Abutments, Retaining
Chapter 15 Walls, and Reinforced Slopes

15.1 Introduction and Design Standards

This chapter addresses the geotechnical design of the abutments as well as retaining
walls and reinforced slopes. Abutments for bridges have components of both
foundation design and wall design. Retaining walls and reinforced slopes are typically
included in projects to minimize construction in wetlands, to widen existing facilities,
and to minimize the amount of right of way needed in urban environments. Projects
modifying existing facilities often need to modify or replace existing retaining walls
or widen abutments for bridges.

There tends to be confusion regarding when they should be incorporated into

a project, what types are appropriate, how they are designed, who designs them,
and how they are constructed. The roles and responsibilities of the various WSDOT
offices and those of the Department’s consultants further confuse the issue

of retaining walls and reinforced slopes, as many of the roles and responsibilities
overlap or change depending on the wall type. This chapter does not fully address
the roles and responsibilities of the various WSDOT offices with regard to wall and
abutment design, and the design process that should be used. The Design Manual
M 22-01 Chapter 730, should be consulted for additional guidance on these issues.

All abutments, retaining walls, and reinforced slopes within WSDOT Right of Way
or whose construction is administered by WSDOT shall be designed in accordance
with the Geotechnical Design Manual (GDM) and the following documents:

* Bridge Design Manual M 23-50
* Design Manual M 22-01
* AASHTO LRFD Bridge Design Specifications, U.S.

The most current versions or editions of the above referenced manuals including
all interims or design memoranda modifying the manuals shall be used. In the case
of conflict or discrepancy between manuals, the following hierarchy shall be used:
Those manuals listed first shall supersede those listed below in the list.

The following manuals provide additional design and construction guidance
for retaining walls and reinforced slopes and should be considered supplementary
to the GDM and the manuals and design specifications listed above:

» Lazarte, C. A., Elias, V., Espinoza, R. D., Sabatini, P. J., 2003. Geotechnical
Engineering Circular No. 7, Soil Nail Walls, U.S. Department of Transportation,
Federal Highway Administration, FHWA-IF-03-017, 305 pp.

 Porterfield, J. A., Cotton, D. A., Byrne, R. J., 1994, Soil Nail Walls-Demonstration
Project 103, Soil Nailing Field Inspectors Manual, U.S. Department of
Transportation, Federal Highway Administration, FHWA-SA-93-068, 86 pp.
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« Samtani, N. C., and Nowatzki, E. A., 2006, Soils and Foundations, Reference
Manual-Volumes I and 11, Washington, D.C., National Highway Institute
Publication, FHWA-NHI-06-088/089, Federal Highway Administration.

» Berg, R. R., Christopher, B. R., and Samtani, N. C., 2009, Design of Mechanically
Stabilized Earth Walls and Reinforced Slopes, No. FHWA-NHI-10-024, Federal
Highway Administration, 306 pp.

 Sabatini, P. J., Pass, D. G., and Bachus, R. C., 1999, Geotechnical Engineering
Circular No. 4, Ground Anchors and Anchored Systems, FHWA-IF-99-015, 281 pp.

15.2 Overview of Wall Classifications and Design Process for Walls

The various walls and wall systems can be categorized based on how they

are incorporated into construction contracts. Standard Walls comprise the first
category and are the easiest to implement. Standard walls are those walls for which
standard designs are provided in the WSDOT Standard Plans. The internal stability
design and the external stability design for overturning and sliding stability have
already been addressed in the Standard Plan wall design, and bearing resistance,
settlement, and overall stability must be determined for each standard-design wall
location by the geotechnical designer. All other walls are nonstandard, as they are
not included in the Standard Plans.

Nonstandard walls may be further subdivided into proprietary or nonproprietary.
Nonstandard, proprietary walls are patented or trademarked wall systems designed
and marketed by a wall manufacturer. The wall manufacturer is responsible

for internal stability. Sliding stability, eccentricity, bearing resistance, settlement,
compound stability, and overall slope stability are determined by the geotechnical
designer. Nonstandard, nonproprietary walls are not patented or trade marked wall
systems. However, they may contain proprietary elements. An example of this would
be a gabion basket wall. The gabion baskets themselves are a proprietary item.
However, the gabion manufacturer provides gabions to a consumer, but does not
provide a designed wall. It is up to the consumer to design the wall and determine
the stable stacking arrangement of the gabion baskets. Nonstandard, nonproprietary
walls are fully designed by the geotechnical designer and, if structural design

is required, by the structural designer. Reinforced slopes are similar to nonstandard,
nonproprietary walls in that the geotechnical designer is responsible for the design,
but the reinforcing may be a proprietary item.

A number of proprietary wall systems have been extensively reviewed by the Bridge
and Structures Office and the HQ Geotechnical Division. This review has resulted
in WSDOT preapproving some proprietary wall systems. The design procedures

and wall details for these preapproved wall systems shall be in accordance with this
manual and other manuals specifically referenced herein as applicable to the type

of wall being designed, unless alternate design procedures have been agreed upon
between WSDOT and the proprietary wall manufacturer. These preapproved design
procedures and details allow the manufacturers to competitively bid a particular project
without having a detailed wall design provided in the contract plans. Note that
proprietary wall manufacturers may produce several retaining wall options, and

not all options from a given manufacturer have been preapproved. The Bridge and
Structures Office shall be contacted to obtain the current listing of preapproved
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proprietary systems prior to including such systems in WSDOT projects. A listing of
the preapproved wall systems, as of the current publication date for this manual, is
provided in Appendix 15-D. Specific preapproved details and system specific design
requirements for each wall system are also included as appendices to Chapter 15.
Incorporation of non-preapproved systems requires the wall supplier to completely
design the wall prior to advertisement for construction. All of the manufacturer’s
plans and details would need to be incorporated into the contract documents. Several
manufacturers may need to be contacted to maintain competitive bidding. More
information is available in Chapters 610 and 730 of the Design Manual M 22-01.

If it is desired to use a non-preapproved proprietary retaining wall or reinforced

slope system, review and approval for use of the wall or slope system on WSDOT
projects shall be based on the submittal requirements provided in Appendix 15-C.

The wall or reinforced slope system, and its design and construction, shall meet the
requirements provided in this manual, including Appendix 15-A. For Mechanically
Stabilized Earth (MSE) walls, the wall supplier shall demonstrate in the wall submittal
that the proposed wall system can meet the facing performance tolerances provided

in Appendix 15-A through calculation, construction technique, and actual measured
full scale performance of the wall system proposed.

Note that MSE walls are termed Structural Earth (SE) walls in the Standard
Specifications for Road, Bridge, and Municipal Construction M 41-10 and associated
General Special Provisions (GSPs). In the general literature, MSE walls are also
termed reinforced soil walls. In this GDM, the term “MSE” is used to refer to this
type of wall.

15.3 Required Information

15.3.1 Site Data and Permits

The Design Manual M 22-01 discusses site data and permits required for design and
construction. In addition, Chapters 610 and 730 provide specific information relating
to geotechnical work and retaining walls.

15.3.2 Geotechnical Data Needed for Retaining Wall and Reinforced Slope Design

The project requirements, site, and subsurface conditions should be analyzed
to determine the type and quantity of information to be developed during the
geotechnical investigation. It is necessary to:

+ Identify areas of concern, risk, or potential variability in subsurface conditions.

» Develop likely sequence and phases of construction as they may affect retaining
wall and reinforced slope selection.

* Identify design and constructability requirements or issues such as:

— Surcharge loads from adjacent structures — — Easements
— Backslope and toe slope geometries — Excavation limits
— Right of way restrictions — Wetlands
— Materials sources — Construction Staging
WSDOT Geotechnical Design Manual M 46-03.08 Page 15-3

October 2013


http://www.wsdot.wa.gov/Publications/Manuals/M22-01.htm

Abutments, RetainingWalls, and Reinforced Slopes Chapter 15

* Identify performance criteria such as:
— Tolerable settlements for the retaining walls and reinforced slopes
— Tolerable settlements of structures or property being retained
— Impact of construction on adjacent structures or property
— Long-term maintenance needs and access
* Identify engineering analyses to be performed:
— Bearing resistance — Global stability
— Settlement — Internal stability
+ Identify engineering properties and parameters required for these analyses.

Identify the number of tests/samples needed to estimate engineering properties.

Table 15-1 provides a summary of information needs and testing considerations for
retaining walls and reinforced slope design.

Chapter 5 covers requirements for how the results from the field investigation, the field
testing, and laboratory testing are to be used to establish properties for design. The
specific tests and field investigation requirements needed for foundation design are
described in the following sections.
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15.3.3 Site Reconnaissance

For each abutment, retaining wall, and reinforced slope, the geotechnical designer
should perform a site review and field reconnaissance. The geotechnical designer
should be looking for specific site conditions that could influence design, construction,
and performance of the retaining walls and reinforced slopes on the project. This type
of review is best performed once survey data has been collected for the site and digital
terrain models, cross-sections, and preliminary wall profiles have been generated

by the civil engineer (e.g., region project engineer). In addition, the geotechnical
designer should have access to detailed plan views showing existing site features,
utilities, proposed construction, and right or way limits. With this information, the
geotechnical designer can review the wall/slope locations making sure that survey
information agrees reasonably well with observed site topography. The geotechnical
designer should observe where utilities are located, as they will influence where field
exploration can occur and they may affect design or constructability. The geotechnical
designer should look for indications of soft soils or unstable ground. Items such

as hummocky topography, seeps or springs, pistol butted trees, and scarps, either

old or new, need to be investigated further. Vegetative indicators such as equisetum
(horsetails), cat tails, black berry, or alder can be used to identify soils that are wet

or unstable. A lack of vegetation can also be an indicator of recent slope movement.
In addition to performing a basic assessment of site conditions, the geotechnical
designer should also be looking for existing features that could influence design and
construction such as nearby structures, surcharge loads, and steep back or toe slopes.
This early in design, it is easy to overlook items such as construction access, materials
sources, and limits of excavation. The geotechnical designer needs to be cognizant

of these issues and should be identifying access and excavation issues early, as they
can affect permits and may dictate what wall type may or may not be used.

15.3.4 Field Exploration Requirements

A soil investigation and geotechnical reconnaissance is critical for the design

of all abutments, retaining walls, or reinforced slopes. The stability of the underlying
soils, their potential to settle under the imposed loads, the usability of any existing
excavated soils for wall/reinforced slope backfill, and the location of the ground water
table are determined through the geotechnical investigation. All abutments, retaining,
walls and reinforced slopes regardless of their height require an investigation of the
underlying soil/rock that supports the structure. Abutments shall be investigated like
other bridge piers in accordance with Chapter 8.

Retaining walls and reinforced slopes that are equal to or less than 10 feet in exposed
height as measured vertically from wall bottom to top or from slope toe to crest, as
shown in Figure 15-1, shall be investigated in accordance with Sections 15.3.4.1_and
15.3.4.2. For all retaining walls and reinforced slopes greater than 10 feet in exposed
height, the field exploration shall be completed in accordance with the AASHTO
LRFD Bridge Design Specifications and this manual.
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H
WALL SLOPE
Exposed Height (H) for a Retaining Wall or Slope
Figure 15-1

Explorations consisting of geotechnical borings, test pits, hand holes, or a combination
thereof shall be performed at each wall or slope location. Geophysical testing may be
used to supplement the subsurface exploration and reduce the requirements for borings.
If the geophysical testing is done as a first phase in the exploration program, it can also
be used to help develop the detailed plan for second phase exploration. As a minimum,
the subsurface exploration and testing program should obtain information to analyze
foundation stability and settlement with respect to:

* Geological formation(s).
» Location and thickness of soil and rock units.

» Engineering properties of soil and rock units, such as unit weight, shear strength
and compressibility.

* Ground water conditions.
* Ground surface topography.

* Local considerations (e.g., liquefiable, expansive or dispersive soil deposits,
underground voids from solution weathering or mining activity, or slope
instability potential).

In areas underlain by heterogeneous soil deposits and/or rock formations, it will
probably be necessary to perform more investigation to capture variations in soil and/
or rock type and to assess consistency across the site area. In a laterally homogeneous
area, drilling or advancing a large number of borings may be redundant, since each
sample tested would exhibit similar engineering properties. In all cases, it is necessary
to understand how the design and construction of the geotechnical feature will affect
the soil and/or rock mass in order to optimize the exploration. The following minimum
guidelines for frequency and depth of exploration shall be used. Additional exploration
may be required depending on the variability in site conditions, wall/slope geometry,
wall/slope type, and the consequences should a failure occur.

15.3.4.1 Exploration Type, Depth, and Spacing

Generally, walls 10 feet or less in height, constructed over average to good soil
conditions (e.g., non-liquefiable, medium dense to very dense sand, silt or gravel, with
no signs of previous instability) will require only a basic level of site investigation.

A geologic site reconnaissance (see Chapter 2), combined with widely spaced test pits,
hand holes, or a few shallow borings to verify field observations and the anticipated
site geology may be sufficient, especially if the geology of the area is well known, or if
there is some prior experience in the area.

WSDOT Geotechnical Design Manual M 46-03.08 Page 15-7
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The geotechnical designer should investigate to a depth below bottom of wall or
reinforced slope at least to a depth where stress increase due to estimated foundation
load i1s less than 10 percent of the existing effective overburden stress and between one
and two times the exposed height of the wall or slope. Exploration depth should be
great enough to fully penetrate soft highly compressible soils (e.g., peat, organic silt,
soft fine grained soils) into competent material of suitable bearing capacity (e.g., stiff
to hard cohesive soil, compact dense cohesionless soil, or bedrock). Hand holes and
test pits should be used only where medium dense to dense granular soil conditions are
expected to be encountered within limits that can be reasonably explored using these
methods, approximately 10 feet for hand holes and 15 feet for test pits, and that based
on the site geology there is little risk of an unstable soft or weak layer being present
that could affect wall stability.

For retaining walls and reinforced slopes less than 100 feet in length, the exploration
should occur approximately midpoint along the alignment or where the maximum
height occurs. Explorations should be completed on the alignment of the wall face or
approximately midpoint along the reinforced slope, i.e., where the height, as defined
in Figure 15-1, is 0.5H. Additional borings to investigate the toe slope for walls or the
toe catch for reinforced slopes may be required to assess overall stability issues.

For retaining walls and slopes more than 100 feet in length, exploration points should
in general be spaced at 100 to 200 feet, but may be spaced at up to 500 feet in uniform,
dense soil conditions. Even closer spacing than 100 to 200 feet should be used in
highly variable and potentially unstable soil conditions. Where possible, locate at least
one boring where the maximum height occurs. Explorations should be completed on
the alignment of the wall face or approximately midpoint along the reinforced slope,
i.e., where the height is 0.5H. Additional borings to investigate the toe slope for walls
or the toe catch for reinforced slopes may be required to assess overall stability issues.

A key to the establishment of exploration frequency for walls is the potential for the
subsurface conditions to impact the construction of the wall, the construction contract
in general, and the long-term performance of the finished project. The exploration
program should be developed and conducted in a manner that these potential
problems, in terms of cost, time, and performance, are reduced to an acceptable level.
The boring frequency described above may need to be adjusted by the geotechnical
designer to address the risk of such problems for the specific project.

15.3.4.2 Walls and Slopes Requiring Additional Exploration
15.3.4.2.1 Soil Nail Walls

Soil nail walls should have additional geotechnical borings completed to explore the
soil conditions within the soil nail zone. The additional exploration points shall be

at a distance of 1.0 to 1.5 times the height of the wall behind the wall to investigate
the soils in the nail zone. For retaining walls and slopes more than 100 feet in length,
exploration points should in general be spaced at 100 to 200 feet, but may be spaced
at up to 500 feet in uniform, dense soil conditions. Even closer spacing than 100 to
200 feet should be used in highly variable and potentially unstable soil conditions. The
depth of the borings shall be sufficient to explore the full depth of soils where nails are
likely to be installed, and deep enough to address overall stability issues.
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In addition, each soil nail wall should have at least one test pit excavated to evaluate
stand-up time of the excavation face. The test pit shall be completed outside the nail
pattern, but as close as practical to the wall face to investigate the stand-up time of the
soils that will be exposed at the wall face during construction. The test pit shall remain
open at least 24 hours and shall be monitored for sloughing, caving, and groundwater
see page. A test pit log shall be prepared and photographs should be taken immediately
after excavation and at 24 hours. If variable soil conditions are present along the wall
face, a test pit in each soil type should be completed. The depth of the test pits should
be at least twice the vertical nail spacing and the length along the trench bottom should
be at least one and a half times the excavation depth to minimize soil-arching effects.
For example, a wall with a vertical nail spacing of 4 feet would have a test pit 8 feet
deep and at least 12 feet in length at the bottom of the pit.

15.3.4.2.2 Walls With Ground Anchors or Deadman Anchors

Walls with ground anchors or deadman anchors should have additional geotechnical
borings completed to explore the soil conditions within the anchor/deadman zone. For
retaining walls more than 100 feet in length, exploration points should in general be
spaced at 100 to 200 feet, but may be spaced at up to 500 feet in uniform, dense soil
conditions. Even closer spacing than 100 to 200 feet should be used in highly variable
and potentially unstable soil conditions. The borings should be completed outside the
no-load zone of the wall in the bond zone of the anchors or at the deadman locations.
The depth of the borings shall be sufficient to explore the full depth of soils where
ground anchors or deadman anchors are likely to be installed, and deep enough to
address overall stability issues.

15.3.4.2.3 Wall or Slopes With Steep Back Slopes or Steep Toe Slopes

Walls or slopes that have a back slopes or toe slopes that exceed 10 feet in slope
length and that are steeper than 2H:1V should have at least one hand hole, test pit,

or geotechnical boring in the backslope or toe slope to define stratigraphy for overall
stability analysis and evaluate bearing resistance. The exploration should be deep
enough to address overall stability issues. Hand holes and test pits should be used only
where medium dense to dense granular soil conditions are expected to be encountered
within limits that can be reasonably explored using these methods, approximately

10 feet for hand holes and 20 feet for test pits.

15.3.5 Field, Laboratory, and Geophysical Testing for Abutments, Retaining Walls,
and Reinforced Slopes

The purpose of field and laboratory testing is to provide the basic data with which

to classify soils and to estimate their engineering properties for design. Often for
abutments, retaining walls, and reinforced slopes, the backfill material sources are not
known or identified during the design process. For example, mechanically stabilized
earth walls are commonly constructed of backfill material that is provided by the
Contractor during construction. During design, the material source is not known and
hence materials cannot be tested. In this case, it is necessary to design using commonly
accepted values for regionally available materials and ensure that the contract will
require the use of materials meeting or exceeding these assumed properties.

For abutments, the collection of soil samples and field testing shall be in accordance
with Chapters 2, 5, and 8.
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For retaining walls and reinforced slopes, the collection of soil samples and field
testing are closely related. Chapter 5 provides the minimum requirements for
frequency of field tests that are to be performed in an exploration point. As a minimum,
the following field tests shall be performed and soil samples shall be collected:

In geotechnical borings, soil samples shall be taken during the Standard Penetration
Test (SPT). Fine grained soils or peat shall be sampled with 3-in Shelby tubes or
WSDOT Undisturbed Samplers if the soils are too stiff to push 3-in Shelby tubes. All
samples in geotechnical borings shall be in accordance with Chapters 2 and 3.

In hand holes, sack soil samples shall be taken of each soil type encountered,
and WSDOT Portable Penetrometer tests shall be taken in lieu of SPT tests. The
maximum vertical spacing between portable penetrometer tests should be 5 feet.

In test pits, sack soil samples shall be taken from the bucket of the excavator, or from
the spoil pile for each soil type encountered once the soil is removed from the pit.
WSDOT Portable Penetrometer tests may be taken in the test pit. However, no person
shall enter a test pit to sample or perform portable penetrometer tests unless there

is a protective system in place in accordance with Washington Administrative Code
(WAC) 296-155-657.

In soft soils, CPT tests or insitu vane shear tests may be completed to investigate soil
stratigraphy, shear strength, and drainage characteristics.

All soil samples obtained shall be reviewed by a geotechnical engineer or engineering
geologist. The geotechnical designer shall group the samples into stratigraphic units
based on consistency, color, moisture content, engineering properties, and depositional
environment. At least one sample from each stratigraphic unit should be tested in the
laboratory for Grain Size Distribution, Moisture Content, and Atterberg limits (fine
grained soils only). Additional tests, such as Loss on Ignition, pH, Resistivity, Sand
Equivalent, or Hydrometer may be performed.

Walls that will be constructed on compressible or fine grained soils should have
undisturbed soil samples available for laboratory testing, e.g., shelby tubes or WSDOT
undisturbed samples. Consolidation tests and Unconsolidated Undrained (UU) triaxial
tests should be performed on fine grained or compressible soil units. Additional

tests such as Consolidated Undrained (CU), Direct Shear, or Lab Vane Shear may be
performed to estimate shear strength parameters and compressibility characteristics of
the soils.

Geophysical testing may be used for establishing stratification of the subsurface
materials, the profile of the top of bedrock, depth to groundwater, limits of types of
soil deposits, the presence of voids, anomalous deposits, buried pipes, and depths of
existing foundations. Data from Geophysical testing shall always be correlated with
information from direct methods of exploration, such as SPT, CPT, etc.
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15.3.6 Groundwater

One of the principal goals of a good field reconnaissance and field exploration is

to accurately characterize the groundwater in the project area. Groundwater affects
the design, performance, and constructability of project elements. Installation of
piezometer(s) and monitoring is usually necessary to define groundwater elevations.
Groundwater measurements shall be conducted in accordance with Chapter 2, and
shall be assessed for each wall. In general, this will require at least one groundwater
measurement point for each wall. If groundwater has the potential to affect wall
performance or to require special measures to address drainage to be implemented,
more than one measurement point per wall will be required.

15.3.7 Wall Backfill Testing and Design Properties

The soil used as wall backfill may be tested for shear strength in lieu of using a lower
bound value based on previous experience with the type of soil used as backfill (e.g.,
gravel borrow). See Chapter 5 (specifically Table 5-2) for guidance on selecting a
shear strength value for design if soil specific testing is not conducted. A design shear
strength value of 36° to 38° has been routinely used as a lower bound value for gravel
borrow backfill for WSDOT wall projects. Triaxial tests conducted in accordance
with AASHTO T296-95 (2000), but conducted on remolded specimens of the backfill
compacted at optimum moisture content, plus or minus 3 percent, to 95 percent of
maximum density per WSDOT Test Method T606, may be used to justify higher
design friction angles for wall backfill, if the backfill source is known at the time

of design. This degree of compaction is approximately equal to 90 to 95 percent of
modified proctor density (ASTM D1557). The specimens are not saturated during
shearing, but are left at the moisture content used during specimen preparation, to
simulate the soil as it is actually placed in the wall. Note that this type of testing can
also be conducted as part of the wall construction contract to verify a soil friction
assumed for design.

Other typical soil design properties for various types of backfill and native soil units
are provided in Chapter 5.

The ability of the wall backfill to drain water that infiltrates it from rain, snow melt,
or ground water shall be considered in the design of the wall and its stability. Figure
15-2 illustrates the effect the percentage of fines can have on the permeability of

the soil. In general, for a soil to be considered free draining, the fines content (i.e.,
particles passing the No. 200 sieve) should be less than 5 percent by weight. If the
fines content is greater than this, the reinforced wall backfill cannot be fully depended
upon to keep the reinforced wall backfill drained, and other drainage measures may
be needed.
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15.4 General Design Requirements
15.4.1 Design Methods

The AASHTO LRFD Bridge Design Specifications shall be used for all abutments
and retaining walls addressed therein. The walls shall be designed to address

all applicable limit states (strength, service, and extreme event). Rock walls,
reinforced slopes, and soil nail walls are not specifically addressed in the AASHTO
specifications, and shall be designed in accordance with this manual. Many of the
FHWA manuals used as WSDOT design references were not developed for LRFD
design. For those wall types (and including reinforced slopes) for which LRFD
procedures are not available, allowable stress design procedures included in this
manual, either in full or by reference, shall be used, again addressing all applicable
limit states.
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The load and resistance factors provided in the AASHTO LRFD Specifications have
been developed in consideration of the inherent uncertainty and bias of the specified
design methods and material properties, and the level of safety used to successfully
construct thousands of walls over many years. These load and resistance factors

shall only be applied to the design methods and material resistance estimation
methods for which they are intended, if an option is provided in this manual or the
AASHTO LRFD specifications to use methods other than those specified herein or

in the AASHTO LRFD specifications. For estimation of soil reinforcement pullout in
reinforced soil (MSE) walls, the resistance factors provided are to be used only for
the default pullout methods provided in the AASHTO LRFD specifications. If wall
system specific pullout resistance estimation methods are used, resistance factors shall
be developed statistically using reliability theory to produce a probability of failure

P; of approximately 1 in 100 or smaller. Note that in some cases, Section 11 of the
AASHTO LRFD Bridge Design Specifications refers to AASHTO LRFD Section 10
for wall foundation design and the resistance factors for foundation design. In such
cases, the design methodology and resistance factors provided in the Chapter 8 shall be
used instead of the resistance factors in AASHTO LRFD Section 10, where the GDM
and the AASHTO Specifications differ.

For reinforced soil slopes, the FHWA manual entitled “Mechanically Stabilized
Earth Walls and Reinforced Soil Slopes Design & Construction Guidelines” by Berg,
et al. (2009), or most current version of that manual, shall be used as the basis for
design. The LRFD approach has not been developed as yet for reinforced soil slopes.
Therefore, allowable stress design shall be used for design of reinforced soil slopes.

All walls shall meet the requirements in the Design Manual M 22-01 for layout

and geometry. All walls shall be designed and constructed in accordance with the
Standard Specifications, General Special Provisions, and Standard Plans. Specific
design requirements for tiered walls, back-to-back walls, and MSE wall supported
abutments are provided in the GDM as well as in the AASHTO LRFD Bridge Design
Specifications, and by reference in those design specifications to FHWA manuals
(Berg, et al. 2009).

15.4.2 Tiered Walls

Walls that retain other walls or have walls as surcharges require special design to
account for the surcharge loads from the upper wall. Proprietary wall systems may be
used for the lower wall, but proprietary walls shall not be considered preapproved in
this case. Chapter 730 of the Design Manual M 22-01 discusses the requirements for
utilizing non-preapproved proprietary walls on WSDOT projects. If the upper wall

is proprietary, a preapproved system may be used provided it meets the requirements
for preapproval and does not contain significant structures or surcharges within the
wall reinforcing.

For tiered walls, the FHWA manual entitled “Design and Construction of
Mechanically Stabilized Earth Walls and Reinforced Soil Slopes” by Berg, et al.
(2009), shall be used as the basis for design for those aspects of the design not
covered in the AASHTO LRFD Bridge Design Specifications and the GDM.
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15.4.3 Back-to-Back Walls

The face-to-face dimension for back-to-back sheetpile walls used as bulkheads for
waterfront structures must exceed the maximum exposed height of the walls. Bulkhead
walls may be cross braced or tied together provided the tie rods and connections are
designed to carry twice the applied loads.

The face to face dimension for back to back Mechanically Stabilized Earth (MSE)
walls should be 1.1 times the average height of the MSE walls or greater. Back-to-
back MSE walls with a width/height ratio of less than 1.1 shall not be used unless
approved by the State Geotechnical Engineer and the State Bridge Design Engineer.
The maximum height for back-to-back MSE wall installations (i.e., average of the
maximum heights of the two parallel walls) is 30 feet, again, unless a greater height is
approved by the State Geotechnical Engineer and the State Bridge Design Engineer.
Justification to be submitted to the State Geotechnical Engineer and the State Bridge
Design Engineer for approval should include rigorous analyses such as would be
conducted using a calibrated numerical model, addressing the force distribution in
the walls for all limit states, and the potential deformations in the wall for service
and extreme event limit states, including the potential for rocking of the back-to-back
wall system.

The soil reinforcement for back-to-back MSE walls may be connected to both faces,
i.e., continuous from one wall to the other, provided the reinforcing is designed for at
least double the loading, if approved or required by the State Geotechnical Engineer.
Reinforcement may overlap, provided the reinforcement from one wall does not
contact the reinforcement from the other wall. Reinforcement overlaps of more than
3 feet are generally not desirable due to the increased cost of materials. Preapproved
proprietary wall systems may be used for back-to-back MSE walls provided they meet
the height, height/width ratio and overlap requirements specified herein. For seismic
design of back-to-back walls in which the reinforcement layers are tied to both wall
faces, the walls shall be considered unable to slide to reduce the acceleration to be
applied. Therefore, the full ground acceleration shall be used in the walls in that case.

For back-to-back walls, the FHWA manual entitled “Design and Construction of
Mechanically Stabilized Earth Walls and Reinforced Soil Slopes” by Berg, et al.
(2009), shall be used as the basis for design for those aspects of the design not covered
in the AASHTO LRFD Bridge Design Specifications and the GDM.

15.4.4 Walls on Slopes

Standard Plan walls founded on slopes shall meet the requirements in the Standard
Plans. Additionally, all walls shall have a near horizontal bench at the wall face at
least 4 feet wide to provide access for maintenance. Bearing resistance for footings

in slopes and overall stability requirements in the AASHTO LRFD Bridge Design
Specifications shall be met. Table C11.10.2.2-1 in the AASHTO LRFD Bridge Design
Specifications should be used as a starting point for determining the minimum wall
face embedment when the wall is located on a slope. Use of a smaller embedment
must be justified based on slope geometry, potential for removal of soil in front of
the wall due to erosion, future construction activity, etc., and external and global wall
stability considerations.
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15.4.5 Minimum Embedment

All walls and abutments should meet the minimum embedment criteria in AASHTO.
The final embedment depth required shall be based on geotechnical bearing and
stability requirements provided in the AASHTO LRFD specifications, as determined
by the geotechnical designer (see also Section 15.4.4). Walls that have a sloping
ground line at the face of wall may need to have a sloping or stepped foundation to
optimize the wall embedment. Sloping foundations (i.e., not stepped) shall be 6H:1V
or flatter. Stepped foundations shall be 1.5H:1V or flatter determined by a line through
the corners of the steps. The maximum feasible slope of stepped foundations for walls
is controlled by the maximum acceptable stable slope for the soil in which the wall
footing is placed. Concrete leveling pads constructed for MSE walls shall be sloped

at 6H:1V or flatter or stepped at 1.5H:1V or flatter determined by a line through the
corners of the steps. As MSE wall facing units are typically rectangular shapes, stepped
leveling pads are preferred.

In situations where scour (e.g., due to wave or stream erosion) can occur in front of
the wall, the wall foundation (e.g., MSE walls, footing supported walls), the pile cap
for pile supported walls, and for walls that include some form of lagging or panel
supported between vertical wall elements (e.g., soldier pile walls, tieback walls), the
bottom of the footing, pile cap, panel, or lagging shall meet the minimum embedment
requirements relative to the scour elevation in front of the wall. A minimum
embedment below scour of 2 feet, unless a greater depth is otherwise specified, shall
be used.

15.4.6 Wall Height Limitations

Proprietary wall systems that are preapproved through the WSDOT Bridge and
Structures Office are in general preapproved to 33 feet or less in total height. Greater
wall heights may be used and for many wall systems are feasible, but a special design
(i.e., not preapproved) may be required. The 33 feet preapproved maximum wall height
can be extended for proprietary wall systems if approved by the State Geotechnical and
Bridge Design Engineers.

Some types of walls may have more stringent height limitations. Walls that have more
stringent height limitations include full height propped precast concrete panel MSE
walls (Section 15.5.3.5), flexible faced MSE walls with a vegetated face (Section
15.5.3.6), and MSE wall supported bridge abutments (Section 15.5.3.4), and modular
dry cast concrete block faced systems (Section 15.5.3.8). Other specific wall systems
may also have more stringent height limitations due to specific aspects of their design
or the materials used in their construction.

15.4.7 Serviceability Requirements

Walls shall be designed to structurally withstand the effects of total and differential
settlement estimated for the project site, both longitudinally and in cross-section,

as prescribed in the AASHTO LRFD Specifications. In addition to the requirements
for serviceability provided above, the following criteria (Tables 15-2, 15-3, and

15-4) shall be used to establish acceptable settlement criteria (includes settlement that
occurs during and after wall construction):
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Total Settlement

Differential Settlement
Over 100 Feet

Action

AH<1in

AH,00 < 0.75in

Design and Construct

1in<AH<25in

0.75in <AHygp=2in

Ensure structure can tolerate settlement

AH>25in

AH100 >2in

Obtain Approval prior to proceeding with
design and Construction

"Approval of WSDOT State Geotechnical Engineer and WSDOT Bridge Design Engineer required.

Settlement Criteria for Reinforced Concrete Walls, Nongravity Cantilever
Walls, Anchored/Braced Walls, and MSE Walls With Full Height Precast

Concrete Panels (Soil is Place Directly Against Panel)
Table 15-2

Total Settlement

Differential Settlement
Over 100 Feet

Action

AH<2in AH;50<1.5in Design and Construct
2in<AH<4in 1.5in <AH4pu <3 in Ensure structure can tolerate settlement
: T : :
AH >4 in AHqop > 3 in Obtain Approval® prior to proceeding with

design and Construction

"Approval of WSDOT State Geotechnical Engineer and WSDOT Bridge Design Engineer required.
Settlement Criteria for MSE Walls With Modular (Segmental) Block Facings,

Prefabricated Modular Walls, and Rock Walls

Table 15-3

Total Settlement

Differential Settlement
Over 50 Feet

Action

AH<4in

AHgo < 3 in

Design and Construct

4in<AH=12in

3in <AHg <9 in

Ensure structure can tolerate settlement

AH>12in

AHs, > 9 in

Obtain Approval prior to proceeding with
design and Construction

"Approval of WSDOT State Geotechnical Engineer and WSDOT Bridge Design Engineer required.

Settlement Criteria for MSE Walls With Flexible

Facings and Reinforced Slopes, and Walls in Which
the Structural Facing is Installed as a Second Construction

Stage After the Wall Settlement is Complete

Table 15-4

For MSE walls with precast panel facings up to 75 feet? in area, limiting differential
settlements shall be as defined in the AASHTO LRFD Specifications, Article
C11.10.4.1, and total settlement shall be 4 inches or less unless approval by the

WSDOT State Geotechnical Engineer and WSDOT Bridge Design Engineer

1s obtained.

Note that more stringent tolerances may be necessary to meet aesthetic requirements

for the walls.
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15.4.8 Active, Passive, At-Rest Earth Pressures

The geotechnical designer shall assess soil conditions and shall develop earth pressure
diagrams for all walls except standard plan walls in accordance with the AASHTO
LRFD Bridge Design Specifications. Earth pressures may be based on either Coulomb
or Rankine theories. The type of earth pressure used for design depends on the ability
of the wall to yield in response to the earth loads. For walls that free to translate or
rotate (i.e., flexible walls), active pressures shall be used in the retained soil. Flexible
walls are further defined as being able to displace laterally at least 0.001H, where H

is the height of the wall. Standard concrete walls, MSE walls, soil nail walls, soldier
pile walls and anchored walls are generally considered as flexible retaining walls.
Non-yielding walls shall use at-rest earth pressure parameters. Non-yielding walls
include, for example, integral abutment walls, wall corners, cut and cover tunnel walls,
and braced walls (i.e., walls that are cross-braced to another wall or structure). Where
bridge wing and curtain walls join the bridge abutment, at rest earth pressures should
be used. At distances away from the bridge abutment equal to or greater than the height
of the abutment wall, active earth pressures may be used. This assumes that at such
distances away from the bridge abutment, the wing or curtain wall can deflect enough
to allow active conditions to develop.

If external bracing is used, active pressure may be used for design. For walls used to
stabilize landslides, the applied earth pressure acting on the wall shall be estimated
from limit equilibrium stability analysis of the slide and wall (external and global
stability only). The earth pressure force shall be the force necessary to achieve stability
in the slope, which may exceed at-rest or passive pressure.

Regarding the use of passive pressure for wall design and the establishment of its
magnitude, the effect of wall deformation and soil creep should be considered,

as described in the AASHTO LRFD Bridge Design Specifications, Article 3.11.1

and associated commentary. For passive pressure in front of the wall, the potential
removal of soil due to scour, erosion, or future excavation in front of the wall shall be
considered when estimating passive resistance.

15.4.9 Surcharge Loads

Article 3.11.6 in the AASHTO LRFD Bridge Design Specifications shall be used

for surcharge loads acting on all retaining walls and abutments for walls in which

the ground surface behind the wall is 4H:IV or flatter, the wall shall be designed for
the possible presence of construction equipment loads immediately behind the wall.
These construction loads shall be taken into account by applying a 250 psf live load
surcharge to the ground surface immediately behind the wall. Since this is a temporary
construction load, seismic loads should not be considered for this load case.
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15.4.10 Seismic Earth Pressures

For seismic design of walls, the requirements in the AASHTO LRFD Bridge Design
Specifications shall be met.

For free standing walls that are free to move during seismic loading, if it is desired to
use a value of kj, that is less than 50 percent of A, such walls may be designed for a
reduced seismic acceleration (i.e., yield acceleration) as specifically calculated in the
AASHTO LRFD Bridge Design Specifications. The reduced (yield) acceleration should
be determined using a wall displacement that is less than or equal to the following
displacements:

* Structural gravity or semi-gravity walls — maximum horizontal displacement of
4 in.
* MSE walls — maximum horizontal displacement of 8 in.

These maximum allowed displacements do not apply to walls that support other
structures, unless it is determined that the supported structures have the ability to
tolerate the design displacement without compromising the required performance of
the supported structure. These maximum allowed displacements also do not apply

to walls that support utilities that cannot tolerate such movements and must function
after the design seismic event or that support utilities that could pose a significant
danger to the public of the utility ruptured. For walls that do support other structures,
the maximum wall horizontal displacement allowed shall be no greater than the
displacement that is acceptable for the structure supported by the wall.

These maximum allowed wall displacements also do not apply to non-gravity walls
(e.g., soldier pile, anchored walls). A detailed structural analysis of non-gravity walls is
required to assess how much they can deform laterally during the design seismic event,
so that the appropriate value of k;, can be determined.

If fine grained soils are present behind the wall, the seismic earth pressure shall be
determined accounting for the effect of earthquake shaking and displacement on the
soil shear strength. For sensitive silts and clays (see also Section 6.4.3), the shear
strength used to calculate the seismic earth pressure shall be reduced to account for the
strength loss caused by the shaking. If over-consolidated cohesive soils (e.g., "Seattle
Clays" as described in Section 5.13.3) are present behind the wall and the wall is
designed to allow displacement, the residual drained friction angle rather than the
peak friction angle in accordance with Chapter 5, should be used to determine the
seismic lateral earth pressure. To justify a design shear strength greater than its residual
value, a wall displacement analysis shall be conducted and shall demonstrate that the
magnitude of the wall deflections allowed are too small to drop the shear strength to its
residual value. See Chapter 5 for additional requirements regarding the shear strength
issue, and Chapter 6 and the AASHTO LRFD Bridge Design Specifications for design
methods and additional requirements to estimate the wall deflection.

Note that for the design methods typically used to estimate seismic earth pressure and
which are specified in the GDM the slope of the active failure plane flattens as the

earthquake acceleration increases. For anchored walls, the bonded zone of the anchors
shall be located behind the active failure wedge. The methodology provided in FHWA
Geotechnical Engineering Circular No. 4 (Sabatini et al., 1999) should be used to
locate the active failure plane for the purpose of anchored zone location for anchored
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walls. If the anchors are needed to provide an acceptable level of safety for overall
slope stability during seismic loading, the bonded zone of the anchors shall be located
behind the critical slope stability failure surface and the active zone behind the wall for
seismic loading.

For walls that support other structures that are located over the active zone of the wall,
the inertial force due to the mass of the supported structure shall be considered in

the design of the wall if that structure can displace laterally with the wall during the
seismic event. For supported structures that are only partially supported by the active
zone of the wall, numerical modeling of the wall and supported structure should be
considered to assess the impact of the supported structure inertial force on the wall
stability.

15.4.11 Liquefaction

Under extreme event loading, liquefaction and lateral spreading may occur. The
geotechnical designer shall assess liquefaction and lateral spreading for the site and
identify these geologic hazards. Design to assess and to mitigate these geologic
hazards shall be conducted in accordance with the provisions in Chapter 6.

15.4.12 Overall Stability

All retaining walls and reinforced slopes shall have a resistance factor for overall
stability of 0.75 (i.e., a safety factor of 1.3 as calculated using a limit equilibrium
slope stability method). This resistance factor is not to be applied directly to the

soil properties used to assess this mode of failure. All abutments and those retaining

walls and reinforced slopes that support structures such as bridges, other retaining
walls, buildings, pipelines or other critical utilities shall have a resistance factor of
0.65 (i.e., a safety factor of 1.5). See Section 8.6.5.2 and the AASHTO LRFD Bridge

Design Specifications, Article 11.6.2.3 and commentary for additional background and
guidance regarding the assessment of overall stability.

It is important to check overall stability for surfaces that include the wall mass,

as well as surfaces that check for stability of the soil below the wall, if the wall is
located well above the toe of the slope. If the slope below the wall is determined to be
potentially unstable, the wall stability should be evaluated assuming that the unstable
slope material has moved away from the toe of the wall, if the slope below the wall is
not stabilized. The slope above the wall, if one is present, should also be checked for
overall stability.

Stability shall be assessed using limiting equilibrium methods in accordance with
Chapter 7.

15.4.13 Wall Drainage

Drainage should be provided for all walls. In instances where wall drainage cannot be
provided, the hydrostatic pressure from the water shall be included in the design of the
wall. In general, wall drainage shall be in accordance with the Standard Plans, General
Special Provisions. Figure 730-11 in the Design Manual M 22-01 shall be used for
drain details and drain placement for all walls not covered by Standard Plan D-4
except as follows:
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» (Gabion walls and rock walls are generally considered permeable and do not
typically require wall drains, provided construction geotextile is placed against the
native soil or fill.

* Soil nail walls shall use composite drainage material centered between each
column of nails. The drainage material shall be connected to weep holes using
a drain gate or shall be wrapped around an underdrain.

