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Introduction
Design Manual
This design manual is written specifically for mechnically stabilized design (MSE) using geosynthetic
reinforcement with Millenia wall units. It is not intended as a complete reference on earth pressures and
theorectical soil mechanics, but only as a quick reference to designers. The calculations and examples
contained in the manual are specific to the associated design software, MilleniaWall.

For a full discussion of reinforced soil design several references are provided within the manual and in the
reference section. One of the best references is the U.S. Department of Transportation, Federal Highway
Administration design manual “Mechanically Stabilized Earth Walls and Reinforced Soil Slopes, Design &
Construction Manual”, FHWA-NHI-00-043. This manual was first published as part of the DEMO 82 project
for reinforced structures and then later adopted by the NHI as a training course for highway engineers.

Designers are encouraged to use MilleniaWall in conjunction with this manual to obtain a better
understanding of MSE design. The help manual within MilleniaWall and the full output complement this
manual. The discussion contained in this manual assumes the reader has a basic knowledge of soil
mechanics and earth pressures. We have tried to keep the theorectical derivations and discussions to a
minimum to assist the reader. Feel free to contact Millenia for the theorectical derivations if desired.

Software Design
MilleniaWall is a software package designed to assist Designers and Engineers with the engineering analyses
necessary to design and analyze mechanically stabilized earth (MSE) walls that use modular facing elements
and geosynthetic reinforcements. The software was specifically developed for use with the polymeric Millenia
system; however, the design is based on standard engineering principles and can be used with any modular
system with the correct design information provided.

Design
The user inputs wall geometry, soil properties, reinforcing preference and MilleniaWall produces a default
layout based on standard engineering principles for the method selected. MilleniaWall should produce the
most economical section possible based on the information provided. The designer can modify the design as
desired to achieve different layouts.

Analysis
Analysis provides the designer with a method to input specific layout information to check the design against
standard engineering principles. Such cases could be for forensic engineering, checking an existing design,
or exploring different design options for a specific wall.
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MilleniaWall divides the wall area into discrete rectangles and triangles to make it easier for hand calculations
to match the results.

W1: area of the wall facing units

W2: area of triangle behind the face if a wall batter is present

W3: rectangular area in the center of the reinforced soil mass

W4: triangle at the back of the reinforced mass if a wall batter is used the area is assumed a
parallelogram

W5: area above the reinforced mass in the slope

W6: if a broken back condition exists, the rectangular area over the reinforced mass beyond the slope.

MilleniaWall Image
By right clicking on the image, the design can show all the reactions on the current design section.

The values shown match the results table shown in the detailed calculations.
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Coulomb Equation for infinite 3:1 slope

Note the steeper failure plane of the trial wedge, tending more toward the level case. Note also the reduced
earth pressure coefficient ka that results in lower earth pressures to resist.

Many of the software programs for modular walls use the simple equation approach to solve for earth
pressures. MilleniaWall uses a trial wedge approach for broken back conditions or cases where the
surcharge changes within the failure zone. The results are more accurate and much less conservative.

K-Stiffness
The K-Stiffness method of analysis was derived from field instrumentation data, laboratory full scale tests, and
calibrated with numeric modeling. To date it is the only design method to accurately predict the loads in the
soil reinforcement. FEA methods may be used, however they are impractical, both time wise and software
cost, to be used for commercial designs.

K-Stiffness earth pressures are based on a combination of the stiffness of the earth reinforcements and
stiffness of the compacted soils. Soil stiffness is determined from plane strain shear values. Stiffness of the
reinforcement is determined from the tangent modulus at two percent strain at 1000 hours (assumed time to
end of construction) during the creep rupture testing. Below is a comparison of predicted loads verses
measured loads from instrumented structures:

Ref: WA-RD 522.2 Prediction of Reinforcement Loads in Reinforced Soil Walls, Allen, T.M. and R. J.
Bathurst, 2003.


