream and lodge in the channel or
clog downstream openings.
Maintenance Field Note:
Even when streams are at lower flows, it is still important to monitor debris build up and dislodge or
direct debris downstream as necessary.

STEP 4 – UPDATE BRIDGE INSPECTION REPORT
Update the NBI 61: Channel and Channel Protection notes within the bridge inspection report if
frequent or severe issues persist. This information will be invaluable for future project scoping
considerations.

7.2.3 ICE JAMS
An interlocking ice jam typically occurs where thaws upstream caused the ice to break up and
move downstream until it reaches a narrow stream opening. Ice jams can also be caused by a
drop in water flow. In this case, the ice grounds on the river bottom and forms a solid dam.
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For an interlocking jam, water will probably continue to flow under the jam. For a jam that was
caused by a drop in water flow, however, little or no water may flow under or through the ice
jam. A sudden increase in runoff can then back up at the jam and flood adjacent areas. These
types of ice jams can cause water to divert around a structure or force the flow under piers and
abutments, causing scour damage. Ice may also jam against the structure, potentially causing
damage. Meanders or bends in the stream, as well as narrow reaches, contribute to the ice
jamming process.
7.2.3.1 Procedures and Best Practices
There is no guaranteed method for preventing or dislodging ice jams. Evaluate the potential for
damage downstream from ice jam removal prior to performing removal operations. Contact the
Agency Bridge Engineer or Bridge Hydraulics Engineer for recommendations. Involve local,
state, and federal agencies where ice jams and correction measures in major streams could
affect their interests.
In navigable streams, tugs and icebreakers may be used to remove and prevent ice jams.
Wedge shaped ice breaker type piers have also been designed to prevent the formation of ice
jams.
Update the NBI 61: Channel and Channel Protection notes within the bridge inspection report if
frequent or severe ice jam issues persist. This information will be invaluable for future project
scoping considerations.

7.2.4 SCOUR MONITORING

Some bridges are vulnerable to damage and failure during flooding. Scour may undermine
bridge foundations or remove the protection from abutment slopes.
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Bridge scour is the removal of material such as sand and rocks from around bridge abutments
or piers. Scour, caused by swiftly moving water, can lead to scour holes, compromising the
integrity of a structure. 60% of all bridge failures are the result of scour and other hydraulic
related causes.
Scour can be further classified as local scour, contraction scour or general scour. Local scour
is the removal of material around piers and abutments. It is caused by increased water flow and
the vortices or turbulences that form around piers or abutments.
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Contraction scour is the removal of material from the bed and banks across the channel width.
This type of scour can be caused by a reduction in flow area or an increase in flow velocity at
the bridge, or both.
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General scour can take the form of aggradation, degradation or lateral migration. Aggradation
is the raising of a stream bed due to sediment deposits, whereas degradation is the lowering of
a stream bed due to erosion or weathering.

Lateral stream migration is the relocation of the channel due to lateral scour of the
embankments. An example of lateral stream migration is the Minnesota River at Hwy 169 in
LeSueur. Lateral stream migration may increase pier scour, erode abutments or the approach
roadway, or change the total scour by changing the flow angle of attack at piers. Factors that
affect lateral stream movement also affect the stability of a bridge.
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Foundation settlement, local scour, bank erosion and channel degradation are complex
problems. Consult the Agency Bridge Engineer or Bridge Hydraulics Engineer prior to
performing any work.
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Maintenance Field Note:
Document accomplishments and ensure all Labor, Equipment, and Materials for all work associated
with Channel and Protection to Source Type Code 2826 Scour Monitoring and the Bridge Project ID.