+ Cantilever and Anchored wall systems using lagging shall have composite
drainage material attached to the lagging face prior to casting the permanent
facing. Walls without facing or walls using precast panels are not required
to use composite drainage material provided the water can pass through the
lagging unhindered.

15.4.14 Utilities

Walls that have or may have future utilities in the backfill should minimize the use
of soil reinforcement. MSE, soil nail, and anchored walls commonly have conflicts
with utilities and should not be used when utilities must remain in the reinforced
soil zone unless there is no other wall option. Utilities that are encapsulated by
wall reinforcement may not be accessible for replacement or maintenance. Utility
agreements should specifically address future access if wall reinforcing will

affect access.

15.4.15 Guardrail and Barrier

Guardrail and barrier shall meet the requirements of the Design Manual M 22-01,
Bridge Design Manual, Standard Plans, and the AASHTO LRFD Bridge Design
Specifications. In no case shall guardrail be placed through MSE wall or reinforced
slope soil reinforcement closer than 3 feet from the back of the wall facing elements.
Furthermore, the guard rail posts shall be installed through the soil reinforcement in

a manner that prevents ripping and distortion of the soil reinforcement, and the soil
reinforcement shall be designed to account for the reduced cross-section resulting from
the guardrail post holes.

For walls with a traffic barrier, the distribution of the applied impact load to the

wall top shall be as described in the AASHTO LRFD Bridge Design Specifications
Article 11.10.10.2 for LRFD designs unless otherwise specified in the Bridge Design
Manual, except that for MSE walls, the impact load should be distributed into the
soil reinforcement considering only the top two reinforcement layers below the
traffic barrier to take the distributed impact load as described in NCHRP Report

663, Appendix I (Bligh, et al., 2010). See Figure 15-3 for an illustration of soil
reinforcement load distributions for TL-3 and TL-4 loading. In that figure, pq is the
dynamic pressure distribution due to the traffic impact load that is to be resisted by
the soil reinforcement, and p; is the static earth pressure distribution, which is to be
added to the dynamic pressure to determine the total soil reinforcement loading. For
TL-5 loading, the soil reinforcement loads shown in the figure should be scaled up
considering the magnitude of the impact load for TL-4 loading relative to the impact
load for TL-5 loading.
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(a) Pressure distribution for reinforcement pullout

(b) Pressure distribution for reinforcement rupture.

MSE Wall Soil Reinforcement Design for Traffic Barrier Impact for
TL-3 and TL-4 Loading (after Bligh, et al., 2010)
Figure 15-3
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15.5 Wall Type Specific Desigh Requirements
15.5.1 Abutments

Abutment foundations shall be designed in accordance with Chapter 8. Abutment
walls, wingwalls, and curtain walls shall be designed in accordance with AASHTO
LRFD Bridge Design Specifications and as specifically required in this GDM.
Abutments that are backfilled prior to constructing the superstructure shall be designed
using active earth pressures. Active earth pressures shall be used for abutments that

are backfilled after construction of the superstructure, if the abutment can move
sufficiently to develop active pressures. If the abutment is restrained, at-rest earth
pressure shall be used. Abutments that are “U” shaped or that have curtain/wing walls
should be designed to resist at-rest pressures in the corners, as the walls are constrained
(see Section 15.4.8).

15.5.2 Nongravity Cantilever and Anchored Walls

15.5.2.1

WSDOT typically does not utilize sheet pile walls for permanent applications, except
at Washington State Ferries (WSF) facilities. Sheet pile walls may be used at WSF
facilities but shall not be used elsewhere without approval of the WSDOT Bridge
Design Engineer. Sheet pile walls utilized for shoring or cofferdams shall be the
responsibility of the Contractor and shall be approved on construction, unless the
construction contract special provisions or plans state otherwise.

Permanent soldier piles for soldier pile and anchored walls should be installed in
drilled holes. Impact or vibratory methods may be used to install temporary soldier
piles, but installation in drilled holes is preferred.

Nongravity and Anchored walls shall be designed using the latest edition of the
AASHTO LRFD Bridge Design Specifications. Key geotechnical design requirements
for these types of walls are found in Sections 3 and 11 of the AASHTO LRFD
specifications. Instead of the resistance factor for passive resistance of the vertical wall
elements provided in the AASHTO LRFD specifications, a resistance factor for passive
resistance of 0.75 shall be used.

Nongravity Cantilever Walls

The exposed height of nongravity cantilever walls is generally controlled by acceptable
deflections at the top of wall. In “good” soils, cantilever walls are generally 12 to

15 feet or less in height. Greater exposed heights can be achieved with increased
section modulus or the use of secant/tangent piles. Nongravity cantilever walls

using a single row of ground anchors or deadmen anchors shall be considered an
anchored wall.

In general, the drilled hole for the soldier piles for nongravity cantilever walls will be
filled with a relatively low strength flowable material such as controlled density fill
(CDF), provided that water is not present in the drilled hole. Since CDF has a relatively
low cement content, the cementitious material in the CDF has a tendency to wash out
when placed through water. If the CDF becomes too weak because of this, the design
assumption that the full width of the drilled hole, rather than the width of the soldier
pile by itself, governs the development of the passive resistance in front of the wall
will become invalid. The presence of groundwater will affect the choice of material
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specified by the structural designer to backfill the soldier pile holes, e.g., CDF if the
hole is not wet, or higher strength concrete designed for tremie applications. Therefore,
it is important that the geotechnical designer identify the potential for ground water in
the drilled holes during design, as the geotechnical stability of a nongravity cantilever
soldier pile wall is governed by the passive resistance available in front of the wall.

Typically, when discrete vertical elements are used to form the wall, it is assumed

that due to soil arching, the passive resistance in front of the wall acts over three pile/
shaft diameters. For typical site conditions, this assumption is reasonable. However, in
very soft soils, that degree of soil arching may not occur, and a smaller number of pile
diameters (e.g., 1 to 2 diameters) should be assumed for this passive resistance arching
effect. For soldier piles placed in very dense soils, such as glacially consolidated till,
when CDF is used, the strength of the CDF may be similar enough to the soil that the
full shaft diameter may not be effective in mobilizing passive resistance. In that case,
either full strength concrete should be used to fill the drilled hole, or only the width of
the soldier pile should be considered effective in mobilizing passive resistance.

If the wall is being used to stabilize a deep seated landslide, in general, it should be
assumed that full strength concrete will be used to backfill the soldier pile holes, as the
shearing resistance of the concrete will be used to help resist the lateral forces caused
by the landslide.

15.5.2.2 Anchored/Braced Walls

Anchored/braced walls generally consist of a vertical structural elements such as
soldier piles or drilled shafts and lateral anchorage elements placed beside or through
the vertical structural elements. Design of these walls shall be in accordance with the
AASHTO LRFD Bridge Design Specifications.

In general, the drilled hole for the soldier piles for anchored/braced walls will be
filled with a relatively low strength flowable material such as controlled density fill
(CDF). For anchored walls, the passive resistance in front of the wall toe is not as
critical for wall stability as is the case for nongravity cantilever walls. For anchored
walls, resistance at the wall toe to prevent “kickout” is primarily a function of the
structural bending resistance of the soldier pile itself. Therefore, it is not as critical
that the CDF maintain its full shear strength during and after placement if the hole

is wet. For anchored/braced walls, the only time full strength concrete would be

used to fill the soldier pile holes in the buried portion of the wall is when the anchors
are steeply dipping, resulting in relatively high vertical loads, or for the case when
additional shear strength is needed to resist high lateral kickout loads resulting from
deep seated landslides. In the case of walls used to stabilize deep seated landslides,
the geotechnical designer must clearly indicate to the structural designer whether or
not the shear resistance of the soldier pile and cementitious backfill material (i.e., full
strength concrete) must be considered as part of the resistance needed to help stabilize
the landslide.
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15.5.2.3 Permanent Ground Anchors

The geotechnical designer shall define the no-load zone for anchors in accordance with
the AASHTO LRFD Bridge Design Specifications. If the ground anchors are installed
through landslide material or material that could potentially be unstable, the no load
zone shall include the entire unstable zone as defined by the actual or potential failure
surface plus 5 feet minimum. The contract documents should require the drill hole in
the no load zone to be backfilled with a non-structural filler. Contractors may request
to fill the drill hole in the no load zone with grout prior to testing and acceptance of the
anchor. This is usually acceptable provided bond breakers are present on the strands,
the anchor unbonded length is increased by 8 feet minimum, and the grout in the
unbonded zone is not placed by pressure grouting methods.

The geotechnical designer shall determine the factored anchor pullout resistance that
can be reasonably used in the structural design given the soil conditions. The ground
anchors used on the projects shall be designed by the Contractor. Compression anchors
(see Sabatini, et al., 1999) may be used, but conventional anchors are preferred by
WSDOT.

The geotechnical designer shall estimate the nominal anchor bond stress (t,) for the
soil conditions and common anchor grouting methods. AASHTO LRFD Bridge Design
Specifications and the FHWA publications listed at the beginning of this chapter
provide guidance on acceptable values to use for various types of soil and rock. The
geotechnical designer shall then apply a resistance factor to the nominal bond stress

to determine a feasible factored pullout resistance (FPR) for anchors to be used in

the wall. In general, a 5-in diameter low pressure grouted anchor with a bond length
of 15 to 30 feet should be assumed when estimating the feasible anchor resistance.
FHWA research has indicated that anchor bond lengths greater than 40 feet are not
fully effective. Anchor bond lengths greater than 50 feet shall be approved by the State
Geotechnical Engineer.

The structural designer shall use the factored pullout resistance to determine the
number of anchors required to resist the factored loads. The structural designer shall
also use this value in the contract documents as the required anchor resistance that
Contractor needs to achieve. The Contractor will design the anchor bond zone to
provide the specified resistance. The Contractor will be responsible for determining the
actual length of the bond zone, hole diameter, drilling methods, and grouting method
used for the anchors.

All ground anchors shall be proof tested, except for anchors that are subjected to
performance tests. A minimum of 5 percent of the wall’s anchors shall be performance
tested. For ground anchors in clays, or other soils that are known to be potentially
problematic, especially with regard to creep, at least one verification test shall be
performed in each soil type within the anchor zone. Past WSDOT practice has been to
perform verification tests at two times the design load with proof and performance tests
loaded to 1.5 times the design load. National practice has been to test to 1.33 times

the design load for proof and performance tests. Historically, WSDOT has utilized

a higher safety factor in its anchored wall designs (FS=1.5) principally due to past
performance with anchors constructed in Seattle Clay. For anchors that are installed in
Seattle Clay, other similar formations, or clays in general, the level of safety obtained
in past WSDOT practice shall continue to be used (i.e., FS = 1.5). For anchors in other
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soils (e.g., sands, gravels, glacial tills), the level of safety obtained when applying the
national practice (i.e., FS = 1.33) should be used.

The AASHTO LRFD Bridge Design Specifications specifically addresses anchor
testing. The AASHTO specifications recommend that the test loads used in past
allowable stress design practice be reduced by the load factor applicable to the limit
state that controls the maximum factored design load for the anchor. For the strength
limit state, a load factor YEH of 1.35 is typically applied to the lateral earth pressure
acting on the wall. If the seismic design (i.e., Extreme Event I) controls the factored
load acting on the anchor, then the load factor is only 1.0. However, due to the extreme
nature of the loading for this limit state, the extra margin of safety used to design in
the strength limit state is not needed for the seismic load case, as past allowable stress
design practice used a FS of 1.0.

To be consistent with previous WSDOT practice , for the Strength Limit State,
verification tests, if conducted, shall be performed to 1.5 times the factored design
load (FDL) for the anchor. Proof and performance tests shall be performed to 1.15
times the factored design load (FDL) for anchors installed in clays, and to 1.00 times
the factored design load (FDL) for anchors in other soils and rock. The geotechnical
designer should make the decision during design as to whether or not a higher test load
is required for anchors in a portion of, or all of, the wall due to the presence of clays or
other problematic soils. These proof, performance, and verification test loads assume
that a load factor, yg, of 1.35 is applied to the apparent earth pressure used to design

the anchored wall. If the Extreme Event I limit state controls the design, the same

loading sequence and magnitude as used for the strength limit state should be used for
all anchor tests.

The following shall be used for verification tests:

Strength Limit State Controls
Load Hold Time
AL 1 Min.
0.25FDL 10 Min.
0.50FDL 10 Min.
0.75FDL 10 Min.
1.00FDL 10 Min.
1.15FDL 60 Min.
1.25FDL 10 Min.
1.50FDL 10 Min.
AL 1 Min.

AL is the alignment load. The test load shall be applied in increments of 25 percent

of the factored design load. Each load increment shall be held for at least 10 minutes.
Measurement of anchor movement shall be obtained at each load increment. The load-
hold period shall start as soon as the test load is applied and the anchor movement,
with respect to a fixed reference, shall be measured and recorded at 1 minute, 2, 3, 4, 5,
6, 10, 15, 20, 25, 30, 45, and 60 minutes.
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The following shall be used for proof tests, for anchors in clay or other creep
susceptible or otherwise problematic soils or rock:

Strength Limit State Controls

Load Hold Time

AL 1 Min.
0.25FDL 1 Min.
0.50FDL 1 Min.
0.75FDL 1 Min.
1.00FDL 1 Min.
1.15FDL 10 Min.

AL 1 Min.

The following shall be used for proof tests, for anchors in sands, gravels, glacial tills,

rock, or other materials where creep is not likely to be a significant issue:

Strength Limit State Controls

Load Hold Time

AL 1 Min.
0.25FDL 1 Min.
0.50FDL 1 Min.
0.75FDL 1 Min.
1.00FDL 10 Min.

AL 1 Min.

The maximum test load in a proof test shall be held for ten minutes, and shall be
measured and recorded at 1 minute, 2, 3, 4, 5, 6, and 10 minutes. If the anchor
movement between one minute and ten minutes exceeds 0.04 in, the maximum test
load shall be held for an additional 50 minutes. If the load hold is extended, the anchor
movements shall be recorded at 15, 20, 25, 30, 45, and 60 minutes.

Performance tests cycle the load applied to the anchor. Between load cycles, the anchor
is returned to the alignment load (AL) before beginning the next load cycle. The

following shall be used for performance tests:

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5* Cycle 6
AL AL AL AL AL AL
0.25FDL 0.25FDL 0.25FDL 0.25FDL 0.25FDL Lock-off
0.50FDL 0.50FDL 0.50FDL 0.50FDL
0.75FDL 0.75FDL 0.75FDL

1.00FDL 1.00FDL
1.15FDL

*The fifth cycle shall be conducted if the anchor is installed in clay or other problematic soils.
Otherwise, the load hold is conducted at 1.00FDL and the fifth cycle is eliminated.
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The load shall be raised from one increment to another immediately after a deflection
reading. The maximum test load in a performance test shall be held for 10 minutes.
If the anchor movement between one minute and 10 minutes exceeds 0.04 inch,

the maximum test load shall be held for an additional 50 minutes. If the load hold

1s extended, the anchor movements shall be recorded at 15, 20, 25, 30, 45, and

60 minutes. After the final load hold, the anchor shall be unstressed to the alignment
load then jacked to the lock-off load.

The structural designer should specify the lock-off load in the contract. Past WSDOT
practice has been to lock-off at 80 percent of the anchor design load. Because the
factored design load for the anchor is higher than the “design load” used in past
practice, locking off at 80 percent would result in higher tendon loads. To match
previous practice, the lock-off load for all permanent ground anchors shall be 60
percent of the factored design load for the anchor. This applies to both the Strength
and Extreme Event limit states.

Since the contractor designs and installs the anchor, the contract documents should
require the following:

1. Lock off shall not exceed 70 percent of the specified minimum tensile strength for
the anchor.

2. Test loads shall not exceed 80 percent of the specified minimum tensile strength for
the anchor.

3. All anchors shall be double corrosion protected (encapsulated). Epoxy coated or
bare strands shall not be used unless the wall is temporary.

4. Ground anchor installation angle should be 15 to 30 degrees from horizontal, but
may be as steep as 45 degrees to install anchors in competent materials or below
failure planes.

The geotechnical designer and the structural designer should develop the
construction plans and special provisions to ensure that the contractor complies with
these requirements.

15.5.2.4 Deadmen

The geotechnical designer shall develop earth pressures and passive resistance for
deadmen in accordance with AASHTO LRFD Bridge Design Specifications. Deadmen
shall be located in accordance with Figure 20 from NAVFAC DM-7.2, Foundations
and Earth Structures, May 1982 (reproduced below for convenience in Figure 15-4).

15.5.3 Mechanically Stabilized Earth Walls

Wall design shall be in accordance with the AASHTO LRFD Bridge Design
Specifications, except as noted below regarding the use of the K-Stiffness Method for
internal stability design.
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15.5.3.1

Live Load Considerations for MSE Walls

The AASHTO design specifications allow traffic live load to not be specifically
considered for pullout design (note that this does not apply to traffic barrier impact
load design as discussed above). The concept behind this is that for the most common
situations, it is unlikely that the traffic wheel paths will be wholly contained within
the active zone of the wall, meaning that one of the wheel paths will be over the
reinforcement resistant zone while the other wheel path is over the active zone.
However, there are cases where traffic live load could be wholly contained within the
active zone.

Therefore, include live load in calculation of T,,,,, where T, is as defined in the
AASHTO LRFD Bridge Design Specifications (i.e., the calculated maximum load

in each reinforcement layer), for pullout design if it is possible for both wheels of a
vehicle to drive over the wall active zone at the same time, or if a special live loading
condition is likely (e.g., a very heavy vehicle could load up the active zone without
having a wheel directly over the reinforcement in the resistant zone). Otherwise, live
load does not need to be considered. For example, with a minimum 2 feet shoulder
and a minimum vehicle width of 8 feet, the active zone for steel reinforced walls
would be wide enough for this to happen only if the wall is over 30 feet high, and for
geosynthetic walls over 22 feet high. For walls of greater height, live load would need
to be considered for pullout for the typical traffic loading situation.
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GENERAL REQUIREMENTS:

| ALLOWABLE VALUE OF Ap AND Apc =ULTIMATE VALUE /2, FACTOR OF SAFETY OF 2 AGAINST FAILURE.

2. VALUES OF Ka AND Kp ARE FOR COHESIONLESS MATERIALS. IF BACKFILL HAS BOTH ¢ AND ¢ STRENGTHS, COMPUTE
ACTIVE AND PASSIVE FORCES ACCORDING TO FIGURES 7 AND9 FINE GRAINED SOILS OF MEDIUM TO HIGH
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Deadman Anchor Design (After NAVFAC, 1982)
Figure 15-4
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15.5.3.2 Backfill Considerations for MSE Walls

For steel reinforced MSE walls, the design soil friction angle for the backfill shall not
be greater than 40° even if soil specific shear strength testing is conducted, as research
conducted to date indicates that measured reinforcement loads do not continue to
decrease as the soil shear strength increases (Bathurst, et al., 2009). For geosynthetic
MSE walls, however, the load in the soil reinforcement does appear to be correlated
to soil shear strength even for shear strength values greater than 40° (see Allen, et

al., 2003 and Bathurst, et al., 2008). A maximum design friction angle of 40° should
also be used for geosynthetic reinforced walls even with backfill specific shear
strength testing, unless project specific approval is obtained from the WSDOT State
Geotechnical Engineer to exceed 40°. If backfill shear strength testing is conducted, it
shall be conducted in accordance with Section 15.3.7.

In general, low silt content backfill materials such as Gravel Borrow per the WSDOT
Standard Specifications should be used for MSE walls. If higher silt content soils are
used as wall backfill, the wall should be designed using only the frictional component
of the backfill soil shear strength as discussed in Section 15.3.7. Other issues that shall
be addressed if higher fines content soils are used are as follows:

 Ability to place and compact the soil, especially during or after inclement
weather — In general, as the fines content increases and the soil becomes more
well graded, water that gets into the wall backfill due to rain, surface water flow,
or ground water flow can cause the backfill to “pump” during placement and
compaction, preventing the wall backfill from being properly compacted. Even
some gravel borrow gradations may be susceptible to pumping problems when
wet, especially when the fines content is greater than 5 percent. Excessive wall
face deformation during wall construction can also occur in this case. Because of
this potential problem, higher silt content wall backfill should only be used during
extended periods of dry weather, such as typically occurs in the summer and early
fall months in Western Washington, and possibly most of the year in at least some
parts of Eastern Washington.

* For steel reinforced wall systems, the effect of the higher fines content on
corrosion rate of the steel reinforcement — General practice nationally is that
use of backfill with up to 15 percent silt content is acceptable for steel reinforced
systems (AASHTO, 2010; Berg, et al., 2009). If higher silt content soils are used,
elevated corrosion rates for the steel reinforcement should be considered (see Elias,
et al., 2009).

* Prevention of water or moisture build-up in the wall reinforced backfill —
When the fines content is greater than Spercent, the material should not be
considered to be free draining (see Section 15.3.7). In such cases where the fines
content is greater than that allowed in the WSDOT gravel borrow specification
(i.e., greater than 7 percent), special measures to prevent water from entering the
reinforced backfill shall be implemented. This includes placement of under-drains
at the back of the reinforced soil zone, sheet drains to intercept possible ground and
rainwater infiltration flow, and use of some type impermeable barrier over the top
of the reinforced soil zone.
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* Potential for long-term lateral and vertical deformation of the wall due to
soil creep, or in general as cohesive soil shear strength is lost over the life of
the wall — Strain and load increase with time in a steel reinforced soil wall was
observed for a large wall in California, a likely consequence of using a backfill
soil with a significant cohesion component (Allen, et al., 2001). The K-Stiffness
Method (see Section 15.5.3.1) may be used to estimate the reinforcement strain
increase caused by loss of cohesive shear strength over time (i.e., estimate the
reinforcement strain using the c-¢ shear strength at end of construction, and
subtract that from the reinforcement strain estimated using only the frictional
component of that shear strength for design to get the long-term strain). This would
give an indication of the long-term wall deformation that could occur.

15.5.3.3 Compound Stability Assessment for MSE Walls

If the MSE wall is located over a soft foundation soil or on a relatively steep slope,
compound stability of the wall and slope combination should be evaluated as a service
limit state in accordance with the AASHTO LRFD Specifications. It is recommended
that this stability evaluation only be used to evaluate surfaces that intersect within

the bottom 20 to 30 percent of the reinforcement layers. As discussed by Allen and
Bathurst (2002) and Allen and Bathurst (2003), available limit equilibrium approaches
such as the ones typically used to evaluate slope stability do not work well for internal
stability of reinforced soil structures, resulting in excessively conservative designs, at
least for geosynthetic or otherwise extensible reinforced systems.

The results of the compound stability analysis, if it controls the reinforcement needs
near the base of the wall, should be expressed as minimum total reinforcement
strength and total reinforcement pullout resistance for all layers within a “box” at the
base of the wall to meet compound stability requirements. The location of the critical
compound stability failure surface in the bottom portion of the wall should also be
provided so that the resistant zone boundary location is identified.

Regarding pullout, the length of reinforcement needed behind the critical compound
stability failure surface may vary significantly depending on the reinforcement
coverage ratio anticipated and the frictional characteristics of the soil reinforcement.
Therefore, several scenarios for these two key variables may need to be investigated
to assure it is feasible to obtain the desired level of compound stability for all wall/
reinforcement types that are to be considered for the selected width “B” of the box.
For convenience, to define the box width “B” required for the pullout length, an
average active and resistant zone length should be defined for the box. This concept

is illustrated in Figure 15-5. In this figure “H” is the total wall height, “T” is the load
required in each reinforcement layer that must be resisted to achieve the desired level
of safety in the wall for compound stability, and T, is the total force increase needed
in the compound stability analysis to achieve the desired level of safety with regard to
compound stability. This total force should be less than or equal to the total long-term
tensile strength, T,;, of the reinforcement layers within the defined “box” and the total
pullout resistance available for the reinforcement contained within the box, considering
factored loads and resistance values. The engineer needs to select the value of “B”
that meets this pullout length requirement. However, the value of “B” selected should
be minimized to keep the wall base width required to a minimum, to keep excavation
needs as small as possible.
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From the wall supplier’s view, the contract would specify a specific value of “B” that
is long enough such that the desired minimum pullout resistance can be obtained but
that provides a consistent basis for bidding purposes with regard to the amount of
excavation and shoring needed to build the wall.

Note that for taller walls, it may be desirable to define more than one box at the wall
base to improve the accuracy of the pullout length for the intersected reinforcement
layers. If the wall is tiered, a box may need to be provided at the base of each tier,
depending on the horizontal separation between tiers.

15.5.3.4 Design of MSE Walls Placed in Front of Existing Permanent Walls or Rock

Widening existing facilities sometimes requires MSE walls to be built in front of

those existing facilities with inadequate room to obtain the minimum 0.7H wall base
width. To reduce excavation costs and shoring costs in side hill situations, the “existing
facility” could in fact be a shoring wall or even a near vertical rock slope face. See
Figure 15-6 for a conceptual illustration of this situation.

In such cases, assuming that the existing facility is designed as a permanent structure
with adequate design life, or if the barrier to adequate reinforcement length is a rock
slope, the following design requirements apply:

* The minimum base width is 0.4H or 6 feet, whichever is greater, where H is the
total height of the new wall. Note that for soil reinforcement lengths that are
less than 8 feet, the weight and size of construction equipment used to place and
compact the soil backfill will need to be limited in accordance with the AASHTO
LRFD Bridge Design Specifications Article C11.10.2.1.

* A minimum of two reinforcement layers, or whatever is necessary for stability,
but no less than 3 feet of reinforced soil, shall extend over the top of the existing
structure or steep rock face an adequate distance to insure adequate pullout
resistance. The minimum length of these upper two reinforcement layers should be
0.7H, 5 feet behind the face of the existing structure or rock face, or the minimum
length required to resist the pullout forces applied to those layers, whichever
results in the greatest reinforcement length. Note that to accomplish this, it may
be necessary to remove some of the top of the existing structure or rock face if
the existing structure is nearly the same height as the new wall. The minimum
clearance between the top of the existing structure or rock face and the first
reinforcement layer extended beyond the top of the existing structure should be 6
in to prevent stress concentrations.

* The MSE wall reinforcements that are truncated by the presence of the existing
structure or rock face shall not be directly connected to that existing near vertical
face, due to the risk of the development of downdrag forces at that interface and the
potential to develop bin pressures and higher reinforcement forces (i.e., Tpay)-
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Compound Stability Assessment Concept for MSE Wall Design
Figure 15-5

 For internal stability design of MSE walls in this situation, see Morrison, et al.
(2006). Global and compound stability, both for static (strength limit state) and
seismic loading, shall be evaluated, especially to determine the strength and pullout
resistance needed for the upper layers that extend over the top of the existing
feature. At least one surface that is located at the face of the existing structure but
that goes through the upper reinforcement layers shall be checked for both static
and seismic loading conditions. That surface will likely be critical for sizing the
upper reinforcement layers.

» For new walls with a height over 30 feet, a lateral deformation analysis should be
conducted (e.g., using a properly calibrated numerical model). Approval from the
State Geotechnical and Bridge Design Engineers is required in this case.

* This type of MSE wall design should not be used to support high volume mainline
transportation facilities if the vertical junction between the existing wall or rock
face and the back of the new wall is within the traffic lane, especially if there is
potential for cracking in the pavement surface to occur due to differential vertical
movement at that location.
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0.4H or 6 ft min.

Example of Steep Shored MSE Walli
Figure 15-6

15.5.3.5 MSE Wall Supported Abutments

The geotechnical design of MSE wall supported bridge abutments shall be in
accordance with the requirements in the following documents, provided in
hierarchal order:

1. This Geotechnical Design Manual

2. The Bridge Design Manual and Bridge Office design policy update provided in the
Bridge Office Design Memorandum entitled “Bridges with MSE wall supported
abutments,” dated June 25, 2013

3. AASHTO (2012), AASHTO LRFD Bridge Design Specifications, 6th Edition.

4. FHWA NHI-10-024 Volume I and NHI-10-025 Volume II, “Design and
Construction of Mechanically Stabilized Earth Walls and Reinforced Soil Slopes,”
(Berg et al., 2009)

See the WSDOT BDM, including Bridge Office Design Policy memoranda, for
additional details regarding the design and geometric requirements for SE and
geosynthetic wall supported bridge abutments.

The FHWA has developed a manual for a type of MSE wall supported bridge
abutment, termed GRS-IBS, provided on the following FHWA website:
http://www.thwa.dot.gov/everydaycounts/technology/grs ibs/

However, this GDM, and the referenced manuals and design memorandum provided at
the beginning of this GDM section, shall be considered to supersede the FHWA GRS-
IBS manual with regard to design and material requirements.

For MSE wall bridge abutments, two superstructure foundation support options are
available:
 For single or multi-span bridges, use of a footing foundation placed directly above
the MSE wall reinforced soil zone, or
 For flat slab single span bridges with a span length of up to 60 feet, the end of the
flat slab itself bears directly on the surface of the MSE wall reinforced soil zone.
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MSE walls directly supporting the bridge superstructure at the abutments shall be

30 feet or less in total height (i.e., height of exposed wall plus embedment depth of
wall). Abutment spread footings, or the ends of the superstructure flat slab bearing
directly on the surface of the MSE wall, should be designed for service loads not

to exceed 3.0 TSF and factored strength limit state footing loads not to exceed 4.5
TSF. Because this is an increase relative to what is specified in the AASHTO LRFD
Bridge Design Specifications, for bearing service loads greater than 2.0 TSF, a
vertical settlement monitoring program with regard to footing or superstructure slab
settlement shall be conducted. As a minimum, this settlement monitoring program
should consist of monitoring settlement measurement points located at the front edge
and back edge of the structure footing, or for slabs place directly on the SME wall top,
two settlement measurement points located within the bearing area, and settlement
monitoring points directly below the footing or slab bearing area at the base of the
wall to measure settlement occurring below the wall. The monitoring program should
be continued until movement has been determined to have stopped. If the measured
footing settlement exceeds the vertical deformation and angular distortion requirements
established for the structure, corrective action shall be taken.

For this MSE wall application, only_the following MSE wall/facing types shall
be used:

» Two stage geosynthetic wrapped face geosynthetic walls (i.e., similar to the
Standard Plan D-3 wall) with cast-in-place (CIP) or precast concrete full height
panels, or shotcrete depending on aesthetic needs,

+ Single stage dry-cast concrete modular block faced walls using WSDOT
preapproved concrete block — geosynthetic reinforcement combinations
(see Appendix 15D), and

* WSDOT preapproved proprietary MSE walls identified as such (see
Appendix 15D), but only those that are concrete faced. Welded wire faced
preapproved MSE walls may be used for temporary bridge abutment applications.
However, MSE walls identified in Appendix 15D as preapproved proprietary walls
shall not be considered preapproved for the MSE wall supported bridge abutment
application (i.e., a special design is required).

Figures 15-7, 15-8, and 15-9 provide typical sections that should be used in the design
of MSE wall bridge abutments. The base of the wall may be truncated to reduce
excavation needs subject to the limitations provided in Section 11 of the AASHTO
LRFD Bridge Design Specifications. Figure 15-8 is similar to the Standard Plan
geosynthetic wall (Standard Plan D-3), except as modified in this figure for this
application. This figure does not show all the details needed for the facing design.

For the additional facing details needed, see Standard Plans D-3-10 and D-3-11.

The soil reinforcement and facing design is project specific and shall be completed

in accordance with manuals and design policy documents cited at the beginning of
this section.
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Geotextile for Underground Drainage,
low survivability, Class A per Std. Specs.
9-33.2(1) with 1 ft min. horizontal

Precast voided or slab
superstructure (void M'n: 3ft surfacing overlap (only needed of geogrid is
is min. 1 ft from facing) behind concrete used for reinforcement)
bearing beam
Bridge approach soil reinforcement

4in. min.
(min. length of 12 ft or to back of wall
——=l reinforcement, whichever is greater,

F and vert. spacing of 8 in.)

8 - high by 12 in. e e e Compressible material (provide min. 4 in. thickness)

wide precast ¥

concrete beam full :::::::::::::‘_ﬁ Bearing bed reinforcement (max. vertical spacing of 8 in.,

widthofslab ~ / [ ==——————————— min. length of 2 ft beyond flat slab) if vertical spacing of
"""""""""""" primary reinforcement is greater than 12 in. for min. of 5

Joint filler
ft below structural slab

#4 rebar, grouted
in place
Dry cast concrete
modular block
facing

S~ TTTT T m T m === Secondary reinforcement (max. vertical spacing of
8 in., min. length of 4 ft behind facing), if primary

reinforcement spacing is greater than 12 in.

_____ Max. spacing between primary
= ————— reinforcement layers = 16 in.

e *Primary reinforcement

Concrete leveling pad

Typical Section for MSE Wall Supported Abutment — Flat Slab Superstructure

With no Footing and Dry-Cast Modular Block Wall Facing
Figure 15-7

Precast voided or slab

superstructure (void Mi"_- 3ft
is min. 1 ft from facing) behind concrete Surfacing
L bearing beam
4in. min.
vert. clearance Bridge approach soil reinforcement
- T ——— e =T (min. length of 12 ft or to back of wall

reinforcement, whichever is greater,
and vert. spacing of 8 in.)
Compressible material (provide min. 4 in. thickness)

8in. high by 12 in.
wide precast
concrete beam full

width of slab Bearing bed reinforcement (max. vertical spacing of 12 in.

for 5 ft below structural slab)

Facing extends 8 in.
above bottom of o
compressible material B

Geotextile for Underground Drainage,
low survivability, Class A per Std. Specs.
9-33.2(1) with 1 ft min. horizontal
overlap (only needed of geogrid is

==
Joint filler e e by used for reinforcement)

A

Max. spacing between primary
reinforcement layers = 16 in.

Precast of CIP
concrete facing—

oo == === === = =—Primary reinforcement
e
e e

Concrete leveling pad

Typical Section for MSE Wall Supported Abutment — Flat Slab Superstructure
With no Footing and Precast or CIP Concrete Wall Facing
(Two Stage Wall Construction)
Figure 15-8
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A = 4 feet min for SE Walls (precast concrete panel face or cast-in-place concrete face), 2 feet min for
special designed geosynthetic retaining walls with wrapped face

B = 3 feet min for I-girder bridges, and 5 feet min for non-I-girder, slab, and box girder bridges
C = 30 feet max

Typical Section Showing External Dimensions for Bridge With Spread Footing
Supported Directly on an MSE Wall Semi-Integral Abutment
(L-Abutment Similar; Wing/Curtain Wall Not Shown)

Figure 15-9

For geosynthetic wrapped face two-stage walls with a precast or CIP concrete facing
(e.g., similar to a Standard Plan geosynthetic wall) and walls faced with dry cast
concrete blocks, a maximum reinforcement vertical spacing of 16 inches shall be
used. However, for dry cast concrete block faced walls, secondary reinforcement
layers with a minimum length of 4 feet behind the facing shall be placed between

the primary reinforcement layers if the primary reinforcement layers are spaced at
greater than 12 inches. This will result in a geosynthetic reinforcement layer being
placed between every facing block. These spacing limitations apply to the portions

of the MSE wall that directly support the bridge foundation (i.e., within the limits

of stress increase due to the footing load per the AASHTO LRFD Bridge Design
Specifications, Article 3.11.6.3). The secondary and bearing bed reinforcement layers,
and the bridge approach reinforcement layers (see Figures 15-7 and 15-8 for definition
of these terms), shall be the same geosynthetic reinforcement product as the primary
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reinforcement layers directly above and below them. At transitions between primary
reinforcement materials (if more than one geosynthetic product is used for the primary
reinforcement), the secondary reinforcement materials shall be the stronger of the

two primary reinforcement products above and below the secondary or bearing bed
reinforcement layer.

For other MSE wall systems that can be used in this application as specified herein, the
reinforcement spacing shall be as needed to meet the wall system requirements and the
design requirements in the specified design manuals at the beginning of this section.

With regard to Figure 15-9, the minimum horizontal setbacks for the footing on the
MSE wall are specified to minimize the potential for shear and excessive vertical
deformation of the reinforced backfill too close to the connection of the reinforcement
to the facing. The vertical clearance specified between the MSE facing units and the
bottom of the superstructure is needed to provide access for bridge inspection. For
flat slab single span bridges directly supported by MSE abutments, without a footing

and bridge bearings (for span lengths up to 60 feet), these minimum setbacks and

clearances do not apply.

The bearing resistance for the footing or flat slab supported by the MSE wall is a
function of the soil reinforcement density in addition to the shear strength of the soil.
If designing the wall using LRFD, two cases should be evaluated to size the footing
for bearing resistance for the strength limit state, as two sets of load factors are
applicable (see the AASHTO LRFD Bridge Design Manual, Section 3, for definitions
of these terms):

» The load factors applicable to the structure loads applied to the footing, such as
DC, DW, EH, LL, etc.

* The load factor applicable to the distribution of surcharge loads through the
soil, ES.

When ES is used to factor the load applied to the soil to evaluate bearing, the structure
loads and live load applied to the footing should be unfactored. When ES is not used
to factor the load applied to the soil to evaluate bearing, the structure loads and live
load applied to the footing should be factored using DC, DW, EH, LL, etc. The wall
should be designed for both cases, and the case that results in the greatest amount

of soil reinforcement should be used for the final strength limit state design. See the
Bridge Design Manual for additional requirements on the application of load groups
for design of MSE wall supported abutments, especially regarding how to handle live
load, and for the structural detailing required.

The potential lateral and vertical deformation of the wall, considering the affect of the
footing load on the wall, should be evaluated. Measures shall be taken to minimize
potential deformation of the reinforced soil, such as use of high quality backfill such
as Gravel Borrow compacted to 95 percent of maximum density. The settlement and
lateral deformation of the soil below the wall shall also be included in this deformation
analysis. If there is significant uncertainty in the amount of vertical deformation

in or below the wall anticipated, the ability to jack the abutment to accommodate
unanticipated abutment settlement should also be considered in the abutment design.
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15.5.3.6 Full Height Propped Precast Concrete Panel MSE Walls

This wall system consists of a full height concrete facing panel directly connected

to the soil reinforcement elements. The facing panel is braced externally during a
significant percentage of the backfill placement. The amount the wall is backfilled
before releasing the bracing is somewhat dependent on the specifics of the wall system
and the amount of resistance needed to prevent the wall from moving excessively
during placement of the remaining fill. Once the external bracing is released, the wall
facing allowed to move in response to the release of the bracing.

A key issue regarding the performance of this type of wall is the differential settlement
that is likely to occur between the rigid facing panel and the backfill soil as the backfill
soil compresses due to the increase in overburden pressure as the fill is placed. Since
the facing panel, for practical purposes, can be considered to be essentially rigid,

all the downward deformation resulting from the backfill soil compression causes

the reinforcing elements to be dragged down with the soil, causing a strain and load
increase in the soil reinforcement at its connection with the facing panel. As the

wall panel becomes taller, the additional reinforcement force caused by the backfill
settlement relative to the facing panel becomes more significant.

WSDOT has successfully built walls of this nature up to 25 feet in height. For

greater heights, the uncertainty in the prediction of the reinforcement loads at the
facing connection for this type of MSE wall can become large. Specialized design
procedures to estimate the magnitude of the excess force induced in the reinforcement
at the connection may be needed, requiring approval by the WSDOT State
Geotechnical Engineer.

15.5.3.7 Flexible Faced MSE Walls With Vegetation

If a vegetated face is to be used with an MSE wall, the exposed (i.e., above ground
wall height shall be limited to 20 feet or less, and the wall face batter shall be no
steeper than 1H:6V, unless the facing is battered at 1H:2V or flatter, in which case the
maximum height could be extended to 30 feet). A flatter facing batter may be needed
depending on the wall system — see appendices to this GDM chapter for specific
requirements. For the vegetated facing, if the facing batter is steeper, or if the height
is greater than specified here, the compressibility of the facing topsoil could create
excessive stresses, settlement, and/or bulging in the facing, any of which could lead to
facing stability or deformation problems.

The topsoil placed in the wall face to encourage vegetative growth shall be minimized
as much as possible, and should be compacted to minimize internal settlement of

the facing. For welded wire facing systems, the effect of the topsoil on the potential
corrosion of the steel shall be considered when sizing the steel members at the face and
at the connection to the soil reinforcement.

In general, placement of drip irrigation piping within or above the reinforced soil
volume to encourage the vegetative growth in the facing should be avoided. However,
if a drip irrigation system must be used and placed within or above the reinforced soil
volume, the wall shall be designed for the long-term presence of water in the backfill
and at the face, regarding both increased design loads and increased degradation/
corrosion of the soil reinforcement, facing materials, and connections.
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15.5.3.8 Dry Cast Concrete Block Faced MSE Walls

For modular dry cast block faced walls, WSDOT has observed block cracking in near
vertical walls below a depth of 25 feet from the wall top in some block faced walls.
Key contributing factors include tolerances in the vertical dimension of the blocks
that are too great (maximum vertical dimension tolerance should be maintained at
+1/16 in or less for walls built as part of WSDOT projects, even though the current
ASTM requirements for these types of blocks have been relaxed to +!/s in), poor
block placement technique, soil reinforcement placed between the blocks that creates
too much unevenness between the block surfaces, some forms of shimming to make
facing batter adjustments, and inconsistencies in the block concrete properties. See
Figure 15-10 for illustrations of potential causes of block cracking. Another tall block
faced wall problem encountered by others includes shearing of the back portion of the
blocks parallel to the wall, possibly face due to excessive buildup of downdrag forces
immediately behind the blocks. This problem, if it occurs, has been observed in the
bottom 5 to 7 feet of walls that have a hinge height of approximately 25 to 30 feet
(total height of 35 feet or more) and may have been caused by excessive downdrag
forces due to backfill soil compressibility immediately behind the facing.

