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MSE Wall Design - Update

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, 9t
S | Edition, 2020

FHWA-NHI-132042
* Coherent Gravity Method (CGM)
‘  Simplified Method (SM)

i Design and Construction of * Stiffness Method (SSM)

Mechanically Stabilized * Limit Equilibrium Method (LEM)
‘ Earth (MSE) Walls ’  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:

* Forinextensible reinforcements
Simplified Method:

* Forlnextensible and Inextensible reinforcements
Stiffness Method:
* Forextensible reinforcements

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

Limit Equilibrium Method:

e Forextensible reinforcements




Design of MSE walls — External Stability

* Designed as a gravity structure

e Assume to behave as a coherent
mass

* Resists lateral earth pressure from
the retained soil

* Strength Limit State
* Service Limit State

e Use max/min load factors to
determine the most critical load
effect.

Source: The Collin Group



Design of MSE walls — External Stability

e Checks for external stability
Strength limit state
. Sliding
* Eccentricity
_”ﬁ * Bearing Capacity

SLIDING LIMITING ECCENTRICITY Service Limit state
(OVERTURNING) . Settlement

BEARING

Source: The Collin Group



Design of MSE Walls - External Stability
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Note: Horizantal forces act at the interface of the reinforced soil and retained soil. The horizontal force
diagrams have been moved away from the back of the reinforced zone for clarity.

Source: The Collin Group

External stability

Meyerhof approach

Applies to all gravity
retaining walls

Use Coulomb earth
pressure for all wall
configurations



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



Design of MSE Walls - Internal Failure Surface
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Design of MSE Walls - Internal Failure Surface
Versus Reinforcement Stiffness
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Design of MSE walls - Internal Stability

cation of Maximum

Stress (Rupture) . .
e T T~ * Internal stability evaluates the ability of
e of wal AciveZone | Passive Zone Terminal End of the reinforced fill to withstand the internal
ol Reinioreng forces generated by the self weight of the
l filland all externally applied forces.
* Modes of failure
* Rupture of reinforcement
d; .
' * Pullout of reinforcement
* Connection
Sy
H —1

Source: FHWA

Source: The Collin Group




Design of MSE walls - Internal Stability

Source: The Collin Group

Whatis T, .7

Ty 1S the force acting on the MSE
reinforcement at any given depth.

T..x 1S @ function of the:

* Vertical stress

* Engineering properties of the soil
* Spacing of the reinforcement

* Reinforcement stiffness

* Facing stiffness



Design of MSE walls - Internal Stability

Live Load Surcharge {q)

T...x Calculation
Difference between AASHTO and FHWA is when
T..ax 1S factored and the load factor used.
AASHTO -

Tmax = Yev OH Sy

oy = yrdi+q+t.....

on = Ka(K:/Ky) oy
FHWA -

Tmax = om Sy

Oy = YeWWr i +VisQ+......

on = Ka(Kr/Kq) oy

Source: The Collin Group



Design of MSE walls - Internal Stability

Pullout Capacity -
P.=¢,Fac,L_.CR, 2 P,=0,2F o, L R,

Active Zone

Passive Zone

Terminal End of

Soil Reinforcing

Source: The Collin Group
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e ®,-resistance factor

F* - Pullout resistance factor
Based on reinforcement interaction with

the fill
a - Scale correction factor for non-linear stress

reduction over the embedded length
* 1.0for allreinforcements

o, — Effective vertical stress

e o, =(y, d)+......
L. — Reinforcement length in resistance zone

C - Effective unit perimeter
« 2 forsheet, strips, and grid reinforcement

R. = Percent coverage (width/horizontal
spacing)



Design of MSE walls — Simplified Method
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L

S, is vertical spacing for the reinforcement being
calculated

Source: The Collin Group

K./ K,—Varies based on reinforcement stiffness and depth
* Forextensible reinforcement K./K,= 1.0

* Forinextensible reinforcement K,/K, ranges from 2.5to 1.2to a

depth of 20 ft.

Geosynthetics*

Depth Below Top of Wall, Z

A 4

1.0 1.2

*Does not apply to polymer strip reinforcement

Source: FHWA NHI-10-024

The vertical pressure is factored by 1.35.

