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Source: FHWA
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Primary changes:

• Removed Reinforced Soil Slopes
• New Web-training in development for RSS 

• Added new internal design methods based on 
AASHTO LRFD Bridge Design Specifications, 9th 
Edition, 2020

• Coherent Gravity Method (CGM)
• Simplified Method (SM)
• Stiffness Method (SSM)
• Limit Equilibrium Method (LEM)

• Updated Resistance factors for SSM

• New design examples for design methods
Source: NHI 132042



MSE Wall Design - Update

Applicability of Internal Stability Methods:

Coherent Gravity Method:

• For inextensible reinforcements 

Simplified Method:

• For Inextensible and Inextensible reinforcements

Stiffness Method:

• For extensible reinforcements

• Not applicable for complex geometry and/or loading conditions such 
as bridge abutments

Limit Equilibrium Method:

• For extensible reinforcements
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Source: FHWA



Design of MSE walls – External Stability
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• Designed as a gravity structure
• Assume to behave as a coherent 

mass
• Resists lateral earth pressure from 

the retained soil
• Strength Limit State
• Service Limit State
• Use max/min load factors to 

determine the most critical load 
effect.

Source: The Collin Group



Design of MSE walls – External Stability
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Checks for external stability

Strength limit state
• Sliding
• Eccentricity
• Bearing Capacity

Service Limit state
• Settlement

Source: The Collin Group



Design of MSE Walls – External Stability
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External stability 
• Meyerhof approach
• Applies to all gravity 

retaining walls
• Use Coulomb earth 

pressure for all wall 
configurations

Source: The Collin Group



Design of MSE Walls – External Stability
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Compound stability

• Considers failure planes that 
pass through the reinforced fill

Global stability

• Failure planes passing under and 
outside the reinforced fill

Both are analyzed using limit 
equilibrium methods 

Source: The Collin Group



Design of MSE Walls – Internal Failure Surface

 

Inextensible Reinforcement                                                                 Extensible Reinforcement



Design of MSE Walls - Internal Failure Surface 
Versus Reinforcement Stiffness

 



Design of MSE walls – Internal Stability
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• Internal stability evaluates the ability of 
the reinforced fill to withstand the internal 
forces generated by the self weight of the 
fill and all externally applied forces.

• Modes of failure
• Rupture of reinforcement
• Pullout of reinforcement
• Connection 

Source: FHWA

Source: The Collin Group

Source: FHWA



Design of MSE walls – Internal Stability
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What is Tmax?

Tmax is the force acting on the MSE 
reinforcement at any given depth.

Tmax is a function of the:

• Vertical stress
• Engineering properties of the soil
• Spacing of the reinforcement
• Reinforcement stiffness
• Facing stiffness

Source: The Collin Group



Design of MSE walls – Internal Stability
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Tmax Calculation

Tmax = γEV σH SV

AASHTO - 

σH = Ka(Kr/Ka) σV

σV = γr di + q + ......

Tmax = σH SV

σH = Ka(𝐾𝑟/𝐾𝑎) σV

σV = γEVγr Z + γLS q + ......

FHWA - 

Source: The Collin Group

Difference between AASHTO and FHWA is when 
Tmax is factored and the load factor used. 



Design of MSE walls – Internal Stability
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Pullout Capacity – 

Pr = φrF* α σv
’ Le C Rc  ➔ Pr =φr 2 F* σv

’ Le Rc   

• Φr – resistance factor
• F* - Pullout resistance factor

• Based on reinforcement interaction with 
the fill

• α – Scale correction factor for non-linear stress 
reduction over the embedded length 

• 1.0 for all reinforcements
• σv

’ – Effective vertical stress 
• σv

’ = (γr  di) + ……
• Le – Reinforcement length in resistance zone
• C – Effective unit perimeter

• 2 for sheet, strips, and grid reinforcement
• Rc = Percent coverage (width/horizontal 

spacing)

Source: The Collin Group



Design of MSE walls – Simplified Method
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Tmax = σH SV

SV is vertical spacing for the reinforcement being 
calculated

σH = Ka(Kr/Ka) σV

σV = γEVγr Z + γEV q + ......

Source: FHWA NHI-10-024 

Kr / Ka – Varies based on reinforcement stiffness and depth
• For extensible reinforcement Kr/Ka = 1.0
• For inextensible reinforcement Kr/Ka ranges from 2.5 to 1.2 to a 

depth of 20 ft.

Ka = tan2 45 −
φr

2

Source: The Collin Group

The vertical pressure is factored by 1.35.



Design of MSE walls – Coherent Gravity Method

16

Tmax = σH SV

σH = Ka(Kr)σV

σV =
(γEVγr Z + γLS q + . . . . . . )

L − 2e

For CGM:
At 0.0-ft    Kr = Ko/Ka
At 20.0-ft Kr = 1.0

Ka = tan 45 −
φr

2

Ko = 1 − sin φr

SV is vertical spacing for the reinforcement being 
calculated
Source: The Collin Group

Source: The Collin Group

Eccentricity (e) is determined 
at service limits states



Design of MSE walls – Internal Stability (SSM)
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• Internal stability evaluates the ability of 
the reinforced fill to withstand the internal 
forces generated by the self weight of the 
fill and all externally applied forces.

• Modes of failure
• Rupture of reinforcement
• Pullout of reinforcement
• Connection
• Soil Failure 

Source: FHWA

Source: The Collin Group



Design of MSE walls – Simplified Stiffness Method

18

Source: The Collin Group

Key Assumptions

1. Method is formulated based on the reinforcement stiffness

2. Strain Limitation based on Isochronous Stiffness at 2% 

3. Empirical calibration

4. Base calibration assumes a wall with a flexible vertical face and a 

horizontal back slope with no surcharge, though these can be 

adjusted using influence factors.