«— CRACK <—?CRACK
differential settlement uneven unit dimension
/ CRACK
3 CRACK 7

misalignment or

: discontinuous reinforcement layer
uneven seating
Example Causes of Cracking in Modular

Dry Cast Concrete Block Wall Facings
Figure 15-10

Considering these potential problems, for modular dry cast concrete block faced walls,
the wall height should be limited to 30 feet if near vertical, or to a hinge height of

30 feet if battered. Block wall heights greater than this may be considered on a project
specific basis, subject to the approval of the State Geotechnical and State Bridge
Design Engineers, if the requirements identified below are met:

» Total settlement is limited to 2 in and differential settlement is limited to 1.5 inch
as identified in Table 15-3. Since this is specified in Table 15-3, this also applies to
shorter walls.

* A concrete leveling pad is placed below the first lift of blocks to provide a uniform
flat surface for the blocks. Note that this should be done for all preapproved block
faced walls regardless of height.
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* A moderately compressible bearing material is placed between each course of
blocks, such as a geosynthetic reinforcement layer. The layer must provide an even
bearing surface (many polyester geogrids or multi-filament woven geotextiles
provide an adequately even bearing surface with sufficient thickness and
compressibility to distribute the bearing load between blocks evenly). The bearing
material needs to extend from near the front edge of the blocks (without protruding
beyond the face) to at least the back of the blocks or a little beyond. As a minimum,
this should be done for all block lifts that are 25 feet or more below the wall top,
but doing this for block lifts at depths of less than 25 feet as well is desirable.

If the wall face is tiered such that the front of the facing for the tier above is at least
3 feet behind the back of the facing elements in the tier below, then these height
limitations only apply to each tier. The minimum setback between tiers is needed to
reduce build-up of excessive down drag forces behind the lower tier wall facing.

Success in building such walls without these block cracking or shear failure problems
will depend on the care with which these walls are constructed and the enforcement
of good construction practices through proper construction inspection, especially with
regard to the constructability issues identified previously. Success will also depend

on the quality of the facing blocks. Therefore, making sure that the block properties
and dimensional tolerances meet the requirements in the contract through testing and
observation is also important and should be carried out for each project.

15.5.3.9 Internal Stability Using K-Stiffness Method

The K-Stiffness Method, as described by Allen and Bathurst (2003) and as updated
by Bathurst et al. (2008b), may be used as an alternative to the Simplified Method
provided in the AASHTO LRFD Bridge Design Specifications (Sections 3 and

11) to design the internal stability for walls up to 35 feet in height that are not
directly supporting other structures and that are not in high settlement areas (i.e.,
total settlement beneath the wall of 6 in or more). Use of the K-Stiffness Method
for greater wall heights, in locations where settlement is anticipated to be 6 in or
more, or for walls that support other structures shall be considered experimental,
will require special monitoring of performance, and will require the approval of the
State Geotechnical Engineer. The AASHTO LRFD Bridge Design Specifications are
applicable, as well as the traffic barrier design provisions in the WSDOT BDM, except
as modified in the provisions that follow.

15.5.3.9.1 K-Stiffness Method Loads and Load Factors

The methods used in historical design practice for calculating the load in the
reinforcement to accomplish internal stability design include the Simplified Method,
the Coherent Gravity Method, and the FHWA Structure Stiffness Method. All of
these methods are empirically derived, relying on limit equilibrium concepts for their
formulation, whereas, the K-Stiffness Method, also empirically derived, relies on the
difference in stiffness of the various wall components to distribute a total lateral earth
pressure derived from limit equilibrium concepts to the wall reinforcement layers
and the facing. Though all of these methods can be used to evaluate the potential for
reinforcement rupture and pullout for the Strength and Extreme Event limit states,
only the K-Stiffness Method can be used to directly evaluate the potential for soil
backfill failure and to design the wall internally for the service limit state. These other
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methods used in historical practice indirectly account for soil failure and service limit
state conditions based on the successful construction of thousands of structures (i.e.,
if the other limit states are met, soil failure will be prevented, and the wall will meet
serviceability requirements for internal stability).

These MSE wall design procedures also assume that inextensible reinforcements are
not mixed with extensible reinforcements within the same wall. MSE walls that contain
a mixture of inextensible and extensible reinforcements are not recommended.

The design procedures provided herein assume that the wall facing combined with the
reinforced backfill acts as a coherent unit to form a gravity retaining structure. The
effect of relatively large vertical spacing of reinforcement on this assumption is not
well known and a vertical spacing greater than 2.7 feet should not be used without full
scale wall data (e.g., reinforcement loads and strains, and overall deflections) which
supports the acceptability of larger vertical spacings. Allen and Bathurst (2003) do
report that based on data from a number of wall case histories, the correlation between
vertical spacing and reinforcement load appears to remain linear for vertical spacings
ranging from 1 to 5 feet, though the data at vertical spacings greater than 2.7 feet

are very limited. However, larger vertical spacings can result in excessive facing
deflection, both localized and global, which could in turn cause localized elevated
stresses in the facing and its connection to the soil reinforcement.

The factored vertical stress, oy, at each reinforcement level shall be calculated as:

oy =Y,V H+y, 7S+ (15-1)
Where:
Ov = the factored pressure due to resultant of gravity forces from soil

self weight within and immediately above the reinforced wall
backfill, and any surcharge loads present (KSF)
Yp = the load factor for vertical earth pressure EV in Table 15-5
vir = the load factor for live load surcharge per the AASHTO
LRFD Specifications

q live load surcharge (KSF)

H = the total vertical wall height at the wall face (FT)

S = average soil surcharge depth above wall top (FT)

Ve = the unit weight of the reinforced soil backfill (KCF)

Ve = the unit weight of the soil backfill behind and above the

reinforced soil zone (KCF)

Note that sloping soil surcharges are taken into account through an equivalent uniform
surcharge and assuming a level backslope condition. For these calculations, the wall
height “H” is referenced from the top of the wall at the wall face to the top of the
bearing pad, excluding any copings and appurtenances.

Methods used in historical practice (e.g., the Simplified Method) calculate the vertical
stress resulting from gravity forces within the reinforced backfill at each level,
resulting in a linearly increasing gravity force with depth and a triangular lateral stress
distribution. The K-Stiffness Method instead calculates the maximum gravity force
resulting from the gravity forces within the reinforced soil backfill to determine the
maximum reinforcement load within the entire wall reinforced backfill, T, .x, and
then adjusts that maximum reinforcement load with depth for each of the layers using
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a load distribution factor, Dy, to determine T,,,.. This load distribution factor was
derived empirically based on a number of full scale wall cases and verified through
many numerical analyses (see Allen and Bathurst, 2003).

For the K-Stiffness Method, the load in the reinforcements is obtained by multiplying
the factored vertical earth pressure by a series of empirical factors which take into
account the reinforcement global stiffness for the wall, the facing stiffness, the facing
batter, the local stiffness of the reinforcement, the soil strength and stiffness, and how
the load is distributed to the reinforcement layers. The maximum factored load in each
reinforcement layer shall be determined as follows:

Tox =0.55, Ko, D

Where:
S,

K

tmachg(DlocachfbchsCDc (15_2)
tributary area (assumed equivalent to the average vertical

spacing of the reinforcement at each layer location when

analyses are carried out per unit length of wall), in FT

is an index lateral earth pressure coefficient for the reinforced backfill,
and shall be set equal to K, as calculated per Article 3.11.5.2 of the
AASHTO LRFD Specifications. K shall be no less than 0.3 for steel
reinforced systems.

the factored pressure due to resultant of gravity forces from soil self
weight within and immediately above the reinforced wall backfill,

and any surcharge loads present, as calculated in Equation 15-1 (KSF)
distribution factor to estimate T,,,, for each layer as a function of

its depth below the wall top relative to T, (the maximum value

of T,,.x Within the wall)

global reinforcement stiffness (KSF)

global stiffness factor

local stiffness factor

facing batter factor

facing stiffness factor

soil backfill cohesion factor

Dijnax shall be determined from Figure 15-6.

The global stiffness, Syjqnq1, considers the stiffness of the entire wall section, and it shall
be calculated as follows:

ave i=l

Sgiobal “Wn) W (15-3)

Where:

Jave 18 the average stiffness of all the reinforcement layers within the entire

wall section on a per FT of wall width basis (KIPS/FT), J; is the stiffness of an
individual reinforcement layer on a per FT of wall width basis (KIPS/FT), H is the
total wall height (FT), and n is the number of reinforcement layers within the entire
wall section.
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0.25
S lobal
D, = 0.25[g—]
P

(15-4)
Where:
Pa = atmospheric pressure (a constant equal to 2.11 KSF), and the

other variables are as defined previously.

The local stiffness considers the stiffness and reinforcement density at a given layer
and is calculated as follows:

J
local —
S, (15-5)
Where:
J is the stiffness of an individual reinforcement layer (KIPS/FT), and S, is the
vertical spacing of the reinforcement layers near a specific layer (FT). The local
stiffness factor, @, ., is then defined as follows:

q)local = (SSlocal ]

global (1 5-6)
Where:
a = a coefficient which is also a function of stiffness. Based on

observations from the available data, set a = 1.0 for geosynthetic
walls and = 0.0 for steel reinforced soil walls.

The wall face batter factor, @y, which accounts for the influence of the reduced soil
weight on reinforcement loads, is determined as follows:

d
(be — [Kabh j
Kawh (15-7)

Where:

K,pn 18 the horizontal component of the active earth pressure coefficient accounting
for wall face batter, and K,,;, is the horizontal component of the active earth
pressure coefficient assuming that the wall is vertical, and d = a constant coefficient
(recommended to be 0.5 to provide the best fit to the empirical data).

K,pn and K}, are determined from the Coulomb equation, assuming no wall/soil
interface friction and a horizontal backslope (AASHTO 2010), as follows:

K, = cos? (4 + a))
cos’ a{l + sing }
0] (15-8)
Where:
(0] = peak soil friction angle (@), and o = wall/slope face inclination

(positive in a clockwise direction from the vertical). The wall face
batter o is set equal to 0 to determine K,, using Equation 15-8. The
horizontal component of the active earth pressure coefficient, assuming
no wall/soil interface friction, is determined as follows:
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Kabn = Kab cos(m) (15-9)
Since for a vertical wall, ® = 0°, K,, = K,yp.

The facing stiffness factor, [1®g, was empirically derived to account for the
significantly reduced reinforcement stresses observed for geosynthetic walls with
segmental concrete block and propped panel wall facings. It is not yet known whether
this facing stiffness correction is fully applicable to steel reinforced wall systems.

On the basis of data available at the time of this report, Allen and Bathurst (2003)
recommend that this facing stiffness factor be determined as a function of a non-
dimensional facing column stiffness parameter Fy:

3
g LSIP
A
(15-10)
and
P, =n(F ) (15-11)
Where:

by, is the thickness of the facing column, H = the total wall face height, E = the
modulus of the facing material, h 4 is the equivalent height of an un-jointed facing
column that is 100 percent efficient in transmitting moment throughout the facing
column, and p,, used to preserve dimensional consistency, is atmospheric pressure
(equal to 2.11 KSF). The dimensionless coefficients  and k were determined
from an empirical regression of the full-scale field wall data to be 0.69 and 0.11,
respectively.

Equation 15-10 was developed by treating the facing column as an equivalent
uniformly loaded cantilever beam. It is recognized that Equation 15-10 represents a
rather crude model of the stiffness of a retaining wall facing column, considering that
the wall toe may not be completely fixed, the facing column often contains joints (i.e.,
the beam is not continuous), and the beam is attached to the reinforcement at various
points. Since this analysis is being used to isolate the contribution of the facing to the
load carrying capacity of the wall system, a simplified model that treats the facing as
an isolated beam can be used. Once significant deflection occurs in the facing column,
the reinforcement is then forced to carry a greater percentage of the load in the wall
system. The full-scale wall data was used by Allen and Bathurst (2003) to empirically
determine the percentage of load carried by these two wall components. Due to

these complexities, these equations have been used in this analysis only to set up the
form of a parameter that can be used to represent the approximate stiffness of the
facing column.

For modular block faced wall systems, due to their great width, h.¢ can be considered
approximately equal to the average height of the facing column between reinforcement
layers, and that the blocks between the reinforcement layers behave as if continuous.
The blocks are in compression, partially due to self weight and partially due to
downdrag forces on the back of the facing (Bathurst, et al. 2000), and can effectively
transmit moment throughout the height of the column between the reinforcement
layers that are placed between the blocks where the reinforcement is connected to
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the facing. The compressibility of the reinforcement layer placed between the blocks,
however, can interfere with the moment transmission between the blocks above and
below the reinforcement layer, effectively reducing the stiffness of the facing column.
Therefore, h.¢ should be set equal to the average vertical reinforcement spacing for this
type of facing. Incremental panel faced systems are generally thinner (a thickness of
approximately 4 to 5.5 in) and the panel joints tend to behave as a pinned connection.
Therefore, h g should be set equal to the panel height for this type of facing. The
stiffness of flexible wall facings is not as straight-forward to estimate. Until more is
known, a facing stiffness factor @ of 1.0 should be used for all flexible faced walls
(e.g., welded wire facing, geosynthetic wrapped facings, including such walls where a
precast or cast-in-place concrete facing is placed on the wall after the wall is built).

The maximum wall height available where facing stiftness effects could be observed
was approximately 35 feet. Data from taller stiff faced walls were not available.

It is possible that this facing stiffness effect may not be as strong for much taller
walls. Therefore, for walls taller than approximately 35 feet, approval for use of the
K-Stiffness Method by the State Geotechnical Engineer is required.

Allen and Bathurst (2003) also discovered that the magnitude of the facing stiffness
factor may also be a function of the amount of strain the soil reinforcement allows

to occur. It appears that once the maximum reinforcement strain in the wall exceeds
approximately 2 percent strain, stiff wall facings tend to reach their capacity to

restrict larger lateral earth pressures. To accommodate this strain effect on the facing
stiffness factor, for stiff faced walls, the facing stiffness factor increases for maximum
reinforcement strains above 2 percent. Because of this, it is recommended that stiff
faced walls be designed for maximum reinforcement strains of approximately 2 percent
or less, if a facing stiffness factor @y of less than 0.9 is used.

For steel reinforced walls, this facing stiffness effect has not been verified, though
preliminary data indicates that facing stiffness does not affect reinforcement load
significantly for steel reinforced systems. Therefore, a facing stiffness factor ®@g of 1.0
shall be used for all steel reinforced MSE wall systems.

The backfill soil cohesion factor, @, is calculated as:

D= 1-A—

vH (15-12)
Where:
the cohesion coefficient A = 6.5, c is the soil cohesion, vy is the soil unit weight,
and H is the wall height. The practical limit 0 > @, > 1 requires c¢/yH < 0.153. It is
possible that a combination of a short wall height and high cohesive soil strength
could lead to @, = 0. In practical terms this means that no reinforcement is required
for internal stability. However, this does not mean that the wall will be stable at the
facing (e.g., connection over-stressing may still occur).

Note that soil cohesion should not be relied upon for final wall design (i.e., set c = 0).
If a backfill soil with significant cohesion must be used, with the use of such backfill
soils subject to the approval of the State Geotechnical Engineer, the loss of cohesion
over time due to backfill moisture gain, or possibly other reasons, should be considered
during the design to estimate the long-term performance of the wall, and the potential
for long-term deformations. Limited full scale wall data indicate that reinforcement
loads could increase over time for soils with a significant cohesion component.
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Dinax shall be determined as shown in Figure 15-11. Allen and Bathurst (2003) found
that as the reinforcement stiffness increases, the load distribution as a function of depth
below the wall top becomes more triangular in shape. Dy, 1s the ratio of T,,, in a
reinforcement layer to the maximum reinforcement load in the wall, T ;. Note that
the empirical distributions provided in Figure 15-7 apply to walls constructed on a firm
soil foundation. The distributions that would result for a rock or soft soil foundation
may be different from those shown in this figure, and in general will tend to be more
triangular in shape as the foundation soils become more compressible.

The factored tensile load applied to the soil reinforcement connection at the wall face,
T,, shall be equal to the maximum factored reinforcement tension, T,,,,, for all wall
systems regardless of facing and reinforcement type.
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Surcharge Depth: (A) Generally Applies to Geosynthetic Walls, (B) Generally
Applies to Polymer Strap Walls and Extensible or Very Lightly Reinforced Steel
Reinforced Systems, and (C) Generally Applies to Steel Reinforced Systems
Figure 15-11

Triaxial or direct shear soil friction angles should be used with the Simplified Method
provided in the AASHTO LRFD Specifications, to be consistent with the current
specifications and empirical derivation for the Simplified Method, whereas plane strain
soil friction angles should be used with the K-Stiffness Method, to be consistent with
the empirical derivation and calibration for that method. The following equations
maybe used to make an approximate estimate of the plane strain soil friction angle
based on triaxial or direct shear test results.

For triaxial test data (Lade and Lee, 1976):
¢ps: 1-5¢tx_17 (15-13)
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For direct shear test data (based on interpretation of data presented by Bolton (1986)
and Jewell and Wroth (1987)):

ps = tan™ (1.2 tan dys) (15-14)

All soil friction angles are in degrees for both equations. Direct shear or triaxial soil
friction angles may be used for design using the K-Stiffness Method, if desired, but it
should be recognized that doing so could add some conservatism to the resulting load
prediction. Note that if presumptive design parameters are based on experience from
triaxial or direct shear testing of the backfill, a slight increase in the presumptive soil
friction angle based on Equations 15-13 or 15-14 is appropriate to apply.

15.5.3.9.2 K-Stiffness Method Load Factors

In addition to the load factors provided in Section 3.4.1 of the AASHTO LRFD
specifications, the load factors provided in Table 15-5 shall be used as minimum values
for the K-Stiffness Method. The load factor vy, to be applied to maximum load carried
by the reinforcement T,,,, due to the weight of the backfill for reinforcement strength,
connection strength, and pullout calculations shall be EV, for vertical earth pressure.
The load factors presented in Table 15-5 were developed using the soil reinforcement
load data presented by Allen and Bathurst (2003), Allen at al. (2003, 2004), and
Bathurst et al. (2008b), and the load factor calibration methodology as described in
Allen, et al. (2005) and Bathurst, et al. (2008a).

Loads carried by the soil reinforcement in mechanically stabilized earth walls are the
result of vertical and lateral earth pressures which exist within the reinforced soil mass,
reinforcement extensibility, facing stiffness, wall toe restraint, and the stiffness and
strength of the soil backfill within the reinforced soil mass. The calculation method for
Tmax 18 empirically derived, based on reinforcement strain measurements, converted

to load based on the reinforcement stiffness, from full scale walls at working stress
conditions (see Allen and Bathurst, 2003; and Bathurst, et al., 2008). Research by
Allen and Bathurst (2003) indicates that the working loads measured in MSE wall
reinforcement remain relatively constant throughout the wall life, provided the wall

is designed for a stable condition, and that the load statistics remain constant up

to the point that the wall begins to fail. Therefore, the load factors for MSE wall
reinforcement loads provided in Table 15-5 can be considered valid for strength

limit states.

Another strength limit state that needs to be considered for these walls is the prevention
of soil failure. Soil failure is defined as contiguous or near-contiguous zones of soil
with shear strains in excess of the strain at peak strength. Contiguous shear zones

have been observed in test walls taken to collapse under uniform surcharge loading
(Bathurst 1990, Bathurst et al. 1993b, Allen and Bathurst 2002b). Allen and Bathurst
(2002b) found that once a wall goes beyond working stress conditions, the load levels
in the reinforcement begin to increase as internal soil shear surfaces continue to
develop and the soil approaches a residual strength. Once the soil has exceeded its peak
shear strain and begins to approach its residual shear strength, for all practical purposes
the wall has failed and an internal strength limit state for the soil achieved.
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The key to prevent reaching the soil failure limit state is to estimate how much strain
can be allowed in the reinforced wall system (i.e., the soil reinforcement) without
causing the soil to reach what is defined above as a soil failure condition. Preventing
the reinforcement strain from exceeding a 3 to 3.5 percent design value will be
adequate for the high shear strength granular backfill soils typically specified for
walls in Washington State and likely conservative for weaker backfill soils. Since the
maximum reinforcement strain to prevent soil failure was derived from high shear
strength soils, the 3 to 3.5 percent strain value represents what is effectively a lower
bound value. For geosynthetic wall design, the maximum strain in the reinforcement
is kept below 3 percent everywhere in the wall; therefore, only the maximum
reinforcement strain in the wall must be estimated, and the distribution of the load
among the reinforcement layers is not relevant to this calculation. For the K-Stiffness
Method, much of the uncertainty in the prediction accuracy of the method is in the
distribution of the loads among the reinforcement layers relative to the maximum load
in all the reinforcement layers, i.e., the maximum reinforcement load can be predicted
more accurately and the loads in all the reinforcement layers. Therefore, a smaller load
factor can be used for this limit state for geosynthetic walls. Note that this approach

is conservative in that many of the reinforcement layers will be at a strain level that is

much less than the maximum value.

For steel reinforced walls, the key to preventing soil failure is to prevent the steel
from exceeding its yield strength. Assuming that is accomplished in the design, the
strain in the reinforcement and soil will be far below the strain that would allow

soil failure to occur. Past design practice has been to ensure that the stress in all the
layers of steel reinforcement does not exceed the yield strength of the steel. Since all
the reinforcement layers must be checked and designed so that they do not exceed
yield, the full distribution of load to each reinforcement layer is important for this
calculation. Therefore, the load factor for reinforcement rupture for steel reinforced
walls is also used for designing the wall reinforcement layers to not exceed yield.

Load Factor
Type of Load Maximum | Minimum

EV: Vertical Earth Pressure:

MSE Wall soil reinforcement loads (K-Stiffness Method, steel strips and grids) 1.55 N/A
MSE Wall soil reinforcement/facing connection loads (K-Stiffness Method, steel 1.80 N/A
grids attached to rigid facings) '

MSE Wall soil reinforcement loads (K-Stiffness Method, geosynthetics, 155 N/A
reinforcement rupture) '

MSE Wall soil reinforcement loads (K-Stiffness Method, geosynthetics, soil failure) 1.40 N/A
MSE Wall soil reinforcement/facing connection loads (K-Stiffness Method, 1.80 N/A
geosynthetics) '

Load Factors for Permanent Loads for Internal Stability of MSE Walls Designed Using the

K-Stiffness Method, y,, for the Strength Limit State
Table 15-5
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The load factors provided in Table 15-5 were determined assuming that the appropriate
mean soil friction angle is used for design. In practice, since the specific source of
material for wall backfill is typically not available at the time of design, presumptive
design parameters based on previous experience with the material that is typically
supplied to meet the backfill material specification (e.g., Gravel Borrow per the
WSDOT Standard Specifications for construction) are used (see Chapter 5). It is likely
that these presumptive design parameters are lower bound conservative values for the
backfill material specification selected.

Other loads appropriate to the load groups and limit states to be considered as specified
in the AASHTO LRFD specifications for wall design are applicable when using the
K-Stiffness Method for design. Note that for seismic design (Extreme Event I), a load
factor of 1.0 should be used for the total load combination (static plus seismic loads)
acting on the soil reinforcement.

15.5.3.9.3 K-Stiffness Method Resistance Factors

For the service limit state, a resistance factor of 1.0 should be used, except for

the evaluation of overall slope stability as prescribed by the AASHTO LRFD
specifications (see also Section 15.4.12). For the strength and extreme event limit states
for internal stability using the K-Stiffness Method, the resistance factors provided in
Table 15-6 shall be used as maximum values. These resistance factors were derived
using the data provided in Allen and Bathurst (2003). Reliability theory, using the
Monte Carlo Method as described in Allen, et al. (2005) was applied to statistically
characterize the data and to estimate resistance factors. The load factors provided in
Table 15-5 were used for this analysis.

The resistance factors, specified in Table 15-6 are consistent with the use of select
granular backfill in the reinforced zone, homogeneously placed and carefully
controlled in the field for conformance with the WSDOT Standard Specifications. The
resistance factors provided in Table 15-6 have been developed with consideration to
the redundancy inherent in MSE walls due to the multiple reinforcement layers and
the ability of those layers to share load one with another. This is accomplished by
using a target reliability index, B, of 2.3 (approximate probability of failure, Py, of 1
in 100 for static conditions) and a § of 1.65 (Approximate P;of 1 in 20) for seismic
conditions. A B of 3.5 (approximate P;of 1 in 5,000) is typically used for structural
design when redundancy is not considered or not present; see Allen et al. (2005) for
additional discussion on this issue. Because redundancy is already taken into account
through the target value of 3 selected, the factor n for redundancy prescribed in the
AASHTO LRFD specifications should be set equal to 1.0. The target value of

used herein for seismic loading is consistent with the overstress allowed in previous
practice as described in the AASHTO Standard Specifications for Highway Bridges
(AASHTO 2002).

15.5.3.9.4 Safety Against Structural Failure (Internal Stability)

Safety against structural failure shall consider all components of the reinforced soil
wall, including the soil reinforcement, soil backfill, the facing, and the connection
between the facing and the soil reinforcement, evaluating all modes of failure,
including pullout and rupture of reinforcement.
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A preliminary estimate of the structural size of the stabilized soil mass may be
determined on the basis of reinforcement pullout beyond the failure zone, for
which resistance is specified in Article 11.10.6.3 of the AASHTO LRFD Bridge

Design Specifications.

The load in the reinforcement shall be determined at two critical locations: the zone
of maximum stress and the connection with the wall face. Potential for reinforcement
rupture and pullout are evaluated at the zone of maximum stress, which is assumed
to be located at the boundary between the active zone and the resistant zone in
Figure 11.10.2-1 of the AASHTO LRFD Bridge Design Specifications. Potential

for reinforcement rupture and pullout are also evaluated at the connection of the
reinforcement to the wall facing. The reinforcement shall also be designed to prevent
the backfill soil from reaching a failure condition.

Limit State and Reinforcement Type

Internal Stability of MSE Walls, K-Stiffness Method

Resistance Factor

Reinforcement Rupture Metallic 0.85

orr Geosynthetic 0.850)
Soil Eailure Metallic 0.85

osf Geosynthetic 1.00()
Connection rupture Metallic 0.85

er P Geosynthetic 0.801)
Steel ribbed strips (at z < 2 m) 1.10
Steel ribbed strips (at z > 2 m) 1.00
opo | Pullout® Steel smooth strips 1.00
Steel grids 0.60
Geosynthetic 0.80
loading (einforcoment and Motali 100

eEQr 9 Geosynthetic 0.85()

connector rupture)

Steel ribbed strips (at z < 2 m) 1.25
Combined static/earthquake Steel ribbed strlps (atz>2m) 1.15
¥E% | oading (pullout)® Steel smooth strips 1.15
Steel grids 0.75
Geosynthetic 0.80

(MIf default value for the critical reinforcement strain of 3.0 percent or less is used for flexible wall facings, and 2.0 percent
or less for stiff wall facings (for a facing stiffness factor of less than 0.9).

(@Resistance factor values in table for pullout assume that the default values for F* and a provided in Article 11.10.6.3.2 of
the AASHTO LRFD Specifications are used and are applicable.

(®)This resistance factor applies if installation damage is not severe (i.e., RF\p < 1.7). Severe installation damage is likely
if very light weight reinforcement is used. Note that when installation damage is severe, the resistance factor needed for
this limit state can drop to approximately 0.15 or less due to greatly increased variability in the reinforcement strength,

which is not practical for design.

Resistance Factors for the Strength and Extreme Event Limit States for MSE Walls Designed
Using the K-Stiffness Method

Table 15-6
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Loads carried by the soil reinforcement in mechanically stabilized earth walls are the
result of vertical and lateral earth pressures, which exist within the reinforced soil
mass, reinforcement extensibility, facing stiffness, wall toe restraint, and the stiffness
and strength of the soil backfill within the reinforced soil mass. The soil reinforcement
extensibility and material type are major factors in determining reinforcement load. In
general, inextensible reinforcements consist of metallic strips, bar mats, or welded wire
mats, whereas extensible reinforcements consist of geotextiles or geogrids. Internal
stability failure modes include soil reinforcement rupture or failure of the backfill soil
(strength or extreme event limit state), and excessive reinforcement elongation under
the design load (service limit state). Internal stability is determined by equating the
factored tensile load applied to the reinforcement to the factored tensile resistance of
the reinforcement, the tensile resistance being governed by reinforcement rupture and
pullout. Soil backfill failure is prevented by keeping the soil shear strain below its peak
shear strain.

15.5.3.9.5 Strength Limit State Design for Internal Stability Using the K-Stiffness
Method — Geosynthetic Walls

For geosynthetic walls, four strength limit states (soil failure, reinforcement failure,
connection failure, and reinforcement pullout) must be considered for internal
reinforcement strength and stiffness design. The design steps, and related
considerations, are as follows:

1. Select a trial reinforcement spacing, S,, and stiffness, Jgoc, based on the time
required to reach the end of construction (EOC). If the estimated time required to
construct the wall is unknown, an assumed construction time of 1,000 hours should
be adequate. Note that at this point in the design, it does not matter how one obtains
the stiffness. It is simply a value that one must recognize is an EOC stiffness
determined through isochronous stiffness curves at a given strain and temperature,
and that it represents the stiffness of a continuous reinforcement layer on a per foot
of wall width basis. Use the selected stiffness to calculate the trial global stiffness
of the wall, Sgi5pa1, using Equation 15-3, with Jyoc equal to J; for each layer. Also
select a soil friction angle for design (see Section 15.5.3.9.1). Once the design soil
friction angle has been obtained, the lateral earth pressure coefficients needed for
determination of T,,,,, (Step 4) can be determined (see Section 15.5.3.9.1). Note
that if the reinforcement layer is intended to have a coverage ratio, R, of less than
1.0 (i.e., the reinforcement it to be discontinuous), the actual product selected based
on the K-Stiffness design must have a stiffness of Joc(1/R,).

2. Begin by checking the strength limit state for the backfill soil. The goal is to select
a stiffness that is large enough to prevent the soil from reaching a failure condition.

3. Select a target reinforcement strain, &, to prevent the soil from reaching its peak
shear strain. The worst condition in this regard is a very strong, high peak friction
angle soil, as the peak shear strain for this type of soil will be lower than the
peak shear strain obtained from most backfill soils. The results of full-scale wall
laboratory testing showed that the reinforcement strain at which the soil begins
to exhibit signs of failure is on the order of 3 to 4 percent for high shear strength
sands (Allen and Bathurst, 2003). This empirical evidence reflects very high shear
strength soils and is probably a worst case for design purposes, in that most soils
will have larger peak shear strain values than the soils tested in the full-scale walls.
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A default value for g, adequate for granular soils is 3 percent for flexible faced
walls, and 2 percent for stiff faced walls if a @y of less than 0.9 is used for design.
Lower target strains could also be used, if desired.

4. Calculate the factored load T,,,, for each reinforcement layer (Equation 15-2).
To determine T,,,,, the facing type, dimensions, and properties must be selected
to determine @y, The local stiffness factor @,,., for each layer can be set to 1.0,
unless the reinforcement spacing or stiffness within the design wall section is
specifically planned to be varied. The global wall stiffness. Sgpa1, and global
stiffness factor, @,4, must be estimated from Jyc determined in Step 1.

5. Estimate the factored strain in the reinforcement at the end of the wall design life,
€rein» UsIng the K-Stiffness Method as follows:

i _[ T J
Ioufy (15-15)

Where:

Thax 18 the factored reinforcement load from Step 4, J,,, is the reinforcement
layer stiffness at the end of the wall design life (typically 75 years for
permanent structures) determined with consideration to the anticipated
long-term strain in the reinforcement (i.€., €yyg), §sr 1s the resistance factor to
account for uncertainties in the target strain, and other variables are as defined
previously. If a default value of &, is used, a resistance factor of 1.0 will

be adequate.

6. If gy 1s greater than g, increase the reinforcement layer stiffness Jgoc and
recalculate T, and €.;,. Jroc Will become the stiffness used for specifying the
material if the reinforcement layer is continuous (i.e., R, = 1). Note that if the
reinforcement layer is intended to have a coverage ratio, R, of less than 1.0 (i.e.,
the reinforcement it to be discontinuous), the actual product selected based on the
K-Stiffness design must have a stiffness of Jyo(1/R,). For final product selection,
Jeoc(1/R,) shall be based product specific isochronous creep data obtained in
accordance with AASHTO PP66-10 at the estimated wall construction duration
(1,000 hours is an acceptable default time if a specific construction duration of the
wall cannot be estimated at time of design) and site temperature. Select the stiffness
at the anticipated maximum working strains for the wall, as the stiftness is likely
to be strain level dependent. For design purposes, a 2 percent secant stiffness at the
wall construction duration from the beginning of wall construction to the end of
wall construction (EOC) is the default strain. If strains of 3 percent are anticipated,
determine the stiffness at the higher strain level. If strains of significantly less than
2 percent are anticipated, and a geosynthetic material is being used that is known
to have a highly non-linear load-strain curve over the strain range of interest
(e.g., some PET geosynthetics), then a stiffness value determined at a lower strain
should be obtained. Otherwise, just determine the stiffness at 2 percent strain.

This recognizes the difficulties of accurately measuring the stiffness at very low
strains. Note that for calculating T,,,,, if multifilament woven geotextiles are to
be used as the wall reinforcement, the stiffness values obtained from laboratory
isochronous creep data should be increased by 15 percent to account for soil
confinement effects. If nonwoven geotextiles are planned to be used as wall
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10.

reinforcement, J., and J,, shall be based on confined in soil isochronous creep
data, and use of nonwoven geotextiles shall be subject to the approval of the State
Geotechnical Engineer.

Next, check the strength limit state for reinforcement rupture in the backfill. The
focus of this limit state is to ensure that the long-term factored rupture strength of
the reinforcement is greater than the factored load calculated from the K-Stiffness
Method. T, calculated from Step 4 is a good starting point for evaluating this
limit state. Note that the global wall stiffness for this calculation is based on the
EOC stiffness of the reinforcement, as the reinforcement loads should still be based
on EOC conditions, even though the focus of this calculation is at the end of the
service life for the wall.

Calculate the strength reduction factors RF,,, RF;, and RF}, for the reinforcement
type selected using the approach prescribed in AASHTO PP66-10. Because the
focus of this calculation is to prevent rupture, these factors must be based on
reinforcement rupture. Applying a resistance factor to address uncertainty in

the reinforcement strength, determine T, the ultimate tensile strength of the
reinforcement as follows:

< T 9. R,

"™ RF,RF.RF, (15-16)
Where:
Thax 18 the factored reinforcement load, o,, is the resistance factor for reinforcement
rupture, R, is the reinforcement coverage ratio, RFp, RF g, and RFy, are strength
reduction factors for installation damage, creep, and durability, respectively,
and the other the variables are as defined previously. The strength reduction
factors should be determined using product and site specific data when possible
(AASHTO, 2010; WSDOT, 2009). T, is determined from an index wide-width
tensile test such as ASTM D4595 or ASTM D6637 and is usually equated to the
MARUV for the product.

Step 8 assumes that a specific reinforcement product will be selected for the

wall, as the strength reduction factors for installation damage, creep, and

durability are known at the time of design. If the reinforcement properties will be
specified generically to allow the contractor or wall supplier to select the specific
reinforcement after contract award, use the following equation the long-term design
strength of the reinforcement, T,jgesign:

T = max
aldesign
R

P I, (15-17)
Where:
Thax 18 the factored reinforcement load from Step 6. The contractor can then select
a product with the required Tygesign-

If the geosynthetic reinforcement is connected directly to the wall facing (this does
not include facings that are formed by simply extending the reinforcement mat),
the reinforcement strength needed to provide the required long-term connection
strength must be determined. Determine the long-term connection strength ratio
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12.

13.

CR_, at each reinforcement level, taking into account the available normal force
between the facing blocks, if the connection strength is a function of normal force.
CR,, is calculated or measured directly per the AASHTO LRFD Specifications.

Using the unfactored reinforcement load from Step 6 and an appropriate load factor
for the connection load to determine T,,,, (factored) at the connection, determine
the adequacy of the long-term reinforcement strength at the connection. Compare
the factored connection load at each reinforcement level to the available factored
long-term connection strength as follows:

max <(0€r2aCRC _@

It must be recognized that the strength (T, and T,) and stiffness (Jgo) determined
from the K-Stiffness Method could result in the use of very light weight
geosynthetics. In no case shall geosynthetic reinforcement be used that has an

RF,, applicable to the anticipated soil backfill gradation and installation conditions
anticipated of greater than 1.7, as determined per AASHTO PP66-10. Furthermore,
reinforcement coverage ratios, R, of less than 1.0 may be used provided that it can
be demonstrated the facing system is fully capable of transmitting forces from un-
reinforced segments laterally to adjacent reinforced sections through the moment
capacity of the facing elements. For walls with modular concrete block facings,
the gap between soil reinforcement sections or strips at a horizontal level shall be
limited to a maximum of one block width in accordance with the AASHTO LRFD
Specifications, to limit bulging of the facing between reinforcement levels or
build-up of unacceptable stresses that could result in performance problems. Also,
vertical spacing limitations in the AASHTO LRFD Specifications for MSE walls
apply to walls designed using the K-Stiffness method.

Determine the length of the reinforcement required in the resisting zone by
comparing the factored T,,,, value to the factored pullout resistance available

as calculated per the AASHTO LRFD Specifications. If the length of the
reinforcement required is greater than desired (typically, the top of the wall is most
critical), decrease the spacing of the reinforcement, recalculate the global wall
stiffness, and re-evaluate all previous steps to ensure that the other strength limit
states are met.

15.5.3.9.6 Strength Limit State Design for Internal Stability Using the K-Stiffness
Method — Steel Reinforced Walls

For steel reinforced soil walls, four strength limit states (soil failure, reinforcement
rupture, connection rupture, and pullout) shall be evaluated for internal reinforcement
strength and stiffness design. The design steps and related considerations are as
follows:

1.

Select a trial reinforcement spacing and steel area that is based on end-of-
construction (EOC) conditions (i.e., no corrosion). Once the trial spacing and steel
area have been selected, the reinforcement layer stiffness on a per foot of wall
width basis, Jgoc, and wall global stiffness, Syjob,1, can be calculated (Equation
15-3). Note that at this point in the design, it does not matter how one obtains the
reinforcement spacing and area. They are simply starting points for the calculation.
Also select a design soil friction angle to calculate K (see Section 15.5.3.9.1). Note
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that for steel reinforced wall systems, the reinforcement loads are not as strongly
correlated to the peak plane strain soil friction angle as are the reinforcement loads
in geosynthetic walls (Allen and Bathurst, 2003). This is likely due to the fact that
the steel reinforcement is so much stiffer than the soil. The K-Stiffness Method
was calibrated to a mean value of K, of 0.3 (this results from a plane strain soil
friction angle of 44°, or from triaxial or direct shear testing a soil friction angle

of approximately 40°). Therefore, soil friction angles higher than 44° shall not

be used. Lower design soil friction angles should be used for weaker granular
backfill materials.

Begin by checking the strength limit state for backfill soil failure. The goal is to
select a reinforcement density (spacing, steel area) that is great enough to keep

the steel reinforcement load below yield (AsFy R /b, which is equal to AF,/Sy).

F, is the yield stress for the steel, Ay is the area of steel before corrosion (EOC
conditions), and Sy, is the horizontal spacing of the reinforcement (use S, = 1.0 for
continuous reinforcement). Depending on the ductility of the steel, once the yield
stress has been exceeded, the steel can deform significantly without much increase
in load and can even exceed the strain necessary to cause the soil to reach a failure
condition. For this reason, it is prudent to limit the steel stress to F,, for this limit
state. Tensile tests on corroded steel indicate that the steel does not have the ability
to yield to large strains upon exceeding Fy, as it does in an uncorroded state, but
instead fails in a brittle manner (Terre Armee, 1979). Therefore, this limit state only
needs to be evaluated for the steel without corrosion effects.

Using the trial steel area and global wall stiftness from Step 1, calculate the
factored T, for each reinforcement layer using Equations 15-1 and 15-2.

Apply an appropriate resistance factor to A¢F/S, to obtain the factored yield
strength for the steel reinforcement. Then compare the factored load to the factored
resistance, as shown in Equation 15-19 below. If the factored load is greater than
the factored yield strength, then increase A, and recalculate the global wall stiftness
and T ... Make sure that the factored yield strength is greater than the factored load
before going to the next limit state calculation. In general, this limit state will not
control the design. If the yield strength available is well in excess of the factored
load, it may be best to wait until the strength required for the other limit states has
been determined before reducing the amount of reinforcement in the wall. Check to
see that the factored reinforcement load T,,,, is greater than or equal to the factored
yield resistance as follows:

AF, AF
T max < ) Rc(”sf = > ¢sf
b Si (15-19)
Where:

@ 1s the resistance factor for steel reinforcement resistance at yield, and S;,

is the horizontal spacing of the reinforcement. For wire mesh, and possibly
some welded wire mats with large longitudinal wire spacing, the stiffness

of the reinforcement macro-structure could cause the overall stiffness of the
reinforcement to be significantly less than the stiffness of the steel itself. In-soil
pullout test data may be used in that case to evaluate the soil failure limit state,
and applied to the approach provided for soil failure for geosynthetic walls (see
Equation 15-15 in Step 5 for geosynthetic wall design).
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5. Next, check the strength limit state for reinforcement rupture in the backfill. The
focus of this limit state is to ensure that the long-term rupture strength of the
reinforcement is greater than the load calculated from the K-Stiffness Method.
Even though the focus of this calculation is at the end of the service life for the
wall, the global stiffness for the wall should be based on the stiffness at the end of
wall construction, as reinforcement loads do not decrease because of lost cross-
sectional area resulting from reinforcement corrosion. T ,,, obtained from Step 5
should be an adequate starting point for this limit state calculation.