7.2.4.1 Criteria and Frequency –– Scour Monitoring
To protect the public, bridges determined to be scour critical are monitored during flooding.
Existing bridges were evaluated in the early 1990s and assigned a bridge scour code in order to
identify scour susceptible structures. All new bridges are now designed to be safe for scour and
assigned a bridge scour code. The bridge scour code is listed in the Hydraulic Engineers
Recommendation box on the bridge plan and in the structure inventory. Refer to the Bridge
scour code definitions on the bridge hydraulics website.
Each road authority is responsible for monitoring its bridges. Perform scour monitoring during
flood events for bridges with a bridge scour code of K, R and U, per the scour Plan of Action
(POA) for each bridge. Bridges rated O or P also should be monitored after flood events, or as
stated in their POA. In addition, visual monitoring is recommended for all bridges during
significant flooding (50 year frequency or greater) or when debris and ice buildup at the bridge.
In general, begin monitoring for limited risk and scour susceptible bridges:
•
•
•
•

As outlined in the Scour POA for scour critical bridges
During significant flooding (waters near design high water elevation),
When the river nears elevation that has caused problems in the past, and
During unusual conditions (such as a large amount of debris that affects 10% of the
opening).

In general, begin monitoring for stable or low risk bridges:
•
•

When the river nears historic high water or design high water elevation, and
During unusual conditions (such as a large amount of debris)

General guidelines for monitoring bridges are included in the MnDOT Trunk Highway Bridge
Flood Response Plan for State bridges and the Bridge Scour Monitoring Plan For Local Roads
for local bridges. These guidelines can be found on the bridge hydraulics website:
•

Bridge Office Flood Response Plan

•

Scour Guidelines

The frequency of inspection for scour will vary for each bridge and each circumstance.
However, annual inspections are recommended for river crossings with a history of scour
problems. Scour Plans of Action (POA) have been prepared for scour critical bridges and
contain details on monitoring a specific bridge site. Bridges that do not have an action plan
should be monitored using the general guidelines listed in the MnDOT Trunk Highway Bridge
Response Plan.
Scour POAs for all MnDOT bridges, and templates all local bridges, can be found on the bridge
hydraulics scour website.
Conduct a pre-flood site investigation on all bridges with a high monitoring priority. See Section
7.2.4.3 Procedures and Best Practices for more detailed information.
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7.2.4.2 Equipment and Materials –– Scour Monitoring
Personal Protection Equipment:
•
•
•
•
•

High Visibility Safety Vest
Hard Hat
Safety Harness or Bridge Rail Attachment
Eye, Ear, and Foot Protection
Personal Floatation Device

Equipment:
•
•
•
•

Sounding Weights
Boat, if needed
Sonar
Measuring tape or survey rod

Material:
•

None

7.2.4.3 Procedure and Best Practices –– Scour Monitoring
STEP 1 – PLAN THE WORK
Be prepared to monitor when flooding occurs. Develop a plan for checking water surface
elevations after rainfall or snowmelt and define all notification procedures ahead of time.
Conduct a pre-flood site investigation on all bridges with a high monitoring priority.
•
•
•

Mark the measurement locations and document baseline river bed elevations
Mark and survey a reference point elevation to measure the water surface elevation
Mark the water surface elevation where monitoring should begin.
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In the event of a flood or high water, follow the scour monitoring procedures outlined in the
bridge scour plan of action for scour critical bridges. Scour plans of action (POAs) are site
specific plans developed for bridges that have a scour code of R, U, P, K, and O. Refer to the
index of POAs for in-service Trunk Highway bridges.
Before work is performed in or along a waterway, check if a permit and notification is required.
The Bridge Maintenance Supervisor should have a list of bridges that require permits.
Otherwise, contact the Department of Natural Resources and the Corps of Engineers to
determine whether or not a permit is required. In an emergency, the permit may be waived.
Consult the Agency Bridge Engineer or Bridge Hydraulics Engineer for further information.
Secure all permits prior to performing any work.
STEP 2 – SET TRAFFIC CONTROL
Set traffic control as per Section 1.5.1 of the BMM.
STEP 3 – PERFORM SCOUR MONITORING
Perform scour monitoring in accordance with the bridge scour POA and the MnDOT Trunk
Highway Bridge Flood Response Plan.
Monitoring generally requires measuring the river bed elevation at the bridge. Monitor all critical
piers and abutments, including foundations protected by countermeasures, in order to
determine if the channel bottom elevation is changing. Take periodic soundings where water
velocities are high or streambed material is susceptible to scour. Measure for scour from the
upstream face of the bridge if possible. Maximum local scour is anticipated to occur near the
front face or the side that the flow impacts and at the toe of the abutment slope. Maximum
contraction scour is anticipated to occur just downstream of the structure. Fully investigate
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scour and undercutting in the area or vicinity of footings by probing, taking soundings with
sonar, use of divers, or other means. During high water, give special attention to the structures
and/or portions of stream beds that are not affected when normal flow exists. Contact the
Bridge Hydraulics Engineer for more information on portable monitoring systems.
Document the streambed elevation at each measurement location. Tie elevations to the
NAVD88 datum, if possible. Compare the measured bed elevation to the baseline bed elevation
determined in the pre-flood site investigation to determine if the bed has lowered significantly. A
significant bed change is dependent on each site, but generally it is defined as:
•
•

