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Mechanically Stabilized Earth (MSE) Walls 

Reinforcements
Reinforced Backfill

Facing



Applications
• Retaining wall
• Abutments
• Wing Walls
• Landslide repair
• Crash wall
• Pedestrian ramps
• Phased construction









Principle Behind Mechanically Stabilized Earth

Without reinforcement With reinforcement

Lateral earth
pressure

Lateral earth
pressure

Friction between
soil and reinforcement



Principle Behind Mechanically Stabilized Earth

No Reinforcement With Reinforcement

https://youtu.be/Ra4B5Tx4QCk









Mechanically Stabilized Earth as a Retaining Structure

Cantilever Retaining Wall MSE Wall



Major Advantages
• Simple and rapid construction
• Cost effective

• Less site preparation
• Unskilled labor and small equipment
• Reduced ROW acquisition
• Less space needed in front during construction
• No deep foundations

• Technically feasible to heights > 100 ft



Disadvantages
• Requires large space behind facing
• Requires select fill
• Requires considerations of reinforcement corrosion/degradation
• Requires shared design responsibility between owners and suppliers



Reinforced Backfill
Will not be allowed for MSE wall reinforced backfill
(beginning with contracts let on or after September 1, 2023)Example Materials



Reinforced Backfill

INDOT Standard Specification 731.05



Reinforced Backfill

INDOT Standard Specification 211.03.1(c)

Will not be allowed for MSE wall reinforced backfill
(beginning with contracts let on or after September 1, 2023)

Not allowed for MSE wall reinforced backfill



Reinforced Backfill

INDOT Standard Specification 904.05



Reinforced Backfill
INDOT Standard Specification 904.03(e)

ACBF only allowed for No. 5 and No. 8



Reinforced Backfill
INDOT Standard Specification 904.03(a)



Reinforced Backfill
INDOT Standard Specification 904.05 Will not be allowed for MSE wall reinforced backfill

(beginning with contracts let on or after September 1, 2023)



Reinforced Backfill
INDOT Standard Specification 211.03.1(c)

For retaining wall systems containing metal components:

Not required for coarse aggregates No. 5, No. 8, or No.9

These requirements waived if resistivity > 5,000 Ω-cm



Certified Aggregate Producers Product List

https://www.in.gov/indot/doing-business-with-indot/contractorsconstruction/division-of-
materials-and-tests/qualified-products-lists_qualified-sources-lists/

https://www.in.gov/indot/doing-business-with-indot/contractorsconstruction/division-of-materials-and-tests/qualified-products-lists_qualified-sources-lists/


Soil Reinforcement
INDOT Standard Specification 910.07(b)



Soil Reinforcement: Steel Strip



Soil Reinforcement: Welded Wire



Soil Reinforcement
INDOT Standard Specification 910.07(b)

INDOT Standard Specification 910.07(c)



Pre-Cast Facing Panels



Pre-Cast Facing Panels
INDOT Standard Specification 910.10(a)1



INDOT Approved MSE Wall Systems

https://www.in.gov/indot/doing-business-with-indot/contractorsconstruction/division-of-materials-
and-tests/qualified-products-lists_qualified-sources-lists/

https://www.in.gov/indot/doing-business-with-indot/contractorsconstruction/division-of-materials-and-tests/qualified-products-lists_qualified-sources-lists/


INDOT Approved MSE Wall Systems



INDOT Approved MSE Wall Systems

Ribbed Steel Strips with 4mm Thickness (W028967)

HA Ladder Reinforcement (W028968)

The Reinforced Earth Co (MSE0030)



Construction Sequence
1. Review submittals (Pre-Construction)
2. Delivery and storage of MSE Wall components
3. Foundation preparation
4. Leveling pad placement
5. Placement of initial panel course
6. Backfilling of initial panel course
7. Placement of subsequent panel courses
8. Placement of final panel course and coping



Review Submittals



Review Submittals
• Working drawings
• Design calculations

INDOT Standard Specification 731.04



Components Delivery and Storage



Storing Pre-Cast Facing Panels On Site
INDOT Standard Specification 731.09



Storing Soil Reinforcements On Site



Foundation Preparation



Sliding

MSE Wall External Stability

INDOT Standard Specification 731.03

OverturningBearing
Pressure

Global

Compound



Foundation Soil
Global Sliding

Bearing



Foundation Preparation Sequence
1. Excavation
2. Remove and Replace Unsuitable Soils
3. Compaction and Grading
4. Proofrolling
5. DCP Verification Testing



Foundation Preparation: Excavation 
INDOT Standard Specification 731.08



Foundation Preparation: Excavation Shoring



Foundation Preparation: Remove and Replace Unsuitable Soils
INDOT Standard Specification 731.07

INDOT Standard Specification 211.02 INDOT Standard Specification 211.04

INDOT Standard Specification 203.23
• Compact to 95% relative compaction per AASHTO T99
• Verify compaction using Dynamic Cone Penetrometer



Foundation Preparation: Remove and Replace Unsuitable Soils
INDOT Standard Specification 203.23

Verify Relative Compaction Using Dynamic Cone Penetrometer

Possible 
B-borrow 
soils

Moisture content 
determined per 

ITM 506



Foundation Preparation: Compaction and Grading
INDOT Standard Specification 731.07

Will depend on 
foundation soil 
classification



Foundation Preparation: Proofrolling
INDOT Standard Specification 731.07






30 in.