6. Calculate the strength of the steel reinforcement at the end of its service life, using
the ultimate strength of the steel, F,, and reducing the steel cross-sectional area,
A,, determined in Step 5, to A, to account for potential corrosion losses. Then use
the resistance factor @, as defined previously, to obtain the factored long-term
reinforcement tensile strength such that T, is greater than or equal to Ty, as
shown below:

F A
T;zl = %(Drr
h (15-20)
and
T < MRJPW L4 ?,
b Si (15-21)
Where:

F, is the ultimate tensile strength of the steel, and A, is the steel cross-

sectional area per FT of wall length reduced to account for corrosion loss. The
resistance factor is dependent on the variability in F, A,, and the amount of
effective steel cross-sectional area lost as a result of corrosion. As mentioned
previously, minimum specification values are typically used for design with
regard to F, and A,. Furthermore, the corrosion rates provided in the AASHTO
LRFD Specifications are also maximum rates based on the available data
(Terre Armee, 1991). Recent post-mortem evaluations of galvanized steel in
reinforced soil walls also show that AASHTO design specification loss rates are
quite conservative (Anderson and Sankey, 2001). Furthermore, these corrosion
loss rates have been correlated to tensile strength loss, so that strength loss

due to uneven corrosion and pitting is fully taken into account. Therefore, the
resistance factor provided in Table 15-6, which is based on the variability of the
un-aged steel, is reasonable to use in this case, assuming that non-aggressive
backfill conditions exist.

If T, is not equal to or greater than T,,,, increase the steel area, recalculate the
global wall stiffness on the basis of the new value of A, reduce A for corrosion
to obtain A, and recalculate T,,,, until T,; based on Equation 15-21 is adequate to
resist T,y
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7. If the steel reinforcement is connected directly to the wall facing (this does not
include facings that are formed by simply extending the reinforcement mat),
the reinforcement strength needed to provide the required long-term connection
strength must be determined. This connection capacity, reduced by the appropriate
resistance factor, must be greater than or equal to the factored reinforcement load
at the connection. If not, increase the amount of reinforcing steel in the wall,
recalculate the global stiffness, and re-evaluate all previous steps to ensure that the
other strength limit states are met.

8. Determine the length of reinforcement required in the resisting zone by comparing
the factored T,,,, value to the factored pullout resistance available as calculated per
Section 11 of the AASHTO LRFD specifications. If the length of reinforcement
required is greater than desired (typically, the top of the wall is most critical),
decrease the spacing of the reinforcement, recalculate the global wall stiffness, and
re-evaluate all previous steps to ensure that the other strength limit states are met.

15.5.3.9.7 Combining Other Loads With the K-Stiffness Method Estimate of T,,,, for
Internal Stability Design

Seismic Loads — Seismic design of MSE walls when the K-Stiffness Method is used
for internal stability design shall be conducted in accordance with Articles 11.10.7.2
and 11.10.7.3 of the AASHTO LRFD Specifications, except that the static portion

of the reinforcement load is calculated using the K-Stiffness Method. The seismic

load resulting from the inertial force of the wall active zone within the reinforced soil
mass (T,,q in AASHTO LRFD Article 11.10.7.3) is added to T,,,, calculated using the
K-Stiffness Method by superposition. A load factor of 1.0 for the load combination
(static plus seismic), and the resistance factors for combined seismic and static loading
provided in Table 15-6 shall be used for this Extreme Event Limit State.

Concentrated Surcharges and Traffic Barrier Impact Loads — The load increase at
each reinforcement layer resulting from the concentrated surcharge and traffic barrier
impact loads calculated as specified in the AASHTO LRFD Design Specifications,
Articles 3.11.6.3 and 11.10.10 and Sections 15.5.3.4 and 15.4.15, shall be added to the
K-Stiffness calculation of T,,, by superposition at each affected reinforcement level,
considering the tributary area of the reinforcement. The load factor used for each load
due to the surcharge or traffic impact load shall be as specified in the AASHTO LRFD
Bridge Design Specifications.

15.5.3.9.8 Design Sequence Considerations for the K-Stiffness Method

A specific sequence of design steps has been proposed herein to complete the internal
stability design of reinforced soil walls. Because global wall stiffness is affected by
changes to the reinforcement design to meet various limit states, iterative calculations
may be necessary. Depending on the specifics of the wall and reinforcement type,
certain limit states may tend to control the amount of reinforcement required. It may
therefore be desirable to modify the suggested design sequence to first calculate the
amount of reinforcement needed for the limit state that is more likely to control the
amount of reinforcement. Then perform the calculations for the other limit states to
ensure that the amount of reinforcement is adequate for all limit states. Doing this will
hopefully reduce the number of calculation iterations.
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For example, for geosynthetic reinforced wrap-faced walls, with or without a
concrete facia placed after wall construction, the reinforcement needed to prevent

soil failure will typically control the global reinforcement stiffness needed, while
pullout capacity is generally not a factor, and connection strength is not applicable.
For modular concrete block-faced or precast panel-faced geosynthetic walls, the
connection strength needed is likely to control the global reinforcement stiffness.
However, it is also possible that reinforcement rupture or soil failure could control
instead, depending on the magnitude of the stiffness of a given reinforcement product
relative to the long-term tensile strength needed. The key here is that the combination
of the required stiffness and tensile strength be realistic for the products available.
Generally, pullout will not control the design unless reinforcement coverage ratios are
low. If reinforcement coverage ratios are low, it may be desirable to evaluate pullout
early in the design process. For steel strip, bar mat, wire ladder, and polymer strap
reinforced systems, pullout often controls the reinforcement needed because of the
low reinforcement coverage ratios used, especially near the top of the wall. However,
connection strength can also be the controlling factor. For welded wire wall systems,
the tensile strength of the reinforcement usually controls the global wall reinforcement
stiffness needed, though if the reinforcement must be connected to the facing (i.e., the
facing and the reinforcement are not continuous), connection strength may control
instead. Usually, coverage ratios are large enough for welded wire systems (with the
exception of ladder strip reinforcement) that pullout is not a controlling factor in the
determination of the amount of reinforcement needed. For all steel reinforced systems,
with the possible exception of steel mesh reinforcement, the soil failure limit state
does not control the reinforcement design because of the very low strain that typically
occurs in steel reinforced systems.

15.5.4 Prefabricated Modular Walls

Modular block walls without soil reinforcement, gabion, bin, and crib walls shall be
considered prefabricated modular walls.

In general, modular block walls without soil reinforcement (referred to as Gravity
Block Walls in the Standard Specifications, Section 8-24 shall have heights no greater
than 2.5 times the depth of the block into the soil perpendicular to the wall face, and
shall be stable for all modes of internal and external stability failure mechanisms. In no
case, shall their height be greater than 15 feet. Gabion walls shall be 15 feet or less in
total height. Gabion baskets shall be arranged such that vertical seams are not aligned,
i.e., baskets shall be overlapped.

15.5.5 Rock Walls

Rock walls shall be designed in accordance with the Standard Specifications, and the
wall-slope combination shall be stable regarding overall stability as determined per
Chapter 7.

Rock walls shall not be used unless the retained material would be at least minimally
stable without the rock wall (a minimum slope stability factor of safety of 1.25). Rock
walls are considered to act principally as erosion protection and they are not considered
to provide strength to the slope unless designed as a buttress using limit equilibrium
slope stability methods. Rock walls shall have a batter of 6V:1H or flatter. The rocks
shall increase in size from the top of the wall to the bottom at a uniform rate. The
minimum rock sizes shall be:
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Depmaflrlo(rfr;:tc))p of Minimum Rock Size Typical IZ{Igcs:l)( Weight Averag:a‘g:::;nswn
0 Two Man 200-700 18-28
6 Three Man 700-2000 28-36
9 Four Man 2000-4000 36-48
12 Five Man 4000-6000 48-54

Minimum Rock Sizes for Rock Walls
Table 15-7

Rock walls shall be 12 feet or less in total height. Rock walls used to retain fill
shall be 6 feet or less in total height. Fills constructed for this purpose shall be
compacted to 95 percent maximum density, per WSDOT Standard Specifications
Section 2-03.3(14)D.

Rock walls should be designed in accordance with FHWA Manual No. FHWA-
CFL/TD-06-006 (Mack, et al., 2006), but subject to the limitations and requirements
specified in this GDM.

15.5.6 Reinforced Slopes

Reinforced slopes do not have a height limit but they do have a face slope steepness
limit. Reinforced slopes steeper than 0.5H:1V shall be considered to be a wall and
designed as such. Reinforced slopes with a face slope steeper than 1.2H:1V shall have
a wrapped face or a welded wire slope face, but should be designed as a reinforced
slope. Slopes flatter than or equal to 1.2H:1V shall be designed as a reinforced

slope, and may use turf reinforcement to prevent face slope erosion except as noted
below. Reinforcing shall have a minimum length of 6 feet. Turf reinforcement of the
slope face shall only be used at sites where the average annual precipitation is 20

in or more. Sites with less precipitation shall have wrapped faces regardless of the
face angle. The primary reinforcing layers for reinforced slopes shall be vertically
spaced at 3 feet or less. Primary reinforcement shall be steel grid, geogrid, or
geotextile. The primary reinforcement shall be designed in accordance with Berg,

et al. (2009), using allowable stress design procedures, since LRFD procedures are
not available. Secondary reinforcement centered between the primary reinforcement
at a maximum vertical spacing of 1 foot shall be used, but it shall not be considered
to contribute to the internal stability. Secondary reinforcement aids in compaction
near the face and contributes to surficial stability of the slope face. Design of the
secondary reinforcement should be done in accordance with Berg, et al. (2009). The
secondary reinforcement ultimate tensile strength measured per ASTM D6637 or
ASTM D4595 should not be less than 1,300 Ib/ft in the direction of tensile loading to
meet survivability requirements. Higher strengths may be needed depending on the
design requirements. Gravel borrow shall be used for reinforced slope construction as
modified by the General Special Provisions in Division 2. The design and construction
shall be in accordance with the General Special Provisions.
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15.5.7 Soil Nail Walls

Soil Nail walls are not specifically addressed by the ASHTO LRFD Bridge
Design Specifications. Soil nail walls shall be designed for internal stability by the
geotechnical designer using Gold Nail version 3.11 or SNail version 2.11 or later
versions of these programs and the following manuals:

» Lazarte, C. A., Elias, V., Espinoza, R. D., Sabatini, P. J., 2003. Geotechnical
Engineering Circular No. 7, Soil Nail Walls, U.S. Department of Transportation,
Federal Highway Administration, FHWA-IF-03-017, 305 pp.

» Byrne, R. J., Cotton, D., Porterfield, J., Wolschlag, C., and Ueblacker, G., 1996,
Demonstration Project 103, Manual for Design and Construction Monitoring of
Soil Nail Walls, Federal Highway Administration, FHWA-SA-96-069, 468 pp.

 Porterfield, J. A., Cotton, D. A., Byrne, R. J., 1994, Soil Nail Walls-Demonstration
Project 103, Soil Nailing Field Inspectors Manual, U.S. Department of
Transportation, Federal Highway Administration, FHWA-SA-93-068, 86 pp.

The LRFD procedures described in the Manual for Design and Construction
Monitoring of Soil Nail Walls, FHWA-SA-96-069, shall not be used.

For external stability and compound stability analysis, as described in Section 15.5.3.3
and the AASHTO LRFD Bridge Design Specifications, limit equilibrium slope stability
programs as described in Chapter 7 should be used. The program SNail also has

the ability to conduct compound stability analyses and may be used for this type of
analysis as well.

When using SNail, the geotechnical designer should use the allowable option and shall
pre-factor the yield strength of the nails, punching shear of the shotcrete, and the nail
adhesion. Unfactored cohesion and friction angle shall be used and the analysis run to
provide the minimum safety factors discussed above for overall stability.

When using GoldNail, the geotechnical designer should utilize the design mode
and the safety factor mode of the program with the partial safety factors identified
in the FHWA Manual for Design and Construction Monitoring of Soil Nail Walls,
FHWA-SA-96-069.

The geotechnical designer shall design the wall at critical wall sections. Each critical
wall section shall be evaluated during construction of each nail lift. To accomplish
this, the wall shall be analyzed for the case where excavation has occurred for

that lift, but the nails have not been installed. The minimum construction safety
factor shall be 1.2 for noncritical walls and 1.35 for critical walls such as those
underpinning abutments.

Permanent soil nails shall be installed in predrilled holes. Soil nails that are installed
concurrently with drilling shall not be used for permanent applications, but may be
used in temporary walls.

Soil nail tendons shall be number 6 bar or larger and a minimum of 12 feet in length or
60 percent of the total wall height, whichever is greater. For nail testing, a minimum
bond length of 10 feet and a minimum unbonded length of 5 feet is required. Nail
testing shall be in accordance with the WSDOT Standard Specifications and General
Special Provisions.
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The nail spacing should be no less than 3 feet vertical and 3 feet horizontal. In very
dense glacially over consolidated soils, horizontal nail spacing should be no greater
than 8 feet and vertical nail spacing should be no greater than 6 feet. In all other soils,
horizontal and vertical nail spacing should be 6 feet or less.

Nails may be arranged in a square row and column pattern or an offset diamond
pattern. Horizontal nail rows are preferred, but sloping rows may be used to optimize
the nail pattern. As much as possible, rows should be linear so that each individual nail
elevation can be easily interpolated from the station and elevation of the beginning
and ending nails in that row. Nails that cannot be placed in a row must have station
and elevation individually identified on the plans. Nails in the top row of the wall shall
have at least 1 foot of soil cover over the top of the drill hole during nail installation.
Horizontal nails shall not be used. Nails should be inclined at least 10 degrees
downward from horizontal. Inclination should not exceed 30 degrees.

Walls underpinning structures such as bridges and retaining walls shall have double
corrosion protected (encapsulated) nails within the zone of influence of the structure
being retained or supported.

Furthermore, nails installed in soils with strong corrosion potential, defined as:
* pH<4.50r>10(AASHTO T289),
* Resistivity <2000 ohm-cm (AASHTO T-288),
* Sulphates > 200 ppm (AASHTO T290), or
* Chlorides > 100 ppm (AASHTO T291)

shall also have double corrosion protection. All other nails shall be epoxy,
coated unless the wall is temporary and in soils not defined as having strong
corrosion potential.

15.6 Standard Plan Walls

Currently, two Standard Plan walls are available for use on WSDOT projects. These
include standard cast-in-place reinforced concrete walls (Standard Plans D-10.10
through D-10.45), and standard geosynthetic walls (Standard Plans D-3, 3a, 3b,

and 3c¢). For Standard Plan walls, the internal stability design and the external
stability design for overturning and sliding stability have already been completed,
and the maximum soil bearing stress below the wall calculated, for a range of loading
conditions. The geotechnical designer shall identify the appropriate loading condition
to use (assistance from the Bridge and Structures Office and/or the project office

may be needed), and shall assess overall slope stability, soil bearing resistance, and
settlement for each standard plan wall. If it is not clear which loading condition

to use, both external and internal stability may need to be evaluated to see if one

of the provided loading conditions is applicable to the wall under consideration.

The geotechnical designer shall assess whether or not a Standard Plan wall is
geotechnically applicable and stable given the specific site conditions and constraints.

The Standard Plan walls have been designed using LRFD methodology in
accordance with the AASHTO LRFD Bridge Design Specifications. Standard Plan
reinforced concrete walls are designed for internal and external stability using the
following parameters:
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* A,=0.51g for Wall Types 1 through 4, and 0.20g for Wall Types 5 through 8. For
sliding stability, the wall is allowed to slide 4 in to calculate k;, from A, using a
Newmark deformation analysis, or a simplified version of it.

 For the wall Backfill, ¢ = 36° and y = 130 pcf.

* For the foundation soil, for sliding stability analysis, ¢ = 32°.

+ Wall settlement criteria are as specified in Table 15-2.

Standard Plan geosynthetic walls are designed for internal and external stability using
the following parameters:

* A,=0.51g for Wall Types 1 through 4, and 0.20g for Wall Types 5 through 8. For
sliding stability, the wall is allowed to slide 8 in to calculate k;, from A, using a
Newmark deformation analysis, or a simplified version of it.

 For the wall Backfill, ¢ = 38° and y = 130 pcf.

 For the foundation soil, for sliding stability analysis, ¢ = 36°, and interface friction
angle of 0.7x36° = 25°,

* For the retained soil behind the soil reinforcement, for external stability analysis, ¢
=36° and y = 130 pcf.

» Wall settlement criteria are as specified in Table 15-2.

Regarding the seismic sliding analysis, the geotechnical and structural designers should
determine if the amount of deformation allowed (4 in for reinforced concrete walls and
8 in for geosynthetic walls) is acceptable for the wall and anything above the wall that
the wall supports. Note that for both static and seismic loading conditions, no passive
resistance in front of the geosynthetic wall is assumed to be present for design.

15.7 Temporary Cut Slopes and Shoring

This section addresses the design requirements for temporary cut slopes and shoring,
both separately and in combination. For temporary cuts and shoring, construction
submittals are required in accordance with the Standard Specifications for Road,
Bridge, and Municipal Construction M 41-01 or other contract documents. This
section also addresses submittal review requirements for these temporary facilities.
The design and submittal requirements for temporary fills for haul roads, construction
equipment access, and other temporary construction activities are as specified in
Section 9.5.5.

15.7.1 Overview
Temporary shoring, cofferdams, and cut slopes are frequently used during construction
of transportation facilities. Examples of instances where temporary shoring may be
necessary include:
» Support of an excavation until permanent structure is in-place such as to construct
structure foundations or retaining walls.
 Control groundwater.
» Limit the extent of fill needed for preloads or temporary access roads/ramps.
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Examples of instances where temporary slopes may be necessary include:

+ Situations where there is adequate room to construct a stable temporary slope in
lieu of shoring.

» Excavations behind temporary or permanent retaining walls.

+ Situations where a combination of shoring and temporary excavation slopes can
be used.

» Removal of unsuitable soil adjacent to an existing roadway or structure;
» Shear key construction for slide stabilization.

* Culvert, drainage trench, and utility construction, including those where trench
boxes are used.

The primary difference between temporary shoring/cut slopes/cofferdams, hereinafter
referred to as temporary shoring, and their permanent counterparts is their design life.
Typically, the design life of temporary shoring is the length of time that the shoring
or cut slope are required to construct the adjacent, permanent facility. Because of the
short design life, temporary shoring is typically not designed for seismic loading,

and corrosion protection is generally not necessary. Additionally, more options for
temporary shoring are available due to limited requirements for aesthetics. Temporary
shoring is typically designed by the contractor unless the contract plans include a
detailed shoring design. For contractor designed shoring, the contractor is responsible
for internal and external stability, as well as global slope stability, soil bearing capacity,
and settlement of temporary shoring walls.

Exceptions to this, in which WSDOT provides the detailed shoring design, include
shoring in unusual soil deposits or in unusual loading situations in which the State has
superior knowledge and for which there are few acceptable options or situations where
the shoring is supporting a critical structure or facility. One other important exception
is for temporary shoring adjacent to railroads. Shoring within railroad right of way
typically requires railroad review. Due to the long review time associated with their
review, often 9 months or more, WSDOT has been designing the shoring adjacent to
railroads and obtaining the railroad’s review and concurrence prior to advertisement of
the contract. Designers involved in alternative contract projects may want to consider
such an approach to avoid construction delays.

Temporary shoring is used most often when excavation must occur adjacent to

a structure or roadway and the structure or traffic flow cannot be disturbed. For
estimating purposes during project design, to determine if temporary shoring might
be required for a project, a hypothetical 1H:1V temporary excavation slope can be
utilized to estimate likely limits of excavation for construction, unless the geotechnical
designer recommends a different slope for estimating purposes. If the hypothetical
1H:1V slope intersects roadway or adjacent structures, temporary shoring may be
required for construction. The actual temporary slope used by the contractor for
construction will likely be different than the hypothetical 1H:1V slope used during
design to evaluate shoring needs, since temporary slope stability is the responsibility
of the contractor unless specifically designated otherwise by the contract documents.
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15.7.2 Geotechnical Data Needed for Design

The geotechnical data needed for design of temporary shoring is essentially the

same as needed for the design of permanent cuts and retaining structures. Chapter 10
provides requirements for field exploration and testing for cut slope design, and
Section 15.3 discusses field exploration and laboratory testing needs for permanent
retaining structures. Ideally, the explorations and laboratory testing completed for

the design of the permanent infrastructure will be sufficient for design of temporary
shoring systems by the Contractor. This is not always the case, however, and additional
explorations and laboratory testing may be needed to complete the shoring design.

For example, if the selected temporary shoring system is very sensitive to groundwater
flow velocities (e.g., frozen ground shoring) or if dewatering is anticipated

during construction, as the Contractor is also typically responsible for design and
implementation of temporary dewatering systems, more exploration and testing may
be needed. In these instances, there may need to be more emphasis on groundwater
conditions at a site; and multiple piezometers for water level measurements and

a large number of grain size distribution tests on soil samples should be obtained.
Downhole pump tests should be conducted if significant dewatering is anticipated, so
the contractor has sufficient data to develop a bid and to design the system. It is also
possible that shoring or excavation slopes may be needed in areas far enough away
from the available subsurface explorations that additional subsurface exploration
may be needed. Whatever the case, the exploration and testing requirements for
permanent walls and cuts in the GDM shall also be applied to temporary shoring and
excavation design.

15.7.3 General Design Requirements

Temporary shoring shall be designed such that the risk to health and safety of workers
and the public is kept to an acceptable level and that adjacent improvements are
not damaged.

15.7.3.1 Design Procedures

For geotechnical design of retaining walls used in shoring systems, the shoring
designer shall use the AASHTO LRFD Bridge Design Specifications and the additional
design requirements provided in the GDM. For those wall systems that do not yet have
a developed LRFD methodology available, for example, soil nail walls, the FHWA
design manuals identified herein that utilize allowable stress methodology shall be
used, in combination with the additional design requirements in the GDM. The design
methodology, input parameters, and assumptions used must be clearly stated on the
required submittals (see Section 15.7.2).

Regardless of the methods used, the temporary shoring wall design must address both
internal and external stability. Internal stability includes assessing the components that
comprise the shoring system, such as the reinforcing layers for MSE walls, the bars or
tendons for ground anchors, and the structural steel members for sheet pile walls and
soldier piles. External stability includes an assessment of overturning, sliding, bearing
resistance, settlement and global stability.
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For geotechnical design of cut slopes, the design requirements provided in
Chapters 7 and 10 shall be used and met, in addition to meeting the applicable WACs
(see Section 15.7.5).

For shoring systems that include a combination of soil or rock slopes above and/or
below the shoring wall, the stability of the slope(s) above and below the wall shall be
addressed in addition to the global stability of the wall/slope combination.

For shoring and excavation conducted below the water table elevation, the potential for
piping below the wall or within the excavation slope shall be assessed, and the effect of
differential water elevations behind and in front of the shoring wall, or see page in the
soil cut face, shall be assessed regarding its effect on wall and slope stability, and the
shoring system stabilized for that condition.

If temporary excavation slopes are required to install the shoring system, the stability
of the temporary excavation slope shall be assessed and stabilized.

15.7.3.2 Safety Factors/Resistance Factors

For temporary structures, the load and resistance factors provided in the AASHTO
LRFD Bridge Design Specifications are applicable. The resistance factor for global
stability should be 0.65 if the temporary shoring system is supporting another structure
such as a bridge, building, or major retaining wall (factor of safety of 1.5 for wall
types in which LRFD procedures are not available) and 0.75 if the shoring system is
not supporting another structure (factor of safety of 1.3 for wall types in which LRFD
procedures are not available). For soil nail walls, the safety factors provided in the
FHWA manuals identified herein shall be used.

For design of cut slopes that are part of a temporary excavation, assuming that the
cut slopes not supporting a structure, a factor of safety of 1.25 or more as specified
in Chapters 7 and 10, shall be used. If the soil properties are well defined and shown
to have low variability, a lower factor of safety may be justified through the use of
the Monte Carlo simulation feature available in slope stability analysis computer
programs. In this case, a probability of failure of 0.01 or smaller shall be targeted
(Santamarina, et al., 1992). However, even with this additional analysis, in no case
shall a slope stability safety factor less than 1.2 be used for design of the temporary
cut slope.

15.7.3.3 Design Loads

The active, passive, and at-rest earth pressures used to design temporary shoring
shall be determined in accordance with the procedures outlined in Article 3.11.5

of the AASHTO LRFD Bridge Design Specifications or Section 5 of the AASHTO
Standard Specifications for Highway Bridges (2002) for wall types in which LRFD
procedures are not available. Surcharge loads on temporary shoring shall be estimated
in accordance with the procedures presented in Article 3.11.6 of the AASHTO LRFD
Specifications, or Section 5 of the AASHTO Standard Specifications for Highway
Bridges (2002) for wall types in which LRFD procedures are not available. It is
important to note that temporary shoring systems often are subject to surcharge

loads from stockpiles and construction equipment, and these surcharges loads can

be significantly larger than typical vehicle surcharge loads often used for design

of permanent structures. The design of temporary shoring must consider the actual
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construction-related loads that could be imposed on the shoring system. As a
minimum, the shoring systems shall be designed for a live load surcharge of 250 psf to
address routine construction equipment traffic above the shoring system. For unusual
temporary loadings resulting from large cranes or other large equipment placed

above the shoring system, the loading imposed by the equipment shall be specifically
assessed and taken into account in the design of the shoring system. For the case where
large or unusual construction equipment loads will be applied to the shoring system,
the construction equipment loads shall still be considered to be a live load, unless

the dynamic and transient forces caused by use of the construction equipment can

be separated from the construction equipment weight as a dead load, in which case,
only the dynamic or transient loads carried or created by the use of the construction
equipment need to be considered live load.

As described previously, temporary structures are typically not designed for
seismic loads, provided the design life of the shoring system is 3 years or less.
Similarly, geologic hazards, such as liquefaction, are not mitigated for temporary
shoring systems.

The design of temporary shoring must also take into account the loading and
destabilizing effect caused by excavation dewatering.

15.7.3.4 Design Property Selection

The procedures provided in Chapter 5 shall be used to establish the soil and rock
properties used for design of the shoring system.

Due to the temporary nature of the structures and cut slopes in shoring design, long-
term degradation of material properties, other than the minimal degradation that could
occur during the life of the shoring, need not be considered. Therefore, corrosion for
steel members, and creep for geosynthetic reinforcement, need to only be taken into
account for the shoring design life.

Regarding soil properties, it is customary to ignore any cohesion present for permanent
structure and slope design (i.e., fully drained conditions). However, for temporary
shoring/cutslope design, especially if the shoring/cutslope design life is approximately
six months or less, a minimal amount of cohesion may be considered for design based
on previous experience with the geologic deposit and/or lab test results. This does not
apply to glacially overconsolidated clays and clayey silts (e.g., Seattle clay), unless

it can be demonstrated that deformation in the clayey soil resulting from release of
locked in stresses during and after the excavation process can be fully prevented. If the
deformation cannot be fully prevented, the shoring/cutslope shall be designed using the
residual shear strength of the soil (see Chapter 5). If the glacially overconsolidated clay
is already in a disturbed state due to previous excavations at the site or due to geologic

processes such as landsliding, glacial shoving, or shearing due to fault activity,

resulting in significant fracturing and slickensides, residual strength parameters should
be used even if the shoring system can fully prevent further deformation (see Section

5.13.3 for additional requirements on this issue).

If it is planned to conduct soil modification activities that could temporarily or
permanently disturb or otherwise loosen the soil in front of or behind the shoring
(e.g., stone column installation, excavation), the shoring shall be designed using the
disturbed or loosened soil properties.
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15.7.4 Special Requirements for Temporary Cut Slopes

Temporary cuts slopes are used extensively in construction due to the ease of
construction and low costs. Since the contractor has control of the construction
operations, the contractor is responsible for the stability of cut slopes, as well as the
safety of the excavations, unless otherwise specifically stated in the contact documents.
Because excavations are recognized as one of the most hazardous construction
operations, temporary cut slopes must be designed to meet Federal and State
regulations in addition to the requirements stated in the GDM. Federal regulations
regarding temporary cut slopes are presented in Code of Federal Regulations (CFR)
Part 29, Sections 1926. The State of Washington regulations regarding temporary cut
slopes are presented in Part N of WAC 296-155. Key aspects of the WAC with regard
to temporary slopes are summarized below for convenience. To assure obtaining

the most up to date requirements regarding temporary slopes, the WAC should

be reviewed.

WAC 296-155 presents maximum allowable temporary cut slope inclinations based
on soil or rock type, as shown in Table 15-8. WAC 296-155 also presents typical
sections for compound slopes and slopes combined with trench boxes. The allowable
slopes presented in the WAC are applicable to cuts 20 feet or less in height. The
WAC requires that slope inclinations steeper than those specified by the WAC or for
slope heights greater than 20 feet, as well as slopes in soils or rock not meeting the
requirements to be classified as stable rock, or Type A, B, or C soil, shall be designed
by a registered professional engineer. As a minimum, the design by or under the
supervision of the registered professional engineer shall include a geotechnical slope
stability analysis (i.e., Chapter 7) that is based on a knowledge of the subsurface
conditions present, including soil and rock stratigraphy, engineering data that can

be used to estimate soil and rock properties, and ground water conditions, and with
consideration to the loading conditions on or above the slope that could affect its
stability. The design shall be conducted in accordance with the requirements in this
GDM and referenced documents. Engineering recommendations based upon field
observations alone shall not be considered to be an engineering design as defined in the
WAC and this GDM.

Maximum Allowable Temporary Cut Slopes
Soil or Rock Type (20 Feet Maximum Height)
Stable Rock Vertical
Type A Soil YaH: 1V
Type B Soll 1H:1V
Type C Soil 1%H:1V

WAC 296-155 Allowable Temporary Cut Slopes
Table 15-8
Type A Soil — Type A soils include cohesive soils with an unconfined compressive
strength of 3,000 psf or greater. Examples include clay and plastic silts with minor
amounts of sand and gravel. Cemented soils such as caliche and glacial till (hard pan)
are also considered Type A Soil. No soil is Type A if:

+ It is fissured.
+ It is subject to vibrations from heavy traffic, pile driving or similar effects.
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* It has been previously disturbed.

» The soil is part of a sloped, layered system where the layers dip into the excavation
at 4H:1V or greater.

» The material is subject to other factors that would require it to be classified as a less
stable material.

Type B Soil — Type B soils generally include cohesive soils with an unconfined
compressive strength greater than 1000 psf but less than 3000 psf and granular
cohesionless soils with a high internal angle of friction, such as angular gravel or
glacially overridden sand and gravel soils. Some silty or clayey sand and gravel soils
that exhibit an apparent cohesion may sometimes classify as Type B soils. Type B
soils may also include Type A soils that have previously been disturbed, are fissured,
or subject to vibrations. Soils with layers dipping into the excavation at inclinations
steeper than 4H:1V cannot be classified as Type B soil.

Type C Soil — Type C soils include most non-cemented granular soils (e.g., gravel,
sand, and silty sand) and soils that do not otherwise meet Types A or B.

The allowable slopes described above apply to dewatered conditions. Flatter slopes
may be necessary if see page is present on the cut face or if localized sloughing occurs.
All temporary cut slopes greater than 10 feet in height shall be designed by a registered
civil engineer (geotechnical engineer) in accordance with the GDM. All temporary cut
slopes supporting a structure or wall, regardless of height, shall also be designed by a
registered civil engineer (geotechnical engineer) in accordance with the GDM.

For open temporary cuts, the following requirements shall be met:

* No traffic, stockpiles or building supplies shall be allowed at the top of the cut
slopes within a distance of at least 5 feet from the top of the cut.

* Exposed soil along the slope shall be protected from surface erosion,

 Construction activities shall be scheduled so that the length of time the temporary
cut is left open is reduced to the extent practical.

 Surface water shall be diverted away from the excavation.

» The general condition of the slopes should be observed periodically by the
Geotechnical Engineer or his representative to confirm adequate stability.

15.7.5 Performance Requirements for Temporary Shoring and Cut Slopes

Temporary shoring, shoring/slope combinations, and slopes shall be designed to
prevent excessive deformation that could result in damage to adjacent facilities, both
during shoring/cut slope construction and during the life of the shoring system. An
estimate of expected displacements or vibrations, threshold limits that would trigger
remedial actions, and a list of potential remedial actions if thresholds are exceeded
should be developed. Thresholds shall be established to prevent damage to adjacent
facilities, as well as degradation of the soil properties due to deformation.

Typically, the allowance of up to 1 to 2 inches of lateral movement will prevent
unacceptable settlement and damage of most structures and transportation facilities.
A little more lateral movement could be allowed if the facility or structure to be
protected is far enough away from the shoring/slope system.
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Guidance regarding the estimation of wall deformation and tolerable deformations for
structures is provided in the AASHTO LRFD Bridge Design Specifications. Additional
guidance on acceptable deformations for walls and bridge foundations is provided in
Chapter 8 and Section 15.4.7.

In the case of cantilever walls, the resistance factor of 0.75 applied to the passive
resistance accounts for variability in properties and other sources of variability, as well
as the prevention of excess deformation to fully mobilize the passive resistance. The
amount of deformation required to mobilize the full passive resistance typically varies
from 2 to 6 percent of the exposed wall height, depending on soil type in the passive
zone (AASHTO 2010).

15.7.6 Special Design Requirements for Temporary Retaining Systems

15.7.6.1

The design requirements that follow for temporary retaining wall systems are in
addition, or are a modification, to the design requirements for permanent walls
provided in Chapter 15 and its referenced design specifications and manuals. Detailed
descriptions of various types of shoring systems and general considerations regarding
their application are provided in Appendix 15-E.

Fill Applications

Primary design considerations for temporary fill walls include external stability to
resist lateral earth pressure, ground water, and any temporary or permanent surcharge
pressures above or behind the wall. The wall design shall also account for any
destabilizing effects caused by removal or modification of the soil in front of the wall
due to construction activities. The wall materials used shall be designed to provide the
required resistance for the design life of the wall. Backfill and drainage behind the wall
shall be designed to keep the wall backfill well drained with regard to ground see page
and rainfall runoff.

If the temporary wall is to be buried and therefore incorporated in the finished work,
it shall be designed and constructed in a manner that it does not inhibit drainage in the
finished work, so that:

* It does not provide a plane or surface of weakness with regard to slope stability.

+ It does not interfere with planned installation of foundations or utilities.

+ It does not create the potential for excessive differential settlement of any structures
placed above the wall.

Provided the wall design life prior to burial is three years or less, the wall does not
need to be designed for seismic loading.

15.7.6.1.1 MSE Walls

MSE walls shall be designed for internal and external stability in accordance with
Section 15.5.3 and related AASHTO Design Specifications. Because the walls will
only be in service a short time (typically a few weeks to a couple years), the reduction
factors (e.g., creep, durability, installation damage) used to assess the allowable

tensile strength of the reinforcing elements are typically much less than for permanent
wall applications. The T, values (i.e., long-term tensile strength) of geosynthetics,
accounting for creep, durability, and installation damage in Appendix D of the WSDOT
Qualified Products List (QPL) may be used for temporary wall design purposes.
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However, those values will be quite conservative, since the QPL values are intended
for permanent reinforced structures.

Alternatively, for geosynthetic reinforcement, a default combined reduction factor

for creep, durability, and installation damage in accordance with the AASHTO
specifications (LRFD or Standard Specifications) may be used, ranging from a
combined reduction factor RF of 4.0 for walls with a life of up to three years, to 3.0 for
walls with a one-year life, to 2.5 for walls with a six month life. If steel reinforcement
is used for temporary MSE walls, the reinforcement is not required to be galvanized,
and the loss of steel due to corrosion is estimated in consideration of the anticipated
wall design life.

15.7.6.1.2 Prefabricated Modular Block Walls

Prefabricated modular block walls without soil reinforcement are discussed in Section
15.5.4 and should be designed as gravity retaining structures. The blocks shall meet
the requirements in the WSDOT Standard Specifications. Implementation of this
specification will reduce the difficulties associated with placing blocks in a tightly
fitted manner. Large concrete blocks should not be placed along a curve. Curves should
be accomplished by staggering the wall in one-half to one full block widths.

15.7.6.2 Cut Applications

Primary design considerations for temporary cut walls include external stability to
resist lateral earth pressure, ground water, and any temporary or permanent surcharge
pressures above or behind the wall. The wall design shall also account for any
destabilizing effects caused by removal or modification of the soil in front of the wall
due to construction activities. The wall materials used shall be designed to provide the
required resistance for the design life of the wall. Backfill and drainage behind the wall
should be designed to keep the retained soil well drained with regard to ground water
see page and rainfall runoff. If this is not possible, then the shoring wall should be
designed for the full hydrostatic head.

If the temporary wall is to be buried and therefore incorporated in the finished work,
it shall be designed and constructed in a manner that it does not inhibit drainage in the
finished work, so that:

* It does not provide a plane or surface of weakness with regard to slope stability.
+ It does not interfere with planned installation of foundations or utilities.

* It does not create the potential for excessive differential settlement of any structures
placed above the wall.

Provided the wall design life prior to burial is three years or less, the wall does not
need to be designed for seismic loading.

15.7.6.2.1 Trench Boxes

In accordance with the WSDOT Standard Specifications, trench boxes are not
considered to be structural shoring, as they generally do not provide full lateral support
to the excavation sides. Trench boxes are not appropriate for excavations that are
deeper than the trench box. Generally, detailed analysis is not required for design of
the system; however, the contractor should be aware of the trench box’s maximum
loading conditions for situations where surcharge loading may be present, and should
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demonstrate that the maximum anticipated lateral earth pressures will not exceed the
structural capacity of the trench box. Geotechnical information required to determine
whether trench boxes are appropriate for an excavation include the soil type, density,
and groundwater conditions. Also, where existing improvements are located near

the excavation, the soil should exhibit adequate standup time to minimize the risk of
damage as a result of caving soil conditions against the outside of the trench box. In
accordance with Sections 15.7.3 and 15.7.4, the excavation slopes outside of the trench
box shall be designed to be stable.

15.7.6.2.2 Sheet Piling, with or without Ground Anchors

The design of sheet piling requires a detailed geotechnical investigation to characterize
the retained soils and the soil located below the base of excavation/dredge line.

The geotechnical information required for design includes soil stratigraphy, unit
weight, shear strength, and groundwater conditions. In situations where lower
permeability soils are present at depth, sheet piles are particularly effective at cutting
off groundwater flow. Where sheet piling is to be used to cutoff groundwater flow,
characterization of the soil hydraulic conductivity is necessary for design.

The sheet piling shall be designed to resist lateral stresses due to soil and groundwater,
both for temporary (i.e., due to dewatering) and permanent ground water levels, as
well as any temporary and permanent surcharges located above the wall. If there is the
potential for a difference in ground water head between the back and front of the wall,
the depth of the wall, or amount of dewatering behind the wall, shall be established to
prevent piping and boiling of the soil in front of the wall.

The steel section used shall be designed for the anticipated corrosion loss during the
design life of the wall. The ground anchors for temporary walls do not need special
corrosion protection if the wall design life is three years or less, though the anchor bar
or steel strand section shall be designed for the anticipated corrosion loss that could
occur during the wall design life. Easements may be required if the ground anchors, if
used, extend outside the right of way/property boundary.

Sheet piling should not be used in cobbly, bouldery soil or dense soil. They also should
not be used in soils or near adjacent structures that are sensitive to vibration.

15.7.6.2.3 Soldier Piles With or Without Ground Anchors

Design of soldier pile walls requires a detailed geotechnical investigation to
characterize the retained soils and the soil located below the base of excavation.
The geotechnical information required for design includes soil stratigraphy, unit
weight, shear strength, surcharge loading, foreslope and backslope inclinations, and
groundwater conditions. The required information presented in Sections 15.3 and
15.5.3 is pertinent to the design of temporary soldier pile walls.

The wall shall be designed to resist lateral stresses due to soil and groundwater, both
for temporary (i.e., due to dewatering) and permanent ground water levels, as well

as any temporary and permanent surcharges located above the wall. If there is the
potential for a difference in ground water head between the back and front of the wall,
the depth of the wall, or amount of dewatering behind the wall, shall be established

to prevent boiling of the soil in front of the wall. The temporary lagging shall be
designed and installed in a way that prevents running/caving of soil below or through
the lagging.
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The ground anchors for temporary walls do not need special corrosion protection if the
wall design life is three years or less. However, the anchor bar or steel strand section
shall be designed for the anticipated corrosion loss that could occur during the wall
design life. Easements may be required if the ground anchors, if used, extend outside
the right of way/property boundary.

15.7.6.2.4 Prefabricated Modular Block Walls

Modular block walls for cut applications shall only be used in soil deposits that have
adequate standup time such that the excavation can be made and the blocks placed
without excessive caving or slope failure. The temporary excavation slope required to
construct the modular block wall shall be designed in accordance with Sections 15.7.3
and 15.7.4. See Section 15.7.6.1.2 for additional special requirements for the design of
this type of wall.

15.7.6.2.5 Braced Cuts

The special design considerations for soldier pile and sheet pile walls described above
shall be considered applicable to braced cuts.

15.7.6.2.6 Soil Nail Walls

Design of soil nail walls requires a detailed geotechnical investigation to characterize
the reinforced soils and the soil located below the base of excavation. The geotechnical
information required for design includes soil stratigraphy, unit weight, shear strength,
surcharge loading, foreslope and backslope inclinations, and groundwater conditions.
The required information presented in Sections 15.3 and 15.5.7 is pertinent to the
design of temporary soil nail walls. Easements may be required if the soil nails extend
outside the right of way/property boundary.

15.7.6.3 Uncommon Shoring Systems for Cut Applications

The following shoring systems require special, very detailed, expert implementation,
and will only be allowed either as a special design by the State, or with special
approval by the State Geotechnical Engineer and State Bridge Engineer.

» Diaphragm/slurry walls

» Secant pile walls

* Cellular cofferdamsGround freezing
* Deep soil mixing

* Permeation grouting

* Jet grouting

More detailed descriptions of each of these methods and special considerations for
their implementation are provided in Appendix 15-E.
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15.7.7 Shoring and Excavation Design Submittal Review Guidelines

When performing a geotechnical review of a contractor shoring and excavation
submittal, the following items should be specifically evaluated:

1.

Shoring System Geometry

a.

Has the shoring geometry been correctly developed, and all pertinent
dimensions shown?

Are the slope angle and height above and below the shoring wall shown?

Is the correct location of adjacent structures, utilities, etc., if any are present,
shown?

