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1. INTRODUCTION

1.1 Purpose of this Document

1.2 What Are Earth Retaining Structures (ERS)?

1.3 Why Should We Be Concerned About Them?

1.4 Asset Management of ERS

1.5 Current State of Practice

1.6 Reasons for Focus on Inventory and Assessment

1.7 Components of an Inventory and Inspection Program

1.1 Pur pose of this Document

This publication is designed to help highway agencies to establish an Inventory and Inspection (1&1)
program resulting into an Asset Management program for their earth retaining structures (ERS). It is
intended for the guidance of public officials, agency managers, engineers and others with responsibilities
for the safety and maintenance of highway facilities.

By having reliable information on the characteristics of their ERS, and keeping track of their condition,
agencies can:

Greatly reduce the likelihood of ERS failures resulting in injuries, property damage, and
disruption of highway operations.

Save money by identifying problems at an early stage, when they are still relatively
inexpensive to fix.

An inventory and regular inspections also provide information essential to any broader program of Asset
Management. The ERS Asset Management Program is primarily focused on optimizing the servicelife of
a structure at minimal life cycle cost — matching investment with service. Getting to this ideal requires
the 1&I program data. The I&1 is part of the informational stage of the Asset Management of ERS as
shown in Figure 1.

1.2 What are Earth Retaining Structures (ERS)?

An earth retaining structure is any structure intended to stabilize an otherwise unstable soil mass by
means of lateral support or reinforcement.’ Retaining walls, which have a vertical or near vertical face,
are by far the most familiar type of ERS” In general, a retaining wall is defined, by the National

! Federal Highway Administration. “Geotechnical Engineering Circular No. 2 - Earth Retaining Structures” .
FHWA-SA-96-038, February 1997, p.4.
2 DeMarco, Matthew, FHWA Central Federal Lands Division. Personal communication. September 2, 2009.
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Highway Institute (NHI), as wall which face makes an angle of at 70 degrees or more with the horizontal
and retains earth. This definition covers most conventional cut and fill wall designs. Recognizing that
other earth retention structures may need to be captured in the 1&1 program, some groups have changed
this criterion to a 1:1 face angle to also include earth retention structures such as rock buttresses, gabion
walls, rockeries, etc. that don't directly meet the NHI design definition; but are nonetheless critical earth
retention assets. Some groups have also developed subcategories of walls to track a particular structure
type within the 1&1 program, such as seawalls, culvert head and wingwalls, and walls associated with
bridges that are not directly part of the bridge abutment or pier structure. To avoid repetition, walls will
be referred to as retaining walls or just walls. Unless otherwise clear from the context, these references
should be understood to apply to other kinds of ERS aswell. A more detailed description of the different
types of retaining wallsis provided in Appendix C.

1.3 Why Be Concer ned About Earth Retaining Structures?

Catastrophic failures of Earth Retaining Structures (ERS) are relatively rare, but some serious incidentsin
recent years have called attention to the need for better management of ERS. Some of these wall failures
occurred in Davis County, Tennessee®; in New York City, NY* and on Blue Ridge Parkway” at Mile Post
364.6. The major impetus behind the expanding asset management effort within AASHTO comes from
the success of the mandated road and bridge inventory and assessment programs. States are now
broadening their asset programs to include all roadway appurtenances (guardrails, lighting, utilities,
striping, curbs, manholes, sidewalks, etc.). ERS were actually the forgotten major assets in this picture
for awhile before a few states and one federal agency actually began undertaking the effort several years

ago.

There are thousands of Earth Retaining Structures along U.S. highways. Nobody knows the exact
number because only a few highway agencies have inventoried their ERS. But it is clear that, in the last
two decades, urban development and the expansion of transportation networks have greatly increased the
number of ERS along our highways.

As the Federal Highway Administration (FHWA) has noted, many of these are “constructed in
challenging site conditions, including mountainous terrain, soft ground, and sites that are below water”.
Moreover, newer ERS systems “require that engineered materials such as plastics, concrete, and steel be
buried in harsh underground environments...that may adversely influence the long-term engineering
properties of the materials. ERS often have assumed design lives of 100 years, but knowledge of actual
design life for these structures is minimal and failures that have occurred to date have happened without
warning. Repairing these failed structures is very expensive, complex, and difficult”. Repairs of even a
single, moderately sized ERS installation often cost millions of dollars.

? Tennessee Department of Transportation. “Retaining Wall Failure: Jefferson Street On-Ramp to 1-40 West,
Davidson County”. September 17, 2003. http://www.tdot.state.tn.us'news/2003/Preliminary%20Findings. pdf.
Accessed December 4, 2008.

* New York City Department of Buildings. “Board of Inquiry Report: Castle Village Retaining Wall Collapse” [on
May 12, 2005]. April 2007.

® Virtual Blue Ridge. February 26, 2008. “Parkway Section Closed to Repair a Failed Retaining Wall”.
http://wwuwv.virtual bl ueridge.com/news-and-events/news-260.asp. Accessed March 17, 2009.
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A further concern is that a large number of our ERS date from the major Interstate Highway construction
in the late 1950s through the 1970s. The earliest of these Interstate-era walls are approaching the end of
their anticipated service lives. In the case of the U.S. National Park Service (NPS), most of the walls
dated to the 1930’ s thru 1940’ s, when most of the major parks were devel oped.

1.4 Asset Management of ERS

Asset Management is a systematic way of identifying the optimal allocation of resources. In the
transportation field, it has enabled highway agencies to improve the cost-effectiveness of decisions about
the inspection, maintenance, repair and replacement of various types of physical infrastructure. Again, as
stated before, the goal is to optimize the service life of the ERS at minimum life cycle costs. The
objective is to optimize the service life of an asset while minimizing its overall life-cycle cost. An &l
program is a necessary step toward thisideal. Currently, Asset Management is most widely used for the
management of bridges, pavements, and signage. A few states are broadening their programs to include
such roadway appurtenances as lighting, guardrails and sidewalks.® Up to now, however, Asset
Management has not been widely applied to ERS. (See following Section 1.5 Current State of Practice)

Asset Management can be thought of as progressing through three stages: informational, analytical, and
policy-making (as illustrated in Figure 1). The first stage is the systematic organization of information.
Relatively inexpensive database software has made it possible to compile detailed data on characteristics
of individual walls and to quickly access that data in a variety of ways. The database can also readily
incorporate links to maps, photos, contract drawings, inspection reports, and other documents related to
individual walls.

The Informational Stage enables managers to identify ERS assets most in need of action to avoid further
deterioration or failure. In addition, it gives managers a quantitative overview of ERS assets that will
enable more accurate estimates of budget and personnel requirements.

Informational

= Overview of ERS * Projections of unit * Revise standard
Assets cost, specifications

= ER5 Condition & = Service Life, and = Determine conditions
Performance Data e Failurarisks for the use of various
gathering (Inventory ERS types and
and Inspection) materiais

Figure 1: Stages of Asset Management of ERS.

® DeMarco, op. cit., p. 1.



Over the longer term, the database can be used to build up a record of the agency’s experience with its
ERS. This will include condition information from successive inspection reports, as well as cost-
experience data for maintenance, repair and replacement. With such information in hand, Asset
Management can move into the Analytical Stage. Here, the data can be analyzed to provide increasingly
reliable projections of unit cost, service life, and failure risk for various ERS types and components.

Finally, a mature Asset Management system will yield information that can be used at a Policy-Making
level, for example, in revising standard specifications or in determining conditions appropriate for the use
of various ERS structural types or materials.

As noted by FHWA, “While the transportation community’s knowledge of deterioration mechanics and
methods to assess in-service performance has been limited to date, asset management (AM) offers
important tools and techniques to help in evaluating ERS assets.”’

1.5 Current State of Practice

This report is based in part on a survey of highway agencies conducted in late 2008 and early 20009.
Survey questionnaires were sent to the transportation departments of all 50 U.S. states. Questionnaires
were also sent to ten additional agencies identified in a literature search as having conducted inventories
of their ERS as shown in Table 1. They included the transportation agencies of six cities, three Canadian
provinces, and the Federal Lands Highway Division of the FHWA. Of the 40 agencies that responded to
the survey, 13 reported having implemented Inventory and Inspection programs for at least some of their
ERS. Of these:

8 had an inventory program and regular inspections,

3 had an inventory but no regular inspections,

1 reported that it inspected retaining walls but had no formal inventory, and

1 had an inventory and inspection program limited to monitored walls and those not built to state
standard designs.

Nine additional agencies had no current ERS management program, but reported internal discussion,
research, or planning activity related to such a program.

The agencies with an inventory / assessment system for retaining walls included:

Federal Highway Administration (FHWA) / US National Park Service (NPS),
California Department of Transportation,

Colorado Department of Transportation,

Kansas Department of Transportation,

Maryland Department of Transportation,

Minnesota Department of Transportation,

onkwhpE

" FHWA. “Earth Retaining Structures and Asset Management”. FHWA |F-08-014, 2008
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7. Missouri Department of Transportation,
8. New York State Department of Transportation,
9. Oregon Department of Transportation,
10. Pennsylvania Department of Transportation,
11. The City of Cincinnati,
12. New Y ork City Department of Transportation, and
13. British Columbia Ministry of Transportation.

Many responses also included sample forms, documentation, and procedures in place within the agency,
giving a clear overview of the asset management system or program.

Agencies without an inventory / assessment system also provided feedback regarding the lack of asset
management infrastructure within their agency, their desire to establish such a system in the near future,
and the overall approach to start developing an ERS asset management system. For instance, Nebraska
DOT planned to have a Mechanically Stabilized Earth (MSE) wall management system by the end of
2009. Some of these respondents used the “PONTIS" database to inventory their ERS.

Only 4 agencies (FHWA/NPS, Pennsylvania DOT, City of Cincinnati, and British Columbia Ministry of
Transportation) reported using their 1&1 program data in more advanced Asset Management activities
such as planning, budgeting, and resolving ownership and jurisdiction. For additional information on the
survey results, see Appendix A.

US Federal agency 1
U.S. State agencies 50
Other U.S. Territorial agencies 2
City agencies 3
Canadian agencies 3
Canadian City agency 1
Agencies Contacted 60

Table 1: Breakdown of Agencies Contacted Duringthe Survey of Current Practice.

Overall, these responses provided detailed information about different ERS asset management practices
currently in use within the United States and abroad.

1.6 Reasons for Focus on Inventory and I nspection

Based on the survey responses, most highway agencies in the United States have only fragmentary data
about their ERS assets.  Agencies that have conducted inventories typically discovered numerous walls
that were not reflected in their records. In reality, most agencies have a difficult time simply locating all
of their ERS, and may initially greatly underestimate numbers of ERS. Most of the agency responses
were along the lines of the following statements:

We do not know how many ERS we have.



We do not know wherethey are.

We do not know their size.

We do not know their condition.

We do not know how much they would cost to replace.

As these structures age, the lack of such basic information has troublesome implications for both public
safety and highway operations.

The premise of this publication is that an investment in an ERS inventory and inspection program will
more than repay itself by preventing ERS failures. The other equally compelling reason is the avoidance
of costly repairs of poorly performing ERS by identifying them in atimely manner, thereby extending the
service lifeat minimal cost.

1.7 Components of an Inventory and I nspection Program (I & 1)
An| & | program can be divided into four basic phases. (See Figure 2)

1. - Office Research and Planning — The office research, planning, and scoping efforts consist of
using existing agency records to identify ERS locations to the extent possible; to plan the field
survey effort; and extract information that will be useful to survey teams and inspectors.

2. - Field Work — The field work includes both the inventory (a) and the condition assessment (b)
efforts. Depending on personnd and logistical considerations, these two activities can be done
together or in a two-step process.

(8 The Inventory Effort consists of recording basic information about each ERS that meets the
inventory criteria.

(b) The Condition Assessment Effort consists of inspecting the wall to evaluate its condition. A
qualified engineer will also report symptoms of structural deterioration. If the engineer finds that
a significant problem exists, he or she will recommend appropriate further action.