Five (5) feet for large rivers (river channel greater than 100 feet wide), and
Two (2) feet for small and medium rivers (river channel less than 100 feet wide).

Record the location, depth and area of any detected scour.
•
•
•

If significant bed changes are not detected, monitor once per day until flood crest begins
to recede.
If significant bed changes are detected, monitor a minimum of twice per day and contact
the Agency Bridge Engineer, MnDOT District Scour Coordinator or the MnDOT Bridge
Office Flood Coordinator.
Monitor continuously if the river bed nears the critical scour elevation.

Take river and stream cross sections every five years for any structure over water. This
information is also useful to record any movement of the channel. Take cross sections on both
the upstream and downstream sides of each structure. Bridge cross section tools are available
on the bridge hydraulics scour website.
STEP 4 – REPORT RESULTS AND DETERMINE IF ACTION IS NEEDED
Contact the Agency Bridge Engineer or MnDOT District Scour Coordinator immediately if scour
reaches the critical river bed elevation. Otherwise, report monitoring results daily.
Extensive scour may cause undermining and foundation settlement, warranting a structural
analysis. Based on the extent and magnitude, determine whether:
•
•
•

The bridge should be closed,
Corrective action should be taken immediately (i.e. remove debris), or
Protection should be installed as soon as practical

For bridges with POAs, follow the action plan recommendation to close the bridge if the riverbed
lowers to the critical scour elevation. For bridges without an action plan, notify the proper
authorities and close the bridge if scour threatens the bridge stability.
Consult the Agency Bridge Engineer or Bridge Hydraulics Engineer for site specific repair
recommendations. Some conditions, such as exposed piling, may warrant additional monitoring
at a later date.
Maintenance Field Note:

If the pier pilings were exposed during flooding (minimum 2-ft exposure below footing), return
to the site within 3-6 months to verify it has filled back in. If piling continues to be exposed at
least 2-ft below the footing, contact the Agency Bridge Engineer or Bridge Hydraulics
Engineer to determine if remediation is required.
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Update the bridge inspection ratings for the affected elements, components and scour element
885. Update the NBI 61: Channel and Channel Protection notes within the bridge inspection
report if frequent or severe issues persist. This information will be invaluable for future project
scoping considerations.
7.2.4.4 Criteria and Frequency –– Scour Repairs
Check abutments and pier footings for scour during the routine bridge inspection and after major
rain events or spring thaws that cause drastic increases in channel flow. Schedule repairs when
soil or earthen materials has scoured out from beneath the abutment or pier footings and may
impact the structure.