Performance Objectives for the Shoring System

Is the anticipated design life of the shoring system identified?

Are objectives regarding what the shoring system is to protect, and how to
protect it, clearly identified?

Does the shoring system stay within the constraints at the site, such as the right
of way limits, boundaries for temporary easements, etc?

Subsurface conditions

a.

Is the soil/rock stratigraphy consistent with the subsurface geotechnical data
provided in the contract boring logs?

Did the contractor/shoring designer obtain the additional subsurface data
needed to meet the geotechnical exploration requirements for slopes and
walls as identified in Chapters 10 and 15, respectively, and Appendix 15-E for
unusual shoring systems?

Was justification for the soil, rock, and other material properties used for the
design of the shoring system provided, and is that justification, and the final
values selected, consistent with Chapter 5 and the subsurface field and lab data
obtained at the shoring site?

Were ground water conditions adequately assessed through field measurements
combined with the site stratigraphy to identify zones of ground water, aquitards
and aquicludes, artesian conditions, and perched zones of ground water?

Shoring system loading

a.

Have the anticipated loads on the shoring system been correctly identified,
considering all applicable limit states?

If construction or public traffic is near or directly above the shoring system, has
a minimum traffic live load surcharge of 250 psf been applied?

If larger construction equipment such as cranes will be placed above the
shoring system, have the loads from that equipment been correctly determined
and included in the shoring system design?

If the shoring system is to be in place longer than three years, have seismic and
other extreme event loads been included in the shoring system design?
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5. Shoring system design

a. Have the correct design procedures been used (i.e., the GDM and referenced
design specifications and manuals)?

b. Have all appropriate limit states been considered (e.g., global stability of slopes
above and below wall, global stability of wall/slope combination, internal
wall stability, external wall stability, bearing capacity, settlement, lateral
deformation, piping or heaving due to differential water head)?

6. Are all safety factors, or load and resistance factors for LRFD shoring design,
identified, properly justified in a manner that is consistent with the GDM, and meet
or exceed the minimum requirements of the GDM?

7. Have the effects of any construction activities adjacent to the shoring system
on the stability/performance of the shoring system been addressed in the
shoring design (e.g., excavation or soil disturbance in front of the wall or slope,
excavation dewatering, vibrations and soil loosening due to soil modification/
improvement activities)?

8. Shoring System Monitoring/Testing

a. Is a monitoring/testing plan provided to verify that the performance of the
shoring system is acceptable throughout the design life of the system?

b. Have appropriate displacement or other performance triggers been provided
that are consistent with the performance objectives of the shoring system?

9. Shoring System Removal

a. Have any elements of the shoring system to be left in place after construction of
the permanent structure is complete been identified?

b. Has a plan been provided regarding how to prevent the remaining elements of
the shoring system from interfering with future construction and performance
of the finished work (e.g., will the shoring system impede flow of ground water,
create a hard spot, create a surface of weakness regarding slope stability)?
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Preapproved Proprietary Wall and
Reinforced Slope General Design
Appendix 15-A Requirements and Responsibilities

Design Requirements

Wall design shall be in accordance with the Geotechnical Design Manual (GDM),

the LRFD Bridge Design Manual (BDM), and the AASHTO LRFD Specifications.
Where there are differences between the requirements in the GDM and the AASHTO
LRFD Specifications, this manual shall be considered to have the highest priority.
Note that since a LRFD design method for reinforced slopes is currently not available,
the allowable stress design method provided in Berg, et al. (2009) shall be used for
reinforced slopes, except that geosynthetic reinforcement long-term nominal strength
shall be determined in accordance with AASHTO PP66-10.

The wall/reinforced slope shall be designed for a minimum life of 75 years, unless
otherwise specified by the State. All wall/reinforced slope components shall be
designed to provide the required design life.

Design Responsibilities

The geotechnical designer shall determine if a preapproved proprietary wall system is
suitable for the wall site. The geotechnical designer shall be responsible for design of
the wall for external stability (sliding, overturning, and bearing), compound stability,
and overall (global) stability of the wall. The wall/reinforced slope supplier shall be
responsible to design the wall for internal stability (structural failure of wall/reinforced
slope components including the soil reinforcement, facing, and facing connectors

to the reinforcement, and pullout), for all applicable limit states (as a minimum,
serviceability, strength and extreme event). The wall supplier shall also be responsible
to design the traffic barrier (all walls) and the distribution of the impact load into the
soil reinforcement (MSE walls) in accordance with the AASHTO LRFD Bridge Design
Manual and as specified in the GDM and BDM. The wall or reinforced slope supplier,
or the supplier’s consultant, performing the geotechnical design of the structure

shall be performed by, or under the direct supervision of, a civil engineer licensed

to perform such work in the state of Washington, who is qualified by education or
experience in the technical specialty of geotechnical engineering per WAC 196-27A-
020. Final designs and plan sheets produced by the wall supplier shall be certified
(stamped) in accordance with the applicable RCWs and WACs and as further specified
in this manual (see Chapters 1 and 23).

The design calculation and working drawing submittal shall be as described in
Standard Specifications M 41-10 Section 6.13.3(2). All computer output submitted
shall be accompanied by supporting hand calculations detailing the calculation process,
unless the computer program MSEW 3.0 supplied by ADAMA Engineering, Inc.,

is used to perform the calculations, in which case supporting hand calculations are

not required.
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Overall stability and compound stability as defined in the AASHTO LRFD
Specifications is the responsibility of the geotechnical designer of record for the
project. The geotechnical designer of record shall also provide the settlement estimate
for the wall and the estimated bearing resistance available for all applicable limit
states. If settlement is too great for the wall/reinforced slope supplier to provide

an acceptable design, the geotechnical designer of record is responsible to develop

a mitigation design in accordance with this manual during contract preparation to
provide adequate bearing resistance, overall stability, and acceptable settlement
magnitude to enable final design of the structure. The geotechnical designer of record
shall also be responsible to provide the design properties for the wall/reinforced slope
backfill, retained fill, and any other properties necessary to complete the design for

the structure, and the peak ground acceleration for seismic design. Design properties
shall be determined in accordance with Chapter 5. The geotechnical designer of record
is responsible to address geologic hazards resulting from earthquakes, landslides,

and other geologic hazards as appropriate. Mitigation for seismic hazards such as
liquefaction and the resulting instability shall be done in accordance with Chapter 6.
The geotechnical designer of record shall also provide a design to make sure that the
wall/reinforced slope is adequately drained, considering ground water, infiltration from
rainfall and surface runoff, and potential flooding if near a body of surface water, and
considering the ability of the structure backfill material to drain.

Limits of Preapproved Wall/Reinforced Slope Designs

Preapproved wall design is intended for routine design situations where the design
specifications (e.g., AASHTO, GDM, and BDM) can be readily applied. Whether

or not a particular design situation is within the limits of what is preapproved also
depends specifically on what plan details the proprietary wall supplier has submitted

to WSDOT for approval. See the GDM preapproved wall appendices for details.

In general, all the wall systems are preapproved up to the wall heights indicated in
Appendix 15-D, and are also preapproved for use with traffic barriers, guardrail, hand
rails, fencing, and catch basins placed on top of the wall. Preapproval regarding culvert
penetration through the wall face and obstruction avoidance details varies with the
specific wall system, as described in the GDM preapproved wall appendices.

In general, design situations that are not considered routine nor preapproved are
as follows:

» Very tall walls, as defined for each wall system in Appendix 15-D.

» Vertically stacked or stepped walls, unless the step is less than or equal to 5 percent
of the combined wall height, or unless the upper wall is completely behind the back
of the lower wall, i.e., (for MSE walls, the back of the soil reinforcement) by a
distance equal to the height of the lower wall.

» Back-to-back MSE walls, unless the distance between the backs of the walls (i.e.,
the back of the soil reinforcement layers) is 50 percent of the wall height or more.
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* In the case of MSE walls and reinforced slopes, any culvert or other conduit that
has a diameter which is greater than the vertical spacing between soil reinforcement
layers, and which does not come through the wall at an angle perpendicular to the
wall face and parallel to the soil reinforcement layers, unless otherwise specified in
the GDM preapproved wall appendix for a specific wall system.

+ If the wall or reinforced slope is supporting structure foundations, other walls,
noise walls, signs or sign bridges, or other types of surcharge loads. The wall or
reinforced slope is considered to support the load if the surcharge load is located
within a 1H:1V slope projected from the bottom of the back of the wall, or
reinforced soil zone in the case of reinforced soil structures.

» Walls in which bridge or other structure deep foundations (e.g., piles, shafts,
micropiles) must go through or immediately behind the wall.

» Any wall design that uses a wall detail that has not been reviewed and preapproved
by WSDOT.

Backfill Selection and Effect on Soil Reinforcement Design — Backfill selection shall
be based on the ability of the material to drain and the drainage design developed for
the wall/reinforced slope, and the ability to work with and properly compact the soil in
the anticipated weather conditions during backfill construction. Additionally, for MSE
walls and reinforced slopes, the susceptibility of the backfill reinforcement to damage
due to placement and compaction of backfill on the soil reinforcement shall be taken
into account with regard to backfill selection.

Minimum requirements for backfill used in the reinforced zone of MSE walls and
reinforced slopes are provided in Table 15-A-1. More stringent requirements will
likely be necessary depending on the assessment of backfill needs as described above.
This is especially likely in western Washington regarding the fines content and overall
gradation; hence Gravel Borrow per the Standard Specifications is recommended.

Sieve Size Percent Passing
100 mm (4 in.)* 100
0.42 mm (No. 40) 0-60
0.074 mm (No. 200) 0-15

Minimum Gradation Requirements for
MSE Walls and Reinforced Slopes
Table 15-A-1

All material within the reinforced zone of MSE walls, and also within the bins

of prefabricated bin walls, shall be substantially free of shale or other soft, poor
durability particles, and shall not contain recycled materials, such as glass, shredded
tires, portland cement concrete rubble, or asphaltic concrete rubble, nor shall it
contain chemically active or contaminated soil such as slag, mining tailings, or
similar material.
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The corrosion criteria provided in the AASHTO LRFD Specifications for steel
reinforcement in soil are applicable to soils that meet the following criteria:

pH=5to 10 (AASHTO T289)

Resistivity > 3000 ohm-cm (AASHTO T288)
Chlorides < 100 ppm (AASHTO T291)
Sulfates <200 ppm (AASHTO T290)

Organic Content < 1 percent (AASHTO T267)

If the resistivity is 1greater than or equal to 5000 ohm-cm, the chlorides and sulfates
requirements may be waived.

For geosynthetic reinforced structures, the approved products and values of T, in
the Qualified Products List (QPL) are applicable to soils meeting the following
requirements, unless otherwise noted in the QPL or special provisions:

Soil pH (determined by AASHTO T289) = 4.5 to 9 for permanent applications and
3 to 10 for temporary applications.

Maximum soil particle size < 1.25 inches, unless full scale installation damage tests
are conducted in accordance with AASHTO PP66-10 so that the design can take
into account the potential greater degree of damage.

Soils not meeting the requirements provided above shall not be used.

MSE Wall Facing Tolerances

The design of the MSE wall (precast panel faced, and welded wire faced, with or
without a precast concrete, cast-in-place concrete, or shotcrete facia placed after wall
construction) shall result in a constructed wall that meets the following tolerances:

1.

Deviation from the design batter and horizontal alignment, when measured along
a 10 feet straight edge, shall not exceed the following:

a. Welded wire faced structural earth wall: 2 inches
b. Precast concrete panel and concrete block faced structural earth wall: % inch

Deviation from the overall design batter of the wall shall not exceed the following
per 10 feet of wall height:

a. Welded wire faced structural earth wall: 1.5 inches
b. Precast concrete panel and concrete block faced structural earth wall: %2 inch

The maximum outward bulge of the face between welded wire faced structural
earth wall reinforcement layers shall not exceed 2 inches. The maximum allowable
offset in any precast concrete facing panel joint shall be % inch. The maximum
allowable offset in any concrete block joint shall be ¥ inch.
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WSDOT Geotechnical Design Manual M 46-03.08
September 2013



Appendix 15-A Preapproved Proprietary Wall and Reinforced Slope General Design Requirements and Responsibilities

The design of the MSE wall (geosynthetic wrapped face, with or without a precast
concrete, cast-in-place concrete, or shotcrete facia placed after wall construction) shall
result in a constructed wall that meets the following tolerances:

Permanent Temporary
Description of Criteria Wall Wall

Deviation from the design batter and horizontal alignment
for the face when measured along a 10 feet straight edge at 3 inches 5 inches
the midpoint of each wall layer shall not exceed:
Deviation from the overall design batter per 10 feet of wall ; ;

. 2 inches 3 inches
height shall not exceed:
Maximum outward bulge of the face between backfill . .

) ) 4 inches 6 inches
reinforcement layers shall not exceed:
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Preapproved Proprietary
Wall/Reinforced Slope Design

Appendix 15-B and Construction Review Checklist

The review tasks provided herein have been divided up relative to the various aspects
of wall and reinforced slope design and construction. These review tasks have not been
specifically divided up between those tasks typically performed by the geotechnical
reviewer and those tasks typically performed by the structural reviewer. However,

to better define the roles and responsibilities of each office, following each task

listed below, either GT (geotechnical designer), ST (structural designer), or both are
identified beside each task as an indicator of which office is primarily responsible for
the review of that item.

Review contract plans, special provisions, applicable Standard Specifications,

any contract addendums, the appendix to Chapter 15 for the specific wall system
proposed in the shop drawings, and Appendix 15A as preparation for reviewing the
shop drawings and supporting documentation. Also review the applicable AASHTO
design specifications and Chapter 15 as needed to be fully familiar with the design
requirements. If a HITEC report is available for the wall system, it should be reviewed
as well.

The shop drawings and supporting documentation should be quickly reviewed to
determine whether or not the submittal package is complete. Identify any deficiencies
in terms of the completeness of the submittal package. The shop drawings should
contain wall plans for the specific wall system, elevations, and component details
that address all of the specific requirements for the wall as described in the contract.
The supporting documentation should include calculations supporting the design

of each element of the wall (i.e., soil reinforcement density, corrosion design,
connection design, facing structural design, external wall stability, special design
around obstructions in the reinforced backfill, etc., and example hand calculations
demonstrating the method used by any computer printouts provided and that verify the
accuracy of the computer output. The contract will describe specifically what is to be
included in the submittal package.

The following geotechnical design and construction issues should be reviewed by the
geotechnical designer (GT) and/or structural designer (ST) when reviewing proprietary
wall/reinforced slope designs (note that until the proprietary wall suppliers have fully
converted to LRFD, LFD or working stress design may be used as an alternative to the
LRFD requirements identified below in the checklist — see Chapter 15, Appendix 15-A
for additional information on this issue):

1. External stability design

a. Are the structure dimensions, and design cross-sections, in the wall/reinforced
slope supplier's plan consistent with the contract requirements and geotechnical
design? As a minimum, check wall/slope base width, embedment depth, and
face batter in comparison to the geotechnical external stability design. (GT,
ST).
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b. Have the design documents and plan details been certified in accordance with
this manual? (GT, ST)

2. Internal stability design

a. Has the correct, and agreed upon, design procedure been used (i.e., as specified
in the GDM, BDM, and AASHTO LRFD Specifications), including the correct
earth pressures and earth pressure coefficients? (GT)

b. Has appropriate load group for each limit state been selected (in general, the
service limit state is not specifically checked for internal stability, Strength I
should be used for the strength limit state, unless an owner specified vehicle
is to be used, in which case Strength II should also be checked, and Extreme
Event I should be used for the extreme event limit state — seismic design)?
(GT, ST)

c. Have the correct load factors been selected (see GDM, BDM and the AASHTO
LRFD Specifications)? Note that for reinforced slopes, since LRFD procedures

are currently not available, load factors are not applicable to reinforced slope
design. (GT, ST)

d. Has live load been treated correctly regarding magnitude (in general,
approximated as 2 feet of soil surcharge load) and location (over reinforced
zone for bearing, behind reinforced zone for sliding and overturning)? (GT, ST)

e. Have the effects of any external surcharge loads, including traffic barrier impact
loads, been taken into account in the calculation of load applied internally to
the wall reinforcement and other elements? (GT, ST)

f. Has the correct PGA been used for seismic design for internal stability? (GT)

g. Have the correct resistance factors been selected for design for each limit
state? For reinforced slopes, since LRFD design procedures are currently not
available, check to make sure that the correct safety factors have been selected.
(GT)

h. Have the correct reinforcement and connector properties been used?

1. For steel reinforcement, have the steel reinforcement dimensions and
spacing been identified? (GT, ST)

ii. For steel reinforcement, has it been designed for corrosion using the correct
corrosion rates, correct design life (75 years, unless specified otherwise in
the contract documents)? (GT, ST)

iii. Have the steel reinforcement connections to the facing been designed for
corrosion, and has appropriate separation between the soil reinforcement
and the facing concrete reinforcement been done so that a corrosion cell
cannot occur, per the AASHTO LRFD Specifications? (GT, ST)
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iv. For geosynthetic reinforcement products selected, are the long-term design
nominal strengths, Ty], used for design consistent with the values of Ty
provided in the Qualified Products List (QPL) and consistent with the
products approved for the particular wall system in this GDM, (GT)

v. Are the soil reinforcement - facing connection design parameters used
consistent with the connection plan details provided? For steel reinforced
systems, such details include the shear resistance of the connection pins
or bolts, bolt hole sizes, etc. For geosynthetic reinforced systems, such
details include the type of connection, and since the connection strength is
specific to the reinforcement product (i.e., product material, strength, and
type) — facing unit (i.e., material type and strength, and detailed facing unit
geometry) combination, and the specific type of connector used, including
material type and connector geometry, as well as how it fits with the facing
unit. Check to make sure that the reinforcement — facing connection has
been previously approved and that the approved design properties have
been used. (GT, ST)

vi. If a coverage ratio, R¢, of less than 1.0 is used for the reinforcement,
and its connection to the facing, has the facing been checked to see that
it is structurally adequate to carry the earth load between reinforcement
connection points without bulging of facing units, facing unit distress,
or overstressing of the connection between the facing and the soil
reinforcement? (GT, ST)

vii. Are the facing material properties used by the wall supplier consistent with
what is required to produce a facing system that has the required design
life and that is durable in light of the environmental conditions anticipated?
Have these properties been backed up with appropriate supporting test data?
Is the facing used by the supplier consistent with the aesthetic requirements
for the project? (GT, ST)

i.  Check to make sure that the following limit states have been evaluated, and that
the wall/reinforced slope internal stability meets the design requirements:

i. Reinforcement resistance in reinforced backfill (strength and extreme event)
(GT)

ii. Reinforcement resistance at connection with facing (strength and extreme
event) (GT, ST)

iii. Reinforcement pullout (strength and extreme event) (GT)
iv. If K-Stiffness Method is used, soil failure at the strength limit state (GT)

j. If obstructions such as small structure foundations, culverts, utilities, etc.,
must be placed within the reinforced backfill zone (primarily applies to MSE
walls and reinforced slopes), has the design of the reinforcement placement,
density and strength, and the facing configuration and details, to accommodate
the obstruction been accomplished in accordance with the GDM, BDM, and
AASHTO LRFD Specifications? (GT, ST)
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k. Has the computer output for internal stability been hand checked to verify the
accuracy of the computer program calculations (compare hand calculations to
the computer output; also, a spot check calculation by the reviewer may also be
needed if the calculations do not look correct for some reason)? (GT)

. Have the specific requirements, material properties, and plan details relating to
internal stability specified in the sections that follow in this Appendix for the
specific wall/reinforced slope system been used? (GT, ST)

m. Note that for structural wall facings for MSE walls, design of prefabricated
modular walls, and design of other structural wall systems, a structural design
and detail review must be conducted by the structural reviewer (for WSDOT,
the Bridge and Structures Office conducts this review in accordance with the
BDM and the AASHTO LRFD Specifications). (ST)

i.  Compare preapproved wall details to the shop drawing regarding the
concrete facing panel dimensions, concrete cover, rebar size, orientation
and location. This also applies to any other structural elements of the wall
(e.g., steel stiffeners for welded wire facings, concrete components of
modular walls whether reinforced or not, etc.). (ST)

ii. Is a quantity summary of components listed for each wall? (ST)

iii. Do the geometry and dimensions of any traffic barriers or coping shown on
shop drawings match with what is required by contract drawings (may need
to check other portions of contract plans for verification (i.e. paving plans)?
Has the structural design and sizing of the barrier/reaction slab been done
consistently with the AASHTO specifications and BDM? Are the barrier
details constructable? (ST)

iv. Do notes in the shop drawings state the date of manufacture, production lot
number, and piece mark be marked clearly on the rear face of each panel (if
required by special the contract provisions)? (ST)

3. Wall/slope construction sequence and requirements provided in shop drawings

a. Make sure construction sequence and notes provided in the shop drawings
do not conflict with the contract specifications (e.g., minimum lift thickness,
compaction requirements, construction sequence and details, etc.). Any
conflicts should be pointed out in the shop drawing review comments, and such
conflicts should be discussed during the precon meeting with the wall supplier,
wall constructor, and prime contractor for the wall/slope construction. (GT, ST)

b. Make sure any wall/slope corner or angle point details are consistent with the
preapproved details and the contract requirements, both regarding the facing
and the soil reinforcement. This also applies to overlap of reinforcement for
back-to-back walls (GT, ST)
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4. Wall and reinforced slope construction quality assurance

a. Discuss all aspects of the wall/slope construction and quality assurance
activities at the wall/reinforced preconstruction meeting. The preconstruction
meeting should include representatives from the wall supplier and related
materials suppliers, the earthwork contractor, the wall constructor, the prime
contractor, the project inspection and construction administration staff, and
the geotechnical and structural reviewers/designers. (GT, ST, and region
project office)

b. Check to make sure that the correct wall or reinforced slope elements, including
specific soil reinforcement products, connectors, facing blocks, etc., are being
used to construct the wall (visually check identification on the wall elements).
For steel systems, make sure that reinforcement dimensions are correct, and
that they have been properly galvanized. (region project office)

c. Make sure that all wall elements are not damaged or otherwise defective.
(region project office)

d. Make sure that all materials certifications reflect what has been shipped to the
project and that the certified properties meet the contract/design requirements.
Also make sure that the identification on the wall elements shipped to the site
match the certifications. Determine if the date of manufacture, production lot
number, and piece mark on the rear face of each panel match the identification
of the panels shown on the shop drawings (if req. by special prov.) (region
project office)

e. Obtain samples of materials to be tested, and compare test results to project
minimum requirements. Also check dimensional tolerances of each wall
element. (region project office)

f. Make sure that the wall backfill meets the design/contract requirements
regarding gradation, ability to compact, and aggregate durability. (region
project office)

g. Check the bearing pad elevation, thickness, and material to make sure that
it meets the specifications, and that its location relative to the ground line
is as assumed in the design. Also check to make sure that the base of the
wall excavation is properly located, and that the wall base is firm. (region
project office)

h. As the wall is being constructed, make sure that the right product is being
used in the right place. For soil reinforcement, make sure that the product is
the right length, spaced vertically and horizontally correctly per the plans, and
that it is placed and pulled tight to remove any slack or distortion, both in the
backfill and at the facing connection. Make sure that the facing connections
are properly and uniformly engaged so that uneven loading of the soil
reinforcement at the facing connection is prevented. (region project office)

i.  Make sure that facing panels or blocks are properly seated on one another as
shown in the wall details. (region project office)
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Check to make sure that the correct soil lift thickness is used, and that backfill
compaction is meeting the contract requirements. (region project office)

Check to make sure that small hand compactors are being used within 3 feet

of the face. Reduced lift thickness should be used at the face to account for

the reduced compaction energy available from the small hand compactor. The
combination of a certain number of passes and reduced lift thickness to produce
the required level of compaction without causing movement or distortion to the
facing elements should be verified at the beginning of wall construction. For
MSE walls, compaction at the face is critical to keeping connection stresses
and facing performance problems to a minimum. Check to make sure that the
reinforcement is not connected to the facing until the soil immediately behind
the facing elements is up to the level of the reinforcement after compaction.
Also make sure that soil particles do not spill over on to the top of the facing
elements. (region project office)

Make sure that drainage elements are placed properly and connected to
the outlet structures, and at the proper grade to promote drainage. (region
project office)

. Check that the wall face embedment is equal to or greater than the specified

embedment. (region project office)

Frequently check to determine if wall face alignment, batter, and uniformity
are within tolerances. Also make sure that acceptable techniques to adjust the
wall face batter and alignment are used. Techniques that could cause stress to
the reinforcement/facing connections or to the facing elements themselves,
including shimming methods that create point loads on the facing elements,
should not be used. (region project office)

For reinforced slopes, in addition to what is listed above as applicable, check

to make sure that the slope facing material is properly connected to the soil
reinforcement. Also check that secondary reinforcement is properly placed, and
that compaction out to the slope surface is accomplished. (region project office)

Page 15-B-6

WSDOT Geotechnical Design Manual M 46-03.08
September 2013



Wall/Reinforced Slope Systems
Appendix 15-C Evaluation: Submittal Requirements

Instructions

The submittal requirements outlined below are intended to cover multiple wall types.
Some items may not apply to certain wall types. If a wall system has special material
or design requirement not covered in the list below, the WSDOT Bridge Design Office
and the WSDOT Geotechnical Division should be contacted prior to submittal to
discuss specific requirements.

To help WSDOT understand the functioning and performance of the technology and
thereby facilitate the Technical Audit, Applicants are urged to spend the time necessary
to provide clear, complete and detailed responses. A response on all items that could
possibly apply to the system or its components, even those where evaluation protocol
has not been fully established, would be of interest to WSDOT. Any omissions should
be noted and explained.

Responses should be organized in the order shown and referenced to the given
numbering system. Additionally, duplication of information is not needed or wanted.
A simple statement referencing another section is adequate.

Part One: Wall System Overview

Provide an overview of the wall system. Product brochures will usually fulfill the
requirements of this section.

Part Two: Plan Details

As a minimum, provide the following plan sheet details:
1. All system component details.
2. Typical plan, profile, and section views.

3. Details that show the facing batter(s) that can be obtained with the wall system
(example details that illustrate the permissible range are acceptable).
4. Corner details
» Acute inside corner
* Obtuse inside corner
* Orthogonal inside corner
» Acute outside corner
* Obtuse outside corner
 Orthogonal outside corner
5. Radius Details (inside and outside radii, include system limitations).
* Inside radii
* Outside radii

» System limitations for inside and outside radii
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6. Traffic barrier systems
* Guardrail
* Precast barrier
* Moment slab barrier

7. Horizontal obstruction details for obstructions
» Horizontal obstructions up to 24 inches oriented parallel to the wall face
» Horizontal obstructions up to 48 inches oriented perpendicular to the wall face

8. Vertical obstruction details for obstructions up to 48 inches.

9. Culvert Penetration
» Up to 48 inch culverts oriented perpendicular to the wall face.
» Up to 24 inch culverts oriented up to a 45 degree skew angle as measured from
perpendicular to the wall face.
10. Leveling pad details in accordance with Section 6-13 of the WSDOT Standard
Specifications for Road, Bridge, and Municipal Construction.
* Minimum dimensions
» Steps
* Corners
11. Coping and gutter details.

All plan sheet details should be provided as 11x17 size, hard or electronic copies. All
dimensions shall be given in English Units (inches and feet). The plan sheet shall as a
minimum identify the wall system, an applicable sheet title, the date the plan sheet was
prepared, and the name of the engineer and company responsible for its preparation.

Part Three: Materials and Material Properties

WSDOT has established material requirements for certain non-proprietary wall
components. These requirements are described in the Standard Specifications for Road,
Bridge, and Municipal Construction, and General Special Provisions (GSP) available
at www.wsdot.wa.gov/design/projectdev/gspamendments.htm. Specifically, GSP
130201.GB6 covers welded wire faced structural earth wall materials, GSP 130202.GB
covers precast concrete panel faced structural earth wall materials, and GSP 130203.
GB6 covers concrete block faced structural earth wall materials. All wall components
falling into the categories currently defined by WSDOT should meet the WSDOT
material requirements.

For materials not currently covered by WSDOT specifications, provide material
specifications describing the material type, quality, certifications, lab and field testing,
acceptance and rejection criteria along with support information for each material
items. Include representative test results (lab and/or field) clearly referencing the date,
source and method of test, and, where required, the method of interpretation and/or
extrapolation. Along with the source of the supplied information, include a listing of
facilities normally used for testing (i.e., in-house and independent).
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All geosynthetic reinforced wall systems shall use a soil reinforcement product listed
in the WSDOT Qualified Product List (QPL). Inclusion of geosynthetic reinforcement
products on the QPL will be a necessary prerequisite to wall system approval.
1. For facing units, provide the following information:

 Standard dimensions and tolerances

+ Joint sizes and details

» Facing unit to facing unit shear resistance

 Bearing pads (joints)

* Spacers

* Connectors (pins, etc.)

+ Joint filler requirements: geotextile or graded granular

» Other facing materials, such as for reinforced slopes, or other materials not

specifically identified above
2. For the soil reinforcement (applies to structural earth walls and reinforced slopes),
provide the following information:
* Manufacturing sizes, tolerances, lengths
 Ultimate and yield strength for metallic reinforcement

+ Corrosion resistance test data for metallic reinforcement (for metallic materials
other than those listed in the GSP’s)

* Pullout interaction coefficients for WSDOT Gravel Borrow (Standard
Specification 9-03.14(4)), or similar gradation, if default pullout requirements
in the AASHTO LRFD Bridge Design Specifications are not used or are
not applicable.

3. For the connection between the facing units and the soil reinforcements (applies to
structural earth walls and reinforced slopes), provide the following information:
* Photographs/drawings that illustrate the connection
+ Connection strength as a percent of reinforcement strength at various confining
pressures for each reinforcement product, connection type, and facing unit.
4. For the coping, provide the following information:
* Dimensions and tolerances
* Material used (including any reinforcement)
* Method/details to attach coping to wall top

5. For the traffic railing/barrier, provide the following information:
» Dimensions of precast and cast-in-place barriers and reaction slabs
* How barrier/railing is placed on/in and/or attached to wall top
* How guard railing is placed on/in and/or attached to wall top
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6. Regarding the quality control/quality assurance of the wall system material
suppliers, provide the following information:

* QC/QA for metallic or polymeric reinforcement
* QC/QA for facing materials and connections

* QC/QA for other wall components

» Backfill (unit core fill, facing backfill, etc.)

Part Four: Design

Walls shall be designed in conformance with the WSDOT Geotechnical Design
Manual (GDM), LRFD Bridge Design Manual (BDM), and the AASHTO LRFD
Bridge Design Specifications. Provide design assumptions and procedures with specific
references (e.g., design code section) for each of the design requirements listed below.
Clearly show any deviations from the GDM, LRFD BDM and the AASHTO LRFD
Bridge Design Specifications, along with theoretical or empirical information which
support such deviations. In general, proprietary wall suppliers will only be responsible
for internal stability of their wall system. However, if there are any special external
stability considerations for the wall system, those special considerations should be
identified and explained in the wall system submittal.

Provide detailed design calculations for a 25 feet high wall with a 2H:1V sloping soil
surcharge (extending from the back face of the wall to an infinite distance behind the
wall). The calculations should address the technical review items listed below. The
calculations shall include detailed explanations of any symbols, design input, materials
property values, and computer programs used in the design of the walls. The example
designs shall be completed with seismic forces (assume a PGA of 0.50g). In addition,
a 25 feet high example wall shall be performed with no soil surcharge and a traffic
barrier placed on top of the wall at the wall face. The barrier is to be of the “F shape”
and “single slope” configuration and capable of resisting a TL-4 loading in accordance
with LRFD BDM Section 10.2.1 for barrier height and test level requirement. With
regard to the special plan details required in Section 2, provide an explanation of how
the requirements in the GDM, LRFD BDM, and the AASHTO LRFD Bridge Design
Specifications will be applied to the design of these details, including any deviations
from those design standards, and any additional design procedures not specifically
covered in those standards, necessary to complete the design of those details. This can
be provided as a narrative, or as example calculations in addition to those described
earlier in this section.

For internal stability design, provide design procedures, assumptions, and any
deviations from the design standards identified above required to design the wall or
reinforced system for each of the design issues: listed below. Note that some of these
design issues are specific to structural earth wall or reinforced slope design and may
not be applicable to other wall types.

1. Assumed failure surface used for design

2. Distribution of horizontal stress
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How surcharge loads are handled in design
* Concentrated dead load
 Sloped surcharge
» Broken-back surcharge
* Live load
* Traffic impact

Determination of the long-term tensile strength of reinforcement

Pullout design of soil reinforcement or facing components that protrude into wall
backfill

Determination of vertical and horizontal spacing of soil reinforcements (including
traffic impact requirements)
Facing design

+ Connections between facing units and components

 Facing unit strength requirements

* Interface shear between facing units

» Connections between facing and soil reinforcement/reinforced soil mass

» How facing batter is taken into account for the range of facing batters available
for the system

» Facing compressibility/deformation, if a flexible facing is used
Seismic design considerations

Design assumptions/parameters for assessing mobilization of backfill weight
internal to wall system (primarily applies to prefabricated modular walls as defined
in the AASHTO LRFD Bridge Design Specifications)

List all wall/slope system design limitations, including:

Seismic loading

Environmental constraints

Wall height

External loading

Horizontal and vertical deflection limits
Tolerance to total and differential settlement
Facing batter

Other

Computer Support:

If a computer program is used for design or distributed to customers, provide
representative computer printouts of design calculations for the above typical
applications demonstrating the reasonableness of computer results. All computer
output submitted shall be accompanied by supporting hand calculations detailing
the calculation process. If MSEW 3.0, or later version, is used for the wall design,
hand calculations supporting MSEW are not required.
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Quality Control/Quality Assurance for design of the wall/slope systems:

Include the system designer’s Quality Assurance program for evaluation of
conformance to the wall supplier’s quality program.

Part Five: Construction

Provide the following information related to the construction of the system:

1. Provide a documented field construction manual describing in detail and with
illustrations as necessary the step-by-step construction sequence, including
requirements for:

Foundation preparation

Special tools required

Leveling pad

Facing erection

Facing batter for alignment

Steps to maintain horizontal and vertical alignment
Retained and backfill placement/compaction
Erosion mitigation

All equipment requirements

2. Include sample construction specifications, showing field sampling, testing and
acceptance/rejection requirements. Provide sample specifications for:

Materials
Installation
Construction

3. Quality Control/Quality Assurance of Construction:

Describe the quality control and quality assurance measurements required during
construction to assure consistency in meeting performance requirements.
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Part Six: Performance
Provide the following information related to the performance of the system:
1. Provide a copy of any system warranties.

2. Identify the designated Responsible Party for:
» System performance
* Material performance
* Project-specific design (in-house, consultant)
3. List insurance coverage types (e.g., professional liability, product liability,

performance) limits, basis (i.e., per occurrence, claims made) provided by each
responsible party

4. Provide a well documented history of performance (with photos, where available),
including:
* Oldest
» Highest
* Projects experiencing maximum measure settlement (total and differential)
* Measurements of lateral movement/tilt
» Demonstrated aesthetics
* Project photos
* Maintenance history

5. Provide the following types of field test results, if available:
* (Case histories of instrumented structures
* Construction testing
* Pullout testing
6. Regarding construction/in-service structure problems, provide case histories of

structures where problems have been encountered, including an explanation of the
problems and methods of repair.

7. Provide a list of state DOT’s that have used this wall system, including contact
persons, addresses and telephone numbers.
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Appendix 15-D

Preapproved Proprietary Wall Systems

The following wall systems are preapproved for use in WSDOT projects:

Height, Year Last
Wall Supplier SENENI Sysfen_*l FEIDHIEAY, or Other | Initially | Approved
Name Description or LRFD?| .” .~ ..
Limitations| Approved | Update
The Reinforced Earth Co. Precast concrete Approved
8614 Westwood Center Dr. : oot PP
. Reinforced| 5'x5' facing panels 11/9/04
Suite 1100 : . |ASD/LFD| 33 feet 1987 .

. Earth Wall | and steel strip soil (submitted

Vienna, VA 22182 ;
703-821-1175 reinforcement 3/29/04)
L.B. Foster Company
Foster Geotechnical Precast concrete Approved
1660 Hotel Circle North, Retained | 5'x5' facing panels 11/9/04
Suite 304 Earth Wall| and steel bar mat ASDILFD| 33feet | Unknown (submitted
San Diego, CA 92108-2803 soil reinforcement 12/11/03)
619-688-2400
SSL, LLC Precast concrete Approved
4740 Scotts Valley Drive, MSEPlus 5'x5’ facing panels 2?5/13
Suite E and steel welded LRFD 33 feet 1999 -
Wall . . . (submitted
Scotts Valley, CA 95066 wire strip soll 5/28/13)
831-430-9300 reinforcement =
Tensar Earth
Technologies, Inc. Precast concrete Approved
5883 Glenridge Drive, 5'x5' facing panels 11/9/04
Suite 200 ARES Wall and Tensar geogrid ASDILFD| 33 feet 1998 (submitted
Atlanta, GA 30328 soil reinforcement 8/6/04)
404-250-1290
Hilfiker Retaining Walls Precast concrete Avproved
3900 Broadway Eureka | 5'x5' facing panels 1p1p/9/04
PO Box 2012 Reinforced and welded ASD/LFD| 33 feet Unknown (submitted
Eureka, CA 95503-5707 Soil Wall wire mat soil 10/5/04)
707-443-5093 reinforcement
Hilfiker Retaining Walls Welded |Welded wire facing Approved
3900 Broadway Wire that is continuous 11/9/04
P.O. Box 2012 . : . ASD/LFD| 33feet | Unknown .
Retaining | with welded wire (submitted
Eureka, CA 95503-5707 Wall soil reinforcement 9/15/03)
707-443-5093
- Modular dry cast
Keystone Retaining Wall concrete block Approved
Systems, Inc. Key facing with steel 11/9/04
4444 West 78th Street System . ASD/LFD| 33 feet 2001 .

. . welded wire (submitted
Minneapolis, MN 55435 I Wall ladder strio soil 3/31/04)
952-897-1040 ! P

reinforcement

Tensar Earth

Technologies, Inc. Modular dry cast Approved
5883 Glenridge Drive, concrete block 11/9/04
Suite 200 MESA Wall| facing with Tensar |ASD/LFD| 33 feet 2000 (submitted
Atlanta. GA 30328 geogrid soil 4/19/04 and
404-250-1290 reinforcement 9/22/04)
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Height, Year Last
Wall Supplier SEC Sys?em CEIDHEAD, or Other | Initially | Approved
Name Description or LRFD?| .- .~ ..
Limitations| Approved | Update
Nelson Wall Precast concrete
12356 Northup Way, gravity wall (similar Approved
Suite 109 Nelson 11/9/04
Bellevue, WA 98005 Wall Ptlgftca:::r'ge ASDILFD| 28feet | 1995 | o bmitted
425-861-8292 . 9/12/03)
cantilever wall)
The Neel Company Approved
8328-D Traford Lane Precast concrete 11/9/04
Springfield. VA 22152 T-WALL modular wall ASD/LFD| 25 feet 1994 (submitted
703-913-7858 11/05/04)
Tensar Earth
Technologies, Inc. Welded Tensar geogrid Approved
58&_33 Glenridge Drive, Wire Eorm wrgpped face v_vaII ASDILED| 33 feet* 2006 3/3/(_)6
Suite 200 Wall with welded wire (submitted
Atlanta, GA 30328 facing form 11/26/05)
404-250-1290
Anchor Wall Systems, Inc. Modular dry cast Approved
5959 Baker Road concrete block 25)2 12
Suite 390 Landmark |facing with Miragrid| LRFD 33 feet 2012 (submitted
Minnetonka, MN 55345-5996 geogrid soil 10/21/11)
952-933-8855 reinforcement
Lock and Load Retaining
Walls LTD Precast concrete Approved
1681 Chestnut Street Lock + panel facing 7‘)/‘1)0/13
Suite 400 attached to LRFD 33 feet 2013 .
Load Wall (submitted
Vancouver, BC V6J 4M6 wrapped face
; 5/3/13)
Canada geogrid wall
604-732-9990
Allan Block Corporation Modular dry cast
7424 W. 78th Street Allan concrete block Approved
Bloomington, MN 55439 Block Wall |facing with Miragrid 7/15/09
952-835-5309 (battered |  or Stratagrid LRFD | 33 feet 2009 | (submitted
face) geogrid soil 1/15/08)
reinforcement

*If the vegetated face option is used for the Hilfiker Welded Wire Retaining Wall or the Tensar Welded Wire Form Wall,
the maximum wall height shall be limited to 20 feet. Greater wall heights for the vegetated face option for these walls
may be used on a case by case basis as a special design if approved by the State Geotechnical Engineer and the State

Bridge Engineer.

Preapproved Proprietary Walls

Table 15-D-1
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Description of Typical
Temporary Shoring Systems
Appendix 15-E and Selection Considerations

Fill Applications

While most temporary retaining systems are used in cut applications, some temporary
retaining systems are also used in fill applications. Typical examples include the use
of MSE walls to support preload fills that might otherwise encroach into a wetland

or other sensitive area, the use of modular block walls or wrapped face geosynthetic
walls to support temporary access road embankments or ramps, and the use of
temporary wrapped face geosynthetic walls to support fills during intermediate
construction stages.

MSE walls, including wrapped face geosynthetic walls, are well suited for the support
of preload fills because they can be constructed quickly, are relatively inexpensive, are
suitable for retaining tall fill embankments, and can tolerate significant settlements.
Modular block walls without soil reinforcement (e.g., ecology block walls) are also
easy to construct and relatively inexpensive; however they should only be used to
support relatively short fill embankments and are less tolerant to settlement than MSE
walls. Therefore, block walls are better suited to areas with firm subgrade soils where
the retained fill thickness behind the walls is less than 15 feet.

MSE Walls

MSE walls are described briefly in Section 15.5.3, and extensively in Publication No.
FHWA-NHI-00-043 (Elias, et al., 2001). In general, MSE walls consist of strips or
sheets of steel or polymeric reinforcement placed as layers in backfill material and
attached to a facing. Facings may consist of concrete blocks or panels, gabions, or a
continuation of the reinforcement layer.