There are a couple of ways to inspect retaining walls: (1) send a technical crew to locate and
describe basic wall features, screening for wall problems that are later reviewed by an engineer,
or (2) send a crew fully qualified to inventory and assess in the field all at once. The agency will
need to determine the general composition of their anticipated inventory to determine which is
more cost-effective.

For example, a DOT who is only interested in looking at walls along a readily accessible major
interstate segment — where the walls are only 20-40 years old — may opt to have technicians
screen for problems before engaging an engineer. However, in the case of the FHWA / NPS &1
program, the remote locations of the survey areas, and the fact that the wall inventory was
assumed to be very old dictated a single mobilization of qualified personnel.



3. - Office Inputs — The data from the field are checked; input to the inventory database; and
augmented by additional information from agency records and other sources.

4. - Periodic I nspection — All ERS in the database will be scheduled for periodic inspections. The
frequency of inspection may vary depending on the conditions found. As each inspection is
completed, the findings will be added to the database to provide a long-term record of changesin
condition at each ERS.

The next two chapters (2 and 3) present initial requirements and preparations for an 1&1 program.
Chapters 4 through 7 discuss procedures for each of the four phases outlined above. Chapter 8
overviews Quality Control and Quality Assurance (QC/QA), and Chapter 9 discusses the
potential uses of an ERS database in improving management of ERS assets. Chapter 10
discusses avenues of additional research that would improve ERS asset management.
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Figure 2: Basic Activities of an Inventory and Inspection Program.



2. INITIAL REQUIREMENTS AND CONSIDERATIONS

2.1 Review of Existing Agency Resources and Practices
2.2 How the Data will be Managed?

2.3 Defining the ERS that will be Included in the Inventory
2.4 Fieldwork Process

2.5 Personnel Requirements

2.6 Cost Factors

2.1 Review of Existing Agency Resour ces and Practices

In this chapter, the key decisions that must be made in planning an I&| program are discussed. Prior to
making any decisions, however, the agency should review its existing practices and resources to see how
they may relate to a new ERS program.

How many of the agency’s existing staff are qualified to perform ERS inspections? How many
would reglistically be available for the initial field effort, to train others, or for the ongoing
inspection program?

What ERS are included in your existing bridge inspection program? What are the criteria for
inclusion or exclusion of an ERS? Within the agency’s bridge inventory, is there any breakout of
data on ERS?

Does your agency have an I1&1 program for culverts? If so, how much attention is paid to the
performance of culvert headwalls as retaining structures?

What other asset inventories does the agency have (e.g. pavements, guard rails, signage)? Have
they produced any information, such as continuous video recordings, that could be used to
identify ERS locations?

Will some NBI and “Pontis’ System data field be imported for data consistency with bridge
inventory?

For all existing asset inventories, how are records kept? What numbering systems are used for
various types of assets? What assets are identified on existing GIS mapping?

What kinds of software and hardware does the agency use for field data collection, database
management and GIS mapping? Are people satisfied with these systems or are changes likely in
the near future?



Where and how does the agency keep its older records of in-service facilities, including as-built
drawings, design documents, test data, and maintenance and repair records?

2.2 How the Data will be Managed?

One of the reasons for the growth of Asset Management in recent years is that computers have made it
progressively cheaper and easier to manage a data.  An inventory and inspection program for ERS will
involve three basic kinds of data:

The core alphanumeric data, which will be managed with a database program;

Geospatial data, which will be managed with GIS mapping software; and

Images, including photos, drawings, documents and videos, stored in standard file formats (jpg,
pdf, etc.) in an image archive.

A choice of standard software is available for managing all three types of data. But for maximum
efficiency, all three should be accessible through a single user interface. The interface is a bundle of
application technologies, tailored to the agency’s requirements, that determines what the user sees and
interacts with on the screen. Photos and location maps can be automatically displayed alongside a
specific wall record, or can be linked to specific data fields within that record. Also, through the
interface, authorized users can input to or edit the database and GIS map simultaneously.

The user interface can reside on a server or a stand-alone workstation. Depending on your needs, it can
be designed to accommodate simultaneous users, or to be accessible through the internet as a hosted
system.

Figure 3 is a schematic of a Wall Asset Management System (WAMS). Since data management software
is constantly being improved, plan on athorough review of software and hardware options before making
any procurement decisions.

2.3 Defining the ERS that will beincluded in the Inventory and | nspection Program

As a practical matter, ERS inventories should be limited to those walls whose failure would pose a
significant risk to persons, property, or highway operations. The most important component of such risk
is the height of the wall. However, the height criterion is usually applied in combination with one or
more other criteria, including:

Proximity to the roadway,

Batter or Face Slope,

Wall Ownership or Jurisdiction,
Structural Type, and

Relationship to Bridges or Culverts.



Wall Asset Management System (WAMS)

The Application can be based on a stand-alone system or a system that is centralized , managed, and
accessible to multiple users simultaneously .

‘(

Application Interface

User Interface (Forms for input and search). Viewing reports, photos, maps, etc.
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Data Repositories
Main Database System (S0L GIS Database (ESRI ArchMap, The photo archive, and other
Server, MS Access, etc.). ArcIMS, ArcGIS, etc.) document file archives.

Figure 3: Wall Asset Management System Components.

The criteria need to be carefully considered, since a small change in a single criterion, such as wall height
or proximity to the roadway, can make a big difference in the number of ERS to be inventoried and,
therefore, in the cost of the overall 1&1 program.

The criteria should be defined so that they are easy for survey teams to interpret and to apply in the field.
On the other hand, field personnd should be alowed flexibility in applying the criteria in special
circumstances. For example, a wall somewhat under the height criterion might be included if it is more
than 100 feet long or if its distance from the roadway edge is less than the standard shoulder width of 10
feet.

2.3.1 Height Criteria

Height of Wall vs. Height of Retained Soil - Height can be defined in different ways. One question is
whether to use the actual height of the wall or the height of the retained soil. Since the height of the
retained soil may change over time, it is important to know the relationship between the two. However,
as a criterion for inclusion in the inventory, the height of the wall itself is more straightforward, easier to
measure, and more conservative from the standpoint of safety.

Visible Height vs. Total Height - Thefull height of an ERS is rarely apparent, since part of it is normally
embedded in the soil. For inventory purposes, it is simplest to use the exposed or visible height of the
wall as the criterion for inclusion. The actual design height or total height of the wall should also be




documented as part of theinventory process. However, that will be determined from record drawings or,
if absolutely necessary, by digging a test pit.

ERS of Variable Height - Most ERS do not have the same height along their entire length. For the
purposes of the inventory, the maximum height should govern. A further question is whether the
inventory should include the entire length of an ERS or only those portions that meet the height criterion.
It is best to consider an ERS as a whole. Some problems may show in shorter portions of a wall before
they can be detected in the taller ones. And if repairs are needed, the work may extend well beyond the
portions meeting the height criterion.

Tiered Walls - In some locations, there are two or more distinct walls on the same slope, one above the
other, that would not meet the height criterion if considered separately. It is suggested that such walls be
considered together if the vertical gap between them is less than one-half the height of either of the
adjacent walls. Once that determination has been made however, the individual tiers may have to be
inventoried separately since they may have been built at different times, be structurally different or be
affected by different soil conditions.

The interpretation of tiered walls as one or more structures can be very complicated: for instance, when
asked if there is a difference between tiered MSE structures, where reinforced zones overlap vertically
versus tiered cut-wall structures.

Inclusion of Top-of-Wall Attachments - Another question is whether the height of an ERS should be
taken to include top-of-wall attachments such as a parapet, railing or noise barrier, which are not intended
to retain soil. Among agencies that have existing inventories, it appears that most do not include
attachments in applying their height criteria. However, a recent New York City law on retaining wall
inspections includes the height of a top-of-wall attachment if it is capable of holding material®. In any
event, the height and type of attachment should be recorded for each included ERS.

Current Practice and Recommendation

Most existing inventories use a height criterion of either 6 feet or 2.0 meters. A few programs are more
inclusive. Oregon DOT uses 4 feet, the height at which many building codes require a retaining wall to
be designed by a licensed engineer. Colorado DOT uses 5 feet, but includes lower walls if they are more
than 100 feet long. The City of Cincinnati includes all walls of 2 feet or morein height.

New York City’s inventory has a height criterion of 6 feet. However, a 2008 law requiring inspections of
privately owned retaining walls every 5 years applies only to walls 10 feet or more in height, including
top-of-wall attachments that can retain material.

" Thisisanaogous to the FHWA rule for determining when adjacent multiple culverts should be considered as a
bridge.

8 New York City Council. “A Local Law ... in relation to the inspection, maintenance and repair of retaining
walls’. Local Laws of 200, No. 37. 2008.

11



2.3.2 Relationship to Bridges and Culverts

To avoid duplication of effort, it is important to look at how an ERS Inventory and Inspection program
will relate to the agency’ s existing systems for managing bridges and culverts.

Bridges

The FHWA'’s Bridge Inspector’'s Reference Manual makes it clear that where a bridge wingwall is not
integral with a bridge abutment —i.e,, it is separated from the abutment by a joint and does not play arole
in supporting the bridge deck — its function and behavior are that of a retaining wall. From a highway
agency’s standpoint, there are two questions to be decided here:

Should such “non-integral” wing walls or other bridge-related walls (e.g. approach-road walls,
abutment toe walls, pre-existing channel walls) be included in the inventory?

If they are included in the inventory, will they be inspected as part of bridge inspection or in the
separate ERS inspection program?

Transportation agencies have different criteria for the length of wingwall - in the sense of a wall
extending from the bridge abutment - which they cover in bridge inspections. 1n some jurisdictions, wing
walls are included up to a specific distance from the bridge abutment (e.g., 40 feet), with anything beyond
that treated as aretaining wall. One agency has no limit on wing wall length; another includes wing walls
only up to thefirst joint.

Some agencies have their bridge inspectors inspect nearby walls, even though they are unrelated to the
bridge. This makes economic sense, since the inspectors and their equipment are already deployed. If
walls are covered by an existing inspection program, they can be excluded from the initial field survey
effort. However, they should be included in the eventual ERS database since the information gleaned
from their successive inspections - whoever performs them - will be valuable in the management of ERS
generally.

Culverts

Many jurisdictions have inventory and inspection programs for culverts. In such programs, culvert
headwalls and wingwalls tend to be evaluated more in relation to water flow through the culvert rather
than as earth retaining structures. If you are going to rely on an existing culvert inspection program for
coverage of this type of ERS, make sure that program adequately addresses situations where a large
culvert wall is supporting a roadway or other feature with high consequences of failure (COF). Data on
relevant headwalls should in any event be included in the eventual ERS database.

12



CHART OF PRINCIPAL ERSSTRUCTURAL TYPES
(Adapted from FHWA Geotechnical Engineering Circular No. 2, 1997)

Fill-Constructed Walls
(Built from the Bottom Up)

Externally Stabilized

Internally Stabilized

Rigid Gravity Walls
--Masonry gravity walls (stone, concrete, brick)
--Cast-in-place (CIP) concrete gravity walls

Mechanically Stabilized Earth (MSE) Walls

--Segmental, pre-cast facing M SE wall

--Prefabricated modular block facing

--Flexible facing (geotextile, geogrid or
welded- wirefacing)

Rigid Semi-Gravity Walls

--CIP concrete cantilever T-wall or L-wall
(including counterforted walls and
buttressed walls)

Reinforced Soil Slopes (RSS)

Prefabricated Modular Gravity Walls
--Crib wall

--Binwall

--Gabion wall

Rockeries

Cut-Constructed Walls
(Built from the Top Down)

Externally Stabilized

Internally Stabilized

Non-Gravity Cantilevered (Embedded) Walls
--Sheet-pile wall (stedl, concrete, timber)
--Soldier pileand lagging wall

--Slurry (diaphragm) wall

--Tangent/secant pile walls

--Soil-mixed wall (SMW)

In-situ Reinforced Walls
--Soil-nailed wall
--Micropilewalls
Root-pile wall
Insert pile wall

Anchored Walls*
--Ground anchor (tieback)
--Deadman anchor

* Anchors are often used in combination with embedded walls of various types and may also be used in combination

with semi-gravity cantilever walls.