5. Cohesionless Soil – Can be adjusted for cohesive soils.

6. Uniform Reinforcement: The method typically assumes a single 

reinforcement material placed at a constant uniform spacing, 

though variations can be accounted for.

7. Load and Resistance Factor Design (LRFD).



Design of MSE walls – Simplified Stiffness Method
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General Equations

Source: The Collin Group
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Design of MSE walls – Simplified Stiffness Method
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Influence Factors
Φg = global stiffness factor 

Φ fs = facing stiffness factor

Φ local = local stiffness factor 

Φ c = soil cohesion factor  = 1 for AASHTO reinforced soils

Φ fb = facing batter factor = 1 for batters less than 10o

Ka = active earth pressure coefficient for the reinforced zone soil

Source: The Collin Group
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Determining Tmax – SSM (3)

▪ Vertical Stress from the reinforced fill 
at the base of wall is determined

▪ Vertical Stress at bottom of wall 
distributed to reinforcement layers 
using empirical distribution factor Dtmax

 



Design of MSE walls – Simplified Stiffness Method
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Source: AASHTO LRFD Bridge Design Specifications, 9th Edition, 2020

Source: The Collin Group

Comparison of SM/CG Tmax to SSM Tmax



Design of MSE walls – Simplified Stiffness Method
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Soil Failure limit state – considered a serviceability limit state, 
aimed at controlling deformations in the reinforced soil mass
The factored reinforcement peak strain for each layer should be less than εmxmx:

• εmxmx = 2.0% (for stiff faced walls)
• Φfs < 1.0

• εmxmx = 2.5% (for flexible faced walls)
• Φfs = 1.0

εrein − Factored reinforcement strain given calculated Tmax 

 
 =  

 

EVsf max sf
rein mxmx

sf i

T

J

Ji = Secant tensile stiffness of reinforcement at 2% strain and 1000 hours
γEVsf = 1.2  (soil failure load factor)
sf = 1.0 (soil failure resistance factor)
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𝛾𝐸𝑉𝑠𝑓 = load factor for prediction of Tmax for the soil failure limit state (dimensionless)

Tmax sf = the reinforcement tensile load occurring at a horizontal strain equal to the soil strain at which 
the reinforced zone soil is at its peak shear strength.

𝜙𝑠𝑓 = the resistance factor that accounts for uncertainty in the measurement of the reinforcement 
stiffness at the specified strain = 1.0

𝜖𝑚𝑥𝑚𝑥 = the maximum acceptable strain (<2% for stiff-faced walls, and <2.5% for flexible-faced walls) 
in the wall section corresponding to Tmax in any reinforcement layer (%) 

Soil Failure Check:
 

 =  
 

EVsf max sf
rein mxmx

sf i

T

J
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Design of MSE walls – Stiffness Method
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Check internal stability – Simplified Stiffness Methods

Rupture
• Tmax (γEV) <  Tal (ф)

Connection
• Tmax (γEV) <  Tac (ф)

Pullout
• Tmax (γEV) <  Pr (ф)

Soil Failure

•
𝛾𝑝−𝐸𝑉𝑠𝑓𝑇𝑚𝑎𝑥

𝑠𝑓𝐽𝑖
≤ 𝜀𝑚𝑥𝑚𝑥  

γEV = 1.35 (strength limit)

γEV = 1.20 (Soil failure limit)
• AASHTO Table 3.4.1-2
• Other load factors may be applicable for additional loads

Source: AASHTO LRFD Bridge Design Specification, 9th Edition, 2020



Design of MSE walls – Limit Equilibrium Method [LEM]
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• The limit equilibrium method (LEM) has been successfully used in practice to 
ensure the stability of both unreinforced and geosynthetic-reinforced slopes.

• This method is included in the 2020 AASHTO LRFD Bridge Design 
Specifications for designing the internal stability of MSE walls with extensible 
reinforcement.

• There are several LEMs available in the literature. (i.e., Bishop, GLE, Spencer, 
Morgenstern-Price, etc.)

• In the LEM, a slip surface may be assumed, which can be planar, bi-planar, 
multi-planar, circular or log-spiral

• This method is suitable for flexible earth structures that allow deformations 
and full mobilization of soil strength at failure.
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Failure Surface and force diagram          Require tensile resistance distribution

Source: NHI 132042
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Source: NHI 132042
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Source: NHI 132042



Determining Tmax – LEM



Determining Tmax – LEM



Summary of CGM, SM, 
SSM and LEM

 

CG 

SM Steel

SSM LEM
SM Geo
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*The factor of safety is determined by dividing the vertical load factor (𝛾𝐸𝑉 = 1.35) by the corresponding 
resistance factor for each mode of failure. 

FS = 𝛾𝐸𝑉/ 𝜙𝑠𝑓

Source: NHI 132042



MSE wall Design – Update Summary
External Stability – unchanged from previous AASHTO and FHWA guidelines, 
except Coulomb instead of Rankine Earth Pressure.

Internal Stability – four different methods two for inextensible reinforcement and 
three for extensible reinforcement

Resistance Factors are different for different reinforcement types and different 
design methods

AASHTO – has taken a simple easy to use design method and replaced it with a 
much more confusing method that reduces the required reinforcement by over 
50%.

FHWA – preferred method of analysis for extensible reinforcement is the LEM
36
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