Prefabricated Modular Block Walls

Prefabricated modular block walls without soil reinforcement are discussed in Section
15.5.4 and should be designed as gravity retaining structures. Concrete blocks used

for gravity walls typically consist of 2}4- by 2%2- by 5-foot solid rectangular concrete
blocks designed to interlock with each other. They are typically cast from excess
concrete at concrete batch plants and are relatively inexpensive. Because of their
rectangular shape they can be stacked a variety of ways. Because of the tightly fitted
configuration of a concrete block wall, oversized blocks will tend to fit together poorly.
Occasionally, blocks from a concrete batch plant are found to vary in dimension by
several inches.
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Common Cut Applications

A wide range of temporary shoring systems are available for cut applications. Each
temporary shoring system has advantages and disadvantages, conditions where the
system is suitable or not suitable, and specific design considerations. The following
sections provide a brief overview of many common temporary shoring systems for cut
applications. The “Handbook of Temporary Structures in Construction” (Ratay, 1996)
is another useful resource for information on the design and construction of temporary
shoring systems.

Trench Boxes

Trench boxes are routinely used to protect workers during installation of utilities

and other construction operations requiring access to excavations deeper than 4 feet.
Trench boxes consist of two shields connected by internal braces and have a fixed
width and height. The typical construction sequence consists of excavation of a

trench and then setting the trench box into the excavation prior to allowing workers

to gain access to the protected area within the trench box. For utility construction, the
trench box is commonly pulled along the excavation by the excavator as the utility
construction advances. Some trench boxes are designed such that the trench boxes can
be stacked for deeper excavations.

The primary advantage of trench boxes is that they provide protection to workers for

a low cost and no site specific design is generally required. Another advantage is that
trench boxes are readily available and are easy to use. One disadvantage of trench
boxes is that no support is provided to the soils—where existing improvements are
located adjacent to the excavation, damage may result if the soils cave-in towards the
trench box. Therefore, trench boxes are not suitable for soils that are too weak or soft
to temporarily support themselves. Another disadvantage of trench boxes is the internal
braces extend across the excavation and can impede access to the excavation. Finally,
trench boxes provide no cutoff for groundwater; thus, a temporary dewatering system
may be necessary for excavations that extend below the water table for trench boxes to
be effective.

Trench boxes are most suitable for trenches or other excavations where the depth is
greater than the width of the excavation and soil is present on both sides of the trench
boxes. Trench boxes are not appropriate for excavations that are deeper than the
trench box.

Sheet Piling

Sheet piling is a common temporary shoring system in cut applications and is
particularly beneficial as the sheet piles can act as a diaphragm wall to reduce
groundwater seepage into the excavation. Sheet piling typically consists of interlocking
steel sheets that are much longer than they are wide. Sheets can also be constructed out
of vinyl, aluminum, concrete, or wood; however, steel sheet piling is used most often
due to its ability to withstand driving stresses and its ability to be removed and reused
for other walls. Sheet piling is typically installed by driving with a vibratory pile
driving hammer. For sheet piling in cut applications, the piling is installed first, then
the soil in front of the wall is excavated or dredged to the design elevation. There are
two general types of sheet pile walls: cantilever, and anchored/braced.
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Sheet piling is most often used in waterfront construction; although, sheet piling can
be used for many upland applications. One of the primary advantages of sheet piling is
that it can provide a cutoff for groundwater flow and the piles can be installed without
lowering the groundwater table. Another advantage of sheet piling is that it can be used
for irregularly shaped excavations. The ability for the sheet piling to be removed makes
sheet piling an attractive shoring alternative for temporary applications. The ability for
sheet piling to be anchored by means of ground anchors or deadman anchors (or braced
internally) allows sheet piling to be used where deeper excavations are planned or
where large surcharge loading is present. One disadvantage of sheet piling is that it is
installed by vibrating or driving; thus, in areas where vibration sensitive improvements
or soils are present, sheet piling may not be appropriate. Another disadvantage is that
where very dense soils are present or where cobbles, boulders or other obstructions are
present, installation of the sheets is difficult.

Soldier Piles

Soldier pile walls are frequently used as temporary shoring in cut applications. The
ability for soldier piles to withstand large lateral earth pressures and the proven use
adjacent to sensitive infrastructure make soldier piles an attractive shoring alternative.
Soldier pile walls typically consist of steel beams installed in drilled shafts; although,
drilled shafts filled with steel cages and concrete or precast reinforced concrete beams
can be used. Following installation of the steel beam, the shaft is filled with structural
concrete, lean concrete, or a combination of the two. The soldier piles are typically
spaced 6 to 8 feet on center. As the soil is excavated from in front of the soldier piles,
lagging is installed to retain the soils located between adjacent soldier piles. The
lagging typically consists of timber; however, reinforced concrete beams, reinforced
shotcrete, or steel plates can also be used as lagging. Ground anchors, internal
bracing, rakers, or deadman anchors can be incorporated in soldier pile walls where
the wall height is higher than about 12 feet, or where backslopes or surcharge loading
are present.

Soldier piles are an effective temporary shoring alternative for a variety of soil
conditions and for a wide range of wall heights. Soldier piles are particularly effective
adjacent to existing improvements that are sensitive to settlement, vibration, or lateral
movement. Construction of soldier pile walls is more difficult in soils prone to caving,
running sands, or where cobbles, boulders or other obstructions are present; however,
construction techniques are available to deal with nearly all soil conditions. The cost
of soldier pile walls is higher than some temporary shoring alternatives. In most
instances, the steel soldier pile is left in place following construction. Where ground
anchors or deadman anchors are used, easements may be required if the anchors extend
outside the right-of-way/property boundary. Where ground anchors are used and soft
soils are present below the base of the excavation, the toe of the soldier pile should be
designed to prevent excessive settlements.
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Prefabricated Modular Block Walls

In general, modular blocks (see Section 15.6.6.1.2) for cut applications require the

soil deposit to have adequate standup time such that the excavation can be made and
the blocks placed without excessive caving. Otherwise large temporary backcuts and
subsequent backfill placement may be required. A key advantage to modular block
walls is that the blocks can be removed and reused after the temporary structure is no
longer needed. One disadvantage to using modular blocks in cut applications is that
the blocks are placed in front of an excavation and the soils are initially not in full
contact with the blocks unless the areas is backfilled. Some movement of the soil mass
is required prior to load being applied to the blocks—this movement can be potentially
damaging to upslope improvements.

Braced Cuts

Braced cuts are used in applications where a temporary excavation is required that
provides support to the retained soils in order to reduce excessive settlement or lateral
movement of the retained soils. Braced cuts are generally used for trenches or other
excavations where soil is present on both sides of the excavation and construction
activities are not affected by the presence of struts extending across the excavation. A
variety of techniques are available for constructing braced cuts; however, most include
a vertical element, such as a sheet pile, metal plate, or a soldier pile, that is braced
across the excavation by means of struts. Many of the considerations discussed below
for soldier pile walls and sheet piling apply to braced cuts.

Soil Nail Walls

The soil nail wall system consists of drilling and grouting rows of steel bars or "nails"
behind the excavation face as it is excavated and then covering the face with reinforced
shotcrete. The placement of soil nails reinforces the soils located behind the excavation
face and increases the soil’s ability to resist a mass of soil from sliding into the
excavation. Soil nail walls are typically used in dense to very dense granular soils or
stiff to hard, low plasticity, fine-grained soils. Soil nail walls are less cost effective in
loose to medium dense sands or soft to medium stift/high plasticity fine-grained soils.

The soils typically are required to have an adequate standup time (to allow placement
of the steel wire mesh and/or reinforcing bars to be installed and the shotcrete to be
placed). Soils that have short standup times are problematic for soil nailing. Many
techniques are available for mitigating short standup time, such as installation of
vertical elements (vertical soil nails or light steel beams set in vertical drilled shafts
placed several feet on center along the perimeter of the excavation), drilling soil nails
through soil berms, use of slot cuts, and flash-coating with shotcrete. Easements may
be required if the soil nails extend outside the right-of-way/property boundary.

Uncommon Shoring Systems for Cut Applications

The following shoring systems require special, very detailed, expert implementation:
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Diaphragm/Slurry Walls

Diaphragm/slurry walls are constructed by excavating a deep trench around the
proposed excavation. The trench is filled with a weighted slurry that keeps the
excavation open. The width of the trench is at least as wide as the concrete wall to be
constructed. The slurry trench is completed by installing steel reinforcement cages and
backfilling the trench with tremied structural concrete that displaces the slurry. The

net result is a continuous wall that significantly reduces horizontal ground water flow.
Once the concrete cures, the soil is excavated from in front of the slurry wall. Internal
bracing and/or ground anchors can be incorporated into slurry walls. Diaphragm/slurry
walls can be incorporated into a structure as permanent walls.

Diaphragm/slurry walls are most often used where groundwater is present above the
base of the excavation. Slurry walls are also effective where contaminated groundwater
is to be contained. Slurry walls can be constructed in dense soils where the use of sheet
piling is difficult. Other advantages of slurry walls include the ability to withstand
significant vertical and lateral loads, low construction vibrations, and the ability

to construct slurry walls in low-headroom conditions. Slurry walls are particularly
effective in soils where high groundwater and loose soils are present, and dewatering
could lead to settlement related damage of adjacent improvements, assuming that the
soils are not so loose or soft that the slurry is inadequate to prevent squeezing of the
very soft soil.

In addition to detailed geotechnical design information, diaphragm/slurry walls
require jobsite planning, preparation and control of the slurry, and contractors
experienced in construction of slurry walls. For watertight applications, special design
and construction considerations are required at the joints between each panel of the
slurry wall.

Secant Pile Walls

Secant pile walls are another type of diaphragm wall that consist of interconnected
drilled shafts. First, every other drilled shaft is drilled and backfilled with low strength
concrete without steel reinforcement. Next, structural drilled shafts are installed
between the low strength shafts in a manner that the structural shafts overlap the low
strength shafts. The structural shafts are typically backfilled with structural concrete
and steel reinforcement. The net result is a continuous wall that significantly reduces
horizontal ground water flow while retaining soils behind the wall.

Secant pile walls are typically more expensive than many types of cut application
temporary shoring alternatives; thus, the use of secant pile walls is limited to situations
where secant pile walls are better suited to the site conditions than other shoring
alternatives. Conditions where secant pile walls may be more favorable include high
groundwater, the need to prevent migration of contaminated groundwater, sites where
dewatering may induce settlements below adjacent improvements, sites with soils
containing obstructions, and sites where vibrations need to be minimized.
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Cellular Cofferdams

Sheet pile cellular cofferdams can be used for applications where internal bracing is
not desirable due to interference with construction activities within the excavation.
Cellular cofferdams are typically used where a dewatered work area or excavation

is necessary in open water or where large dewatered heads are required. Cellular
cofferdams consist of interlocking steel sheet piles constructed in a circle, or cell. The
individual cells are constructed some distance apart along the length of the excavation
or area to be dewatered. Each individual cell is joined to adjacent cells by arcs of sheet
piles, thus providing a continuous structure. The cells are then filled with soil fill,
typically granular fill that can be densified. The resulting structure is a gravity wall that
can resist the hydrostatic and lateral earth pressures once the area within the cellular
cofferdam is dewatered or excavated. As a gravity structure, cellular cofferdams need
adequate bearing; therefore, sites where the cellular cofferdam can be founded on rock
or dense soil are most suitable for these structures.

Cellular cofferdams are difficult to construct and require accurate placement of the
interlocking sheet piles. Sites that require installation of sheet piles through difficult
soils, such as through cobbles or boulders are problematic for cellular cofferdams and
can result in driving the sheets out of interlock.

Frozen Soil Walls (Ground Freezing)

Frozen soil walls can be used for a variety of temporary shoring applications including
construction of deep vertical shafts and tunneling. Frozen soil walls are typically used
where conventional shoring alternatives are not feasible or have not been successful.
Frozen soil walls can be constructed as gravity structures or as compressive rings.
Ground freezing also provides an effective means of cutting of groundwater flows.
Frozen soil has compressive strengths similar to concrete. Installation of a frozen

soil wall can be completed with little vibration and can be completed around existing
utilities or other infrastructure. Ground freezing is typically completed by installing
rows of steel freeze pipes along the perimeter of the planned excavation. Refrigerated
fluid is then circulated through the pipes at temperatures typically around -20°C to
-30°C. Frozen soil forms around each freeze pipe until a continuous mass of frozen soil
is present. Once the frozen soil reaches the design thickness, excavation can commence
within the frozen soil.

Frozen soil walls can be completed in difficult soil and groundwater conditions
where other shoring alternatives are not feasible. Frozen soil walls can provide an
effective cutoff for groundwater and are well suited for containment of contaminated
groundwater. Frozen soil walls are problematic in soils with rapid groundwater flows,
such as coarse sands or gravels, due to the difficulty in freezing the soil. Flooding

is also problematic to frozen soil walls where the flood waters come in contact with
the frozen soil—a condition which can lead to failure of the shoring. Special care

is required where penetrations are planned through frozen soil walls to prevent
groundwater flows from flooding the excavation. Accurate installation of freeze pipes
is required for deeper excavations to prevent windows of unfrozen soil. Furthermore,
ground freezing can result in significant subsidence as the frozen ground thaws. If
settlement sensitive structures are below or adjacent to ground that is to be frozen,
alternative shoring means should be selected.
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Deep Soil Mixing

Deep soil mixing (DSM) is an in-situ soil improvement technique used to improve
the strength characteristics of panels or columns of native soils. DSM utilizes mixing
shafts suspended from a crane to mix cement into the native soils. The result is

soil mixed panels or columns of improved soils. Two types of DSM walls can be
constructed: gravity walls and diaphragm-type walls. Gravity type DSM walls consist
of columns or panels of improved soils configured in a pattern capable of resisting
movement of soil into the excavation. Diaphragm-type DSM walls are constructed
by improving the soil along the perimeter of the excavation and inserting vertical
reinforcement into the improved soil immediately after mixing cement into the soil.
The result is a low permeability structural wall that can be anchored with tiebacks,
similar to a soldier pile wall, where the improved soil acts as the lagging.

Advantages with deep soil mixing gravity walls include the use of the native soils as
part of the shoring system and reduced or no reinforcement. However, a significant
volume of the native soils needs to be improved over a wide area to enable the
improved soil to act as a gravity structure. Advantages with soil mixed diaphragm
walls include the ability to control groundwater seepage, construction of the wall
facing simultaneously with placement of steel soldier piles, and a thinner zone of
improved soils compared to gravity DSM walls.

DSM walls can be installed top-down by wet methods where mechanical mixing
systems combine soil with a cementitious slurry or through bottom up dry soil mixing
where mechanical mixing systems mix pre-sheared soil with pneumatically injected
cement or lime. DSM is generally appropriate for any soil that is free of boulders or
other obstructions; although, it may not be appropriate for highly organic soils. DSM
can be completed in very soft to stiff cohesive soils and very loose to medium dense
granular soils.

Permeation Grouting

Permeation grouting involves the pressurized injection of a fluid grout to improve the
strength of the in-situ soils and to reduce the soil’s permeability. A variety of grouts
are available—micro-fine cement grout and sodium silicate grout are two of the more
frequently used types in permeation grouting. To be effective, the grout must be able
to penetrate the soil; therefore, permeation grouting is not applicable in cohesive soils
or granular soils with more than about 20 percent fines. Disadvantages of permeation
grouting is the expense of the process and the high risk of difficulties. Permeation
grouting, like ground freezing or jet grouting, can be used to create gravity retaining
walls consisting of improved soils or can be used to create compression rings for
access shafts or other circular excavations.

In addition to characterizing the soils gradation and stratigraphy, it is important
to characterize the permeability of the soils to evaluate the suitability of
permeation grouting.
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Jet Grouting

Jet grouting is a ground improvement technique that can be used to construct
temporary shoring walls and groundwater cutoff walls. Jet grouting can also be used
to form a seal or strut at the base of an excavation. Jet grouting is an erosion based
technology where high velocity fluids are injected into the soil formation to break
down the soil structure and to mix the soil with a cementitious slurry to form columns
of improved soil. Jet grouting can be used to construct diaphragm walls to cutoff
groundwater flow and can be configured to construct gravity type shoring systems or
compressive rings for circular shafts. Jet grouting is applicable to most soil conditions;
however, high plasticity clays or stiff to hard cohesive soils are problematic for jet
grouting.

Advantages with jet grouting include the ability to use of the native soils as part of the
shoring system. A significant volume of the native soils needs to be improved over a
wide area to enable the improved soil to act as a gravity structure. The width of the
improved soil column is difficult to control, thus the final face of a temporary shoring
wall may be irregular or protrude into the excavation.

Factors Influencing Choice of Temporary Shoring

Application

A multitude of factors will influence the choice of temporary shoring systems for

a particular application. The most common considerations are cost, subsurface
constraints (i.e. difficult driving conditions, the need to cutoff groundwater seepage,
etc.), site constraints (i.e. limited access, impacts to adjacent infrastructure, etc.), and
local practice. The sections below, while not all-inclusive, provide a brief discussion of
several of the factors that influence selection of temporary shoring systems.

The first screening criteria for alternative temporary shoring options will be the
purpose of the shoring—will it retain an excavation or support a fill.

Cutffill Height

Some retaining systems are more suitable for supporting deep excavations/fill
thicknesses than others. Temporary modular block walls are typically suitable only for
relatively short fill embankments (less than 15 feet), while MSE walls can be designed
to retain fills several tens of feet thick.

In cut applications, the common cantilever retaining systems (sheet piling and soldier
piles) are typically most cost effective for retained soil heights of 12 to 15 feet or less.
Temporary shoring walls in excess of 15 feet typically require bracing, either external
(struts, rakers, etc.) or internal (ground anchors or dead-man anchors).

Page 15-E-8
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Soil Conditions

Dense Soils and Obstructions

Dense subsurface conditions, such as presented by glacial till or bedrock, result in
difficult installation conditions for temporary shoring systems that are typically driven
or vibrated into place (sheet piling). Cobbles, boulders and debris within the soil also
often present difficult driving conditions. It is often easier to use drilling methods to
install shoring in these conditions. However, oversize materials and dense conditions
may also hinder conventional auger drilling, resulting in the need for specialized
drilling equipment. Methods such as slurry trenches and grouting may become viable
in areas with very difficult driving and drilling conditions.

Caving Conditions

Caving conditions caused by a combination of relatively loose cohesionless soils and/
or groundwater seepage may result in difficult drilling conditions and the need to use
casing and/or drilling slurry to keep the holes open.

Permeability

Soil permeability is based primarily on the soil grain size distribution and density. It
influences how readily groundwater flows through a soil. If soils are very permeable
and the excavation will be below the water level, then some sort of groundwater
control will be required as part of the shoring system; this could consist of traditional
dewatering methods or the use of shoring systems that also function as a barrier to
seepage, such as sheet piling and slurry trench methods.

Groundwater, Bottom Heave and Piping

The groundwater level with respect to the proposed excavation depth will have a
substantial influence on the temporary shoring system selected. Excavations that
extend below the groundwater table and that are underlain by relatively permeable
soils will require either dewatering, shoring systems that also function as a barrier
to groundwater seepage, or some combination thereof. If the anticipated dewatering
volumes are high, issues associated with treating and discharge of the effluent can
be problematic. Likewise, large dewatering efforts can cause settlement of nearby
structures if they are situated over compressible soils, or they may impact nearby
contamination plumes, should they exist. Considerations for barrier systems include
the depth to an aquitard to seal off groundwater flow and estimated flow velocities.
If groundwater velocity is high, some barrier systems such as frozen ground and
permeation grouting will not be suitable.

Bottom heave and piping can occur in soft/loose soils when the hydrostatic pressure
below the base of the excavation is significantly greater than the resistance provided
by the floor soils. In this case, temporary shoring systems that can be used to create
a seepage barrier below the excavation, thus increasing the flow path and reducing
the hydrostatic pressure below the base, may be better suited than those that do not
function as a barrier. For example, sheet piling can be installed as a seepage barrier
well below the base of the excavation, while soldier pile systems cannot. This is
especially true if an aquitard is situated below the base of the excavation where the
sheet piles can be embedded into the aquitard to seal off the groundwater flow path.
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High Locked in Lateral Stresses

Glacially consolidated soils, especially fine-grained soils, often have high locked in
lateral stresses because of the overconsolidation process (i.e. Ko can be much greater
than a typical normally consolidated soil deposit). The Seattle Clay is an example of
this type of soil, and much has been written about the performance of cuts into this
material made to construct Interstate 5 (Peck, 1963; Sherif, 1966; Andrews, et al.,
1966; and Strazer, et al., 1974). When cuts are made into soils with high locked in
lateral stresses, they tend to rebound upon the stress relief, which can open up joints
and fractures. Hydrostatic pressure buildup in the joints and fractures can function as a
hydraulic jack and move blocks of soil, and movement can quickly degrade the shear
strength of the soil. Therefore, for excavations into virgin material suspected of having
high locked in lateral stresses, temporary shoring methods that limit the initial elastic
rebound are required. For example, anchored shoring systems that are loaded and
locked-off before the excavation will likely perform better than passive systems that
allow the soil move, such as soil nails.

Compressible Soils

Compressible soils are more likely to impact the selection of temporary walls used to
retain fills. MSE walls are typically more settlement tolerant than other fill walls, such
as modular block walls.

Space Limitations

Space limitations include external constraints, such as right-of-way issues and adjacent
structures, and internal constraints such as the amount of working space required. If
excavations are required near existing right-of-ways, then temporary construction
easements may be required to install the shoring system. Permanent easements may

be required if the shoring systems include support from ground anchors or dead-man
anchors that may remain after construction is complete. To minimize the need for
temporary and permanent easements, cantilever walls or walls with external bracing
(e.g. struts or rakers) should be considered. However, if the work space in front of the
excavation needs to be clear, then shoring systems with external support may not be
appropriate.

Existing infrastructure, such as underground utilities that cannot be relocated,
may have the same impact on the choice of temporary shoring system as nearby
right-of-ways.
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Adjacent Infrastructure

The location of infrastructure adjacent to the site and the sensitivity of the
infrastructure to settlement and/or vibrations will influence the selection of temporary
shoring. For example, it may be necessary to limit dewatering or incorporate recharge
wells if the site soils are susceptible to consolidation if the water table is lowered. If the
adjacent infrastructure is brittle or supported above potentially liquefiable soils, it may
be necessary to limit vibrations, which may exclude the selection of temporary shoring
systems that are driven or vibrated into place, such as sheet piling.

The shoring system itself could also be sensitive to adjacent soil improvement or
foundation installation activities. For example, soil improvement activities such as the
installation of stone columns in loose to medium dense sands immediately in front of
a shoring structure could cause subsidence of the loose sands and movement, or even
failure, of the shoring wall. In such cases, the shoring wall shall be designed assuming
that the soil immediately in front of the wall could displace significantly, requiring that
the wall embedment be deepened and ground anchors be added.
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Preapproved Wall Appendix:
Specific Requirements and Details for LB
Appendix 15-F Foster Retained Earth Concrete Panel Walls

In addition to the general design requirements provided in Appendix 15-A, the
following specific requirements apply to the design of the LB Foster Retained EarthTM
concrete 5 feet x 5 feet panel faced retaining wall:

No HITEC evaluation report is currently available for this wall system. Design
procedures for specific elements of the wall system have been provided to WSDOT

in a binder dated September 11, 2003. The design procedures used by LB Foster
(specifically Foster Geotechnical) are based on the AASHTO Standard Specifications
for Highway Bridges (2002). Therefore, for internal stability of the wall, the AASHTO
Simplified Method shall be used. Interim approval is given for the continued use of the
AASHTO Standard Specifications as the basis for design.

Note the connector shall be designed to have adequate life considering corrosion loss.
Furthermore, the connector loops embedded in the facing panels shall be lined up

such that the steel grid reinforcement cross bar at the connection is uniformly loaded.
Therefore, regarding the alignment of the bearing surfaces of the embedded wire loops,
once the steel grid is inserted into the loops, no loop shall have a gap between the loop
and the steel grid cross bar of more than 0.125 inch.

Reinforcement pullout shall be calculated based on the default values for steel grid
reinforcement provided in the AASHTO Specifications. If, at some future time
product and soil specific pullout data is provided to support use of non-default pullout
interaction coefficients, it should be noted that LRFD pullout resistance design using
these product and soil specific interaction coefficients has not been calibrated using
product specific data statistics and reliability theory. Therefore, the specified resistance
factors in the GDM and AASHTO LRFD Specifications should not be considered
applicable to product specific pullout interaction coefficients.

Approved details for the LB Foster Retained EarthT™ concrete 5 feet x 5 feet panel
faced retaining wall system are provided in the following plan sheets. Note that the two
stage wall (i.e., welded wire face with concrete panels installed after wall completion)
is not approved for WSDOT use. Exceptions and additional requirements regarding the
approved details are as follows:

» Several plan sheets that detail panels with larger dimensions than the 5 feet x 5 feet
panel. While it is feasible to use larger panels, only the 5 feet % 5 feet panel series
is specifically preapproved for use in WSDOT projects. Other panel sizes may be
used by special design, with the approval of the State Bridge Design Engineer and
the State Geotechnical Engineer, provided a complete wall design with detailed
plans are developed and included in the construction contract (i.e., walls with larger
facing panels shall not be submitted as shop drawings in design-bid-build projects).

» Several of the details shown provide only metric dimensions. The closest English
system dimensions shall be used, unless the project is a metric project.
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* In the plan sheet on page 7, regarding the filter fabric shown, WSDOT reserves the
right to require the use Standard Specification materials as specified in Standard
Specification Section 9-33 that are similar to those specified in this plan sheet.

* In the plan sheets on pages 2 and 6, there should be a minimum cover of 4 inches
of soil between the steel grid in the soil and the traffic barrier reaction slab.

» The obstruction avoidance details are preapproved up to a diameter of 5 feet.
Larger diameter obstructions are not considered preapproved. This wall is also
preapproved for use with traffic barriers. However, no details were provided
for protrusion of culverts and other objects or conduits through the wall face.
Therefore, this wall system is not preapproved for protrusion of culverts and other
objects or conduits through the wall face.
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Preapproved Wall Appendix: Specific
Requirements and Details for Eureka

Appendix 15-G Reinforced Soil Concrete Panel Walls

In addition to the general design requirements provided in Appendix 15-A, the
following specific requirements apply to the design of the Hilfiker Eureka Reinforced
Soil concrete 5 feet x 5 feet panel faced retaining wall:

No HITEC evaluation report is currently available for this wall system. The design
procedures used by Hilfiker Retaining Walls are based on the AASHTO Standard
Specifications for Highway Bridges (2002). Therefore, for internal stability of the
wall, the AASHTO Simplified Method shall be used. Interim approval is given for the
continued use of the AASHTO Standard Specifications as the basis for design.

Note the connector shall be designed to have adequate life considering corrosion loss.
Furthermore, the connector loops embedded in the facing panels shall be lined up
such that the steel grid reinforcement cross bar at the connection is uniformly loaded.
Therefore, regarding the alignment of the bearing surfaces of the embedded anchors,
once the steel welded wire grid is inserted into the loops, no loop shall have a gap
between the loop and the steel welded wire grid cross bar of more than 0.125 inch.

Reinforcement pullout shall be calculated based on the default values for steel grid
reinforcement provided in the AASHTO Specifications. If, at some future time
product and soil specific pullout data is provided to support use of non-default pullout
interaction coefficients, it should be noted that LRFD pullout resistance design using
these product and soil specific interaction coefficients has not been calibrated using
product specific data statistics and reliability theory. Therefore, the specified resistance
factors in the GDM and AASHTO LRFD Specifications should not be considered
applicable to product specific pullout interaction coefficients.

Approved details for the Hilfiker Eureka Reinforced Soil concrete 5 feet x 5 feet panel
faced retaining wall system are provided in the following plan sheets. Exceptions and
additional requirements regarding the approved details are as follows:

* Regarding the filter fabric shown, WSDOT reserves the right to require the use
Standard Specification materials as specified in Standard Specification Section 9-33
that are similar to those specified in this plan sheet.

» No culvert penetration and obstruction avoidance details for this wall system, as
well as traffic barrier details, were provided. However, the obstruction avoidance
details, as well as traffic barrier details provided for the Hilfiker welded wire
wall system (Chapter 15 App — Hilfiker WW Wall) are acceptable to apply to the
Hilfiker Eureka RS Concrete panel Wall, up to a maximum obstruction diameter
of 4 feet. This wall system is not preapproved for culvert penetration of the face,
as no details for this situation have been provided.
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Preapproved Wall Appendix:
Specific Requirements and Details

Appendix 15-H for Hilfiker Welded Wire Faced Walls

In addition to the general design requirements provided in Appendix 15-A, the
following specific design requirements shall be met:

No HITEC evaluation report is currently available for this wall system. Design
procedures for specific elements of the wall system have been provided to WSDOT
in a letter dated September 15, 2003. The design procedures used by Hilfiker
Retaining Walls are in full conformance with the AASHTO Standard Specifications
for Highway Bridges (2002). Interim approval is given for the continued use of the
AASHTO Standard Specifications as the basis for design.

Regarding the soil reinforcement material, the minimum wire size acceptable

for permanent walls is W4.5. For all permanent walls, the welded wire shall be
galvanized in accordance with the AASHTO LRFD specifications. For temporary
walls, galvanization is not required, but the life of the wire shall be designed to be
adequate for the intended life.

Regarding the backing mats used in the welded wire facing, the minimum clear
opening dimension of the backing mat shall not exceed the minimum particle size
of the wall facing backfill. The maximum particle size for the wall facing backfill
shall be 6 inches.

The maximum vertical spacing of soil reinforcement shall be 24 inches. For wall
heights greater than 20 feet, for the portion of the wall more than 20 feet below
the wall top at the face, the maximum vertical spacing of reinforcement shall be
18 inches.

The culvert penetration and obstruction avoidance details are preapproved up to
a diameter of 4 feet. Larger diameter culverts or obstructions are not considered
preapproved. This wall is also preapproved for use with traffic barriers.

This wall system is preapproved for a welded wire/gravel fill face for vertical to
near vertical facing batter and welded wire vegetated face for wall face batters
as steep as 6V:1H. This preapproval presumes that the facing tolerances in the
WSDOT Standard Specifications Section 6-13.3(1) for welded wire faced walls
are met.

The following standard details shall be used for the Hilfiker Welded Wire Faced Wall
system:
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Preapproved Wall Appendix:
Specific Requirements and
Appendix 15-1 Details for KeySystem | Walls

In addition to the general design requirements provided in Appendix 15-A, the
following specific requirements apply:

The detailed design methodology, design properties, and assumptions used by
Keystone for the KeySystem I wall are summarized in the HITEC evaluation report
for this wall system (HITEC, 2000, Evaluation of the KeySystem™ [ Retaining

Wall, ASCE, CERF Report 40478). The design methodology, which is based on the
Standard Specifications for Highway Bridges (2002) conflicts with the general design
requirements in Appendix 15-A regarding the K value for internal stability (for the
Simplified Method, Keystone recommends K of 2.0 at the top of the wall rather

than 2.5), and the allowable stress for design of the steel grid reinforcement strips
(Keystone recommends an allowable stress of 0.55Fy rather than 0.48Fy for design of
the steel grid strip reinforcement). WSDOT does not concur with the reduced K value
of 2.0. Therefore, the K value at the wall top should be 2.5 to be consistent with the
AASHTO design specifications. WSDOT does concur with the use of an allowable
stress of 0.55Fy. Interim approval is given for the continued use of the AASHTO
Standard Specifications as the basis for design.

Considering the currently approved block dimensions, the maximum vertical

spacing of reinforcement allowed to meet the requirements in the AASHTO LRFD
Specifications is 2 feet. Regarding horizontal spacing of steel grid reinforcement strips,
reinforcement shall be located at a maximum spacing of every other block, as allowed
by the AASHTO LRFD Specifications.

Reinforcement pullout shall be calculated based on the default values for steel grid
reinforcement provided in the AASHTO LRFD Specifications. If, at some future

time product and soil specific pullout data is provided to support use of non-default
pullout interaction coefficients (data is provided in the HITEC report for this wall
system, but different interaction coefficients were not specifically proposed), it

should be noted that pullout resistance design using these product and soil specific
interaction coefficients has not been calibrated using product specific data statistics and
reliability theory. Therefore, the specified resistance factors in the GDM and AASHTO
LRFD Specifications should not be considered applicable to product specific pullout
interaction coefficients.

Concrete for dry cast concrete blocks used in the KeySystem I wall system shall meet
the following requirements:

1. Have a minimum 28 day compressive strength of 4,000 psi.
2. Conform to ASTM C1372.
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3. The lot of blocks produced for use in this project shall conform to the following

freeze-thaw test requirements when tested in accordance with ASTM C1262:

* Minimum acceptable performance shall be defined as weight loss at the
conclusion of 150 freeze-thaw cycles not exceeding one percent of the block’s
initial weight for a minimum of four of the five block specimens tested.

The concrete blocks shall have a maximum water absorption of one percent above
the water absorption content of the lot of blocks produced and successfully tested
for the freeze-thaw test specified in the preceding paragraph.

It is noted in the HITEC report for this wall system that Keystone allows a dimensional
tolerance for the height of the block of 1/8 inch, which is consistent with ASTM
C1372, but that Elias, et al. (2001), which is referenced in Chapter 15 and by the
AASHTO Standard Specifications for Highway Bridges (2002) recommends a tighter
dimensional tolerance of 1/16 inch. Based on WSDOT experience, for walls greater
than 25 feet in height, some cracking of facing blocks due to differential vertical
stresses tends to occur in the bottom portion of the wall. Therefore, blocks placed at
depths below the wall top of 25 feet or more should be cast to a vertical dimensional
tolerance of 1/16 inch to reduce the risk of significant cracking of facing blocks.

Block connector pins shall conform to AASHTO M 32, and shall be galvanized after
fabrication in accordance with AASHTO M 111.

The steel grid ladder strips shall be transported to and handled at the project site in

a manner that minimizes bending of the steel. As shipped to the wall site, the steel
strips must still meet the tolerance requirements of ASTM A 185 (i.e., the permissible
variation of the center-to-center distance between longitudinal wires shall not exceed
+0.5 inch of the specified distance).

Approved details for the KeySystem I wall system are provided in the following plan
sheets. Exceptions and additional requirements regarding these approved details are as
follows:

1.

Immediately behind the facing blocks, either a strip of Construction Geotextile

for Underground Drainage, Moderate Survivability, Class A per Standard
Specifications Section 9-33 shall be placed vertically against the blocks, with 1 foot
horizontal tails placed at each reinforcement level (i.e., the geotextiles strip forms

a sideways “U”) shall be used (see Figures 15-1-2 and 15-1-3), or a 1 foot wide
column of crushed rock shall be placed as shown in Plan Sheets 3 and 5. In both
cases, the purpose is to prevent movement of fines in the backfill from washing
through the wall facing.

Any field bending of the welded wire strip reinforcement required to accommodate
obstructions as shown in the attached plan sheets shall be done in accordance with
Standard Specifications Section 6-02.3(24)A “Field Bending”. Any damage to the
galvanizing resulting from the bending shall be repaired such that the galvanizing
layer effectiveness for resisting corrosion is restored to its original condition.

Page 15-1-2
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Preapproved Wall Appendix: Specific Requirements and Details for KeySystem | Walls

3. Any adjustments to the facing batter needed during erection of the wall shall be

done in a manner that prevents adding additional stress to the reinforcement-
facing connection and that also prevents significant stress concentrations between
the facing blocks that could cause cracking of the facing blocks as additional
blocks are placed. The use of rope as shown in Figure 15-(KeySystem I)-1 below
is not acceptable as a method to adjust facing batter. In general, any shims used
between blocks to adjust facing batter shall be no more than 0.125 inch thick,
shall minimize the creation of local stress concentrations, and shall be made of a
material that is durable and not degrade over the life of the wall.

The culvert penetration and obstruction avoidance details are preapproved up to
a diameter of 4 feet. Larger diameter culverts or obstructions are not considered
preapproved. This wall is also preapproved for use with traffic barriers.

Keystone KeySystem | Block With Fiberglass Alignment Pins
Figure 15-I-1

KeySystem | wall Keysteel Reinforcement Connector
and Block as Assembled, Showing Both Fiberglass Alignment Pins
and Galvanized Steel Connector Pins
Figure 15-I-2
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KeySystem | Wall Keysteel Reinforcement Connector and Block as
Assemble, with Block Placed on Top
Figure 15-1-3

Page 15-1-4 WSDOT Geotechnical Design Manual M 46-03.08
October 2013



ts and Details for KeySystem | Walls

iremen

ic Requil

Specifi

['¢

Preapproved Wall Append

Appendix 15-1

Page 15-1-5

( € o[BS ON. 0¥04-L68-26 £ .E-E_M 12p Buuiney .Siguﬁ
B “yied ] 0 BIOUM U] pateddnp
owseg sieeq et jeoidhL amg | - UONBHOGSUBL J0 JUBUIBdSQ tmm : ;
WwaisAg (12 BUILIEIRY | warsAshey] s ajels uojbuysepm Aued Ary Ao i 210305 510 0] PUSILN) 6B §1 BUAEID SUL
on polerg wlad | g pewaug \K’ rg,...i.a.u.%a Wb Ee__.E il
" uRO
1o syejeq yun | waysAskay o - mepunc; o po
oIEq 1L :4g poubiseq ] LofEASY a1eq ON fewap3 “Ajuo QMONAS oM INOLSAIH 941 O
ciS-S
SWRISAS 121 BuniEiRy 2uolsAay 00z 1BuAdoy
IIE2q [leJpJeng [eOldAL le1eQ 1IN0 8did [BAIAL uopasuUo] Uid % dlisAsy SJBWI0Q Uo uole|ejsu| dujsAsy
eary 1910 U
efS 213103 10 dey dy 95
W | warsdsoy suojshay painbay se uogslosg 1n0s
“Kie Ao Auqerieny “s;wod
9PISING 10} POPUOLILIIO SHUN JOWOD *}
z
BION 3
13 ebeureiq yun
. ()
poinbas se aield iopouuo
swor jonue popiom duaskey 2/WooH
0d [espieng 1M PUODT 14
— obeujeiq [euonppy
uNE odid J0..2/L UM (ogeondde ;) ¢
40510 Y e 1100 16813160
(dhy) eBesoyouy
| Q juIor [04u0) Guddeang ueamog
“@aueIRadde pue LOYONISUO painbay s1 14 105 0 &
“panbol se SAMSA 1SnIpY Jousea 10} odd punoze 15e0 9 Aew B N
I 11 Jejjoo spanucd e 7 uey) sabiey sedid 104 -
BN EON
woibay Aq ke Aew sworsuewig, uoiBay Aq Aiep e \BiojA § SuojsuaLI
'
©
Jun | wejsAshay noAe] dujshey| [eAIAAL le12Q ped butjers] S
%3 sdalg (lem jo doy bl
] 0.
. ©
Ueld | walshshoy (ko) dushoy A
% 5] M
i
8
®
B3 10014 — S
<
SUg JTRIUOD X IH/6 9 (1]
° ° N oowiBlY | § X2/ M
N
x <
D2
(7]
] 5 []
whoyg 008 Uds
Bue|d-€ - 8084 U D
—
[CEEEIEEES “
k wnden 8-(1) Q
o sun deg v+ (2) ‘ped <
- s i <
(2 0 £ ponoidde O
el - 990151 UoepU0) 0584 0417 [y
) 10 2l ..m
¥ a 909 paRKOIN
5 . Sl UM 000E 552 o pajanasue D
W | woiskskoy 0q 1) ped Bujons) e ',
'S9ION Ped buiiaasT aseg G
| / S

October 2013



Appendix 15-1

Specific Requirements and Details for KeySystem | Walls

ix

Preapproved Wall Appendi

0¥0b-L68-256 *20] 'SWRISAS A BUIEIY ucisAay |
y e . 19 J0u s i1 20 90 Ul PSIROYCND
e siie1ag llem feaidhL aws | UONEHOUSUEL JouBLIEdRQ iyl oy ]
wialsAg ||ep Buiuiesey | walsAskay "o alEIS UoioUlsEM ANVANOD HOINOD Gt AN iR B
e =) Wojuoo SeyElew
N P e | M I\-P. SLSA LN sis.w-s;._sa_sa ps U010 o S0y
L] o o
OO [ -wr " i}
il sjiejeq duisAs) 3 wun | waisAskey - o wmey  wea N EWOIXS IuO QNSNS 124 SNOLSAZ 941 Jo KNGWS [ueiw o) auisag
swanshs e Bunrmey euciskey 002 1WBwidon
«Ju IB190 g SABY] - MBI/ Ueld doL
_ Tt POSZSSIRI SN
50 50 £ T
|
w M @ -
T ,600 ] 1 i_=3 [~ \» R 0 | ‘ _g il
aE=——— 1
s “ °
B g B
P
S w o] )
o » =
TN _ 3
7 A 4 ) ¥Du [IE18Q 885 |
1 | ] — _
[ ud .8 X3 .9H6 3 3 3 » 3 3
6107, - oM
as0019 [on9E ABUIS
[ 57 )
052 o ar M
8 PLE M
9 B0E' SM
A_mrﬂﬂm_ﬂn,_ﬁ (u)smowreig -1 | vogeubisaq am
@~ Mo} UOERera oeg eI UEid 9oL v = CAZENCEEET
EIh 5 08 0% L
|
|
9 7 9 - i
© 3
& )
) |
4k |
4 o |
1 s N~ NN rseeno 7ty b FES A=
5 [
T 2 et
° —F
g
w 14
87 £ e ST aer @ 3 & ©
A| |* UOGE3E) 2 €2 ILSY L4 BOUBRO3 Ul oz ! "
‘G8L ¥ NLSY U u WISV K 0
v ) BuuLiou00 e [09]S WHEIP P13 Wy pejestiqe) doys eue sdisho sy, ¢
€052 £ ‘eleyd oS G5V IALSY YOI .G/ oy paleaue) | dleld 2
“Aluo ereid JO 8PS U0 U0 POpPIaM 81 UM L
e TSN
\, 7

M 46-03.08
October 2013

WSDOT Geotechnical Design Manual

Page 15-1-6



Preapproved Wall Appendix: Specific Requirements and Details for KeySystem | Walls

Appendix 15-1

20l ‘SWAISAS IIEp BuUIRY aU0ISKas )
i

IE337 UORONJISqQ [EANBA

N | wojsAshoy

Siieeq Moxg GUskay

whoys s wogeu
wnu oy £q ps)

jns pue eoueseop
84} 975 4L T

wred you
PIOO © 1M PEIE0D 6 O} GJe SIOBHNS POPIOM PUE 11D |
“puNbaJ SE POpIOM PUB IN2 PIRY 9q O) 9ue sdujskay| ay |

BN

€190 UOROMiSa0 [E1UOZHOH

A woweospuey dinshay

oun qiny

1UioF UORONASUOD

uy Joouued

( 001168755
[} 95 ON : 101005000 0 ‘ued
: uopepodsue] o juswypedaq SEY65 NN ‘siodsauuy lpsinita
il SiEieq [ oAl o aje)s uojbuIysem et ued A Ao fod 315008 410} RUSKLI B0 5 BLANEI SUL
wayshs jlep Buiuielay Jun waiskshey N> i o o
0N woloid wold | kg pewayd \K. ey o
g ot
yaio0 sjiejq uononuIsqQ | Waisksiey ond - 4 bk Lot rinony
w08q 3 ) oL kg paubisaq ) uospey g ON [ewex3 “4juo &mngs 1en INOLSAZN 0w 10 Auiqers feweiul o) st ubiseq
SwaIskS e BuliEIy BuoIsAsY v002 BuAdED
0-D uopes
*
r R T 5 (dh1)
7 7. .\ ..\ Wew22Ku0Y dISAOY
{ <
Yeeame e i i H,
ra Y erRea
offuy s0paun) i w ; ofuy Jopausog
oy ul
¥ kS doia g.815
: (pes)
wn | waishshay p. G we.a yun | woishshoy
WowoRORIRY Ak’ | enspezunnes
B . XX
(‘dAy) ouaskisiod \ = — ouy Jopauuc)
uorsuedx ) ——— /i .
i / woweokuiey ko qug oweg
Ll . | [ f———niuesssoy
L aow Aempeoy ek oo Wor uogonzsuOY
Joweg owel| 880D B5EE ABMPEOY oun qung
ampng ebeueig
wor 15ue)
Anawosg) Jaweg 10 uiog 10N
our qn) @ 9pesg Aempeoy paysiuty Jr—

"Teld I/EM PUIJRE To[UIM 1oHIEG Ojel] [EEd

Joweg oyey. 5
‘/ (60e) yun | woishshay _ ‘

(dh)
oIy
dnshoy

qeis souieg

h# o~ i

Page 15-I-7

M 46-03.08

WSDOT Geotechnical Design Manual

October 2013



Appendix 15-1

Preapproved Wall Appendix: Specific Requirements and Details for KeySystem | Walls

M 46-03.08

i Ov01+L68-255 ou) ‘suwalshs 1ep Buturmay auciskay '}
9 TSN 1 Lonepodsuel] jo Juaupedaq s N Srodenuu , 0 0w P
E d 0q10u 2us f 194) ssa.58 pug 80USpyLIC? U) 08 $90P JUBLLOP SiU) Budazoe
nbunsig siieleq llep [ealdhL oms SIEIS LTIBUNSEM s AL 1Y b e et ayents 50 0 ) 54908 S0 S
walsAS llepm Buiureiey Hun | wajsAskay wao X

‘. ‘o9lod 11 J0j LORLIYIAS S, INOLSATH O} UOjUOD S[epdIEw

0N welatd pofaid g powpaud 10 Aygenb pue wog ! sieusrew
ot -w 9111214 Lopchunss® 941 Lo poseq st Bisep suL “JaRO ayy Jo Ay ai

$O/L0/F0 aws) 1 AR " 3
E Siizjaq Jowieg JelL 'd 10| Em~m>m>mv_ J :Ag poubis A uosiney a2g oN Joweix3 *AJu0 &IMOngs 1M INOLSAZH B4 Jo Aypqers [ewoul 0} 5| ubisag

2eQ AL g P a L
swajshg (e Bueiay auoyskay y00Z 14BuAd0D
3-3 uonosg 2029 Jaleg el 'd'1'D

IEM 0 oL 01 YeN .01 7

oL

pun | woshsfey
(dk1) vaskshiog vorsuedxd b

Iep o doy o} U .T_

' eiieaiopoy dushoy

05

e 5
B .
" 1 350D
& 911990 993 -
Pl g
3 S
S i
3
g
0
H A
3 PECE o
3 UL
I -1 W00 9
supr Awwng
spERQ Buley da pue I\ ¢atp) s e
USRI ey
aye)] o] suelg apyg 26 — |
]
e s

“pajecd Axoda oq [leys JaLeq yex au) uj BudIoju}a] [981S [EAIBA Iy

odogs Kempeas sssonsue o) eoipuadiod, 0q sfeme (24 JoliEq oL ‘apIs UBY a1 Jo3
1

"adofs Aempeol BSIGASUEIL %38, dn.
8pIS MO| B} UO JaLIEq U} ‘%, 8 Ue.