Table 2: Suggested Classfication of Wall Structural Types.
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2.3.3 Structural Type

Because of resource constraints and issues cropping up with some structural wall types, a few agencies
have 1&| programs limited to a specific structural type, usually Mechanically Stabilized Earth (MSE)
walls. In general, however, an inventory should include walls of all structural types. One of the purposes
of having an ERS Asset Management System is to enable comparisons between different types of walls.
Also, there are situations where even an experienced engineer may be unable to determine a wall’s
structural type just by looking at it. Table 2 is a suggested classification of structural types.

2.3.4 Wall Ownership or Jurisdiction

Highway agencies are primarily concerned with structures within their right-of-way. But an ERS
inventory will be most useful if it includes all walls, regardless of ownership, whose failure might impact
the highway facility. The 2005 failure of a private wall in New Y ork City, causing millions in damage
and closing the northbound lanes of a major highway for three days, illustrates the need to keep track of
non-agency ERS.’

Legal or liability issues may make it impractical to have agency personnel access privately-owned walls
for inspection or even data collection. Nevertheless, once the wall has been identified in the inventory,
missing information may be abtainable from the owner or from another public agency with jurisdiction,
such as a buildings department, or a utility commission. If no agency has clear jurisdiction to require that
the wall be inspected and to mandate repairs, it might be necessary to seek legislative remedies, as
happened in the aftermath of the above-mentioned New Y ork City wall collapse. For example, NYSDOT
initiated a program of monitoring non-NY SDOT-owned retaining walls whose failure could affect the
operations of highways under NYSDOT jurisdiction. Appendix D shows two sample letters that were
sent out by NYCDOT to the owners of these retaining walls to inform them regarding the unsafe retaining
walls. These letters could provide a good example on how states could handle possible liability
implications.

2.3.5 Proximity

A distance criterion is appropriate for ERS that are outside of the highway right-of-way, but which could
affect highway operation or property in the event of faillure. The distance criterion can be related to the
height of the wall. For example, an ERS outside of the ROW might be included if its distance from the
edge of the ROW is less than, say, 150% of its maximum height.

Should the managing agency of the roadway sponsor a legal basis for establishing this criterion, thereby
allowing access to these structures for inspection? If so, would they have the right to mandate repairs?

® NYC Dept of Buildings, op. cit., p. 2.
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2.3.6 Wall Batter or Face Slope

Wall batter, or face slope, may be a significant criterion for some types of ERS. The National Highway
Institute has defined a retaining wall as having aface angle of at least 70 degrees, but some ERS can have
much shallower slopes. For example, the stepped units of a gabion wall or modular wall can result in a 45
degree face slope, which is the minimum slope criterion used in British Columbia's ERS inventory. (See
Appendix A)

2.4 Fieldwor k Process

The field effort will involve two basic activities: data-collection and condition assessment. Data-
collection can be done by junior engineers, surveyors, or technicians with relatively brief specialized
training. Condition assessment must be done by licensed engineers or other qualified inspectors, who are
scarcer and more highly paid.

Data collection and condition assessment can be done either at the sametime or in two separate steps.  In
a one-step field effort, the inspector travels with the survey team. While others locate walls, record data
and provide assistance, the inspector evaluates the condition of each wall. If a significant problem is
found, he or she can immediately recommend remedial action.

In a two-step process, the survey team locates ERS and collects basic data. In addition, they perform a
screening to identify visible symptoms of distress (e.g., cracks, uneven settlement) that may warrant
priority attention by the inspector. The inspector then performs the condition evaluations in a separate
field visit, giving priority to ERS where distress symptoms were found. Traveling separatdy (though
normally with at least one assistant) the inspector can move faster because visits are limited to walls that
are known to meet the inventory criteria and that have already been precisdly located.

You will haveto figure out which arrangement is more economical for your jurisdiction (or part thereof).
If the choice is not clear, you can use the pilot surveys discussed below in Section 3.7 to test both
methods.

2.5 Personnel Requirements

Developing an Asset Management program for ERS involves a significant commitment of
personnel. Just how large a commitment will, of course, depend on the number and geographical
distribution of the ERS, the adequacy of the agency’s records, and the actua condition of the
walls themselves. For ajurisdiction the size of a state or a large city, the initial inventory and
condition assessments can be expected to require the full-time equivalent of 8 to 20 people over a
period of several monthsto afew years. After that, a smaller dedicated staff will be required for
the ongoing inspection program and to maintain the system.
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Following are suggested job descriptions of the personnd typically required for an I&1 program. The
descriptions assume a two-step field process, since that is slightly more complicated. The first five titles
describe people who would be working on the project full-time until the field survey work is completed
and the database is established.

Apart from the manager, the numbers of people in each category will depend on the size of the
jurisdiction and the numbers of ERS to be inventoried.

(1) Manager — The project should be managed by a licensed civil, structural, or geotechnical engineer
experienced in conducting and supervising bridge inspections or comparable structural inspections
involving interactions of structures and soils. He or she will be responsible for mobilizing, training, and
supervising project personnel; scheduling field and in-house activities; reviewing results of field surveys
and, where potentially unsafe conditions have been found, recommending appropriate action.

(2) Deputy Manager — The project will need an engineer, surveyor, geographer or comparable
professional who is experienced in working with Geographic Information System (GIS), Global
Positioning System (GPS), and database software; as well as interpretation of aerial photographs, and
other sources of topographical information. He or she will assist the manager in designing the database,
identifying areas to be surveyed (preliminary mapping), identifying relevant data from agency records and
outside sources, and supervising its input to the database.

(3) Survey Team Members — Junior engineers, surveyors or technicians will identify, physically access,
and photograph each ERS meeting the inventory criteria. They will establish ERS locations using GPS
devices, take measurements using mechanical and eectronic measuring devices; and record other
relevant information about the ERS and its environs. In a two-stage fieldwork process, they will also
identify and photograph conditions that may be indicative of ERS deterioration or distress. A survey
team should consist of at least two people. Additional team members may be needed at locations that are
difficult to access or where special equipment, such as climbing gear is needed.

(4) I'nspectors — These will be licensed engineers or other experienced persons qualified to perform
bridge inspections or comparable structural inspections. Prior to visiting a site inspectors will obtain and
review as-built drawings, repair records, and similar existing information. They will inspect each ERS,
evaluate its condition, assign condition to the ERS and, if appropriate, to specific elements, and prepare
an inspection report including appropriate recommendations for further action (eg. maintenance,
monitoring, repair). In aone-step survey process, the inspector will also head the inventory team.

(5) Database Personnel — They will check field survey forms and inspection reports for completeness
and consistency and will enter approved field data in the appropriate database fields. They will extract
information from maps, agency records and other sources for entry into the database. They will also
assist inspectorsin retrieving information, such as as-built drawings, needed to prepare for an inspection.

In addition to the above, the project will require at least the short-term or part time services of the
following:
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(6) Records Specialist - This person, preferably a veteran agency staff member, will work with various
bureaus within the agency (e.g., design, maintenance, geotechnical) to identify pertinent records; evaluate
their condition and usefulness for the | & | program; and arrange for access, copying, scanning or
conversion as appropriate. He or she should also be able to assist the Manager and Deputy Manager in
obtaining necessary records from other agencies.

(7) IT Specialist Team — An experienced team of IT professionals, with various expertise like
networking and programming, will be needed to recommend and procure hardware and software, as well
as architect, develop and implement the underlying application. He or she should be able to set up the
system, including security measures, so that it will be appropriate to the project needs. The IT specialist
will instruct project personnel in using the system and will troubleshoot as necessary.

(8) Safety Engineer — An experienced traffic safety engineer will be needed to design Maintenance and
Protection of Traffic (MPT) schemes at locations where required. He or she will also instruct project
personnel in worksite safety procedures, and will assist in procuring safety equipment and services.

(9) Additional Safety Personnel and Equipment Operators — Additional help may be needed at some
sites as flaggers, to place and remove safety devices, or to operate shadow vehicles, or special access
equipment.

(10) CADD Operator — A person that will prepare drawings as required for inspection reports, MPT
designs and similar purposes.

2.6 Cost Factors
The cost of establishingan | & | program will depend on:

The size of thejurisdiction,

The nature of itsterrain and vegetation,
The number of eligible ERS,

Their geographical distribution

Their physical condition, and

The state of the agencies records.

The principal cost, of course, will be the field and office personnel involved in collecting the data and
creating the data base. Before getting to that, however, you will have to count on another large in
developing the program (see Chapter 3). The third biggest cost is long-term and includes IT support on
database (devel opment,-management and maintenance). Smaller ancillary costs will include equipment,
training and documentation.
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3. IN-HOUSE PREPARATION FOR THE INVENTORY

3.1 Review of Existing Records

3.2 Prdiminary Mapping

3.3 Prdiminary List of Inventory Data Fields
3.4 Prioritizing and Staging

3.5 1D Numbering System

3.6 In-House Training

3.7 Pilot Survey

3.8 Survey Form

3.9 Field and Office Procedure Checklist
3.10 Survey Teams and Equipment

3.1 Review of Existing Records

Before deploying peoplein the field to gather information on ERS, it isimportant to know where to look
and what information you already have. In alarge highway agency, several different divisions may have
useful records pertaining to ERS. These records may be in different locations and in different formats
(paper, microfilm, and microfiche). An experienced person, preferably a veteran staff member with some
institutional memory, should bein charge of rounding up potentially useful records. This “records
wrangler” should contact appropriate units within the agency, evaluate their relevant records, and arrange
for the records to be borrowed, copied or converted for use in the ERS program.

ERS location information should be incorporated in the preliminary mapping (see below). As-built
drawings, repair records and similar information should be flagged for use by the inspectors who will
perform the condition evaluations

3.2 Preliminary Mapping

Prdiminary mapping is essential to plan the field effort efficiently. The purpose of the preliminary
mapping is to identify, to the extent possible:

Locations of known eligible ERS;

Locations where additional digible ERS arelikely (or unlikely) to exist;

L ocations where access to the ERS will require special equipment, such as a cherry picker
or rock-climbing gear; and

Locations where the survey work will require safety measures such as lane closures,
flaggers, or shadow vehicles.

In many cases, the preliminary mapping can be compiled entirely from an agency’s in-house files of
highway topographic surveys, aerial photography, Light Detection and Ranging (LiDAR) surveys, ARAN
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surveys, and as-built drawings.  Where there are gaps, additional information may be obtained from
other sources such as Federal Emergency Management Agency (FEMA) flood insurance maps; wetland
and drainage maps, and mapping prepared by local governments and public utilities. Document research
is especially important for fill walls, which are nearly impossible to pick up in aerials or road surveys
because they are below the roadway grade.

It would be useful to begin the preliminary mapping effort with a kickoff meeting of relevant agency
personnel and outside agencies to identify potential sources of information. Later, a draft version of the
map can be posted on the internet, with agency personnel and (through a press rdease) the public invited
to contribute information.

Some DOTs have emphasized the value of contributions from their veteran regional or district personnel.
Local maintenance personnel and engineering personne should be asked to participate in reconnaissance
tours. These are the so called “institutional memory” of any agency. The reconnaissance survey would
be most productive with their assistance right from the beginning, because they know the existence of
walls whether they are shown on amap or not.

The preliminary mapping should be in a format that can be used in the field. If survey teams are able to
access GIS mapping through portable devices, the mapping can be prepared directly on the agency’s GIS
system. If not, the information can be compiled manually on U.S. Geological Survey (USGS) quad
sheets or comparable paper maps.

3.3 Preliminary List of Inventory Data Fields

Before embarking on an Inventory & Inspection program, make a preliminary list of the data fields that
you would like to have in the eventual database. Your list should make provision for:

Datato be collected by thefield survey teams,

In-office inputs from existing records or other sources,

Datafrom initial condition assessments and future periodic inspections, and
Data from future maintenance and repair activities.