7.2.4.5 Equipment and Materials –– Scour Repairs
Personal Protection Equipment:
•
•
•
•
•

High Visibility Safety Vest
Hard Hat
Personal Floatation Devices
Eye, Ear, and Foot Protection
Dust Mask

Equipment:
•
•
•
•
•
•
•
•

Traffic Control Devices
Snooper or Other Vehicle if Needed for Access
Sheet Pile Installation Equipment
Air Compressor w/Hose
Power Source
Corded Hammer Drill w/ Drill Bits
Concrete Formwork
Excavation Equipment

Material:
•
•
•
•
•
•

Concrete (3G52)
No. 4 Rebar
5/8”Ø x 12” long Galvanized bolts
Grout or K-Crete
Sheet Pile
Armor / Rip-Rap
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7.2.4.6 Procedure and Best Practices –– Scour Repairs
STEP 1 – PLAN THE WORK
The repair procedures shown here represent typical procedures that may be used for this type
of repair. However, consult the Agency Bridge Engineer or Regional Bridge Construction
Engineer prior to performing this work in order to develop a project specific repair plan.
STEP 2 – SET TRAFFIC CONTROL
Set traffic control as per Section 1.5.1 of the BMM.
STEP 3 – PRE-DRILL LOCATIONS OF BOLTS INTO VERTICAL FACE OF EXPOSED
FOOTING
Pre-drill bolt locations into the vertical face of the exposed footing. The hole should be drilled
1/2" deeper than the end of the installed bolt. After the hole is drilled, it must be cleaned of all
debris and dust. If water is encountered around the footing, construct a cofferdam.
STEP 4 – INSTALL SHEET PILING

STEP 5 – BOLT ROW OF SHEET PILING IN FRONT OF FOOTING
Bolt a row of sheet piling in front of the footing with 5/8”Ø x 12” long bolts.
STEP 6 – PLACE BARS AT CENTERS
Place No. 4 rebar at 6 inch centers (or equal mesh) each way as shown below.
STEP 7 – FILL CAVITY BENEATH FOOTING
Fill the cavity beneath the footing and between the sheet piling and the footing with concrete,
3G52. Prior to cavity filling, consult with bolt and adhesive manufacturers to provide adequate
curing time if chemical adhesives are used to secure the bolt to the existing footing.
STEP 8 – FILL REMAINING SPACE
Fill remaining space with grout or K-Crete after the 3G52 concrete has cured a minimum of 1
day. It is important while placing concrete with a tremie to keep the end of the ‘tremie’ in the
newly poured concrete to prevent the fresh concrete from getting ‘washed out’.
STEP 9 – ADD/REPLACE FOOTING ARMOR AROUND REPAIRED AREA
Consult with the Agency Bridge Engineer or Regional Bridge Construction Engineer for type,
size, and depth of armor (riprap) to be used.
See Figures below for abutment detail repair.

CHAPTER 7 – FIELD GUIDE – SUBSTRUCTURE

7-37

MNDOT BRIDGE MAINTENANCE MANUAL

JULY 2019

For piers with scour the following detail is recommended:
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7.2.5 RIPRAP PROTECTION

Serious erosion problems can occur around and under piers, abutments, wingwall footings and
culvert ends. Erosion also occurs on slopes and retaining walls, and under and adjacent to
structures which do not have proper drainage facilities.
Slopes and berms in front of abutments should be maintained to design dimensions. Based on
scour monitoring results and/or inspection findings, abutments or other elements may require
protection in order to prevent further scour or erosion. Riprap is typically placed in the voided
areas as the protective layer because it cannot be moved as easily downstream.
Maintenance Field Note:
Document accomplishments and ensure all Labor, Equipment, and Materials for all work
associated with Concrete Abutment Walls to Source Type Code 2832 Bridge Slope Protection
or 2834 Bridge Waterway Maintenance and the Bridge Project ID.
7.2.5.1 Criteria and Frequency
Consider riprap protection:
•

When erosion has occurred in the slopes under and adjacent to an abutment,

•

If the channel is unstable or flows under the structure at an angle.