[

fBMDEOI 9SIOASUE] 104

‘oko o O) Buiseald aoxd e apiraud o) pandea i Aien fews biay

‘Sainjeaj [EINDALOIE SJEPOILIODVE O] P3INDI SB JIATO BjOIIU0D SERIau|

Y

oois Bupiojuip) poieod Axod3 =

sieq Bupiouial Iy

ssoun

sieg buiiojuiay Jowieg o) [eje buipusg

\_ asinop oseq empecy
degiie] 4|} skelg

Kgouoon sopeg 0} uiod 1A
U QIN) ©) BPELD ABMPECY PAYSIULY

"SUeld [EOM29[3 99 "INPADS

Buup 58 Inpuog “suoisinosg [Eods

8 *,ZJ1 01 ) passao0 o4 UED

- Auoopis ayelL xog uogaunr (k1) 'S X § YWIN
: 91X, X, X0 Ing PUE X0g Uopouny

sueig hempeoy

oorsuel) oy eapoding

yweg el |

ToNeRe[3 JoHeg oWell 'd 10

™

-

¥

o jworshskey
5oy waskishiod “uN b

JUoF 3500 pouByBnoy

ooy Aempeoy osiAsuRL

Agewoas) Jaweg 10§ UI0d 10Md
our] qnQ @ apeso Kempeoy paysjuld

WSDOT Geotechnical Design Manual

50" Min. or as Required
by Wall Manufacturer

Traffic Barier Geometry.

AuQ opis s, Uo Sutof Awwng
(dh0) sopureyd g
8 suelg fempeoy

syeieq Buey 4@ pue
‘YSul3 [BINOBON “oueg orsues) o enopedid |
owel] 10 sueld 05pug 00§

Ue|d JuIor* UojsUedX3 g AWwing

5 Ao opis syeny o er EEJ

(k) 8 'eds uior Awwing

ouny 1su0g \Wn

U O-F “XEW .08 BRdS |
or Awwng joweg

sonqing |

U 072 “XBN 04T B eds

wior dx3 Joweg _

Jupuosuedxg )

f

XN ,0-024@ uior uog 1158y

Juror votsuedx3 vt
Jyid 1o papiolald .2/}

-

9068

l
A\ 0

# 4 [981]

ur woisuedeg 3

——

Bwr 1su0)

Page 15-1-8

October 2013



-
“oul ‘swad§ e Buueiay swojsken

o » e u pajeayd
S8 [1EM [EoIdAL s | UONELIOGSUBI] j0 B EdRq oo
walshs [lem Bulueiay | waiskshe )eIG U0IDUIUSEM Kond e e
e e d 5 \ ~pofase 5141 1] uoeayads 5INOLSAIM 0 UL0jU03 SEUSIEW
300keud Ag popoL) . 10 Augen puB ‘LOTINASLO3 J0 SPOIB 'SSEW PAUIEIS 04} LI SIRUTIOW

sjiegeq Buidod "d'1D | washshay - ;Hu?s -w = S

U[doD 8010U00 d' 1D
-4 uolpeg

j

wn | wesAshon

< R
2 (dhi)igon vy I“u“

R ZIL X UL

T om0 - 2 sadd
/- O eqEy @m0 Jo jnoig

B Ec,i._m@ur&_;f

(s 5) 6uKoo 61000 Jo Buetyon Aq pesosco
Aprogduoo o1 sdeis[em 10 60 1212y} ainst]

“Su0d pusq U STIpe [ 12 12 pue ol
pig Atowe pooed o [leys sjutof uoisuedxe [Iny

18081 /8 U0 J8NO2 WINWIUIW .Z UIBIUIBA '}
910N

wi Lk L7 707,

L 105 qeauLEq MO U 8

4 .lls_
Burdog jo doy o 1iem jo doL.
Wi SUEEIID XU 1T | U o6 y,

UoTeAa]3 BUId0) S1e1U0) d 10 [EHed

Wn | warsksdoy /

swarehg e Buieoy auciskay 400 1uBuAded

S auolshay

au Eaﬁi_zox/

|
[T I ITT ]

Preapproved Wall Appendix: Specific Requirements and Details for KeySystem | Walls

Uidog) 81810000 dOL dT 0
9 -9 UofjoRg

i jweyskshey

(dAy) seqou v#

Hpueyd 201 X 2l

pig Asone peverd oq Jeys siuto] Loisuedxe [ing g

“JEqal 12 U0 J9AGY WU .2 URIUIER )
QION

0 J
Budo) 0 doL & [ep o doL
WOJ4 S0UEIEAID U L8 1/ N | wesAskey ,/

O POLOLLY 10GRY ./

S oU0jsAa)

ENIERIIER IR

T 1]

T

i

93

; o~

L

e euoiskex jo doL.

Appendix 15-1

Page 15-1-9

M 46-03.08

WSDOT Geotechnical Design Manual

October 2013




Preapproved Wall Appendix: Specific Requirements and Details for KeySystem | Walls Appendix 15-1

Page 15-1-10 WSDOT Geotechnical Design Manual M 46-03.08
October 2013



Preapproved Wall Appendix:
Specific Requirements
Appendix 15-J and Details for Tensar MESA Walls

In addition to the general design requirements provided in Appendix 15-A, the
following specific requirements apply:

The detailed design methodology, design properties, and assumptions used by Tensar
Earth Technologies for the MESA wall are summarized in the HITEC evaluation report
for this wall system (HITEC, 2000, Evaluation of the Tensar MESA Wall System,
ASCE, CERF Report No. 40358). The design methodology, which is based on the
Standard Specifications for Highway Bridges (2002) is consistent with the general
design requirements in Appendix 15-A, except as noted below. Interim approval is
given for the continued use of the AASHTO Standard Specifications as the basis

for design.

Considering the currently approved block dimensions, the maximum vertical spacing
of reinforcement allowed to meet the requirements in the AASHTO Specifications is

2 feet. Regarding horizontal spacing of reinforcement strips (i.e., rolls), reinforcement
coverage ratios of greater than 0.7 are acceptable for this wall system. This is based on
having a maximum of one facing block between reinforcement rolls, as allowed by the
AASHTO Specifications.

Reinforcement pullout shall be calculated based on the default values for geogrid
reinforcement provided in the AASHTO Specifications. For LRFD based design,
while it is recognized that product and soil type specific pullout interaction coefficients
obtained in accordance with the AASHTO LRFD Specifications for the Tensar
products used with this wall system are provided in the HITEC report for the MESA
Wall system, pullout resistance design using these product and soil specific interaction
coefficients has not been calibrated using the available product specific data statistics
and reliability theory. Therefore, the specified resistance factors in the GDM and
AASHTO LRFD Specifications should not be considered applicable to the product
specific pullout interaction coefficients provided in the HITEC report.

The reinforcement long-term tensile strengths (Ta1) provided in the Qualified Products
List (QPL) for the Tensar Geogrid product series, which are based on the 2003
version of the product series, shall be used for wall design, until such time that they
are updated, and the updated strengths approved for WSDOT use in accordance with
WSDOT Standard Practice T 925. Until such time that the long-term reinforcement
strengths are updated, it shall be verified that any material sent to the project site

for this wall system is the 2003 version of the product. Furthermore, the short-term
ultimate tensile strengths (ASTM D6637) listed in the QPL shall be used as the basis
for quality assurance testing and acceptance of the product as shipped to the project
site per the Standard Specifications for Construction.

WSDOT Geotechnical Design Manual M 46-03.08 Page 15-J-1
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar MESA Walls

Appendix 15-J

The HITEC report provided connection data for the DOT3 system and the HP System.
Both systems provide partial connection coverage, with the DOT3 system only
providing 14 teeth per 21 openings, and the HP System providing 17 teeth per 21
openings. The DOT3 system shall not be used.

The connection test results provided in the HITEC report for this wall system utilized
an earlier version (i.e., before 2003) of the Tensar product series that had lower
ultimate short-term geogrid tensile strengths than are currently approved in the QPL.
Since connection test data have not been provided for the combination of the stronger
Tensar geogrid product series (i.e., the 2003 series), the connection strengths in the
HITEC report for the older product series shall be used, which is likely conservative.
Based on the connection data provided in the HITEC report for this wall system,

the short-term, ultimate connection strength reduction factor, CRy, for the Tensar
geogrid, MESA block combination using the HP Connector system is as provided in
Table 15-(Tensar MESA)-1 for each product approved for use with the MESA system.
Table 15-(Tensar MESA)-1 also provides the approved value of Tyc, as defined in the

AASHTO LRFD Specifications, assuming a durability reduction factor of 1.1.

Tult (MARV) for | Tuit (MARV) for *CRy if CRer if
Geogrid per Geogrid per CRy (2003 Tult 2003 Tyt
Tensar | ASTM D6637 in | ASTM D6637 for | from | (MARV) (MARV)
Geogrid | HITEC Report 2003 Product | HITEC | Values Values Tac
Product (Ibs/ft) (Ibs/ft) Report| Used |RFcr| Used |(Ibs/ft)
UMESA3 4400 4820 0.79 0.72 2.6 0.28 1200
UMESA4 6850 7880 0.73 0.63 2.6 0.24 1720
UMESAS5 9030 9870 0.80 0.73 2.6 0.28 2510
UMESAG6 10,700 12200 0.75 0.66 2.6 0.25 2770
*i.e., to get same Tyltconn value as in HITEC report.
Approved Connection Strength Design Values for Tensar MESA Walls
Table 15-J-1
Tac, the long-term connection strength, shall be calculated as follows:
= Douawr *CR, (15-J-1)
RF_, e RF,
Where:
TMARV the minimum average roll value for the ultimate geosynthetic

strength Ty,

CRy = the ultimate connection strength Tyltconn divided by the lot specific
ultimate tensile strength, T]ot (i.e., the lot of material specific to the
connection testing),

RFcRrR creep reduction factor for the geosynthetic, and

RFp the durability reduction factor for the geosynthetic.
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Appendix 15-J

Preapproved Wall Appendix: Specific Requirements and Details for Tensar MESA Walls

Since the HITEC report was developed, Tensar Earth Technologies has developed a
new connector that provides, for the most part, a full coverage connector, providing

19 teeth per 21 openings. Short-term connection tests on the strongest geogrid product
in the series shows that connection strengths higher than those obtained with the HP
System will be obtained with the new connector, which is called the DOT system
(note that the 3 has been dropped — this is not the same as the DOT3 system). This new
DOT System may be used, provided that the values for Tac shown in Table 15-(Tensar
MESA)-1 are used for design, which should be conservative, until a more complete set
of test results are available. Photographs illustrating the new DOT connector system
are provided in Figures 15-(Tensar MESA)-1 through 15-(Tensar MESA)-3.

The longitudinal (i.e., in the direction of loading) and transverse (i.e., parallel to the
wall or slope face) ribs that make up the geogrid shall be perpendicular to one another.
The maximum deviation of the cross-rib from being perpendicular to the longitudinal
rib (skew) shall be manufactured to be no more than 1 inch in 5 feet of geogrid width.
The maximum deviation of the cross-rib at any point from a line perpendicular to the
longitudinal ribs located at the cross-rib (bow) shall be 0.5 inches.

The gap between the connector tabs and the bearing surface of the geogrid
reinforcement cross-rib shall not exceed 0.5 inches. A maximum of 10% of connector
tabs may have a gap between 0.3 inches and 0.5 inches. Gaps in the remaining
connector tabs shall not exceed 0.3 inches.

Concrete for dry cast concrete blocks used in the Tensar MESA wall system shall meet
the following requirements:

1. Have a minimum 28 day compressive strength of 4,000 psi.
2. Conform to ASTM C1372.

3. The lot of blocks produced for use in this project shall conform to the following
freeze-thaw test requirements when tested in accordance with ASTM C 1262:

* Minimum acceptable performance shall be defined as weight loss at the
conclusion of 150 freeze-thaw cycles not exceeding one percent of the block’s
initial weight for a minimum of four of the five block specimens tested.

4. The concrete blocks shall have a maximum water absorption of one percent above
the water absorption content of the lot of blocks produced and successfully tested
for the freeze-thaw test specified in the preceding paragraph.

It is noted in ASTM C1372 that a dimensional tolerance for the height of the block of
1/8 inch is allowed, but that Elias, et al. (2001), which is referenced in Chapter 15 and
by the AASHTO Standard Specifications for Highway Bridges (2002) recommends

a tighter dimensional tolerance of 1/16 inch. Based on WSDOT experience, for walls
greater than 25 feet in height, some cracking of facing blocks due to differential
vertical stresses tends to occur in the bottom portion of the wall. Therefore, blocks
placed at depths below the wall top of 25 feet or more should be cast to a vertical
dimensional tolerance of 1/16 inch to reduce the risk of significant cracking of

facing blocks.
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar MESA Walls Appendix 15-J

MESA DOT System Connector and Block
Figure 15-J-1

"1
e

T =

MESA DOT System Connector and Block as Assembled
Figure 15-J-2
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Appendix 15-J

Preapproved Wall Appendix: Specific Requirements and Details for Tensar MESA Walls

MESA DOT System Connector and Block as Assembled, With Block Placed on Top

Figure 15-J-3

Block connectors for block courses with geogrid reinforcement shall be glass fiber
reinforced high-density polypropylene conforming to the following minimum

material specifications:

Property Specification Value
Polypropylene ASTM D 4101 73 £ 2 percent
Group 1 Class 1 Grade 2
Fiberglass Content ASTM D 2584 25 + 3 percent
Carbon Black ASTM D 4218 2 percent minimum
Specific Gravity ASTM D 792 1.08 £ 0.04
Tensile Strength at yield ASTM D 638 8,700 + 1,450 psi
Melt Flow Rate ASTM D 1238 0.37 £ 0.16 ounces/10 min.

Block connectors for block courses without geogrid reinforcement shall be glass fiber
reinforced high-density polyethylene (HDPE) conforming to the following minimum

material specifications:

Property Specification Value
HDPE ASTM D 1248 68 + 3 percent
Group 3 Class 1 Grade 5
Fiberglass Content ASTM D 2584 30 + 3 percent
Carbon Black ASTM D 4218 2 percent minimum
Specific Gravity ASTM D 792 1.16 £ 0.06
Tensile Strength at yield ASTM D 638 8,700 + 725 psi
Melt Flow Rate ASTM D 1238 0.11 £ 0.07 ounces/10 min.

WSDOT Geotechnical Design Manual M 46-03.08
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar MESA Walls Appendix 15-J

Approved details for the Tensar MESA wall system with the DOT System connector
are provided in the following plan sheets. Exceptions and additional requirements
regarding these approved details are as follows:

In plan sheet 5 of 13, the guard rail detail, the guard rail post shall either be
installed through precut holes in the geogrid layers that must penetrated, or

the geogrid layers shall be cut in a manner that prevents ripping or tearing of

the geogrid.

In plan sheets 4, 6, and 8 of 13, regarding the geotextiles and drainage composites
shown, WSDOT reserves the right to require the use Standard Specifications
materials as specified in Standard Specification Section 9-33 that are similar to
those specified in this plan sheet.

In plan sheet 7 of 13, regarding the geogrid at wall corner detail, cords in the wall
facing alignment to form an angle point or a radius shall be no shorter than the
width of the roll to insure good contact between the connectors and the geogrid
cross-bar throughout the width of the geogrid. Alternatively, the geogrid roll could
be cut longitudinally in half to allow a tighter radius, if necessary.

In plan sheet 7 of 13, regarding the typical geogrid percent coverage, the maximum
distance X between geogrid strips shall be one block width. Therefore, the
minimum percent coverage shall be 73 percent.

The culvert penetration and obstruction avoidance details are preapproved up to

a diameter of 2 feet for culvert penetration through the face and up to 4 feet for
obstruction avoidance. Larger diameter culverts or obstructions are not considered
preapproved. This wall is also preapproved for use with traffic barriers.
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Preapproved Wall Appendix:
Specific Requirements and Details

Appendix 15-K for T-WALL® (The Neel Company)

In addition to the general design requirements provided in Appendix 15-A, the
following specific requirements apply to the design of the T-WALL®:

No HITEC evaluation report is currently available for this wall system. The design
procedures used for T-WALL® are based on the AASHTO Standard Specifications for
Highway Bridges (2002). This wall system is considered to be a hybrid wall, having
characteristics of both MSE walls and Modular walls. Interim approval is given for the
continued use of the AASHTO Standard Specifications as the basis for design.

The design procedures provided in the AASHTO Standard Specifications, Articles 5.8
and 5.9, are most applicable to this wall system and shall in general be used for design
of the T-WALL® system. For internal geotechnical stability, each panel level shall be
internally stable against local pullout stresses with a minimum safety factor of 1.5 for
static forces and 1.5 for the seismic loading case. Each panel level shall also be stable
against overturning (minimum FS of 2.0 for static forces and 1.5 for seismic forces)
and sliding (minimum FS of 1.5 for static forces and 1.1 for seismic forces) per the
AASHTO Standard Specifications. Only 80 percent of the backfill weight shall be
considered effective for resisting lateral earth pressure behind the wall for overturning
stability as required in Article 5.9 of the AASHTO Standard Specifications for
Highway Bridges (2002). For pullout analysis, a maximum friction factor of 0.5 shall
be used for soil against concrete, and Tan ¢ for soil against soil. At rest lateral earth
pressure (Kq) shall be used to calculate pullout resistance of the stems in the backfill
soil, and active earth pressure (Kj) shall be considered to act on the back of the facing
panel. Furthermore, this criterion is applicable to a center-to-center horizontal spacing
of the stems of 5 feet or less. Larger center-to-center spacings of the stems may require
that even less of the backfill weight be considered effective — the specific percentage
of backfill weight that is considered effective in the case of a stem spacing greater than
5 feet shall be approved by the State Geotechnical Engineer.

The preapproved height for this wall system (25 feet) is less than the standard
preapproved height of 33 feet for proprietary wall systems. Use of this wall system for
heights greater than 25 feet requires approval by the State Bridge Design Engineer and
the State Geotechnical Engineer. Furthermore, the first two T-WALLSs constructed on
WSDOT projects greater than 20 feet in height shall be instrumented to specifically
assess the stability of the wall and the percentage of backfill that is effective in
resisting overturning and sliding instability.
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Preapproved Wall Appendix: Specific Requirements and Details for -WALL® (The Neel Company) Appendix 15-K

Approved details for the T-WALL® system are provided in the following plan
sheets. Exceptions and additional requirements regarding these approved details

are as follows:

* In the plan sheet that shows the typical guard rail arrangement, the minimum
spacing between the back of the wall and the edge of the guardrail post shall be a
minimum of 2 feet, and the select backfill requirements shown shall meet the
Standard Specifications for Gravel Borrow, or other backfill shown in the contract
documents, rather than the specifications shown on the plan sheet.

Where filter cloth is shown, WSDOT reserves the right to require the use Standard

Specification materials as specified in Standard Specification Section 9-33 that are
similar to those specified in the plan sheets.

The culvert penetration and obstruction avoidance details are preapproved up to a diameter

of 4 feet. Larger diameter culverts or obstructions are not considered preapproved. This
wall is also preapproved for use with traffic barriers.
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LENGTH () | WEIGHT(#) WEIGHT(#)
4 1600 3200
6 1850 3700
B 2100 4200
10 2350 4700
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=The size of the T-WALL unit refers to the stem length.
*The unit reinfarcing steel meets AASHTO and AC| codes.
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Preapproved Wall Appendix: Specific
Requirements and Details for Reinforced
Appendix 15-L Earth (RECO) Concrete Panel Walls

In addition to the general design requirements provided in Appendix 15-A, the
following specific requirements apply to the design of the Reinforced EarthT™
concrete 5 feet x 5 feet panel faced retaining wall:

No HITEC evaluation report is currently available for this wall system. Design
procedures for specific elements of the wall system have been provided to WSDOT
in a binder dated March 29, 2004. The design procedures used by RECO are based on
the AASHTO Standard Specifications for Highway Bridges (2002). Internal stability
is based on the use of the Coherent Gravity method per the other widely used and
accepted methods clause in the AASHTO Standard Specifications. The Coherent
Gravity Method should yield similar results to the AASHTO Simplified Method for
this wall system. Interim approval is given for the continued use of the AASHTO
Standard Specifications and the Coherent Gravity Method as the basis for design. Note
the connector between the wall face panels and the soil reinforcement strips shall be
designed to have adequate life considering corrosion loss as illustrated in the March
29, 2004 binder provided to WSDOT by RECO.

Reinforcement pullout shall be calculated based on the default values for steel grid
reinforcement provided in the AASHTO Specifications. If, at some future time
product and soil specific pullout data is provided to support use of non-default pullout
interaction coefficients, it should be noted that LRFD pullout resistance design using
these product and soil specific interaction coefficients has not been calibrated using
product specific data statistics and reliability theory. Therefore, the specified resistance
factors in the GDM and AASHTO LRFD Specifications should not be considered
applicable to product specific pullout interaction coefficients.

Approved details for the Reinforced EarthTM concrete 5 feet x 5 feet panel faced
retaining wall system are provided in the following plan sheets. Exceptions and
additional requirements regarding these approved details are as follows:

» Several plan sheets were submitted that detail panels with dimensions other than
5 feet x 5 feet. The cruciform shaped panels are also considered preapproved
for use in WSDOT projects. However, unless otherwise shown in the contract, it
should always be assumed that the 5 feet x 5 feet panels are intended for WSDOT
projects. Other panel sizes may be used by special design (e.g., full height panels),
with the approval of the State Bridge Design Engineer and the State Geotechnical
Engineer, provided a complete wall design with detailed plans are developed and
included in the construction contract (i.e., walls with larger facing panels shall not
be submitted as shop drawings in design-bid-build projects).
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Preapproved Wall Appendix: Specific Requirements and Details for Reinforced Earth (RECO) Concrete Panel Walls Appendix 15-L

» Where filter cloth or geotextile fabric is shown, WSDOT reserves the right
to require the use Standard Specification materials as specified in Standard
Specification Section 9-33 that are similar to those specified in this plan sheet.

* Where steel strips are skewed to avoid a backfill obstruction, the maximum skew
angle shall be 15 degrees.
* The culvert penetration and obstruction avoidance details are preapproved up to

a diameter of 4 feet. Larger diameter culverts or obstructions are not considered
preapproved. This wall is also preapproved for use with traffic barriers.
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Preapproved Wall Appendix:
Specific Requirements and
Appendix 15-M Details for Tensar ARES Walls

In addition to the general design requirements provided in Appendix 15-A,
the following specific requirements apply:

The detailed design methodology, design properties, and assumptions used by Tensar
Earth Technologies for the ARES wall are summarized in the HITEC evaluation report
for this wall system (HITEC, 1997, Evaluation of the Tensar ARES Retaining Wall
System, ASCE, CERF Report No. 40301). The design methodology, which is based on
the Standard Specifications for Highway Bridges (2002) is consistent with the general
design requirements in Appendix 15-A, except as noted below. Interim approval is
given for the continued use of the AASHTO Standard Specifications as the basis

for design.

Reinforcement pullout shall be calculated based on the default values for geogrid
reinforcement provided in the AASHTO Specifications. For LRFD based design,
while it is recognized that product and soil type specific pullout interaction coefficients
obtained in accordance with the AASHTO LRFD Specifications for the Tensar
products used with this wall system are provided in the HITEC report for the ARES
Wall system, pullout resistance design using these product and soil specific interaction
coefficients has not been calibrated using the available product specific data statistics
and reliability theory. Therefore, the specified resistance factors in the GDM and
AASHTO LRFD Specifications should not be considered applicable to the product
specific pullout interaction coefficients provided in the HITEC report.

The reinforcement long-term tensile strengths (T,,) provided in the WSDOT Qualified
Products List (QPL) for the Tensar Geogrid product series, which are based on

the 2003 version of the product series, shall be used for wall design, until such

time that they are updated, and the updated strengths approved for WSDOT use

in accordance with WSDOT Standard Practice T 925. Until such time that the long-
term reinforcement strengths are updated, it shall be verified that any material sent

to the project site for this wall system is the 2003 version of the product. Furthermore,
the short-term ultimate tensile strengths (ASTM D6637) listed in the QPL shall be used
as the basis for quality assurance testing and acceptance of the product as shipped

to the project site per the Standard Specifications for Construction.

The HITEC report provided details and design criteria for a panel slot connector

to attach the geogrid reinforcement to the facing panel. Due to problems with cracking
of the facing panel at the location of the slot, that connection system has been
discontinued and replaced with a full thickness panel in which geogrid tabs have been
embedded into the panel. For this new connection system, the geogrid reinforcement
is connected to the geogrid tab through the use of a Bodkin joint. Construction and
fabrication inspectors should verify that the panels to be used for WSDOT projects

do not contain the discontinued slot connector.

WSDOT Geotechnical Design Manual M 46-03.08 Page 15-M-1
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The Bodkin connection test results provided by letter to WSDOT dated

September 28, 2004, were performed on the 2003 version of the Tensar geogrid
product line. In that letter, it was stated that UMESA6 (UX1700HS) will typically

be used for the connector tabs, regardless of the product selected for the reinforcement.
If a lighter weight product is used for the connector tabs, the connection strength will
need to be reduced accordingly. Table 15-(Tensar ARES)-1 provides a summary of the
connection strengths that are approved for use with the ARES wall system.

Tensar Soil Tensar Panel T, (MARV) for Geogrid
Reinforcement Connector Tab Reinforcement per ASTM D6637 | CR, RF T,. (Ibs/ft)
Geogrid Product | Geogrid Product in WSDOT QPL (Ibs/ft)
UMESA3/ UMESAG6/
4,820 1.0 3.6 1,340
UX1400HS UX1700HS
UMESA4/ UMESA6/ ~ 880 10 3.5 2250
UX1500HS UX1700HS ’ ' ’ '
UMESA5/ UMESAG6/ 9.870 10 3.4 2 900
UX1600HS UX1700HS ’ ' ' '
UMESA®6/ UMESA6/
12,200 0.91 3.3 3,360
UX1700HS UX1700HS
UMESA3/ UMESA3/
4,820 0.85 3.6 1,140
UX1400HS UX1400HS
UMESA4/ UMESA4/
7,880 0.79 3.5 1,780
UX1500HS UX1500HS
UMESAS/ UMESAS5/
9,870 0.87 3.4 2,530
UX1600HS UX1600HS
UMESAG/ UMESAG/ 12,200 0.91 3.3 3,360
UX1700HS UX1700HS ' ) ’ '

Approved Connection Strength Design Values for Tensar Ares Walls

Table 15-M-1
T, ., the long-term connection strength, shall be calculated as follows for the Tensar
ARES wall:
7. = D *CR, (15-(Tensar ARES)-1)
RF
Where:
RF = RF,, x RF_, x RF),

and,

Tyary = The minimum average roll value for the ultimate geosynthetic
strength T,

CR, = The ultimate connection strength T, ~divided by the lot specific
ultimate tensile strength, T, , (i.e., the lot of material specific to the
connection testing)

RF,;, = Reduction factor for installation damage

RF.x = Creep reduction factor for the geosynthetic

RF, = The durability reduction factor for the geosynthetic
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Approved details for the Tensar ARES wall system are provided in the following
plan sheets. Exceptions and additional requirements regarding these approved details
are as follows:

 For all plan sheets, the full height panel details are not preapproved. Full height
panels may be used by special design, with the approval of the State Bridge
Design Engineer and the State Geotechnical Engineer, provided a complete
wall design with detailed plans are developed and included in the construction
contract (i.e., full height panel walls shall not be submitted as shop drawings
in design-bid-build projects).

* In plan sheet 3 of 19, there should be a minimum cover of 4 inches of soil between
the geogrid and the traffic barrier reaction slab.

 In plan sheet 8 of 19, the strength of the geogrid and connection available shall be
reduced by 10% to account for the skew of the geogrid reinforcement. The skew
angle relative to the perpendicular from the wall face shall be no more than 10°.

* In plan sheets 10 and 14 of 19, regarding the filter fabric shown, WSDOT reserves
the right to require the use Standard Specification materials as specified in Standard
Specification Section 9-33 that are similar to those specified in this plan sheet.

* Inplan sheet 15 of 19, the guard rail detail, the guard rail post shall either
be installed through precut holes in the geogrid layers that must penetrated,
or the geogrid layers shall be cut in a manner that prevents ripping or tearing
of the geogrid.

* The culvert penetration and obstruction avoidance details are preapproved up to
a diameter of 2 feet for culvert penetration through the face and up to 4 feet for
obstruction avoidance. Larger diameter culverts or obstructions are not considered
preapproved. This wall is also preapproved for use with traffic barriers.
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Appendix 15-M

Preapproved Wall Appendix: Specific Requirements and Details for Tensar ARES Walls
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Appendix 15-M Preapproved Wall Appendix: Specific Requirements and Details for Tensar ARES Walls
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar ARES Walls
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar ARES Walls
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar ARES Walls Appendix 15-M
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar ARES Walls
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar ARES Walls
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Appendix 15-M
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar ARES Walls Appendix 15-M
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar ARES Walls Appendix 15-M
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Preapproved Wall Appendix: Specific

Appendix 15-N Requirements and Details for Nelson Walls

In addition to the general design requirements provided in Appendix 15-A, the
following specific requirements apply to the design of the Nelson Wall:

No HITEC evaluation report is currently available for this wall system. However,

in general, this wall system is used as a precast concrete substitute for the WSDOT
Standard Plan Reinforced Concrete Cantilever Wall. The design procedures used for
Nelson Walls are based on the AASHTO Standard Specifications for Highway Bridges
(2002). Interim approval is given for the continued use of the AASHTO Standard
Specifications as the basis for design.

The preapproved height for this wall system (28 feet) is less than the standard
preapproved height of 33 feet for proprietary wall systems. Use of this wall system
for heights greater than 28 feet requires approval by the State Bridge Design Engineer
and the State Geotechnical Engineer.

Approved details for the Nelson Wall system are provided in the following plan sheets.
Note that no approved details for penetration of culverts or other objects through

the wall face were provided. Therefore, this wall system is not preapproved for such
situations. This wall system is preapproved for placement of traffic barriers on top

of the wall.
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Preapproved Wall Appendix:
Specific Requirements and Details
Appendix 15-O for Tensar Welded Wire Form Walls

In addition to the general design requirements provided in Appendix 15-A,
the following specific design requirements shall be met:

No HITEC evaluation report is currently available for this wall system. Design
procedures for specific elements of the wall system have been provided to WSDOT in
a submittal dated May 20, 2005, and final Wall Details submitted May 26, 2005. The
design procedures used by Tensar Earth Technologies (TET) are in full conformance
with the AASHTO LRFD Bridge Design Specifications (2004).

This wall system consists of Tensar geogrid reinforcement that is connected to a
welded wire facing panel. Regarding the welded wire facing panel, the minimum wire
size acceptable for permanent walls is W4.5, and the welded wire shall be galvanized
in accordance with the AASHTO LRFD specifications. The actual wire size submitted
is W4.0. The exception regarding the wire size is allowed. Due to the smaller wire
size, there is some risk that the welded wire form will not provide the full 75 year life
required for the wall. Therefore, to insure internal stability of the wall, the geogrid
reinforcement shall be wrapped fully behind the face to add the redundancy needed

to insure the wall face system is stable for the required design life. The galvanization
requirement for the welded wire form still applies, however, as failure of the welded
wire form at some point during the wall design life could allow some local sagging of
the wall face to occur. The minimum clear opening dimension of the facing panel, or
backing mat if present, shall not exceed the minimum particle size of the wall facing
backfill. The maximum particle size for the wall facing backfill shall be 4 inches. The
maximum vertical spacing of soil reinforcement shall be 18 inches for vertical and
battered wall facings.

The geogrid tensile strengths used for design for this wall system shall be aslisted in
the WSDOT Qualified Products List (QPL).

The Bodkin connection shown in the typical cross-section (page 15-(Tensar WW)-1)
may be used subject to the following conditions:

» No more than one Bodkin connection may be used within any given layer, and on
no more than 50% of the layers in a given section of wall.

+ [f the Bodkin connection is located outside of the active zone for the wall as
defined in the AASHTO LRFD Bridge Design Specifications plus 3 feet and is
located at least 4 feet from the face, no reduction in design tensile strength due to
the presence of the Bodkin connection is required.

« If the Bodkin connection is located closer to the wall face than as described
immediately above, the design tensile strength of the reinforcement shall be
reduced to account for the Bodkin connection. Table 15-(Tensar WW)-1 provides
a summary of the reduction factors to be applied to account for the presence of the
Bodkin connection.
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar Welded Wire Form Walls Appendix 15-O

'I:ensa.\r Primary Tensar Product to Which Soil Connection Strength

Soil Reinforcement . . .
. Reinforcement is Connected Reduction Factor, CRu

Geogrid Product
UMESA3/UX1400HS UMESA6/UX1700HS 1.0
UMESA4/UX1500HS UMESAGB/UX1700HS 1.0
UMESA5/UX1600HS UMESAGB/UX1700HS 1.0
UMESAG6/UX1700HS UMESA6/UX1700HS 0.91
UMESA3/UX1400HS UMESA3/UX1400HS 0.85
UMESA4/UX1500HS UMESA4/UX1500HS 0.79
UMESA5/UX1600HS UMESA5/UX1600HS 0.87
UMESAGB/UX1700HS UMESAGB/UX1700HS 0.91

Approved Bodkin Connection Strength Reduction Factors
for Tensar Welded Wire Form Walls
Table 15-0-1

Approved details for the Tensar Welded Wire Form Wall system are provided in
the following plan sheets. Exceptions and additional requirements regarding these
approved details are as follows:

Though not shown in the approved plan sheets, if guard rail is to be placed at the
top of the wall, the guard rail post shall either be installed through precut holes
in the geogrid layers that must penetrated, or the geogrid layers shall be cut in a
manner that prevents ripping or tearing of the geogrid.

In plan sheets on pages 3, 4, 5, and 13, regarding the geotextiles shown, WSDOT
reserves the right to require the use Standard Specification materials as specified
in Standard Specification Section 9-33 that are similar to those specified in this
plan sheet.

Regarding the plantable face alternate plan details on page 6, this alternative shall
only be considered approved if specifically called out in the contract specifications.

Regarding the welded wire form and support strut details on page 7, galvanization
is required per the contract specifications for all permanent walls.

Regarding the geogrid penetration plan sheet detail on page 15, alternative 1

from Article 11.10.10.4 of AASHTO LRFD Bridge Design Specifications shall

be followed to account for the portion of the geogrid layer cut through by the
penetration. For penetration diameters larger than 30 inches or closer than 3 feet
from the wall face, Alternative 2 in AASHTO LRFD Article 11.10.10.4 shall apply
to accommodate the load transfer and to provide a stable wall face.

The culvert penetration and obstruction avoidance details are preapproved up to

a diameter of 4 feet for culvert penetration through the face and up to 2.5 feet for
obstruction avoidance. Larger diameter culverts or obstructions are not considered
preapproved. This wall is also preapproved for use with traffic barriers.

This wall system is preapproved for both a welded wire/gravel fill face for vertical
to near vertical facing batter, and welded wire vegetated face, provided a minimum
horizontal step of 6 inches between each facing lift is used, effectively battering
the wall face at 3V:1H or flatter. The horizontal step is necessary to reduce vertical
stress on the relatively compressible topsoil placed immediately behind the facing
so that settlement of the facing does not occur.
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Appendix 15-O Preapproved Wall Appendix: Specific Requirements and Details for Tensar Welded Wire Form Walls

TOP OF WALL

CUT TOP MOST WIRE
FORM TO CONFORM
WITH FINISHED GRADE
OR NEST INTO
UNDERLYING WIRE FORM

— 47 FREE DRAINING STONE

T
|
|
|
|
|
|
|
|
1
AASHTO M288 CLASS 3 GEOTEXTILE : LIMIT OF REINFORCED
=

TENSAR UNIAXIAL STRUCTURAL GI}EOGRID

FILL

WAL WELDED WIRE '
HEIGHT
VAR FACING UNIT i
BX1120 :
|
l
SzRETAINED
|
SUPPORT STRUT : SmLZ§
|
R BODKIN CONNECTION :
Pt (REQUIRED IF LAYERS ARE COMPOSED
e OF DIFFERENT GEOGRID) |
T R had
1.5 S T i
P
"2 FounpaTion
o7 .,
GEQOGRID EMBEDMENT LENGTH VARIES
TYPICAL CROSS—SECTION
DESCRIPTION  [TYPICAL CROSS—SECTION ]
FILE NAME: [WWFSS6.DWG ]
Tensar FEarth Technologies Inc. TYPICAL CROSS—SECTION
Tensar-
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar Welded Wire Form Walls Appendix 15-O

|
: = REINFORCED

SUPPORT STRUT FILL—7
BX1120 GEOGRID WRAP

36” (MIN.)
TOP AND BOTTOM

WELDED WIRE 27 MIN. — 4" MAX. FACE STONE

FACING UNIT

NOTES:

1. SEE WELDED WIRE FACING UNIT DETAIL FOR MATERIAL
AND DIMENSIONS.

2. ALL FACING UNITS SHALL BE GALVANIZED AS PER
ASTM A123 AFTER FABRICATION.

3. OPTIONAL THIN LAYER OF FINER STONE MAY BE
PLACED AT THE TOP OF EACH UNIT TO PROVIDE
A LEVEL SURFACE FOR THE UNIT ABOVE.