In addition to numerical data and text, data fields may include links to digitized photographs, as-built
drawings and other images. Error! Reference source not found. lists data fields that should be
considered for inclusion in the inventory database. The list has been compiled from inventory forms or
reports provided by several agencies that currently maintain ERS asset management inventories. Not all
of the data fields or items listed will be appropriate for any given agency.

The two rightmost columns indicate whether the data will be primarily from field (F) or office (O)
sources. The level of detail selected by a highway agency will depend on its objectives, budgetary
constraints, and other factors. Whatever the level of detail in the database itsdlf, its information can be
augmented by links to source documents such as survey forms, inspection reports, photographs, and
contract drawings. A data dictionary, with definitions and explanations of each field in the Table is
provided in Appendix B.
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Survey Log Data — When the survey was taken and by whom; additional information such as weather and
soil conditions.

Location— GPS coordinates, |ocation by route number and milepoint or other reference; highway district;
political subdivision.

Function — Whether a cut wall, fill wall, specialty wall function (e.g., seawall, bridge wall, culvert wall,
etc.); features supported and/or protected.

Dimensions — Measurements of height, length, offset, face slope, batter, face angle, internal wall face
angle, etc.

Sructural Data — (Structural type, materials, elements, attachments). A suggested classification of
retaining-wall structural typesis shownin Table 2.

History and Ownership — Date(s) of construction or substantial reconstruction; ownership or maintenance
responsibility if other than the highway agency; record of maintenance and repair actions.

Condition — Condition ratings and related data from survey team observations and subsequent
inspections.

Consequences-of-Failure Factors — Traffic volumes (daily, seasonal), adjacent facilities, alternative
routes, loss of service, type of traffic, etc.

Management Actions — Priority ratings, actions taken, status.
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ERSDATA OPTIONSTABLE

MINIMUM RECOMMENDED ADDITIONAL F
ADDITIONAL FIELDS DESIRABLE FIELDS
SURVEY LOG DATA
1. 1D number X
2. Date of survey X
3. Timesof arrival and departure X
4. Surveyed by X
5. Weather X
6. Soil moisture X
7. Work-zone safety devicesor | X
measures
8. Special access equipment X
LOCATION DATA
9. GPS location coordinates X
10. Location X
11. Offsat X
12. Location photos X
13. Didrict/ political
subdivision
14. End coordinates X
15. Bridge/ culvert association X
16. Other related feature ( X
17. Block and ot number
18. Access constraints X
19. Did constraints affect X
accuracy?
20. Photo(s) of access X
constraints
FUNCTION DATA
21. Functiona type X
22. Supported feature X
23. Protected feature X
24. Photo(s) of supported X
and/or protected features
DIMENSION DATA,
GENERAL
25. Exposed height X
26. Total length X
27. Wall face slope X
28. Exposed height at beginning X
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ERSDATA OPTIONSTABLE

point
29. Exposed height at end point X
30. Height above retained soil. X
31. Total height X
32. Edtimated area of exposed X
face
33. Criterion length X
34. Offset of criterion portion | X
35. Photo(s) of top profile X
36. Updopeangle X
37. Downdope angle X
38. Roadside features above X
39. Roadside features below X
40. Photos of roadside features | X
STRUCTURAL DATA,
PRELIMINARY
41. Wall face material X
42. Apparent wall type X
43. Wall surface treatment X
44. Wall top feature X
45. Top of wall attachments X
46. Wall face attachments X
STRUCTURAL DATA,
VERIFIED
47. Structura type X
48. Total wall face area X
49. Edtimated replacement cost X
per square foot
50. Cost estimate reference X
51. Edtimated total replacement X
cost
52. Foundation type X
53. Wall face angle as built
54. Proprietary type. X
X
55. Fill material X
HISTORY AND
OWNERSHIP
56. Year built X
57. New or retrofit X
58. Design Service Life X
59. Current owner X
60. Owner contact information X
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ERSDATA OPTIONSTABLE

61. Origina owner X
62. Original contract number X
63. Original cost X
64. Original designer X
65. Original contractor X
66. Maintenance /Repair/ X
Modification Record
CONDITION DATA,
PRELIMINARY
67. Checklist conditions. X
68. Condition photos & sketches X
69. Inspection priority X
CONDITION DATA FROM
INSPECTION
70. Inspection report X
71. Inspection date X
72. Name of inspector X
73. Prior documentation X
reviewed
74. Potential failuretype X
75. Condition rating X
76. Performance Rating
77. Projected replacement date X | X
78. Recommended action type X
79. Recommended action X
summary
CONSEQUENCES-OF-
FAILURE FACTORS
80. Critical wall height X
810. Critical distance X
82. Roadway type and lanes X
83. Senditive facility supported X
84. Sensitive facility protected X
85. COF rating X | X
86. Traffic volumes X
87. Interchange distances X
88. Detour length X
89. Affected locations X
90. Utilities near top of wall X | X
91. Utilities near base of wall X | X

23




ERSDATA OPTIONSTABLE
92. Utilities on wall face ( X | X
ACTION PRIORITY
93. Action approved X
94. Action priority X
95. Action date scheduled X
96. Action completed X

Table 3: ERS Data Options.

3.4 Prioritizing and Staging

Fidd survey activities are likely to be conducted over a period of months or even years. You will need to
decide which areas or routes ought to be surveyed first and which should be done toward the end of the
process.

If there is a particular area where ERS in poor condition are known to exist, it must be given priority.
However, in the absence of such an obvious priority area, it may be best to start where there is a high
concentration of ERS, such as a series of closely-spaced highway interchanges.

The survey field crews will need time to learn their tasks and get up to speed. In an area with a high
concentration of walls, the initial surveys will be easier to supervise and, if there is an error or omission
on a survey form, the cost of a repeat visit will be reatively low. A formal training program is
recommended for the different teams involved in the 1&1 program. This training will also reduce the
variancein inventory and condition assessment reporting.

Apart from the learning-curve factor, agencies should consider giving priority to:

Areas with a history of landslides or seismic activity,

Highways with high traffic volumes,

Highways in areas without alternative routes, and

Areas with a history of wall failure or high maintenance expenditures.

As noted above in Section 2.4, fiedld work may be done as either a one-step or two-step process. All ERS
that meet the inventory criteria will be inspected for an initial condition evaluation. However, it may or
may not be cost effective to include a licensed engineer or other qualified inspector in the team
performing the initial data collection.

Most agencies have used a two-step process. The initial data collection is performed by a specially
trained team of junior engineers or technicians. Once they have determined that a wall meets the
inventory criteria, the wall is scheduled for an inspection. The survey team can recommend that awall be
given priority for inspection if, following a checklist, they observe certain problem that may warrant early
attention.
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3.51D Numbering System

Generally, each ERS in an inventory is assigned a unique ID to make it easier to retrieve or sort
information stored in the database. Some agencies use a variant of their system for bridge identification
numbers (BIN). In other ERS numbering systems, the ID incorporates additional codes for location or
jurisdiction. At least one agency simply uses the record number assigned by its database software.

Some agencies also tag their ERS with these numbers so that they can be accurately identified in the field.

In the initial survey work, field teams will assign a sequence number to each ERS surveyed along a given
route. To minimize the chance of error, the ID numbering system can be designed so that the same
numbers, perhaps with some prefixes or suffixes, can be used in the permanent database.

3.6 In-House Training

Whatever the prior qualifications of the field and office teams, they will need training in the use the Field
Survey Form and the respective field and office procedures checklists. If possible, the field and office
staffs should be trained together. It is important for the office staff to understand how the field data is
obtained, and for the field staff to realize how the office staff will be using it. It is also possible that, in
the course of the project, some field personnel may be transferred to in-house tasks and vice versa
Supervisors must also make sure that anyone assigned to the field has had adequate safety training. The
training program should be formalized as it may be revisited years down the road as new inventories are
undertaken.

3.7 Pilot Survey

In conjunction with the In-House Training, carry out a Pilot Survey on a sample of sample of ERS of
various heights, types and location conditions. The Pilot Survey will test the project team members on
their training. Equally important, it will test the usefulness and validity of the survey forms and
procedural checklists that they are supposed to follow. It will also allow supervisors to gauge the time
needed for data collection, and what additional training, equipment or safety measures will be needed for
the survey team.

3.8 Field Survey Form

The survey teams must be provided with a form for reporting information on each ERS they visit.
Prepare a preiminary form. It will almost certainly be refined and revised in the course of a pilot survey
and in-house training (see Sections 3.5 and 3.6). Limit the form to data items that actually need to be
collected in the field. The questions should also be organized in a “field-logical” sequence rather than in
the order they will appear in the final database. Ideally, the Field Survey form should fit on one side of a
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single sheet. If desired, the back of the sheet can be utilized for entries by the in-house staff. Examples
of field survey forms are shown in Appendix C.

A few years ago, such surveys were always done on paper forms. There are now a variety of hand-held
electronic data entry devices that are relatively inexpensive. These devices also allow opportunities for
user prompts and other aids such as drop-down lists. On the other hand, the use of the electronic hand-
helds also requires a substantial upfront investment in programming and debugging as well as technical
upgradesin the yearsto come. This cost may not be justified for a1 or 2-year inventory effort that would
probably not be repeated for years to come. Ancther consideration is that the process of transposing data
from paper forms to the database provides potentially valuable opportunities for Quality Assurance and
Quality Control (QA/QC).

3.9 Field and Office Procedure Checklist

Once you have your Preliminary Survey Form, think about the field procedures that will be necessary to
fill out the form. (For an expanded discussion of field procedures, see Chapter 4). List the stepsin a
logical sequence and use them to develop a Field Procedure checklist. It should cover things to be done,
observed or recorded by the field crews from the time they set out for a day of surveying until the time
they return. The checklist will be used initialy for training and pilot surveys, and will amast certainly be
revised in the process. Later on, it will serve as a reference to be carried in the field and for quality
control.

Complementing the Field Procedure Checklist, prepare a preliminary checklist of office procedures. It
should detail the steps to be followed by the office staff as they check the forms received from the field,
input the data into the data base, and augment it with data from other sources.

Like the Field Procedure checklist, the Office Procedure checklist will be used initialy in training, and
afterward as areference for the office staff and a basisfor QA/QC procedures. For afurther discussion of
office procedures, see Chapter 6.

3.10 - Survey Teams and Equipment

The field survey work will probably require a few different types of survey teams, depending on field
conditions in various areas. For walls of moderate height, which can be safely scaled with a ladder and
where there is good shoulder width, a two-person team will suffice. Where the shoulder width is limited,
but no lane closure will be required or permitted, a third person may be needed to set out safety devices
and/or act asa flagger to slow down oncoming traffic.

In locations where lane closures will be required, the survey team will need to be augmented by an MPT
crew and shadow vehicle. In areas with very high walls, involving use of a cherry picker, man lift, or
similar equipment, the team should include a qualified driver-operator. These locations may also entail
lane closures.
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In very rugged terrain, field surveys may require people qualified in the use of various types of climbing
equipment, each of which has its own training and certification requirements. The preliminary mapping,
along with the results of pilot surveys, will make it possible to determine the types of teams required and
the person-hour requirements for each type.
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4. FIELD INVENTORY PROCEDURE

4.1 Pre-Departure Safety/Equipment Check
4.2 Site|D Number

4.3 Arrival Procedure

4.4 General Location and Function

4.5 Special Access and Safety Conditions
4.6 Dimensions

4.7 GPS Readings & Location Photos
4.8 Structural Type and Materials

4.9 Wall Attachments

4.10 Nearby Utilities

4.11 Consequences of Failure Factors

4.12 Condition Observations

4.13 Priority Rating

4.14 Site Departure Checklist

4.15 Back to Office

This chapter describes, in genera terms, the steps to be followed by field survey crews. A clear
procedure will help to assure that field teams:

Acquire all the necessary data,

Record it in a consistent manner,

Achieve adesired level of accuracy, and
Conduct the work safely and economically.

