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Not what I’m talking about
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What is Lateral Earth Pressure
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NAVFAC 
DM7.02, Figure 1



Lateral Wall Rotations for 
Earth Pressures
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AASHTO LRFD 
Bridge Design 
Specifications, 10th 
Edition



Coulomb Lateral Earth Pressure
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AASHTO LRFD 
Bridge Design 
Specifications, 10th 
Edition



Rankine Earth Pressure
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For level back slopes, 0 wall friction angle and long cantilever abutment heels.



AASHTO Abutment Design
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AASHTO 3.11.5 - Earth Pressure: EH
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AASHTO 3.11.5 - Earth Pressure: EH
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AASHTO 3.11.5.1 - Earth Pressure: EH
Lateral Earth Pressure

p = ksz   (AASHTO Equation 3.11.5.1-1)

Where:

p = lateral earth Pressure (ksf)

k = coefficient of lateral earth pressure

s = unit weight of soil (kcf)

z = depth below the surface of earth (ft)
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How low can you go?



Sand Backfill
MDOT Class II Sand Backfill (Backfill, Structure, CIP) is the preferred 
backfill for abutments.  

s = unit weight of soil (kcf)

0.120 kcf

 k = coefficient of lateral earth pressure

0.30

September 23, 2025Michigan.gov/MDOT 12



Sand Backfill Details (LRFD)
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Sand Backfill Details (LFD, HS20)
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Sand Backfill Benefits
• Backfill is readily available

• Simple construction that contractors are familiar with

• Easy to work with in the future (widenings or part-width 
reconstruction)
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Sand Backfill Drawbacks
• Requires good compaction

• Need to make sure it is free draining (can’t have too many fines)

• Need to make sure that good drainage is provided

• Need to make sure that underdrain outlets are installed correctly
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Sand Backfill
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How low can you go?



Open-Graded Crushed Gravel Backfill
MDOT 46G Backfill (Aggregate, Special) (similar to a AASHTO #57) 
has been used as backfill behind abutments when a slightly lighter 
weight but highly frictional material is needed.  

s = unit weight of soil (kcf)

0.100 kcf

 k = coefficient of lateral earth pressure

0.24
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Open-Graded 
Crushed 

Gravel 
Backfill 
Details 
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Open-Graded Crushed Gravel Backfill Benefits
• Backfill is readily available

• Simple construction

• No density (method placement)

• Easier to work with in the future (widenings or part-width 
reconstruction)
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Open-Graded Crushed Gravel Backfill Drawbacks
• Requires method placement compaction (not typical)

• Need to encapsulate it in a non-woven geotextile separator to 
prevent fines from infiltrating into it

• Need to make sure that underdrain outlets are installed correctly

September 23, 2025Michigan.gov/MDOT 22



Open-Graded Crushed Gravel Backfill
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How low can you go?



Low Density Cellular Concrete Backfill
MDOT typically uses Class II.  The wet unit weight is 30 pcf and 28-day 
compressive strength is 40 psi.  

s = unit weight of soil (kcf)

0.030 kcf

 k = coefficient of lateral earth pressure

IT DEPENDS

MDOT places in 2 ft lifts (max) due to heat of hydration concerns

Each lift has 0-60 psf lateral pressure initially

Final condition has 30 psf uniform lateral pressure 
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Low Density Cellular Concrete Backfill
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Low Density Cellular Concrete Benefits
• Low density

• Easily placed (think milkshake)

• Can be placed around utilities

• Can be excavated out later, if needed (not desirable though)
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Low Density Cellular Concrete Drawbacks
• Need to place in 2 ft lifts in order to limit excessive heat due to 

heat of hydration.  This limits production rates.

• It flows extremely well, so location of underdrains need to be 
located outside of the low density cellular concrete to keep it 
from plugging the underdrain.

• Shouldn’t be placed below the groundwater table if it can be 
avoided (it can become buoyant).

• It needs a specialty contractor to mix and place the material.

• Need to account for drainage structures and ancillary structure 
foundations.
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Low Density Cellular Concrete
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How low can you go?