6 in.

6 in.
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N5

Foundation Preparation: DCP Verification Testing
INDOT 
Standard 
Specification 
731.07

6 in.

1 blow2 blows3 blows4 blows5 blows (≥ 5 blows) 1 blow2 blows (< 5 blows)



Foundation Preparation: DCP Verification Testing
INDOT Construction Memorandum 15-08

From Road/Bridge Plans…



Leveling Pad Placement



Leveling Pad



Leveling Pad Placement: Elevation Approval
INDOT Standard Specification 731.08



Leveling Pad Placement: Curing
INDOT Standard Specification 731.07

Mainly deals with protective 
covering curing methods



Leveling Pad Placement: Step-Ups
Typical MSE Wall System Vendor Guidelines:

• Pour Higher elevation leveling pad first
• Leave a 9” ± 3” horizontal gap between the higher 

and lower leveling pads

Recommended but not required 
by INDOT specifications
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4
1

2
3

4
1



Leveling Pad Placement: Layout Line

Layout Line (Chalk Line)
for placing first panel course

Recommended but not required by 
INDOT specifications



Initial Panel Course Placement



Initial Panel Course Placement Sequence
1. Lift and place panels
2. Set panel batter
3. Brace panels
4. Place adjacent panels
5. Place geotextile joint covering
6. Place and compact structure backfill
7. Place first layer of soil reinforcement
8. Backfill first layer of soil reinforcement
9. Check alignment of panel course



Initial Panel Course Placement: Starting Point
Begin placing panels at:

• Fixed location (e.g., existing structure)
• Lowest elevation leveling pad



Initial Panel Course Placement: Starting Point
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Leveling pad in 
the way

Beginning panel placement at highest elevation leveling pad:

Panel overhangs
leveling pad

Excess 
leveling pad



Initial Panel Course Placement: Starting Point
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Beginning panel placement at lowest elevation leveling pad:

Panel overhangs
leveling pad

Excess 
leveling pad



Initial Panel Course: Lifting Panels
INDOT Standard Specification 731.09



Initial Panel Course: Lifting Panels

Typical MSE wall vendor 
supplied guidelines for 

lifting panels from stacks

Recommended but not required 
by INDOT specifications



Initial Panel Course: Placing Panels



Initial Panel Course: Placing Panels
INDOT Standard Specification 731.09

± ¾” within 10’



Initial Panel Course: Placing Panels
INDOT Standard Specification 731.09

± ¾” within 10’



Initial Panel Course: Placing Panels
INDOT Standard Specification 731.09

± ¾” within 10’

Typical MSE wall vendor supplied shims

No requirements in
INDOT specifications



Initial Panel Course: Placing Panels
INDOT Standard Specification 731.09

± ¾” within 10’

Typical MSE wall vendor supplied shims

No requirements in
INDOT specifications



Initial Panel Course: Set Panel Batter

½”

4’

• Backfill will push panel out 
during and after construction

• Rotate toward backfill
• ½” horizontal per 4 ft vertical 

is typical (though depends on 
backfill type)

No requirements in
INDOT specifications



Initial Panel Course: Set Panel Batter

½”

4’

INDOT Standard Specification 731.09



Initial Panel Course: Bracing Panels
INDOT Standard Specification 731.09



Initial Panel Course: Place Adjacent Panels
INDOT Standard Specification 731.10

Typical vertical joint spacing for approved MSE wall systems is ¾ in.