You can tailor them to the requirements of your own I&I program as desired. Whatever procedure you
adopt should be reflected in the Field and Office Procedure Checklist described abovein Section 3.9.

4.1 Pre-Departure Safety/Equipment Check
Check the following before starting each day’ s work:

1. Vehiclefud, tires, safety lights, etc.

2. Safety equipment and clothing including first-aid kit, safety signs, traffic cones, safety vest, hard
hat, gloves, goggles, safety shoes.

3. Equipment and supplies such as laser range finder, GPS, digital cameras, batteries and/or
rechargers, ladder, tape measure, plumb bob, clipboards, drinking water.

4. Sufficient supply of survey forms or, if a data recorder is used, it is in working order. Confirm
that the correct ID number to start is used in numbering the day’s survey forms.
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Example of survey forms developed and used in other 1& | programs are shown in Appendix C.

4.2 Site D Numbersand L og

Assign an ID number and start with a new form for each ERS that might meet the inventory criteria. If
after recording the criteria measurements, the wall does not qualify for the inventory, there is no need to
complete therest of theform.

Keep alog of the ERS covered in each day’s work, including ID number, location, and whether the wall

met the inventory criteria. The log should also indicate the approximate location of any ERS that had to
be skipped because you could not safely stop or approachit.

4.3 Site Arrival

On arrival at a site, pull the vehicle completely off the road. Set out cones and other safety devices as
required.

Note the time of arrival and weather conditions, including signs of recent precipitation. During periods of
precipitation, signs of proper drainage conditions can be noted.

4.4 General Location and Function

Briefly record the location of the wall, either by highway number and mile post, or in relation to a
crossroads or other feature. If thewall is part of an interchange, clearly identify the ramp or roadway.

Take at least one general photograph that can be used to identify the wall as seen from the road.”

Record the functional type of the wall (e.g., cut or fill) and the feature(s) supported and/or protected.

4.5 Special Access and Safety Conditions

Record any condition pertinent to work-crew safety at this location (e.g., steep grade, limited sight
distance); and any condition preventing direct access to the wall (e.g. fence, steep slope).

If you are unable to stop safely, note the location so that it can be visited later by a team with appropriate
equipment. Assign an ID number.

" Keep track of this and other photos taken at each site. Make sure you have enough information for later
captioning.
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If you are unable to physically access the wall, but can make measurements with a laser range finder,
continue with the survey procedure. At a minimum, try to determine whether the wall meets the criteria
for inclusion in the inventory. Complete the data form to the extent possible. Note any limitations in the
accuracy of the data, for example, whether the height of the wall is partly obscured by vegetation.

4.6 Dimensions

Using a laser range finder or tape measure, as appropriate, measure and record your “criteria’ dimensions,
for example:

Maximum height
Total length
Distance from edge of roadway

If the ERS does not meet the inventory criteria, do not continue. 1f the wall meets the criteria dimensions,
complete the remaining items on the form. These may include other measurements, such as:

Height of wall at left and right ends

Length of wall meeting height criterion (if less than total length)
Wall face angle or batter

Estimated total area of wall face

4.7 GPS Readings and L ocation Photographs

Take a GPS reading at the approximate midpoint of the wall’s length. This will be used in GIS mapping.
For along wall, or onethat is not generally parallel to the roadway, get areading at each end. If the wall
is not directly accessible, take GPS readings at the closest point and indicate the distance and direction
from the wall face. Record whether measured with a laser range finder or estimated.

Depending on its size, take one or more general photographs of the wall, preferably using a GPS camera
to facilitate accurate captioning. . If the wall is protecting or retaining a non-mainline feature, such as a
ramp or parking areg; or a feature outside the ROW, such as a local road or a residential property, make
sure at least one photograph shows that feature.

4.8 Structural Typeand Materials

Note the apparent structural type. Field survey teams will often not be able to determine a wall’s
structural type simply by looking at it. For example, wherethe top thickness of a concrete wall cannot be
observed, it will be hard to determine whether it is a gravity structure or a cantilever structure. On the
other hand, certain proprietary wall systems, mainly MSE walls, are easily identified by their distinctive
wall-facing units. Recognition of these proprietary walls can be included in survey-team training and
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they can be provided with sample photos for use in the field. However, the definitive determination of
structural type will be made by theinspector, preferably on the basis of as-built records.

For al ERS, the survey team should note the wall-face material (stone, concrete, stucco) and the wall
surface treatment, if any. .

4.9 Wall Attachments

Note the type and height of any top of wall feature or attachment such as coping, parapet, fence or traffic
barrier. Note any lighting or other electrical conduits attached to the wall; or any fixtures such as lighting,
traffic signals, or signs.

4.10 Near by Utilities

Note the presence of any nearby above-ground utilities such as telephone poles and e ectrical transmission
lines, either abovethe wall or near the foot of the wall. Indicate the support-type (e.g. wooden pole, metal
pylon) and distance from wall. Also note the type and location of any manholes or markers indicating
presence of underground utilities near the wall.

4.11 Consequences of Failure (COF) Factors

In addition to features directly supported or protected by an ERS (see 4.6 above), note and photograph
any other nearby facilities that might be significantly affected by an ERS failure or a related roadway
closure. COF factors should be considered without regard to the actual condition of the ERS.

These include:

Ancillary facilities within the highway right of way, such as a service area or a scenic overlook;
and

Non-highway facilities, such as a school, shopping center, or recreation area.

Additional COF information will be added by the office staff. A good list of consequences of failure
levels can be found in the FHWA Wall Inventory Program as seen below in Figure 4.

Lo - Bow Loss ol ouadway, mo v low sublic sk, oo iupeect o alll durine wadd tepacd eplocenien,
Moderale- Lourly lo shorl-lens elosure ol mosdway, low-lo-moderate publie sk, moligle allemnate routss avalable
1ligh- Seasonal 1o long-lern loss olrozdway, substaniial ces-ol-lile nss, no el roues avalable

Figure 4: Sample L evels of COF.
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4.12 Condition Observations

Check for the following conditions that may be indicative of stress or deterioration. Where appropriate,
indicate specific locations on the wall in terms of height above the base and/or distance from right or left.
Take additional photographs sufficient to illustrate all adverse conditions. If you can't determine a
condition because you are unable to access part of the wall or because it is obscured by vegetation, note
that fact.

Wall or parts of it, out of plumb, tilting or deflected

Bulges or distortion in wall facing

Some elements not fully bearing against load

Joints between facing units (panels, bricks, etc.) are misaligned
Joints between panels are too wide or too narrow

Cracks or spallsin concrete, brick, or stone masonry
Missing blocks, bricks, or other facing units

Settlement of wall or visible wall elements

Settlement behind wall

Settlement or heaving in front of wall

Displacement of coping or parapet

12. Rust stains or other evidence of corrosion of rebars

13. Damage from vehicleimpact

14. Material from upsloperockfall or landslide adding to load on wall
15. Presenceof graffiti (dight, moderate, heavy)

16. Drainage channels along top of wall not operating properly
17. Drainage outlets (pipes/weepholes) not operating properly
18. Any excessive ponding of water over backfill

19. Any irrigation or watering of landscape plantings above wall
20. Root penetration of wall facing

21. Trees growing near top of wall

22.  Any other observations not listed above

©CoNoUk~wWNE
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4.13 Priority Rating

This rating is intended to assist the manager in prioritizing and scheduling follow-up inspections. It
should be based mainly on the type and severity of your condition observations (see 4.11) but should also
take into account the sensitivity of potentially affected facilities (4.6 and 4.10). If possible, use a rating
scale that is both simple and consistent with existing agency practice. The following is an example: of
such ascale:

1 Low

2. Moderate
3. High

4. Urgent

In the event of an Urgent rating, contact the inspection supervisor or coordinator for instructions.
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4.14 Site Departure Checklist

1.

2.

Close any gates that you may have opened. Pick up all discarded material.

Callect all equipment used during inspection.

3. Note special site conditions such as sinkholes, snakes, poison ivy, €c.

4. Time of departure.

4.15 Back to Office

On returning to the office, make sure that:

1

2.

All forms and log entries are complete and legibly written.

You have aform for each ERS on your survey log, including locations where you were unable to
stop, and a log entry for each form. The log should also list any unusual occurrences that may
have affected the survey, such as an accident or storm.

You retrieve the photos taken at each site, eliminate duplicate or unnecessary photos, and caption
the remaining photos. For general location photos, the ERS ID Number will suffice as a caption.
If the photo was taken to show a particular feature, facility or condition, add enough information
to make clear what it is intended to show, eg., “cracked wall unit.”

On each survey form, you write the range of photo numbers for that ERS.
Y ou make up a package of the day’s work and transmit it to the office staff. The package should
include the log, the survey forms, and a disk or other storage device with the photographs.

Photographs should be transmitted at the original resolution so asto preserve detail if they haveto
be enlarged. ThelT Manager should advise on the appropriate camera resolution.settings
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5. CONDITION ASSESSMENT

5.1 Introduction

5.2 Personnel and Scheduling
5.3 Preparation

5.4 Fidd Procedure

5.5 Additional Procedures

5.1 Introduction

The assessment of a wall’s condition is the most critical part of its inspection record. It will bethe basis
for decisions about maintenance, repair, the frequency of future inspections, and even possible
replacement.

The process of inspection of ERS is not as simple as it may seem. There are many system types and
although, in general, they will exhibit similar patterns of distress, each system will have different issues
that may cause the distress, particularly MSE walls. New types of face connections, reinforcement, and
face materials mean that an 1&1 program will have to develop procedures, training, and repair methods for
each one.

A condition assessment is obtained through a hands-on inspection. This level of inspection involves
physical access to the wall; close observation, sounding with a hammer; feeling the wall to detect
differences in temperature and texture; and probing with hand tools. It generally does not include
invasive procedures.

A condition assessment should be obtained for each wall that meets the inventory criteria. Reaching this
goal is likely to take much longer than the original inventory. Inspections are done by skilled persons
and require more time at each wall. Information obtained by the field survey teams will help in deciding
which walls ought to be inspected first.

Inspections of ERS should be based to the extent possible on the relevant techniques and procedures used
in bridge inspection. These are described in detail in the FHWA'’s Bridge Inspector’s Reference Manual
2006 (BIRM 06).° These techniques reflect decades of experience and thereis no need to reinvent them.

10 FHWA. “Bridge Inspector’s Reference Manual”. FHWA NHI 03-002. 2006.
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5.2 Personnel

Inspections of ERS, as distinguished from inventory surveys, should be performed by qualified bridge
inspectors (as defined by the National Bridge Inspection Standards, 23 CFR 650.309), or by civil,
structural or geotechnical engineers with comparable experience in inspections involving interactions of
structures and soils.

The size of the inspection team will depend on different factors such as the size of the project, traffic
control requirements, and accessibility. In a simple situation, two people will suffice; however, in
complex situations, additional personnel may be necessary for safety backup and traffic control, to assist
with measurements, or to operate special equipment. The size of the inspection team will also depend on
the anticipated number of retaining walls, the distance between the walls, the size of the walls, and the
need for traffic control devices.

5.3 Preparation

The inspection team’s goal is to primarily assess both the condition and the performance of the ERS.
While the condition of the ERS pertains to its state at inspection indicated by observed distresses for
specific dements, and general wall distresses such as rotation, settlement, translation, and displacement;
the performance of the ERS redlates to its overall capability to perform as designed based on the variance
between its current and previous states while considering any evidence of component problems such as
prior repairs.

In preparing for the inspection, the engineer should obtain and review all available documentation about
the ERS. This may consist of:

The data and photographs from the field inventory survey.
As-built drawings and other records of the original construction.
Records of maintenance and repair activities.

Records of any prior inspections.

All of this information should eventually be in the ERS Management System. That is, dther in the
database or accessible by links to photo files or files of scanned documents. Locating and scanning
relevant records is part of the work of the office staff (See Chapter 6) but will take some time to complete.