•

When significant erosion has occurred near a pier, consult the Agency Bridge Engineer
or Bridge Hydraulics Engineer
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7.2.5.2 Equipment and Materials
Personal Protection Equipment:
•
•
•
•
•

High Visibility Safety Vest
Hard Hat
Personal Floatation Device
Eye, Ear, and Foot Protection
Leather Work Gloves

Equipment:
•
•
•
•
•
•
•

Excavator
Boom Truck with Basket
Hammer
Telehandler
Skidsteer
Dozer
Class 33 and 35 Truck

Material:
•
•
•

Riprap (Spec. 3601)
Fabric Staples
Geotextile Filter Type 7 (Spec. 3733)

7.2.5.3 Procedure and Best Practices
STEP 1 – PLAN THE WORK
The repair procedures shown here represent typical procedures that may be used for this type
of repair. However, consult the Agency Bridge Hydraulics Engineer or Regional Bridge
Construction Engineer prior to performing this work in order to develop a project specific repair
plan.

Follow safety and environmental guidelines and obtain any required permits prior to performing
the work.
Procure all required equipment and materials. Riprap should consist of a well graded
interlocking mass of stone. It is important that riprap stone be sized to serve its intended
purpose and well graded within the selected size range.
STEP 2 – SET TRAFFIC CONTROL
Set traffic control as per Section 1.5.1 of the BMM if needed.
STEP 3 – EXCAVATE TRENCH
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Excavate and shape the trench to allow riprap placement in the cross-section as shown on the
standard abutment riprap protection plan.
Slope bottom of trenches 1:20 parallel to the abutment face to provide positive drainage.
STEP 4 – PLACE GEOTEXTILE FILTER FABRIC AND RIPRAP
Place geotextile filter fabric type 7 in the trench and then place appropriately sized riprap on top
of the filter fabric in accordance with the standard abutment riprap protection plan.
Place the riprap in the trench to hold the geotextile fabric in place before placing the rest of the
riprap from the bottom of the slope. Use hand placement or similar methods to establish profile
when placing fabric under water. Overlap the geotextile fabric within the bench and extension
areas and wrap it around the first riprap layer at the toe as shown in the plan.
If geotextile filter cannot be placed, due to water/wave action, a granular or aggregate filter can
be substituted. Filter material is an important part of the riprap protection. Contact the Bridge
Hydraulics Engineer for further details or assistance.
STEP 5 – MONITOR
Monitor the riprap protection for any failures and schedule repairs as needed. Failure of
abutment riprap protection may be caused by inadequate riprap size, inadequate toe support, or
inadequate filter material.
STEP 6 – REPAIR, IF NEEDED
If riprap protection fails, the riprap size may not have been adequate. At a minimum, upsize the
riprap to the next higher class, or contact the Bridge Hydraulics Engineer for proper sizing.
When repairing riprap protection that is undermined at the toe, continue the new protection at
least five (5) feet out from the toe (or 10 feet where the flow of water impinges directly on the
location in question or where severe turbulence occurs). Use the same size riprap for the toe as
is used for the rest of the protection, but double the layer thickness. Note: Grouting of riprap
does not prevent undermining.
If the protective lining has been undermined at the end, increase the riprap thickness in the area
where damage has occurred and consider extension of the riprap protection upstream or
downstream.
STEP 6 – UPDATE BRIDGE INSEPCTION REPORT
Update the NBI 61: Channel and Channel Protection notes within the bridge inspection report if
frequent or severe issues persist. This information will be invaluable for future project scoping
considerations.

7.2.6 CHANNEL MAINTENANCE
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In some cases, channel maintenance may be required to assist with debris deposition and
erosion control. In all cases, consult the Agency Bridge Engineer or Bridge Hydraulics Engineer
prior to performing maintenance. The DNR may also require notification.
Maintenance Field Note:
Document accomplishments and ensure all Labor, Equipment, and Materials for all work
associated with Concrete Abutment Walls to Source Type Code 2834 Bridge Waterway
Maintenance and the Bridge Project ID.
7.2.6.1 Criteria and Frequency
Based on scour monitoring results and inspection findings, consult with the Agency Bridge
Engineer or Bridge Hydraulics Engineer to determine whether a channel maintenance plan is
needed.
7.2.6.2 Equipment and Materials
Personal Protection Equipment:
•
•
•
•