Too Wide
Too Narrow



Initial Panel Course: Placing Adjacent Panels

Typical vertical
joint spacers

No requirements in
INDOT specifications



Initial Panel Course: Placing Adjacent Panels

Typical panel clamp

No requirements in
INDOT specifications



Initial Panel Course: Placing Adjacent Panels



Corner Elements

INDOT Standard Specification 731.02



Corner Elements



Initial Panel Course: Place Geotextile Joint Covering
INDOT Standard Specification 731.10



Initial Panel Course: Placing Structure Backfill
INDOT Standard Specification 731.11



Initial Panel Course: Compacting Structure Backfill
INDOT Standard Specification 731.11

INDOT Standard Specification 409.03(d)

INDOT Standard Specification 409.03(d)4



Initial Panel Course: Compacting Structure Backfill

3 ft

No 
Heavy 
Rollers 
Here



Initial Panel Course: Compacting Structure Backfill
INDOT Standard Specification 731.11

3 ft



Initial Panel Course: Compacting Structure Backfill
INDOT Standard Specification 731.11



Initial Panel Course: Compacting Structure Backfill
INDOT Standard Specification 731.11



Initial Panel Course: Compacting Structure Backfill

INDOT Standard Specification 203.23



Initial Panel Course: Compacting Structure Backfill
Bring backfill up to about 2” 

above reinforcement 
connection

Recommended but not required 
by INDOT specifications

(Backfill will continue to densify during construction, so reinforcements 
will then end up level with their panel connections)



Initial Panel Course: Placing Soil Reinforcement Layer
INDOT Standard Specification 731.09



Initial Panel Course: Placing Soil Reinforcement Layer
INDOT Standard Specification 731.09



Initial Panel Course: Placing Soil Reinforcement Layer
Typical connections for strap reinforcement Example connection for welded wire reinforcement



Initial Panel Course: Placing Soil Reinforcement Layer

INDOT Standard Specification 731.11



Initial Panel Course: Backfill first layer of reinforcement

Backfill needs to be placed in 
such a way that reinforcements 
are not damaged

Typical MSE wall vendor 
recommended backfilling

No requirements in
INDOT specifications



Initial Panel Course: Backfill first layer of reinforcement

Backfill needs to be placed in 
such a way that reinforcements 
are not damaged



Initial Panel Course: Backfill first layer of reinforcement

Backfill needs to be placed in 
such a way that reinforcements 
are not damaged

Construction equipment likely 
trafficked uncovered reinforcement



Initial Panel Course: Backfill first layer of reinforcement

3 ft



Initial Panel Course: Backfill first layer of reinforcement

3 ft



Initial Panel Course: Backfill first layer of reinforcement

3 ft



Initial Panel Course: Backfill first layer of reinforcement

3 ft



Initial Panel Course: Backfill first layer of reinforcement

Typical MSE wall vendor 
recommended compacting of 

backfill covering reinforcements

No requirements in
INDOT specifications



Initial Panel Course: Backfill first layer of reinforcement

3 ft



Initial Panel Course: Backfill first layer of reinforcement
With first layer of reinforcement backfilled and compacted, 1 ft 
space behind panels may be backfilled and compacted



Initial Panel Course: Check alignment of panel course
INDOT Standard Specification 731.09



Subsequent Panel Courses



Subsequent Panel Courses Placement Sequence
1. Place bearing pads
2. Remove bracing as needed
3. Place, align, and clamp next row of pre-cast facing panels
4. Place geotextile joint covering
5. Connect and backfilled reinforcement
6. Remove wooden wedges as needed
7. Check alignment for panel course
8. Repeat

Also…
Install Internal Drain
Place Embedment



Subsequent Panel Courses: Place Bearing Pads
INDOT Standard Specification 731.10

Chipped concrete 
possibly from lack 

of bearing pad



Bearing Pads

INDOT Standard Specification 901.10(b)



Subsequent Panel Courses: Remove Bracing as Needed

INDOT Standard Specification 731.09

Contractor opted to brace panel 
within second course

(little support from adjacent 
half-panel)



Subsequent Panel Courses: Place, Align, and Clamp Next Course of Panels



Subsequent Panel Courses: Place Geotextile Joint Covering 
INDOT Standard Specification 731.10



Subsequent Panel Courses: Connect and Backfill Reinforcement

INDOT Standard Specification 731.09 INDOT Standard Specifications 731.10, 
203.23, & 203.24



Subsequent Panel Courses: Connect and Backfill Reinforcement

INDOT Standard Specifications 731.10, 203.23, & 203.24



Subsequent Panel Courses: Remove wooded wedges as needed



Subsequent Panel Courses: Check alignment of panel course
INDOT Standard Specification 731.09



Install Internal Drain
INDOT Standard Specification 731.08



Place Embedment

No requirements from INDOT standard 
specifications for embedment construction

Though, it should be placed as soon as it is 
practical



Place Coping



Place precast Coping



Place cast-in-place coping





Peter J. Becker, PhD, PE 
Research Engineer (Geotechnical Engineering) 
Indiana Department of Transportation 
Division of Research and Development 
P.O. Box 2279 
1205 Montgomery Street 
West Lafayette, IN 47906 
Phone: (765) 463-1521 ext. 249 
Mobile: (765) 238-1286 
Fax: (765) 497-1665 
email: pbecker1@indot.in.gov 
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Thank you for your attention!

Questions?
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