If an inspection is needed in the early stages of system development, only the information from the field

survey will actually be available in the system. However, the office staff should be able to assist the
inspector in tracking down as-built drawings and other relevant records.
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In addition to documentary sources, the engineer may be able to obtain useful information from highway
mai ntenance personnel and owners of adjacent property.

5.4 Field Procedure

5.4.1 Identification of Wall Type
At the site, the engineer may not have additional documentation on the retaining wall being inspected. In

this case, a visual determination of the type of wall should be made by the inspecting engineer. See
Appendix C for a detailed description of ERS Structural Wall Types.

5.4.2 Assessment of Exterior Wall Elements
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Figure5: Primary and Secondary Wall Elements as defined in the FHWA NPSWIFG.

The inspection team should assess the condition of individual wall elements which could affect the
performance of the retaining wall. The inspection should also focus on the new information that became
available since the last inspection. The continuing function of the wall elements is the principal factor to
consider when performing the site inspection. The FHWA National Park Service (NPS) Retaining Wall
Inventory Program Field Guide (WIFG) provides a very good example of the definition of the primary
and secondary wall dements, along with their condition rating guidance. (See Figure5).

In the NPS program, the engineer gives a condition rating to each wall element based on the severity of
the following signs of distress: corrosion or weathering, cracking or breaking, distortion or deflection, and
lost bearing or missing elements. (See Figure 6Error! Reference source not found.). To simplify the
task of identifying which wall elements are more important to assess, based on the type of wall being
inspected, the list of primary and secondary wall dements from the FHWA WIFG is a useful example.
(SeeFigure7).

The inspection engineer should look for missing or deteriorated joint fillers (and sealant), cracking or
spalling of concrete surfaces, and for deteriorated mortar joints or missing pointing on masonry walls. |f
severe corrosion of the reinforcement or sulphate attack on concrete is suspected, the engineer should
recommend further investigation and testing, and/or seek advice from a qualified structural engineer.

During the inspection of the retaining wall, signs of distress, such as settlement and tension cracks in the
ground in close proximity to the retaining wall, severe cracking, deformation, tilting and bulging of the
retaining wall, and dislocation of masonry blocks, should be noted and recommendations should be made
for further investigation.
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Figure 6: Wall Elements Condition Ratings as defined in the FHWA NPSWIFG.

Weepholes or outlets of drainpipes provided to drain soil layers behind the retaining wall should be
investigated for blockage.
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Figure 7: Matrix Showing the Wall Elements that should be Rated based on the Wall Structural Type (As shown on the

FHWA NPSWIFG).
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For reinforced fill structures, the gaps between the facing panels should be free from any undesirable
vegetation growth. The measures incorporated for the protection of the reinforcing elements and
connections should be checked to ensure that their effectiveness is not reduced by post-construction
activities in the vicinity of the structure, e.g., laying of utility services.

5.4.3 Assessment of the Potential Effect of Water Leakage

Leakage from water-carrying services, including water pipes, stormwater drains, sanitary sewers,
catchwater channels, and water tunnels, may adversely affect the stability of retaining walls. Ducts
carrying conduits can transmit an appreciable amount of water. The potential effect of water leakage on
the stability of the retaining wall should, therefore, be considered and assessed. In locating buried water-
carrying services within the vicinity of the retaining wall being inspected, the engineer should keep in
mind that |eakage from services can trave long distances via subsurface segpage paths through permeable
materials.

The inspecting engineer should inquire owners of utility services about the presence of buried water-
carrying services in the vicinity of the retaining wall. The engineer should look for unauthorized buried
services and other discrepancies from available record plans. If no existing drawings are available, the
engineer should make a note of unusual features and investigate. Other services in the vicinity of the
retaining wall, such as manholes, should be examined for signs of leakage.

5.4.4 Assessment of the Potential Effect of the Lack of Drainage:

The potential for water ponding near the crest of the retaining wall should be assessed, and if necessary,
improvement works should be recommended. The engineer should inspect the area beyond the boundary
of the retaining wall, and check for the presence of gaps in the ground, alongside surface channdls, that
could permit surface water to infiltrate into the ground. For example, where there are culverts or natural
drainage lines that may affect the retaining wall, these should be inspected for signs of cracking,
blockage, or insufficient capacity. During the inspection, it is important for the engineer to consider all
possible water flow pathways that might affect the retaining wall. Factors usually arising from the
environment outside the confines of the inspection site should be carefully considered, and where
necessary, the engineer should recommend actions to prevent or to protect against afailure of the wall.

Since it is easier to identify drainage problems by inspections during or after heavy rains, the inspection
engineer should arrange for such inspections if the adequacy of the drainage system is in doubt. It may
not be practical to do so when the retaining walls are located in remote areas, and the wall does not pose
any danger to life or property.

Seepage traces on and adjacent to the retaining wall should be recorded on hand-sketched drawings and
photographs. Flow from seepage sources, weepholes, cut-off drains, joints between masonry blocks,
horizontal drains, etc. should be recorded and examined for signs of migration of solid particles or fines to
check whether thereis any internal erosion of the ground. If signs of abnormal seepage are detected from
the surface of a masonry wall, or signs that the seepage has substantially increased, the causes should be
investigated. The engineer should make recommendations for clearing weepholes where blockages are
suspected. If traces of seepage are detected in an area of the retaining wall where weepholes or other
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kinds of drainage elements have not been located, the source of the seepage should be determined and the
engineer should recommend installing adequate drainage.

5.4.5 Overall Condition and Performance of the ERS

Based on the major or minor defects observed for individual wall e ements, the overall condition and
performance of the wall should be rated using either a numerical scale or a standard set of terms.
Following is a sample rating system based on a five-point scale. Another example, from the NPS Field
Guide, is shown in Figure 8.

Excellent: No significant indication of distress or deterioration

Good: Someindications of distress/deterioration, but wall is performing as designed

Fair: Moderate or multiple indications of distress/deterioration affecting wall performance.
Poor: Significant distress/deterioration with potential for wall failure.

Critical: Severedistress/deterioration. Indications of imminent wall failure.

arwdpE

Wall Performance Condition RalilF

i i C:ond to Excellent - Mo observation of distresses not already captured by individual
Evaluation of overall wall slement condition assessment. Mo combination of element distresses indicating unseen

performance as indicated by woblems or creating sipnificant perfomance problems. Mo history of remediation o
I." e 1 o Dt 4 1 H L=
observations nol necessarily pair to wall or adjscent elements.

captured by observed distresses
fior specific clements, including
Performance  |zlobal wall distresses (rotation
seitlement, trenslation,

Some ohserved plobal distress 5 not associated with specific elements.  Some
sbservation of clement distress combinations that indicate wall component problems,
Puliner work on primary elements ar major work on secondary elements has occurmed
s prow iz overall well function

deplacement, ete.} andfor
evidenee of prior repairs that
may further indicate component
problems

[Poor {o Crilical - Global wall rotation, seftlement, and'or overturming 15 readily appazent
{-cmbined element distresses clearly indicate serious stability problems with components
or plobal wall stabalivy. Major repairs have occurred o wall structural elements, thoush

functionality has not improved senificantly.

Figure 8: Wall Performance Condition Ratings Table as defined in the FHWA NPSWIFG.

5.5 Consequences-of-Failure (COF) Rating

Although (in a two-step process) the survey team may have already recorded a COF rating, the inspector
should make an independent judgment of the consequences of failure. Apart from his or her greater
experience, the inspector is likely to have information, for example on traffic volumes, detour lengths and
potentially sensitive facilities, that was not available at the time of the original survey..

The COF to be considered should include:

1 Desth or injury to persons, including highway users and people in adjacent properties or
facilities.

2. Damage to property including: vehicles, highway property or facilities, and property or
facilities adjacent to the highway ROW.
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Disruption of highway operations, including full or partial closure of the roadway, or
ancillary facilities.

Disruption of adjacent utility lines, such as water mains or eectrical conduits buried in the
backfill.

Environmental consequences, such as damage to a significant wildlife habitat or protected
wetland, or blockage of a watercourse.

Damage to cultural assets or sensitive land uses such as historic structures, schools, houses of
worship, and cemeteries.

In assessing the consequences of failure of a retaining wall, the engineer should take into consideration
factors such as:

The scale of a potential failure, considering the height and overall size of the ERS and the
volume of earth retained.

Its proximity of the ERS to the roadway or other potentially affected facilities or structures

Intensity of usage of potentially affected facilities, such as traffic volume on a roadway or
occupancy of a building

Theresistance of buildings and facilities to the impact of the debris

The vulnerability of occupants and/or users

The COF rating is intended as an aid in setting priorities. It should be kept relatively ssmple. Following
is a suggested three-level COF rating system, with examples of COF at each level.

1

Severe: High likelihood of injuries or death from debris falling on a heavily traveled
roadway, on other heavily used adjacent areas, or from collapse of structures near top of wall.
High likelihood of extensive or total-loss damage to vehicles or structures. Complete closure
of aheavily traveled roadway requiring lengthy detours.

Significant: Low probability of injury to persons but likelihood of any of the following: (@)
substantial property damage, (b) interruption of water or other utility service to a large ares,
(o) lengthy blockage of access to business properties or public facilities, (d) long-term
damage to environmental or cultural resources, (€) closure of two or more lanes of a heavily
traveled roadway, (f) full closure of any roadway with no alternative access or requiring
lengthy detours.

Minor: Low probability of either injury to persons or of damage to vehicles or non-highway
property or facilities. Full roadway closures where alternative accessis available. Closure of
a single lane on a heavily travel ed roadway.
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6. OFFICE PROCEDURE AND DATA INPUTS

6.1 Location of Agency Records

6.2 Checking of Field Survey Forms and Photos
6.3 Input of GIS Map Coordinates

6.4 Input of Survey Data

6.5 Additional Data Inputs

6.6 COF Rating

6.7 Permanent ID Number

6.1 L ocation of Agency Records

As the program proceeds, the office staff will need to look into available agency records: as-built
drawings, specifications, records of maintenance and repair, and records of utility permits or easements.
For the most part, this information will be retrieved on an as-needed basis for the use of engineers
performing inspections and designing repairs. When such information is needed, it may be needed
quickly for walls already deemed to be performing poorly and in need of some level of maintenance,
repair or possible replacement.

At an early stage in the project, before survey data starts coming in from the field, the office staff should
learn how the agency keeps its construction, maintenance and repair records. They should get to know
what relevant records exist, where they are stored, in what formats, and who is in charge of them.

References to sources on a specific geographic area, such as highway contract numbers, can be
incorporated directly into GIS mapping, enabling the map to serve as an index to available records.

6.2 Checking of Field Survey For ms and Photos

On receiving each package of data from the field (see Section 4.14), check to see that there is an ID
number and form for each site listed on the log; that the brief location descriptions on the log are
consistent with those on the forms; and that the information on the forms is legible enough for input.

Review the photos and check to see that their numbering corresponds to what is shown on the form. The
system can be set up so that each photo is referenced to a specific field on the form, which serves as its
caption. If not, make sure that all photos are adequately captioned, including the ERS ID number and
appropriate keywords.

Once all photos are correctly captioned and/or referenced, the entire batch can be copied to a central
photo from which the individual photos can be called up as needed.
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6.3 Input of GISMap Coor dinates
It is useful to map locations of all reported ERS, even where the survey form could not be completed.

Bring up the GIS map. Input the ERS ID number at the map coordinates recorded on the survey form.
Check that the location is consistent with the map and with the location description on the survey form. If
the GPS coordinates are incorrect you may be able to get the coordinates from GPS data embedded in a
photo file or by pinpointing a location that you can reliably identify from a photo. If not, the form must
be sent back for clarification.

If there is no GPS location and no photo, asin a*“no-stop” situation, get an approximate location from the
description on the survey form and enter it with an appropriate cautionary note.

6.3.1 Location Description

After entering the location on the GIS map, check the location description on the survey form. If it is not
adequate, add clarifying information such as names of cross roads or distance from the last intersection or
bridge. This must be done correctly inthefield by the field crew.