Oy = YeWWrZ +VevQ+t......
oy = Ki(K/Ky) oy
Tmax = ou Sy
@Pr
— 2 LI
K, = tan (45 > )
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S, is vertical spacing for the reinforcement being
calculated

Source: The Collin Group
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of I\}/ISE walls — Coherent Gravity Method

Eccentricity (e) is determined
at service limits states

Earth Pressure

L — 2e
K, (Kr)oy
= OHy SV
1 —sin(ey)

tan (45 — %)

Ka Ko
Ol : i
iFor CGM:
IAt0.0-ft Kr=Ko/Ka
:At 20.0-ftKr=1.0
...... )
20' —

Source: The Collin Group



Design of MSE walls - Internal Stability (SSM)

Location of Maximum

Stress (Rupture)
YT T~ * Internal stability evaluates the ability of
e o Wl e T M et b LT TerminalEnd of the reinforced fill to withstand the internal
{m W Soil Reinforcing forceS .
generated by the self weight of the

filland 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

Live Load Surcharge (g)

Source: The Collin Group

Key Assumptions

B wNh e

Method is formulated based on the reinforcement stiffness
Strain Limitation based on Isochronous Stiffness at 2%
Empirical calibration

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.

Cohesionless Soil — Can be adjusted for cohesive soils.

Uniform Reinforcement: The method typically assumes a single
reinforcement material placed at a constant uniform spacing,
though variations can be accounted for.

Load and Resistance Factor Design (LRFD).



Design of MSE walls — Simplified Stiffness Method

Live Load Surcharge (g)

General Equations

Hre
Oy :7/Ev'7/r'H'Dtmax+7/Ev'7/r'_f'S+7/|_s'q

H
Oy =0y Ky O Dy - Dy - D - Dy,
T =S, 0,

d = influence factors

Dinax = Stress distribution factor
H,.s = reference wall height of 20 ft
S = Surcharge height

Source: The Collin Group



K, = tan® [450 —ﬁj
2

Design of MSE walls — Simplified Stiffness Method

Influence Factors

Live Load Surcharge (g)

O, = global stiffness factor
&, = facing stiffness factor
D cat = localstiffnessfactor
® . = soilcohesionfactor =1 for AASHTO reinforced soils
&, = facing batterfactor =1 for batters lessthan 10°
K, = active earth pressure coefficient for the reinforced zone soil
_ sin*(0+4)
) Singe.[“ Si_n(¢r)] With batter K, =tan’ (45° —%}
sin(#)
K, = horizontal stress ratio
L .
Source: The Collin Group Kr =0 _-P fs cDIocaI

K g



Determining T__, — SSM (3)
Do = 0.12
0.0 =/ |
0.2 -
= \/ertical Stress from the reinforced fill ] Zy/H
at the base of wall is determined 0.4 =
z/H —
= \/ertical Stress at bottom of wall 06 .y
distributed to reinforcement layers '
using empirical distribution factor D,,,, GS_
1.0 : | |
0.0 1.0

Dm=Tmax!'rmemx



Design of MSE walls — Simplified Stiffness Method

Live Load Surcharge (g)

Comparison of SM/CG T, ,, to SSM T,

Source: AASHTO LRFD Bridge Design Specifications, 9t" Edition, 2020

Source: The Collin Group



Design of MSE walls — Simplified Stiffness Method

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 €ymx:
* Emxmx = 2.0% (for stiff faced walls)
« B <1.0
* Emxmx = 2.-5% (for flexible faced walls)
* q)fs =1.0

€rein — Factored reinforcement strain given calculated T,

_ yEst ' Tmaxsf <
rein J — “mxmx
(I)sf i
Ji = Secanttensile stiffness of reinforcement at 2% strain and 1000 hours

Yevst = 1.2 (soilfailure load factor)
Ost = 1.0 (soil failure resistance factor)



Design of MSE walls - Stiffness Method
Soil Failure Check:

_ YEVSf ) Tmaxsf
rein — ®mxmx
(I)sf "Ji
T —-S. . H-v -D + : : h .S .+ : k. ®
maxsf ~— SV yEst yr tmax yEst yes H AVG yLsz cYq avh
YEVSSf = load factor for prediction of T, ., for the soil failure limit state (dimensionless)
Trhax sf = the reinforcement tensile load occurring at a horizontal strain equal to the soil strain at which

the reinforced zone soilis at its peak shear strength.

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

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



Design of MSE walls - Stiffness Method

Check internal stability — Simplified Stiffness Methods

Rupture

Tmax (YEV) < Tal (q))

Connection

Tmax (VEV) < Tac (d))

Pullout

Tmax (YEV) < I:)r (q))

Soil Failure

Yp—EVsfTmax

(I)sf]i

mxmx

Yey = 1.35 (strength limit)

Yey = 1.20 (Soil failure limit)
e AASHTO Table 3.4.1-2
* Otherload factors may be applicable for additional loads

Source: AASHTO LRFD Bridge Design Specification, 91" Edition, 2020

Table 11.5.7-1—Strength Limit State Resistance Factors for Permanent Retaining Walls