ALTERNATE WELDED WIRE FACING DETAIL

NOT TO SCALE

TENSAR UNIAXIAL GEOGRID
Hﬁ" (MIN.) /INACCORDANCE WITH ELEVATION VIEW

DESCRIPTION  [ALTERNATE WELDED WIRE FACING DETAIL]

FILE NAME: [WFD1e20305.0WG

Tensar Earth Technologies Inc.

[ensar:

TYPICAL DETAIL
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Appendix 15-O Preapproved Wall Appendix: Specific Requirements and Details for Tensar Welded Wire Form Walls

BX1120

|

n =
REINFORCED
SUPPORT STRUT FlLL/Lq_

/BH‘HZO GEOGRID WRAP

36" (MIN)
TOP AND BOTTOM

WELDED WIRE ., .,
FACING UNIT 1" MIN. — 2" MAX. FACE STONE
15" EANG)
(vp.) S0IEN P TENSAR UNIAXIAL GEOGRID
SRS (MIN.) / INACCORDANCE WITH ELEVATION VIEW
AASHTO M288 CLASS 3 GEOTEXTILE
8" (MIN.)

NOTES:
1. SEE WELDED WIRE FACING UNIT DETAIL FOR MATERIAL
AND DIMENSIONS.
2. ALL FACING UNITS SHALL BE GALVANIZED AS PER
ASTM A123 AFTER FABRICATION.

ALTERNATE WELDED WIRE FACING DETAIL (17 — 2” FACE FILL)

NOT TO SCALE

DESCRIPTION  [ALTERNATE SIERRASCAPE
FACING DETAIL {1°-2" FACE FILL)

FILE NAME: [WWFSS2e020305.0WC

Tensar Earth Technologies Inc.

Tensar+

TYPICAL DETAIL
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar Welded Wire Form Walls Appendix 15-O

LIMIT OF PLANTABLE FILL SHALL NOT EXTEND BENEATH
THE WELDED WIRE FORM FACING UNIT ABOVE

WELDED WIRE FORM g aull Bl TENSAR UNIAXIAL GEOGRID
FACING UNIT CO g = /|N ACCORDANCE WITH ELEVATION VIEW
e il o o <_ﬂ ’
=} o G
36" (MIN.)

TOP AND BOTTOM

/*TENSAR BX1120 GEOGRID 18

o i00 oiol -

VARIES
(68" MIN.)

—‘<1L' |--—3" (MIN. TRM LENGTH EXTENDING BENEATH 8 g

NORTH AMERICAN
GREEN P300 TRM

- THE WELD WIRE FORM FACING UNIT ABOVE) . 5 o
o 0l .8 5 gt
SUPPORT STRUT o -5 ° '

o @

6" MIN. BOTTOM
WRAF OF TRM

ah 8

PLANTABLE FILL
(TOP SOIL)
(SEE NOTE 3)

1. SEE WELDED WIRE FORM FACING UNIT DETAIL FOR
FACING MATERIAL AND DIMENSIONS.
2. FACING UNITS SHALL BE CONSTRUCTED FROM BLACK STEEL.

3. PLANTABLE FILL OR TOP SOIL MAY BE PLACED AT THE
FACE TO SUPPORT VEGETATION GROWTH.

ALTERNATE WELDED WIRE FORM FACING DETAIL (PLANTABLE FACE FILL})

NOT TO SCALE

DESCRIPTION  [SIERRASCAPE FACING DETAL |
FILE NAME: [WWFSS3e20305.0WG ]

Tensar Earth Technologies Inc. TYPICAL DETAIL

[ensar:
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SUPPORT STRUT LENGTH |

(\

(MEASURE INSIDE HOOK—INSIDE HOOK) I

)

WIRE STRUTS
7-0" C/C TYP.
{FIELD ADJUST AS REQUIRED)

1.5
—~ 15 - \—ELECTROPLJ\TED
(TYP.)
SUPPORT STRUT
- 1.5 !
I N VIEW A
\\\ I
S u \:“ ™~ 2.0° C/C MAX.
AN MRS \\;\(AS REQUIRED)
N '_‘\\ N \\
NN \.\\\\
N R'\\\\
o—or 9 - ‘*\\\\\ SUPPORT STRUT
\ TN 4x4—W4,0xW4.0
Naat WELDED WIRE FABRIC
e N .
Reh
Rt
SN
NOTES:

[Z

WIDTH IS 9'-8" WITH 4" OVER LAPPING AT ENDS.

-~

PROVIDED IN FABRICATORS SHOP DRAWINGS.

A
=1

. FACING TO CONSIST OF PREFABRICATED WWF 4x4—W4.0xW4.0 FORMS.
. ALL FORMS SHALL BE GALVANIZED PER ASTM A123 AFTER BENDING WHEN REQUIRED.
. OVERALL LENGTH OF WIRE FORMS IS 10°-0". EFFECTIVE CONSTRUCTED

. STRUT LENGTH AND CROSS—SECTIONAL FORM DIMENSIONS TO BE

BUTT VERTICAL BAR
TO VERTICAL BAR BETWEEN
FACE PANELS.

.

e |
A

9'-8"

4" OVERLAP

CENTER

WELDED WIRE FORM DETAIL

NOT TO SCALE

DESCRIPTION ~ [WELDED WIRE FORM DETAL

FILE NAME: [wWF.DWG

[ensarr

Tensar Earth Technologies Inc.

TYPICAL DETAIL
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar Welded Wire Form Walls Appendix 15-O

BEND OR CUT BASKETS TO FIT FIELD CONDITIONS
ENSURE THAT GEOTEXTILE AND BIAXIAL GEOGRID OVERLAP 1" MINIMUM

90° OUTSIDE CORNER DETAIL

NOT TO SCALE

DESCRIPTION  [OUTSIDE CORMER DETAIL ]
FILE NAME: [wwFCD.DWG ]

TYPICAL DETAIL

Tensar Earth Technologies Inc.

Tensar*
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/
-~ [

|1 .
s j/%: N
I 4z= N
‘/;r;r:/“ NOTE: D
A
P BEND, BUTT OR CUT BASKETS TO FIT FIELD CONDITIONS %

90° INSIDE CORNER DETAIL
NOT TO SCALE

DESCRIPTION  [INSIDE CORNER DETAIL ]
FILE NAME: [WWFCD2.DWG ]

TYPICAL DETAIL

Tensar Farth Technologies Inc.

[ensar-
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MINIMUM 3" OF SOIL
BETWEEN OVERLAPPING
LAYERS OF GEOGRID

i Wl‘? | an
ﬁk* TR
\

GEOGRID PLACEMENT ON CURVES

TRIM GEOGRID AT FACE
WHERE NECESSARY

\i'\il‘i '{
LT
uﬁ;\;\g\l

FRONT FACE

NOT TO SCALE

DESCRIPTION
FILE NAME:

[GEOGRID PLACEMENT ON CURVES]
[GPOC2.DWG ]

Tensar Earth Technologies Inc.

Tensar-

TYPICAL DETAIL
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FRONT FACE OF WALL

o
e
=
i
i
=
== ZZ
ek =
#y,
=

T ‘:&E'\
R
N

3" SOIL FILL REQUIRED BETWEEN OVERLAPPING
GEOGRIDS FOR PROPER ANCHORAGE

WALL CORNER DETAIL

NOT TO SCALE

DESCRIPTION ~ [WALL CORNER DETALL ]
FILE NAME: [GPOW4.DWG J

Tensar Earth Technologies Inc. TYPICAL DETAIL

[ensar-
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar Welded Wire Form Walls Appendix 15-O

FRONT FACE OF WALL

GEOGRID 90° CORNER DETAIL
NOT TO SCALE

DESCRIPTION [GEOGRID 90" CORNER DETAIL |
FILE NAME: [GPOW5.DWG ]

TYPICAL DETAIL

Tensar Earth Technologies Inc.

[ensar:
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Appendix 15-O Preapproved Wall Appendix: Specific Requirements and Details for Tensar Welded Wire Form Walls

AASHTO M288 CLASS 3 NONWOVEN
FIELD CUT WWF BASKETS DRAINAGE GEOTEXTILE
TO FIT ARCUND PIPE
(48" MAX. PIPE DIAMETER)

REINFORCED FILL (TYP.}
EXTENT OF GEOTEXTILE /
WRAF: (AT. PENETRATION ::gc;.n;;: :;;||'::||||::;|||;f |;;;|u;:;n|f;;||| |||;;|||;
s I 1 e e T 1
________________ [ T T T T T T ST |
L ] 'lzli.itsa‘:i%,'fglu._as%'e“l .'.ﬂ_ﬁ\‘l,':{.:%\_!”.._.”'
T e S — 12" MIN. e e

DR
r]II-ITnIT'Ih‘l'l; 1, |
[ 1 [ e AT 11

11 1 |
”'m' I|||:!,||| |||!!|||,

* |II|:|||”‘|III| T
(TN TINTTA
!I| (Il

SELECT FILL (TYP.),
(AS REQUIRED BY OTHERS)

ELEVATION VIEW PLAN VIEW

NOTES:
1. CUT WIRE FACING AS CLOSE AS POSSIBLE TO PIPE PENETRATION,
2. CUT OR TERMINATE GEOGRIDS 3 INCHES OR LESS FROM PIPE.

3. WRAP ENTIRE PIPE WITH AASHTO M288 CLASS 3 NON-WOVEN DRAINAGE
GEOTEXTILE. ENSURE THAT WRAP EXTENDS AT LEAST 12 INCHES
BEHIND WIRE FACING AT PENETRATION TO ENSURE NO LOSS OF FILL.

4. FOR GEOGRID LAYOUT REFER TO ELEVATION VIEW FOR LENGTH, TYPE AND LOCATION

PIPE PENETRATION DETAIL AT WELDED WIRE FACE SYSTEM

NOT TO SCALE
PIPE PENETRATION DETAIL AT
DESCRIPTION WELDED WIRE FACE SYSTEM
FILE NAME: [GPP10.DWG ]
Tensar FEarih Technologies Inc. TYPICAL DETAIL
Tensar-
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar Welded Wire Form Walls Appendix 15-O

e

2x PIPE DIAMETER (MIN.)

GEOGRID (TYP.)

3" (MIN.) SOIL COVER
BETWEEN PIPE & GEOGRID

GEOGRID PLACEMENT AT PIPE

NOT TO SCALE

SPACE EQUAL DISTANCE APART 3" (MIN.)
SOIL COVER BETWEEN GEOGRIDS

DESCRIPTION |GEOGRID PLACEMENT AT PIPE |
FILE NAME: [cPP1.DWG ]

TYPICAL DETAIL

Tensar Farth Technologies Inc.

n

[ensar-
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Appendix 15-O Preapproved Wall Appendix: Specific Requirements and Details for Tensar Welded Wire Form Walls

CUT OPENING IN GEOGRID A MAX. OF 2"
LARGER THAN VERTICAL STRUCTURES

Ll 30.0”7 (MAX.)

\—FRONT FACE OF

WIRE FORM WALL
NOTE.:

FOR OTHER CONDITIONS APPLY THE PROVISIONS OF
ARTICLE 11.10.10.4 OF AASHTO LRFD SPECIFICATIONS.

GEOGRID PENETRATION

NOT TO SCALE

DESCRIPTION  [GEOGRID PENETRATION

FILE NAME: [GP2.0WG

n

[ensar-

TYPICAL DETAIL

Tensar Farth Technologies Inc.

WSDOT Geotechnical Design Manual M 46-03.08
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar Welded Wire Form Walls Appendix 15-O

TO FORM A BODKIN CONNECTION:
1. BEND THE LAST APERTURE OF ONE PIECE OF GEOGRID IN HALF.

( PIECE 2
Y — ca— o—

LAST APERTURE

PIECE 1

2. PASS THE BENT APERTURES THROUGH THE APERTURES OF THE
SECOND PIECE OF GEOGRID AND INSERT THE BODKIN BAR INTO
THE CAVITY BETWEEN THE GEOGRIDS.

4.5" WIDE HDPE BODKIN BAR

3. PULL BOTH PIECES OF GEOGRID IN OPPOSITE DIRECTIONS TO
COMPLETE CONNECTION.

NOTE:

THE SPLICED GEOGRID PIECE ON EITHER SIDE OF THE BODKIN
CONNECTION BE AT LEAST & FEET LONG UNLESS THE GEOQGRID
TERMINATES IN A FIXED CONNECTION.

BODKIN CONNECTION
NOT TO SCALE

DESCRIPTION  [BODKIN CONNECTION

FILE NAME: [BC.OWG

[ensar:

Tensar Earth Technologies Inc.

TYPICAL DETAIL

Page 15-0-16
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Appendix 15-O Preapproved Wall Appendix: Specific Requirements and Details for Tensar Welded Wire Form Walls
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Preapproved Wall Appendix: Specific Requirements and Details for Tensar Welded Wire Form Walls Appendix 15-O

Sheet Number
4of 4

WIRE FORM RETAINING WALL SYSTEM
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Preapproved Wall Appendix:
Specific Requirements and
Appendix 15-P Details for Lock and Load Walls

In addition to the general design requirements provided in Appendix 15-A, the
following specific requirements apply:

Facing System — The wall shall be designed as a wrapped face wall system. The
concrete counterfort that attaches to the facing panel shall penetrate through the
geogrid reinforcement by only cutting transverse ribs as necessary to allow the
counterfort to connect to the facing panel, as shown in the preapproved plans. The wall
facing design shall demonstrate that the facing panel plus counterfort is stable for all
limit states in accordance with the AASHTO LRFD Bridge Design Specifications, the
Bridge Design Manual M 23-50, and the Geotechnical Design Manual.

Soil Reinforcement — Only geosynthetic reinforcement listed in the QPL shall be used.
The ultimate and long-term design strengths specified in Appendix D of the QPL shall
be used.

Reinforcement pullout shall be calculated based on the default values for geogrid
reinforcement provided in the AASHTO Specifications.

The Lock and Load Wall system shall only be used at locations where the wall will
be above the water table.

Approved details for the Lock and Load wall system are provided in the following plan
sheets. Exceptions and additional requirements regarding these approved details are
as follows:

» WSDOT standard materials, including backfill used for the wall, shall be used
where possible. With regard to the wall backfill, the entire reinforced zone for
the wall shall be backfilled with WSDOT Gravel Borrow, not just the area shown
in the plans (i.e., sheet 2). Where “filter fabric” is specified in the preapproved
plans, it shall be a WSDOT Standard Specification Construction Geotextile for
Underground Drainage material (Section 9-33).
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Preapproved Wall Appendix: Specific Requirements and Details for Lock and Load Walls
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Preapproved Wall Appendix: Specific Requirements and Details for Lock and Load Walls

140443INN0D-31-L0aSMTI
HIGWNN SHIMYHA ¥NO

ONIMYHA ¥IWOLSND
3WNH 1304 YN0

o4

SN

JeEIVZENT]

va/oy,

o o

[ER

I g

STIV130 WOIdAL

LYO443INNOD GYVANVLS

o9 ) sxe!

E=

+330

3LvT NOILdI¥IS30 A

M3IA TVIHOLOId

M3IIN dV3Id

W0 9—— e

£S8'€ L

ub

NOILVYOO1

08SY WISV FdIM 1331S

SSAINIVLS IS STT vOEL 'VIA Wb/T

JUIM 40 INIT ¥ILNID

085V WLSY FUIM 133LS SSTINIVLS ISH STT v0EL "VIA /T SI WIHALYW (T

M3IA 3AIS

d0OT ONLLOANNOD WSL'9—  [*S €

L HHEL
o LY,

¥3IA0D ‘NIW /€

M3IN dOL
T

L =
T =)

W0°E

‘310N

1Iv13a ONIAN3E dve
N

QUVA 218N ¥3d Y3914 WANLONYLS a1 € (€

AINJWNIVILING ¥IV %9 (2

1Sd 00SS

SAVA 8T LY HLONFULS JAISSTINOD FLFIINOD WNIWINIW (T
‘310N

M 46-03.08
October 2013

WSDOT Geotechnical Design Manual

Page 15-P-6



Preapproved Wall Appendix: Specific Requirements and Details for Lock and Load Walls

Appendix 15-P

HINYOO-41-LOaSM-T1
YIGWNN SHIMYH] ¥NO

ONIMYHA ¥IWOLSND
38WNIH 1308 YN0

JeEIVZENT]

04

SN

va/od,

2190110

VI o

STIV130 WOIdAL

HINYOO 1SVO 13IM

OvhL-262 (709) Xed 5

sois qom,

31va

NOILdI¥IS30

AT

S'TA/WS'TA SMY/OLHSYY HLIM 3ONVAY00DV NI ONIQT1Im
SNIAvY ONIANTONI 3AISLNO OL 3AISLNO OL UV SNOISNIWIA TV
08S V WLSV IS) STT FHIM 133LS SSTINIVLS +0€L 'VIA Wb/T SI TVIYILYIW

‘310N
STIVL3A LNJNIFOHOANITH HINHOD
M3IA 3AIS M3IN LNOHA
ﬂ WSLEET—
Om
MSY v

()

M3IA dOL
__mnm.hj

1OVYLINOD NI @3I4I03dS SV JdN.LX3L ONIDVA (b
QYVA JI8ND ¥3d Y394 WANLONYLS a1 € (€

INGWNIVELNG Y %0 (2 JANYHOD 3AISLNO 1437

SAVA 8¢ 1V 1sd00SsS IV TV U}
HLONIYLS JAISSTIANOD ILIYINOD WNIWINIW (T M3IN dOL
310N

M3IA 3AIS

ST

__Ov.ﬁﬁl — )
o\jﬁi_of \SL'9 V1A ST°

dOOT ONILO3INNOD

S¢" + 0- 3ONIIIT0L
LHOIFH dOOT QYVANVLS

YINYOD 33¥53A 06
Y04 YINIHHILS F1FHONOD

d3INdJOD 3dIS1NO 1LHOIY
M3IN dOL

d3INdOD 3dISNO L4371

M3IN dOL

SC+ 0- .8

Page 15-P-7

M 46-03.08

WSDOT Geotechnical Design Manual

October 2013



Appendix 15-P

Preapproved Wall Appendix: Specific Requirements and Details for Lock and Load Walls
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Preapproved Wall Appendix:
Specific Requirements and
Appendix 15-Q Details for SSL Concrete Panel Walls

In addition to the general design requirements provided in Appendix 15-A, the
following specific requirements apply to the design of the SSL MSE Plus™
Retaining Wall:

The welded wire steel soil reinforcement shall be comprised of W11, W20, or W24
smooth wire as shown and noted in the preapproved SSL MSEPIus wall system
drawings. Deformed bars shall not be used for soil reinforcement. As SSL has
committed to always supply soil reinforcement steel with a minimum yield strength of
75 ksi, the soil reinforcement steel shall be designed for a yield strength, Fy, of 75 ksi,
which is greater than the minimum yield strength specified in ASTM A82. Because the
yield strength is greater than the minimum yield strength allowed by ASTM A82, as a
minimum, the yield strength of the steel shipped to the project site will be verified that
it meets the minimum Fy of 75 ksi through the tensile test results for the as delivered
material, and WSDOT reserves the right to conduct its own tensile tests to verify the
steel yield strength.

The design of the connection between the facing panels and the soil reinforcement
shall meet the AASHTO LRFD Bridge Design Specification requirements. To
determine the connection strength, the following values of the short-term (i.e.,
uncorroded) connection strength ratio CRu shall be used:

Welded Wire Soil Reinforcement Wire Size Short-Term Connection Strength

Ratio, CR,
Welded Wire Soil Short-Term Connection
Reinforcement Wire Size Strength Ration, CRu
Wil 0.98
W20 0.87
W24 0.96

Minimum bend radii for the welded wire soil reinforcement shall be as shown in the
preapproved plans (sheet 4 of 15 titled “Standard Details 3 of 3”).

Reinforcement pullout shall be calculated based on the default values for steel grid
reinforcement provided in the AASHTO Specifications. If, at some future time
product and soil specific pullout data is provided to support use of non-default pullout
interaction coefficients, it should be noted that LRFD pullout resistance design using
these product and soil specific interaction coefficients has not been calibrated using
product specific data statistics and reliability theory. Therefore, the specified resistance
factors in the GDM and AASHTO LRFD Specifications should not be considered
applicable to product specific pullout interaction coefficients.

Approved details for the SSL MSE Plus™ wall system are provided in the following
plan sheets. Exceptions and additional requirements regarding these approved details
are as follows:
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Preapproved Wall Appendix: Specific Requirements and Details for SSL Concrete Panel Walls Appendix 15-Q

* In plan sheet 4 of 10, regarding the filter fabric shown, the use Standard
Specification materials as specified in Standard Specification M 41-10 Section 9-33
that are similar to those specified in this plan sheet shall be used.

* In plan sheets 4 of 15, 2 of 10, and 5 of 10, there should be a minimum cover of
4 inches of soil between the steel grid and the traffic barrier reaction slab.

Quiality control of the materials used in the SSL MSEPIus wall system shall meet the
requirements in the SSL Quality Control Manual, Revision 4, dated 5/31/2012.
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Preapproved Wall Appendix: Specific Requirements and Details for SSL Concrete Panel Walls
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Preapproved Wall Appendix: Specific Requirements and Details for SSL Concrete Panel Walls
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Preapproved Wall Appendix: Specific Requirements and Details for SSL Concrete Panel Walls
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Preapproved Wall Appendix:
Specific Requirements and
Appendix 15-R Details for Landmark Reinforced Soil Wall

In addition to the general design requirements provided in Appendix 15-A, the
following specific requirements apply:

Facing Blocks —Blocks acceptable for use are the Landmark tapered and straight
blocks. These blocks can form facing batters of vertical (0 degrees) to 4 degrees.
Considering the currently approved block dimensions, the maximum vertical spacing
of reinforcement allowed to meet the requirements in the AASHTO Specifications

is 2.5 feet.

Soil Reinforcement — Only geosynthetic reinforcement listed in the QPL and which
has been evaluated for connection strength with the Landmark wall system shall be
used. Therefore, the following specific QPL geosynthetic reinforcement products are
approved for use with this wall system:

Miragrid 5XT
Miragrid 8XT
Miragrid 10XT

Reinforcement pullout shall be calculated based on the default values for geogrid
reinforcement provided in the AASHTO Specifications.

Reinforcement/Facing Block Connection Requirements — The connection between
Landmark facing units and the geosynthetic reinforcement is essentially a mechanical
connection, with the possible exception of the connection when Miragrid 10XT is
used. For mechanical connections, the connection resistance is generally not dependent
on the normal force between blocks. The connection testing conducted for this wall
system demonstrates that the connection is behaving as a mechanical connection for
the Miragrid 5XT and 8XT. For the 10XT, the connection strength increases as normal
stress increases. Therefore, it is likely that the connection with Miragrid 10XT is at
least partially depending on frictional resistance. The design facing/reinforcement
connection strength shall be as specified in the following table.
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Preapproved Wall Appendix: Specific Requirements and Details for Landmark Reinforced Soil Wall Appendix 15-R

Creep Reduction
Factor applicable
to the Connection
Tiot (use for RFy in
Block |Geogrid Product Toitconn (IbS/ft) (Ibs/ft) CR, Eq. 1)
Straight | Miragrid 5XT 2800* 3844 0.73 1.45%
Block | Miragrid 8XT 4000 6564 0.61 1.45*
Miragrid 10XT 3948+N*Tan 16° 9456 | T,o0n/9456 1.2
Tapered | Miragrid 5XT 2837 — N*Tan7° 3844 | T,on /3844 1.45%
Block | Miragrid 8XT 4250 — N*Tan5° 6564 | T,0n /6564 1.45*
Miragrid 10XT | 3770+N*Tan 30° to N = 2850 Ibs/ft, | 9456 | T,.../9456 1.2
and 5400 Ibs/ft at N > 2850 Ibs/ft

N = normal load at reinforcement layer at facing, in Ibs/ft of width parallel to face.

+This is a lower bound value — see connection test results in report by Bathurst, Clarabut Geotechnical Testing, Inc.,
Project report No. BCGT9930, 9/1/2000.

*Same as the value of RFCR reported in the QPL, Appendix D for these geogrid products.

Approved Connection Strength Design Values for Landmark Walls
Table 15-R-1

T,., the long-term connection strength, shall be calculated as follows:
« Tyary X CRy
2 RFqg X RF

Where:

Tyary = the minimum average roll value for the ultimate geosynthetic
strength T,

CR, = the ultimate connection strength T, divided by the lot
specific ultimate tensile strength, T, , (i.e., the lot of material
specific to the connection testing),

RF.; = creep reduction factor for the geosynthetic, and

RF, = the durability reduction factor for the geosynthetic.

RF - and RF, shall be as provided in the QPL, Appendix D, except as noted in the
previous table. Regarding the Miragrid 10XT, the sustained load test results indicate
that the connection resistance reduction due to creep is not as large as for the other two
Miragrid products, likely due to the fact that at least some of the connection resistance
is frictional in nature rather than fully mechanical. Therefore, the lower creep reduction
factor for the Miragrid 10XT is acceptable.

It is noted in ASTM C1372 that a dimensional tolerance for the height of the block
of 1/8 inch is allowed, but that Section 15.5.3.8 recommends a tighter dimensional
tolerance of 1/16 inch. Based on WSDOT experience, for walls greater than 25 feet
in height, some cracking of facing blocks due to differential vertical stresses tends
to occur in the bottom portion of the wall. Therefore, blocks placed at depths below
the wall top of 25 feet or more should be cast to a vertical dimensional tolerance of
1/16 inch to reduce the risk of significant cracking of facing blocks.
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Appendix 15-R Preapproved Wall Appendix: Specific Requirements and Details for Landmark Reinforced Soil Wall

Approved details for the Landmark wall system are provided in the following plan
sheets. Exceptions and additional requirements regarding these approved details
are as follows:

* In plan sheet 5 of 6, the guard rail detail, the guard rail post shall either be installed
through precut holes in the geogrid layers that must penetrated, or the geogrid
layers shall be cut in a manner that prevents ripping or tearing of the geogrid.

* In plan sheet 3 of 6, regarding the geogrid at wall corner detail, cords in the wall
facing alignment to form an angle point or a radius shall be no shorter than the
width of the roll to insure good contact between the connectors and the geogrid
cross-bar throughout the width of the geogrid. Alternatively, the geogrid roll could
be cut longitudinally in half to allow a tighter radius, if necessary.

WSDOT Geotechnical Design Manual M 46-03.08 Page 15-R-3

October 2013



ts and Details for Landmark Reinforced Soil Wall Appendix 15-R

iremen

Specific Requ

ix

Preapproved Wall Appendi

WO TV METHINY MMM
oL IM S3LON 7 MY | fa e HH0EIO | e vStB-6L6 (2S6) X4
o | s TVHANIO (AOLSIH NOISIAZH HO4 M L33HS 335) SILVA N 7 MY | :ha pomanoy oN foid vSB8-EE6 (2S56) FEANOHA
T — EZ6S.SVESS NN NG ISNNIW

LON 41 " S1 3A0BY HV8 JHL LVHL AR3A
STIvL13a TvLLINGNS LOaSM 31vOS OL1 1ON 1n4ILNVEE ONIHLIWOS aTing
W3 LSAS TIVM HHVINANYTHOHONY A3¥311vd 33493A v 8 0 1 < E
STIVM ONINIV.LIY TVININOIS A3SO40dd ' 0 oreos Em o I 0 z

‘suoljeoyioads ay) JaAo souspadald axe) [leys sueld ‘suoneoyioads pue sued ay) usamaq Isixe sajouedaiosip pinoys

S3IONVdIYOSIa 90

'SHUN SBWPUET Y} 0} S}onpoud JUaLLIa2I0JUISI BY) }92UU0D AjjEoluByoaWw
0} pasn pue ‘Joyouy Aq paiddns ‘|eusjew paseq JawAjod painjoejnuew Ajjeoyoads e S| Jeg 3007 yJewpue a8yl
S N)Is Ul 8y} Bululejas a|iym wajsAs ulelp aoeunsqns
B ojul Jajem Jo abessed wia) Buo| ay) 10} MOJ|E O} pUE UOIBL}|l) 10} PasN |elisjew d1jayjuksoal uarom-uou e si olqed Ja)ji4 *
S WOJJ J8JEM UIBIP O} Pasn ‘Iajawelp (ww 00}) Yyoul 4 jo Ajjlessusb ‘adid DA pajelopad e 1e1pgns [[BA
‘wa)sAs |lem Bujuielss Jeinpow sy Jo sU0Z [10s pediojulsl pue ped Buliens| sy) Bunioddns ssew [i0s sy} 'S uonepunod -
'SSeu [l0s padJojulel d1eyluAsosB ay) UIyIm (|1} Se pasn [0S 8y S 10 [|Ioeg Padiojuley
‘elpaw abeulelp e se pasn |eusjew Bululelp sa) e S| [eUsie|\ s|qeswiad
‘SaIN)XIWpe SNOLIEA pue yse Alj
Allenuajod pue sejebaibbe [eiouiw ‘Jajem U puefod Woll spew sulyoew aJe spun |jem Buluiejel Jenpow suewpue -
‘JuswaoJojulal |I0S SB asn Joj pajeoliqe) Ajleolioads [BLS)EW € S| JusWadIojuIay dljeyjuAsoan

SNOILINIA3a SO

‘||EM PaJONIISUOD BU} Ul PASN 84 JoU PINOYs syjuow g Buipasoxa

pouad e 1o} JyBijuns 10811p 0} pasodxa Jeq 3007 "SHUN JBNPOW 3y} Ul paded [uUN SaX0q Ul Ulewal |[eys [BLS)eW Jeq 3007
JyB1juns joaa1p wouy uonoajold Buipiebal

SUONEPUSWILIODA] S,JaINjoNUBW MO0 [[em 8y ut paoeld [nun Buiddeim aAnosjoid ur urews) [leys sjeusiew olayjuksoas) -
"JUSWSDIOJUISI PUB SHUN

JE|NPOW BY} YHIM 10BIU0O Ul BUILIOO WoJj ‘[eLBjEW 8jl| PUB AX0dS ‘JUBLLISO JoM ‘PNl SAISSEOX3 JuAaId |leys J0jOBIUOD BY]
"9)IS B} WOJ} ‘PAUILIBISP OS UBUM ‘[eLIS}eL |GE)INSUN 8SIMIBUIO JO pabewep aroway

*Buiyooiq Jo sjojied poom uo punoib aroqe 810)S “abeluep Juaaaid o) Se JaUUEL B LONS Ul S|ELIBJEW d|pUBY pue JaAlleg

‘paAI9oal usaq sey [euajew Jadoid Jey) ainsse o} AloAlap uodn s|eLajew ay) ¥oayod |jeys JOjOBU0d By -

ONITANVH ANV IOVHOLS ‘AY3IAINEA  +0

Buipys (v
Ayoedeo Buuesg (g
e)s |eusaju] (g
Aingess [lesen (1
1o} s10)08} AjajES uUonoBSHES Buresuowap suonenojes ubiseq
suopeoyoads plepuejg ayyjo
yue3 Asejaudold ‘sainonig Buulelay ypue) —  UOI08S Ylm 9oueploooe I
‘UOIJE|[B)SUl [[EM JO S}B)S 8Uj} Ul Pasua0!
193uiBua |euoissajoid paisisibal e Aq paubis aq |jeys sbuimelp doys ay] ‘sjiejep jusuiiad Jayjo pue suoisiroid
abeulelp ‘noAe| Juswadlojulas ondYjuAsoab ‘sybiay |jlem Buipnjour ‘ubisap walsAs |jem Buluieyay :sbuimelp doys g
ol

UOIjD9S Y)IM 80UBPIODDE Ul Buimojjo) ay) nwagng
SIVLLINGNS €0

suolsinold [eroadg pue sue|d pJepuels 1OASM *
sonayjuAsoe9 Jo yibuans ubiseq aiqemolly (YOO 19 L
aNJISU| Yyoleasay dNjdYjuAsoaD)
200z “P3 iy ‘suoieoyoads ubiseq obpug 441 OLHSYY v
Jajewelq apisu| pajjoljuo)
uo paseg sbumiy pue adid uleid (12 814oid (DAd) (apHolyD AUIA) Ajod Joy uoneoyioads piepuels v0€ N OLHSYY €
(DAd) 8ploIyD 1Aunilod 9pSd SselD 4oj uoneoyoads piepuels 8.2 N OLHSYY 2
w:O:mo:aa( >m>>£m_I Jo} Cozmuc_omaw X8)099) IO} co_umuc_omaw piepuels 882 W OLHSYY b
s|enywo >m>>r_m_I 9]e)S JO UoieIDosSSy uedllswy

‘)

oouwuwo

v

L

b

v

‘)

a

o}

g

Lyvly I4ANVS Nv3a
‘NOILYYLSIOIY “¥33INIONT
NOLONIHSYM NOIS3a

977 ‘ONINIINIONT TTIVM 4OHINV L LOZ o

SESZ INOILVZINOHLAVY 40 31vIl411830

soayYIuAs0a9 Jo Yibuals papwi deard z9zs a WLSY ‘vl
S3|11X81089) Jo BuljpueH pue 96e.0}S ‘UoHEOYRUSP] 10} BPIND pIepuBlS £/8Y A NLSY '€l
SonBYUAS099) JO BoUBLLIOJUOD UoNEeDyDadS Bululwisleq Joy sonokld 652y A WLSY Zh
pouiay duis YIPIM SPIM 8U} Aq- SoeyIUAS099) Jo saladold alISua L J0j POUIS 1581 GBSy A INLSY L1
Bunisa] 1o} soneyuAsoas Jo Bulidwes Joj soljoeld ¥Gey A WLSY 0L
(ydeq
Mol[eys) Spoula| JesjonN Aq aoeld u| 81eBaiBBy-|los pue |10S Jo Alisuaq Jo} Poyle 1591 pIepuBlS Z26Z A WLSY 6
(weyshs uoneoyisse|D 10S
PayIuN SOSN) 81NPa0id [ENUBIN-ENSIA ‘S|IOS JO UOREoBIUSP] pue uondiosaq 1o} 80I0BId PIepuBlS 88%Z WISV '8
(4030014 payipopy) ‘doiQ "ul-g| pue Jswiey
q1-01 Buisn saunixipy 21eB63166y-[10S pue S|I0S Jo suonejey ANsusd-8IniSIO 10} SPOUIRIN 181 PIEPUBIS /GGL d NLSY
pouiayy auoD pues auy} Aq s9eld U] [10S Jo Asuaq 1o} POYIBIN 1S91 piepuelS 9551 A INLSY "9
sHun [lep Buureley [ejuswbag Joj uoneoyoads piepuels Z/eL O NLSY G
S)HUN 9)2I0U0D Pajejey pue siun
Aiuosey 8)210u0) painjoeNUB JO AlilIgeINg MBYL-8Z8914 8y} Bunenjeas 1oy poylaly 1seL piepuels z9zL O WLSY v
(40y001d piepue)g) ‘doiq "ul-Z| pue Jawwey
ql-g'g Buisn saunjxi 91eBaIBBy-110S pue S|IoS Jo suolejay A)iSUaa-eIniSION 10j SPOYIBIA 1S9 L PJEPUB)S 869 O WLSY '€
uoonsuoy abpug pue peoy Jo} aebaibby Jo sezIS 1oy UOHEDYISSEID PIepuelS 8Fy A INLSY 2
sjun Aiuoseyy aja1ouo) Buysa | pue Buiidwes Jo spoyis|y 1se] pJepuelsS Oyl O IWLSY 'L
s|eusje|y pue Buisa] Jo A19100S uedUBWY Y

~

S3ON3¥343Y ¢0'}

‘uiaJay payioads se pue sBuMeIp UoIoNIISUoD By}
uo pajeubisap sapelb pue saul| 8y} 0} siun jlem Bulule)as JeNpou spewpuET Joyouy Buljieisul pue Buiysiuin sapnjoul YO
SOpN|ou| UORYRS 'Y

AYYANANS 1O

VY3INTO | Ldvd

NOLONIHSVYM ‘ALID
2) ANVYN LO3rodd
1) ANVYN 1LO3rodd

‘404 SNV1d T1VM ONINIVL3d TVLININDIS d3S0d0dd

= ®

ONI 'SWILSAS T1VM HOHINY

M 46-03.08
October 2013

WSDOT Geotechnical Design Manual

Page 15-R-4



Appendix 15-R Preapproved Wall Appendix: Specific Requirements and Details for Landmark Reinforced Soil Wall
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Specific Requirements and Details for Landmark Reinforced Soil Wall
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Preapproved Wall Appendix:

Specific Requirements and Details for

Allan Block Walls With Face

Appendix 15-S Batter of 3 Degrees or More

In addition to the general design requirements provided in Appendix 15-A, the
following specific requirements apply:

Facing Blocks — Blocks acceptable for use with this wall system include AB Stones,
AB Classic, AB Three, and AB Rocks. These blocks are for a facing batter of 3
degrees or more. Considering the currently approved block dimensions, the maximum
vertical spacing of reinforcement allowed to meet the requirements in the AASHTO
Specifications is 2 feet.

Soil Reinforcement — Only geosynthetic reinforcement listed in the QPL and which
has been evaluated for connection strength with the Allan Block wall system shall be
used. For walls with a face batter of 3 degrees or more (i.e., facing blocks AB Stones,
AB Classic, AB Three, and AB Rocks), this includes the following specific products
that are approved for use with this wall system:

Miragrid 2XT Miragrid 7XT Stratagrid SG150
Miragrid 3XT Miragrid 8XT Stratagrid SG200
Miragrid 5XT Miragrid 10XT Stratagrid SG350

Stratagrid SG500

Reinforcement pullout shall be calculated based on the default values for geogrid
reinforcement provided in the AASHTO Specifications.

Reinforcement/Facing Block Connection Requirements — The connection between
Allan Block facing units and the geosynthetic reinforcement is essentially a frictional
connection. That being the case, the connection resistance is strongly dependent on
the normal force between blocks and in the gravel in-fill inside the blocks. Connection
testing was done for the range of blocks and geosynthetic reinforcements preapproved
for this wall system. The design facing/reinforcement connection strength shall be as
specified in the following table:
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Preapproved Wall Appendix: Specific Requirements and Details for Allan

Block Walls with Face Batter of 3 Degrees or More

Appendix 15-S

Three, and AB Rocks

Applicable Facing Blocks Geogrid Product T, (Ibs/ft)

Miragrid 2XT 125.6 + N*Tan 58.5° below N = 915 Ibs/ft,

1624 Ibs/ft above N = 915 Ibs/ft

Miragrid 3XT 1420 + N*Tan 11°

Miragrid 5XT 1191 + N*Tan 18°

Miragrid 7XT 1065 + N*Tan 25.6°

) Miragrid 8XT 1063 + N*Tan 40° below N = 2155 Ibs/ft, 2872 Ibs/

AB Stones, AB Classic, AB ft above N = 2155 Ibs/ft

513 + N*Tan 52° below N = 1000 Ibs/ft,

Miragrid 10XT
1426 + N*Tan 23° above N = 1000 Ibs/ft

Stratagrid SG150 930 + N*Tan 24°
Stratagrid SG200 951 + N*Tan 24°
Stratagrid SG350 929 + N*Tan 25°
Stratagrid SG500 848 + N*Tan 30°

N = normal load at reinforcement layer at facing, in Ibs/ft of width parallel to face.

Approved Connection Strength Design Values for Allan Block Walls

Table 15-S-1
T,., the long-term connection strength, shall be calculated as follows:
T. = 1,
ac RF.z X RF
Where:
T, = the ultimate connection strength from the product specific connection
strength tests, the results of which are provided in the previous table,
RF., = creep reduction factor for the geosynthetic, and
RF, = the durability reduction factor for the geosynthetic.

RF - and RF, shall be as provided in the QPL Appendix D.

Allan Block also provides the option to grout the interior of the blocks, creating a full
mechanical connection. This connection approach is not preapproved, as connection
strength data for this situation was not provided, and furthermore, the elevated pH
that could be caused by the grout could accelerate chemical degradation. This has not
been evaluated.

It is noted in ASTM C1372 that a dimensional tolerance for the height of the block
of 1/8 inch is allowed, but that Section 15.5.3.8 recommends a tighter dimensional
tolerance of 1/16 inch. Based on WSDOT experience, for walls greater than 25 feet
in height, some cracking of facing blocks due to differential vertical stresses tends
to occur in the bottom portion of the wall. Therefore, blocks placed at depths below
the wall top of 25 feet or more should be cast to a vertical dimensional tolerance of
1/16 inch to reduce the risk of significant cracking of facing blocks.
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WSDOT Geotechnical Design Manual M 46-03.08
October 2013




Preapproved Wall Appendix: Specific Requirements and Details for Allan
Appendix 15-S Block Walls with Face Batter of 3 Degrees or More

Approved details for the Allan Block wall system are provided in the following plan
sheets. Exceptions and additional requirements regarding these approved details are
as follows:

* In plan sheet 5 of 6, the guard rail detail, the guard rail post shall either be installed
through precut holes in the geogrid layers that must penetrated, or the geogrid
layers shall be cut in a manner that prevents ripping or tearing of the geogrid.

* In plan sheet 3 of 6, regarding the geogrid at wall corner detail, cords in the wall
facing alignment to form an angle point or a radius shall be no shorter than the
width of the roll to insure good contact between the connectors and the geogrid
cross-bar throughout the width of the geogrid. Alternatively, the geogrid roll could
be cut longitudinally in half to allow a tighter radius, if necessary.
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