6.4 Input of Survey Data

Input the survey data from the forms to the appropriate fields in the data base. Each survey form results
in a database record. The system can be set up to automatically flag records that require follow-up and
transmit them to the appropriate people. These may include:

Records of walls assigned a high or urgent priority for inspection.
Records showing a specific distress conditions or a predetermined number of such conditions.

Records that are incomplete because of access problems or because the survey team could not
stop safely. These will be reassigned to a team with appropriate safety support or equipment.

Records of ERS that support or protect a specific type of facility, such as arailroad.

Whether or not these selections are automated, you should be alert to any inconsistencies or unanswered
guestions in an otherwise complete form. These records must be referred back to the survey team for
correction or clarification, with copies of the original form and photos, if necessary.
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6.5 Additional Data I nput

The ERS database will include various kinds of information that are not easily obtainable by the field
survey teams.

6.5.1 Agency Data

As agency records are retrieved for inspections or other purposes, relevant data should be entered into the
system. This may include:

Dates of construction and any subsequent major repairs

Structural type (if not previously identified)

Additional dimensions (e.g. wall thickness, depth of embedded portion)
Wall materials

Backfill type

Specific eement types and manufacturers

Record drawings, including as-builts, shop drawings and details can be incorporated into individual ERS
records via links to graphic files. The same can be done with entire documents, including inspection
reports, specifications, and test data.

Where available, the database should include basic traffic-volume data and the year on roads potentially
affected by an ERS failure or repair work.

6.5.2 Related BIN Numbers

If the ERS is currently included in the inspection of arelated bridge, the ERS record should show the BIN
number and the date of the last inspection.

If the ERS is near a bridge, but not included in bridge inspections, it may aso be useful to know the BIN
number and the distance from that bridge.

6.5.3 Non-Agency Data
Certain important non-agency data should be obtained and added to the database as soon as practicable.

The database should show the local political jurisdiction in which each ERS is located. The GIS system
may be able to enter this automatically. If public safety coverage does not coincide with political
boundaries, the database should also identify the police and fire departments covering the area where the
wall is located.



Most highway ERS are entirely within the highway right-of-way. However, the database should identify
the owner of any adjacent non-agency wall, as well as the owner of any property adjoining an agency-
owned wall. Thisinformation is usually obtainable online from assessors' offices, even for public or tax
exempt property. Include property identifiers such as tax map number, tax block and lot number.

For specific facilities that could be affected by awall failure, include relevant data such as the enrollment
of a school, the capacity of a parking lot, and the annual visitation of a park or tourist attraction.
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7. QUALITY CONTROL AND QUALITY ASSURANCE

7.1 Preliminary Mapping

7.2 Fieldwork Training and Pilot Surveys
7.3 Data Recording and | nput

7.4 Quality Assurance

Quality Control (QC) refers to the measures that should be taken in the development of the ERS inventory
to achieve a specified level of quality. Quality Assurance (QA) refers to sampling and other measures,
undertaken by a manager or a third-party auditor, to verify that the Quality Control measures are adequate
and that the quality standards are being met.

The survey effort should include QC/QA measures to assure accuracy and consistency. The agency
should designate a specific person or persons to be responsible for QC/QA in the inventory effort. Some
possible or suggested quality objectives for the inventory are:

Identify 100% of eligible ERS;

On roads with permanent mileposts, locations to be accurate within 10 feet;

Dimension measurements for fully accessible ERS be accurate within, say, 6” or afoot;
Error rate of < 1% in other field-recorded data, e.g. supported feature;

Complete forms/database inputs,

Complete e ectronic archive;

Complete hard copy archive;

Complete submittals of data to agency staff (GIS group, maintenance group,
management/administrative group, &c.);

Consistent condition assessment; and

Identify walls that require special safety support or equipment for inspection.

These types of QA reviews will capture most of the problems at the time of the development of the
inventory, and in the future when the database information is used in the field again. A QC check of the
filled out data forms should be made in the field by the team members.

The following sections describe a few recommended quality control measures.

7.1 Preliminary Mapping

a. A kickoff meeting of relevant personnel and outside agencies to identify sources of
information for the preliminary map.

b. Posting a version of the map (Google or similar) on the internet. Inviting agency
personnel and (through a press release) the public, to contribute information.

¢. Reconnaissance tours with local maintenance or engineering personnel.
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7.2 Inventory Field Work--Training and Pilot Surveys

a. Preparation of a draft form for recording data, a draft field procedure to be followed at
each ERS site, and a field guide to be used in preliminary assessments of condition and
consequence-of-failure.

b. Classroom and field training of the teams in use of the draft form, procedure and field

guide.

Pilot surveys to test the draft form, procedure and field guide on a sample of ERS sites.

Duplicate surveys by different teams to measure consistency of preliminary assessments

of condition and consequences of failure.

oo

7.3 Data Recording and I nput

a. After survey information has been verified in the field, the reported data should be
compared with the photographs taken to assure that they are consistent. As with the
follow-up inspections, these checks should be done early enough to take corrective
action, if needed.

b. Whenever an as-built drawing is linked to the inventory record, it should be checked to
make surethat it is consistent with the data recorded in thefield.

7.4 Quality Assurance

While the actual survey is ongoing, sample follow-up surveys should be made to assure that the data is
being accurately recorded and properly entered. The follow-ups should be done early enough so that the
corrective measures can be taken if needed.

The important thing to remember here is to collect good and reliable data, such as the wall location, the

physical condition of the wall and wall elements, and what actions are required. This information will be
useful in determining the cost of rehabilitation, the remaining service life, and asset management of ERS.
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8. LONG TERM INSPECTION PROGRAM AND SYSTEM
MAINTENANCE

8.1 Coordination with Bridge I nspection
8.2 Inspection Cycle
8.3 System Maintenance

8.1 Coor dination with Bridge | nspection

Many ERS are bridge-related and may already be covered by your agency’s current bridge inspection
programs. Additional ERS, though not bridge related, are close to bridges and may be more efficiently
covered as part of bridge inspections than in an ERS-specific inspection program. Whoever performs the
inspections, the resulting data should be recorded in the ERS database. The same considerations apply to
existing culvert inspection programs.

8.2 Inspection Cycle

Among the highway agencies that responded to our survey of current practices, only six provided
information on the frequency of periodic inspections. Three agencies reported a 2-year interval. Three
others reported intervals of 5to 7 years. New York City requires privately-owned retaining walls to be
inspected every 5 years'™. For state and local government financial statements that base infrastructure
valuations on an Asset Management system, the Government Accounting Standards Board (GASB)
requires inspections every 3 years.”?

A five year interval for routine inspections is therefore recommended. This refers to the inspection
interval in the absence of any special condition or circumstance that makes it prudent to inspect more
often. More frequent inspections of ERS may be triggered by:

Walls that show poor performance.

The environmental setting (regional climate, geology, €tc.). In cold climates, for instance, walls
susceptible to freeze-thaw cycles may require more frequent inspections.

The age of thewall. Older walls may require more frequent inspections.

Certain recent wall types (e.g., metallically reinforced earth retaining structures or MSESs) where
long-term performance records are not available.

The consequence of failure.

Occurrence of an event, such as flood or weather-related damage, or a vehicle impact, or an
earthquake, etc.

1 New York City Council, op. cit., p.11.
12 PB Consult, Inc., PricewaterhouseCoopers, LLP, Cambridge Systematics, Inc. and NuStats, Inc. “A Review of
DOT Compliance With GASB 34 Requirements’. NCHRP Report 522, 2004, p.2.
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A combination of all of the above.

Inspection interval periods may also be determined by analyzing historical trends in wall failures or
mai ntenance requirements coupled with the results of an initial survey. Routine inspections should follow
the guidelines and procedures proposed in Chapter 5.

8.3 System M aintenance

In order to properly maintain the data gathered through the inventory and inspection surveys and to
extend thelife of the EAMS, aregular maintenance schedule should be adopted for the different hardware
and software elements of the ERS Asset Management System. For example:

A regular backup schedule of the software and the repositories (e.g., databases, and file archives),
is necessary to protect the information, and a frequent backup schedule is recommended for
multiple point-in-time restore options.

A regular update or upgrade policy is recommended to prevent security breaches and other issues
stemming from a lack of stability of the system.
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9. DATA ANALYSISFOR ASSET MANAGEMENT

9.1 Utilization for ERS Management Decisions
9.2 Projections of Remaining Service Life

9.1. Utilization for ERS Management Decisions

ERS inspections are simpler than bridge inspections. On the other hand, ERS are far more numerous and
geographically dispersed. As a result, the personnd and equipment costs of travel between sites are
relatively high in relation to the time spent at each site. These costs can be minimized by using the
capabilities of the ERS Management System. It can quickly generate lists and maps of ERS scheduled for
inspection within given time periods. It can also be used to sort ERS sites requiring various kinds of
special equipment or personnel.

Over the longer term, the ERS Asset Management System (ERS AMS) will include condition information
from successive inspection reports, as well as cost-experience data for maintenance, repair and
replacement. At a later stage, the ERS AMS can help in analyzing the information gathered to provide
increasingly reliable projections of unit cost, service life, and failure risk for various ERS types and
components.

Finally, a mature ERS AMS will enable an agency to make decisions at a Policy-Making level, for
example, in revising standard specifications or in determining conditions appropriate for the use of
various ERS structural types or materials.

9.2. Projections of Remaining Service Life

Current AASHTO guidelines state that “For most applications, permanent retaining walls should be
designed for a minimum service life of 75 years ... A greater level of safety and/or longer service life
(i.e, 100 years) may be appropriate for walls which support bridge abutments, buildings, critical utilities,
or other facilities for which the consequences of poor performance or failure would be severe’.
(AASHTO HB-17, Division |, Sec 5)

In theory, it should be possible to project the remaining designed service life of an ERS from its
construction date and the design service life stated in the construction documents. This assumes that the
construction documents can be found, and that the date of construction is known; but it is not always the
case. Theactual service life of an ERS may differ from its designed service life, and it depends largely on
the performance demands of the structure (which are related to the quality of construction, operational

13 AASHTO HB-17 “Standard Specifications for Highway Bridges’. 2002. Division |, Section 5.
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environment and applied loads). In practice, there are numerous factors that can cause an ERS to
deteriorate or fail well before the end of its design servicelife.

1 Since the 1970s, many ERS have been built using techniques or materials that are too new to
verify their projected servicelife based on their actual field performance.

2. The service life of some materials can be severely affected by errors during construction; for
example, improper application of shotcrete, or improper storage of certain geotextiles that are
damaged by exposureto ultraviolet light.

3. After construction, ERS are exposed to the corrosive effects of chemical and electrical activity in
the retained soil, as well as from external sources such as agricultural runoff, road salts, and
leakage or stray currents from utility lines. None of these are fully predictable.

4, Existing ERS can be severely affected by adjacent land development, which can increase runoff;
or by excavation for new utility lines, which can damage drainage channels and protective
membranes. Either one can lead to saturation of the retained soil and buildup of lateral pressure
behind the ERS.

The majority of these problems are hidden behind the wall face. They become evident only with the
appearance of various external signs of distress such as bulging, deflection, cracking or staining. A
reliable estimate of remaining service life can be obtained only by identifying these conditions and by
observing their rate of change. Thisimplies periodic inspections at regular intervals.

The evaluation and determination of the remaining service life estimate is vital to effectively progress the
wall program from an inventory and condition assessment effort to an asset management effort. Without
the remaining service life estimate, it is not possible to optimize the scheduled expenditure of
maintenance and repair dollars.

Thereis no data available in technical literature on the estimate of designed service life or on construction
or maintenance operations on old retaining walls built somewhere between 50 to 100 years ago.
However, if the goal of the U.S. Government and the 50 States is to truly optimize capital expenditures
for maintaining these assets, then reiable information needs to be acquired and devel oped.