Wall-Type and Condition

[ Resistance Factor

Nongravity Cantilevered and Anchored Walls

Axial compressive resistance of vertical elements

Asticle 10.5 applies

Passive resistance of vertical elements 0.75
Pullout resistance of anchors e  Cohesionless (granular) soils 0.65 @
e Cohesive soils 0.70 @
s Rock 0.50 @
Pullout resistance of anchors @ e  Where proof tests are conducted 1.0@
Tensile resistance of ancher o Mild steel (e.g.. ASTM AG615 bars) 090 @
tendon »  High-strength steel (e.g.. ASTM AT722 0809

bars)

Overattstability. soil failure

Article 11.6.3.7 applies

Flexural capam:al elements 0.90
Mechammzed Earth Walls, Gravity Walls, and Semigravity Walls

Bearmg resistance . wity and semigravity walls 0.55

e MSE wa 0.65

Sliding 1.0

Tensile resistance of metallic Strip reinforcements @ 0.75

remia and connectors Grid reinforcements ' 0.65

Tensile resistance of g8 ic
remforcement and connectors

Geotextile and geogrid reinforcements
ostrip remnforcements

Pullout resistance of metallic
reinforcement

Pullout resistam = thetic

remforcement

Steel strip re ents

Steel grid reinforcements

Geotextiles and geognds
ip reinforcements

Service Limit, for soil failure
using stiffness method

Overall and compound stability.
so1l failure

Article Mpp]ies




esign of MSE walls — Limit Equilibrium Method [LEM]
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Design of MSE walls - LEM

* The limit equilibrium method (LEM) has been successfully used in practice to
ensure the stability of both unreinforced and geosynthetic-reinforced slopes.

* This method isincluded 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.)

* |nthe LEM, aslip surface may be assumed, which can be planar, bi-planar,
multi-planar, circular or log-spiral

e This method is suitable for flexible earth structures that allow deformations
and full mobilization of soil strength at failure.



Design of MSE walls — LEM Method

Reinforcement

Failure Surface and force diagram Require tensile resistance distribution

Source: NHI 132042



Design of MSE walls — LEM Method

Required design strength

Point of
tangency

l Pullout capacity

Required
tensile resistance

Min. required
tensile resistance
Required
connection strength

Required reinforcement length
Front end Rear end

Source: NHI 132042



Design of MSE walls — LEM Method

1.505

rFy

Parallel to
Reinforcement

Friction Angle &
Adhesion

Source: NHI 132042
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Summary of CGM, SM,

SSM and LEM

Tag
(kip/ft)
5M 5mM

Depth CG Steel Geo 55M LEM
2.25 1.050 1.000 0.610 0.360 0.760
3.75 0.890 0.880 0.550 0.360 0. 782
6.25 1.450 1.520 0.980 0.530 2.200
B.75 1.820 1.900 1.2E0 0.660 2.200
11.25 2.130 2.240 1.580 0.780 2.200
13.75 2.400 2.550 1.EED 0.910 2.200
16.25 2.650 2.820 2.180 1.030 2.200
18.75 2.B70 3.050 2.470 1.150 2.200
21.25 3.160 3.330 2,770 1.160 2.200
23.75 3.580 3.690 3.070 1.160 2.200
26.25 4,030 4.040 3.370 1.160 2.200
28.75 4.510 4.400 3.670 1.160 0.000
Total 30.580 31.420 24.410 10.420 21.342

Depth Below Top of Wall [ft]

LA

0.0

Calculated Tensile Force for Rupture

Z

1 Ty
S

.00

Vv [klp/TH]

3.00

q L
S

el 5 1]

LT

55M

LERA

i 5]
G



Design of MSE walls — LEM Method

Reinforcement Type and Loading Condition Resistance Factor FS*
SolaM | ey Reinforcement Strength
Geosynthetic Static loading 0.90 |[0.80/0.55 :
reinforcement and Combined static/earthquake loading 1.00 1.00 Geogrids . . 1.5
connectors Combined static/traffic barrier impact; 1.00 1.00 Gmsynthe“c Strips 24
Pullout resistance of | |Static loading 0.90 | Reinforcement Pullout
metallic Combined static/earthquake loading 1.00 NA - - _
reinforcement Combined static/traffic barrier impact’ 1.00 Conngctlnn Reinforcement to Facing
Pullout resistance of | |Static loading 0.90 0.70 Geogrids . | 1.5
geosynthetic Combined static/earthquake loading 1.00 1.00 Geosynthetic Strips 24
reinforcement Combined static/traffic barrier impact; 1.00 1.00
Source: NHI 132042

*The factor of safety is determined by dividing the vertical load factor (yz, = 1.35) by the corresponding
resistance factor for each mode of failure.

FS=ygv/ ¢s f
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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
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Questions?
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