Flowable Fill Backfill
MDOT has two different types of flowable fill.  One is non-structural 
and the other is structural.  When use as backfill for abutment 
Structural Flowable Fill should be used.  This has a 28 day strength 
between 75 and 150 psi.    

s = unit weight of soil (kcf)

0.130 kcf

 k = coefficient of lateral earth pressure

IT DEPENDS on the details on construction sequence
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Flowable 
Fill Backfill 

Details
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Flowable Fill Benefits
• Commonly available material

• Easily placed

• Utilities can be placed within it

• Can be excavated out later, if needed.
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Flowable Fill Drawbacks
• Difficult to pump due to the high sand content

• Need to form one side against an abutment and then remove it.

• Need to account for drainage structures and ancillary structure 
foundations.
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Expanded Polystyrene (Geofoam) Blocks
MDOT typically uses EPS29.  It has a unit weight of 1.8 pcf and an 
unconfined compressive strength of at least 10.9 psi.  

s = unit weight of soil (kcf)

0.018 kcf

 k = coefficient of lateral earth pressure

IT DEPENDS on the details and construction sequence
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Expanded Polystyrene (Geofoam) Blocks
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Expanded Polystyrene (Geofoam) Blocks
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Expanded Polystyrene (Geofoam) Blocks 
Benefits
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• Lightest weight material

• Very low to virtually no lateral earth pressure when placed far 
enough behind the abutment

• Can place it quickly if there aren’t any layout issues



Expanded Polystyrene (Geofoam) Blocks 
Drawbacks
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• Not many suppliers

• The cost is tied to the price of oil

• Typically price quotes are only firm for 6 months, which is the 
shelf life of the resin

• Dissolves in gas/diesel spills

• Need to protect it from spills with a geomembrane

• Typically need a concrete cap to reduce construction loads and to 
help protect it from spills

• Need to slope the concrete cap away from the abutment

• Can float (especially during construction)

• Need to account for drainage structures and ancillary structure 
foundations.



Expanded Polystyrene (Geofoam) Blocks
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Geosynthetic Reinforced Soil (GRS)
MDOT typically uses 3/8 inch minus crushed stone.  A high strength 
woven geotextile with a strength of 4,800 #/ft in both directions is 
used for reinforcement.    

s = unit weight of soil (kcf)

0.100 kcf

 k = coefficient of lateral earth pressure

0
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Geosynthetic Reinforced Soil (GRS) Typical
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Geosynthetic Reinforced Soil (GRS) Benefits
• Zero lateral earth pressure

• Not buoyant

• No special materials

• No specialty contractors

• No density testing required (method placement)
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Geosynthetic Reinforced Soil (GRS) 
Drawbacks

• Twice as many lifts to construct (every 6 inches)

• Need to test the material to confirm the friction angle of 38 
degrees

• No density testing required (method placement, not typically 
done)
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Geosynthetic Reinforced Soil (GRS)
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Other Types of Lightweight Fills
• Ultra lightweight foamed glass aggregate

• Very lightweight, highly frictional material

• Inert

• Limited supplies

• Used by MDOT on a trial basis

• Expanded Shale Aggregate
• Lighter weight, highly friction material

• Inert

• No MDOT experience, but open to it.

• Slag Aggregate
• Lighter weight material (85-90 pcf), highly frictional

• Difficult to obtain due to changes in steel production
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Lightweight Fill Unit Prices
Sand Backfill (Backfill, Structure, CIP) – 2024: $36.75 CYD

            - 2025 (through 7/14/25) : $42.33 CYD

Aggregate, Special - $100.90 CYD

Low Density Cellular Concrete - $130 to $211 CYD

Expanded Polystyrene Block

 Expanded Polystyrene Block - $225 CYD

 PVC Liner - $20.07 SYD

 Concrete Base Course - $225 CYD

Geosynthetic Reinforced Fill

 Geosynthetic Reinforce Fill - $117.14 CYD

 Geotextile Reinforcement - $5.71 SYD
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Example Project
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Abutment Costs
EPS Blocks – 2,819 cyd @ $155.07 = $437,142.33

PVC Liner – 1,145 syd @ $13.14 = $15,045.30

Concrete Base Course – 221 cyd @ $350.00 = $77,350

Total = $529,537.63 for the lightweight fill system

Without lightweight fill

   Each pile is 136 ft long

   Additional 122 piles would be  needed between both abutments

   Price for HP14x73 is $90/ft

   Total piling cost would be 122 * 136 ft * $90/ft = $1,493,280

   Additional Backfill, Structure, CIP: $41.32 * 3040 cyd = $125,612.80

   Total: $1,618,892.80

Savings: $1,618,892.80 - $529,537.63 = $1,089,355.17
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Questions?

Thank you!
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