High Visibility Safety Vest
Hard Hat
Eye, Ear, and Foot Protection
Personal Floatation Device

Equipment:
•
•
•
•
•
•
•

Traffic Control Devices
Boom Truck
Excavator
Front End Loader
Boats
Tandems
Skidsteer

Material:
•

Rip Rap

7.2.6.3 Procedure and Best Practices
STEP 1 – PLAN THE WORK
Prior to performing any work, analyze the condition; redistributing a stream bed to its original
bottom is not necessarily a cure and may only be temporary. The repair procedures shown
here represent typical procedures that may be used for this type of repair. However, consult the
Agency Bridge Hydraulics Engineer or Regional Bridge Construction Engineer prior to
performing this work in order to develop a project specific repair plan.
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Follow safety and environmental guidelines and obtain any required permits prior to performing
the work.
STEP 2 – SET TRAFFIC CONTROL
Set traffic control as per Section 1.5.1 of the BMM, if needed.
STEP 3 – PERFORM CHANNEL MAINTENANCE
In general, channel maintenance is performed to remove material deposits and to prevent
debris buildup in the channel or adjacent flood plain from:
•
•
•

Introducing turbulence near the structure,
Causing flow to be other than parallel to the axis of the piers and abutments, or
Deflecting the current against the banks, which could cause the stream to divert around
the structure.

Typical channel maintenance may include redistributing rocks and stones evenly to maintain the
original stream bottom, moving or removing significant material deposits, controlling the location
of the current with a pilot channel, removing sand bars that restrict the waterway or adding
channel protection measures. Keep in mind that many of these repairs are often temporary.
Contact the Agency Bridge Engineer or Bridge Hydraulics Engineer for site specific
recommendations.
STEP 4 – UPDATE BRIDGE INSEPCTION REPORT
Update the NBI 61: Channel and Channel Protection notes within the bridge inspection report if
frequent or severe issues persist. This information will be invaluable for future project scoping
considerations.

7.2.7 RIVER TRAINING STRUCTURES
River training structures, such as bendway weirs, dikes, jetties, or rock vanes, are typically used
to try and redirect flow away from a river bank or abutment. These structures should be
designed and installed with guidance from the Bridge Hydraulics Engineer and Agency Bridge
Engineer. Further information can be found in the Hydraulic Engineer Circular No. 23 (HEC-23).
NCHRP Repot 795 “Design Methods for In-Stream Flow Control Structures” also has guidance
on design of river training structures.
7.2.7.1 Spur Dike
Spur dikes are usually constructed of earthen embankment but are sometimes constructed of
rock. If scour is expected to occur, armor is advisable to protect the dike, although a failure at
the upstream end of a spur dike usually does not immediately threaten the bridge end. Clearing
around the end of the dike should be kept to a minimum in wooded flood plains in order to
enhance the effectiveness of a spur dike in reducing turbulence.
The suggested shape of spur dikes is elliptical with a major to minor axis ratio of 2.5:1. The
length suggested varies with the ratio of flow diverted from the flood plain to flow in the first 100
feet of waterway under the bridge.
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7.2.7.2 Gabions
Gabions are a system used for bank protection, and are made of baskets of wire mesh filled
with stone. A thinner version of gabions is known as a Reno Mattress (Gabions and Reno
Mattresses are patented items).
The following considerations enter into the decision whether or not to use gabions:
•
•
•
•

Gabions require a large amount of hand labor.
They are difficult to place in water deeper than 2 feet.
The availability of suitable good quality stone (4 inch to 1 foot size) should be
investigated.
Where gabions will be exposed to a corrosive environment, the baskets should be
constructed of plastic coated wire.

7.2.7.3 Procedures and Best Practices
Inspect these river training structures to make sure the riprap is not failing, being undermined, or
redirecting flow the wrong way (i.e. no longer directing away from the abutment). Contact the
Agency Bridge Engineer or Bridge Hydraulics Engineer if you note any issues with these
structures.
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