There are two suggested approaches for developing the estimate of remaining service life of ERS. The
recent walls are designed with an estimated design service life. However, the real or actual remaining
service life will be different in many cases.

One approach is to repeat the inventory over many inspection cycles, and chart escalating maintenance
and repair costs to project a remaining service life for a given class of asset (e.g., all MSE structures)
using some criterion such as when the repair and maintenance costs exceed more than 50% of the
replacement cost of the ERS. Another method is to measure the performance of similar wall structures
built over along period of time.
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Both approaches are essential, the first to understand the agency’'s assets, and the second to take
advantage of data generated by other agencies regarding the performance of a particular wall structure
type under different conditions over a period of many years. As the Chinese proverb says “the journey of
athousand mile starts with a single step”, it is hoped that each State DOT will initiate a modest program
to inventory its ERS assets and develop data for the future benefit of the rest of the country.

52



10. RESEARCH NEEDS

Most of the research needs described below are related to inventorying, inspection, and condition
evaluation. Some arerdated to the more advanced phases of asset management, such as the development
of models for projecting service life.

Areas where research and technologies may be needed or used to enhance ERS asset management
effectiveness are divided into seven categories:

10.1 Identification of Existing Retaining Walls

10.2 Imaging of Existing Wall Surfaces

10.3 Non-Invasive Subsurface Imaging of Existing Walls
10.4 Corrosion Monitoring of Reinforcementsin ERS
10.5 Advanced Management System Technologies

10.6 Systematic Collection of Data

10.7 Development of Decay Curves

10.1 Identification of Existing Retaining Walls

Conventional aerial photography has been used to identify ERS, but some structures can be obscured by
heavy vegetation even when trees are not in leaf. Bare-earth images produced by Aerial LiDAR (Light
Detection and Ranging) might save time in the inventory process. Such images could:

a. Enablerapid identification of retaining walls that are dispersed over alarge area, and
b. Disclose the presence and dimensions of retaining walls that are difficult to access or that have
been wholly or partly obscured by vegetation.

Further information is needed on the costs and efficacy of aerial LIDAR in identifying ERS. A placeto
begin would be in states that already have LiDAR imagery for large stretches of highway. Among these
are lowa and North Carolina according to a report on the NCRST-E website. "

10.2 Imaging of Existing Wall Surfaces

Theimaging of existing wall surfaces has been identified as an area where information is obtainable by
existing methods. However, new procedures or arrangements may be needed to collect the data

a.  Substitution for As-Built Drawings.
Laser scanning is a ground-based form of LiDAR. Where as-built drawings of an ERS are
lacking, laser scanning can create an accurate 3D digital model, largely eliminating time

14 National Consortium on Remote Sensing in Transportation-Environmental Assessment. “Economic Benefits of
Remote Sensing in Transportation: Case Studies of Environmental Analysisin Transportation Planning”.
http://wwwaghcc.msfc.nasa.gov/land/ncrst/rscostbene.html. Accessed May 26, 2009.
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consuming field measurements. The model can then be used in CAD system to generate
dimensioned drawings.

b. Monitoring of Movement.
In a study conducted in Northern Ireland laser scanning at 6-month intervals was used to monitor
movement in a 5-meter high retaining wall along a railroad cut. ** It was expected to detect
changes greater than 5 mm. The method was reported to be faster, cheaper, and safer than
conventional techniques. Further information is needed to determine costs and accuracy.

c. Condition Evaluation.
In an abstract for a forthcoming paper, Priznar, et al. report on the use of laser scanning by
Arizona DOT to evaluate the condition of three rock retaining walls “in previously inaccessible
terrain”’. *® In arelated project, ADOT combined laser scanning and panoramic photography to
locate a stedl rib canopy and 2,443 rock bolts supporting a tunnel. Details are not available at this
time, but the method is reported to have reduced field investigation costs and increased the
amount of usable data collected.

10.3 Non-I nvasive Subsurface | maging of Existing Walls

Certain non-invasive techniques are available that may be useful in investigating conditions beneath the
surface of an existing ERS.

a. Ground Penetrating Radar.

Ground Penetrating Radar (GPR) is a well established technology for locating objects in soil
or concrete. GPR has been used primarily on horizontal surfaces such as bridge decks, where
it is able to locate rebar, post-tensioning, and some types of concrete defects. GPR devices
for use on vertical surfaces are still in the developmental stage. Huston, et al. reported on the
use of a prototype handheld GPS to scan a retaining wall at an 1-189 overpass in Vermont.
More recently, Hugenschmidt and Kaogeropoulos have reported on testing of similar
apparatus on a retaining wall in Switzerland. ** Further study is needed on the benefits and
reliability of GPS scans of ERS.

b. Thermal Scanning.
Thermal scanning is an infrared-based technology that is widely used to scan building walls
and roofs for the presence of moisture. This technology may be useful in identifying
accumulations of water behind retaining walls. To date, the investigators have found no
published reports of its use for this purpose. Further investigation may be warranted.

13 Gridpoint Solutions Ltd. “Wellington Cut — Retaining Wall Monitoring”. March 2005.
http://www.gri dpointsol uti ons.com/gpsl td2/downl cads/gpsl td%20case%20studies/Wel lington Cut_Case Study
web.pdf. Accessed May 26, 2009.

'8 Priznar, Nick, V. Coxon, T. Freéiman and B. Cummings. “ Using LiDAR Laser Scanning for Geotechnical
Characterization”. Abstract of paper to be delivered at 34" Southwest Geotechnical Engineers Conference.
Phoenix, AZ, May 11-14, 2009.
http://www.azdot.gov/Highways/Material Geotech Design/Conference/PRIZNAR.PDF.

" Huston, Dryver R., Noel Pelczarski and Brian Esser. “ Inspection of bridge columns and retaining walls with
electromagnetic waves’ . International Society for Optical Engineering, Symposium on Smart Systems for
Bridges, Structures and Highways. Newport Beach CA, March 2001.

18 Hugenschmidt, J., and A. Kalogeropoulos. “ The Inspection of Retaining Walls Using GPR” . Abstract in Journal
of Applied Geophysics, Volume 67, Issue 4, April 2009.
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Thermal scanning is similar to thermography, which can detect subsurface defects in concrete
by measuring differences in the rate of heating and cooling.]

10.4 Corrosion M onitoring of Reinforcementsin ERS

Fishman has reported on monitoring of in-service metal reinforcements of MSE walls.® In North
Caralina since 1990, and California since 1987, new M SE walls have been built with provision for access,
wiring, and/or inspection during construction to enable future monitoring. In an ongoing NCHRP
research project in both states, NCHRP 24-28, the half-cell potential (Eomm) Of galvanized steel
reinforcements is measured and compared with the E.onm Of zinc and steel coupons to determine when
zinc loss results in significant areas of reinforcing sted being exposed to the soil. Electrodes were also
installed for measurements of soil resistivity. The results of the two types of measurements are being
compared to identify soil characteristics associated with higher corrosion rates.

10.5 Advanced Management System Technologies

Many advanced management system technologies, compared to using a simple Microsoft Access
database, can help in centralizing and sharing access to an ERS asset management system. The options
can provide greater access to information and increase the response and analysis of a situation
surrounding an ERS.

a. Advanced database systems can provide major options for storing and accessing large amount of
data while providing a centralized access to information. Examples of such systems include
transactional database systems such as Oracle, and Microsoft SQL Server.

b. Advance database and reporting technologies, such as Business Objects' Crystal Reports, and
Microsoft SQL Server Reporting Services, can be customized to present the data stored in a clear
and visual manner.

10.6 Systematic Collection of Data

Projections of remaining service life are limited by the lack of information about the actual behavior of
buried ERS elements. A careful investigation is usually conducted after any catastrophic collapse, but
such events are rlatively rare. It is far more common for an ERS to be demolished, in whole or in part,
because of a highway widening or realignment.

Highway agencies should take advantage of all such opportunities to collect information on newly
exposed elements and materials, eg. corrosion and section loss in metals, efficacy of coatings,
performance of geotextiles and connectors, and changes in retained soil. Standard provisions for the
collection of data and samples from demolished ERs should be incorporated in contract documents.

It is relatively rare for an ERS to deteriorate to the point of a sudden collapse. When that occurs, it
usually triggers an investigation that can yield useful information for the design of future structures. But

19 Fishman, Kenneth. L. “ Asset Management and Earth Reinforcement Testing” . National Workshop on Highway
Asset Management and Data Collection. Raleigh, NC, September 2008.
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for every retaining wall that fails catastrophically, there are hundreds, perhaps thousands, which are
demolished under less dramatic circumstances, sometimes because of poor condition, but more often
because a roadway is being widened or realigned. Every ERS slated for demolition is a potential source
of valuable information.

It would be useful to know whether any highway agencies routinely collect “post-mortem” information
from ERS that are being demolished. If such post-mortem procedures do not exist, it would be
worthwhile to develop them. It would also be useful to develop some central mechanism for collecting
and sharing that information.

10.7 Development of Decay Curves

Since the condition of in-service ERS deteriorates over time, it would be very useful to develop a decay
curve representing the relationship of variation of condition state to the percentage of effective life
elapsed. The condition rating system for ERS could be utilized, in conjunction with the structure s actual
age, to classify the remaining service life. The estimation of the remaining service life could also reflect
the type of wall (eg., MSE with metallic grid, MSE with geotextiles, etc.). Another way to estimate
remaining service life would be to develop curves for the variation of condition state with the elapsed
time for each ERS type. However, the development of these curves require a good amount of historical
data along with the elapsed time, and the condition state of the in-service retaining walls; and such data
are scarce. These curves would, over time, also help in evaluating priorities and action alternatives for
ERS maintenance, repair, and replacement.

With multiple inspections, engineers will be ableto build up a body of data on the performance of various
types of wall designs, eements, and materials over a period of time. Until that time, asset managers
should use design service life only as a general predictor for large populations of walls and not for
individual structures.
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GLOSSARY

Most of the definitions in the following glossary have been adapted from either the Bridge Inspector’s
Reference Manual, Geotechnical Engineering Circular No. 2, and the NHI Earth Retaining Structures
Reference Manual .

A

AASHTO - American Association of State Highway and Transportation Officials.

AADT — Average Annual Daily Traffic.

ADT - Average Daily Traffic.

aluminized - coated with aluminum for corrosion protection.

anchor ed wall - awall, typically of the non-gravity cantilevered type (e.g.. sheet pile, soldier-
pile-and-lagging) that is provided with additional support by tiebacks (ground anchors) to a
grouted zone or deadman anchors. Anchors may be strand steel or bars.

anode - the positively charged pole of a corrosion cell at which oxidation occurs.

appurtenance - an element that contributes to the general functionality of afacility, such as
lighting and rest areas to a highway, or a parapet to aretaining wall

as-built plans - plans made after the construction of a project, showing all field changes to the
final design plans (i.e.. showing how the bridge was actually built)

asset management — a systematic way for the owner of assetsto identify the optimal
allocation of available resources to those assets

auger - adrill with a spiral channel used for boring piles and sometimes for mixing, asin the
case of soil-mixed walls.

B

backfill - material, usually soil or coarse aggregate, used to fill the space between an earth
retaining structure and the slope or material it is designed to support.

base width ratio - width of base, i.e. from front to back, needed for stability of a given type of
wall, expressed as a function of wall height

batter —the deviation from the vertical of awall face

berm —alow embankment or shelf of earth along the edge of aroad. In some regions, the word
is synonymous with shoulder.

bin wall - a gravity retaining structure made up of interlocking metal or concrete bins. These
arefilled with granular, free-draining soil which is compacted inside each unit.

bond length - The portion of an anchor tendon that is in contact with the groui.

Bridge I nspector's Reference Manual (BIRM) - FHWA manual on inspecting and evaluating
in-service highway bridges. Available at the following URL :
http: //www.fhwa.dot.gov/bridge/bripub.htm.

bulkhead - awaterfront structure designed to protect the shoreline and/or the substructure of a
wharf, dock, or relieving platform. Bulkheads are usually vertical or near vertical, and may be

% National Highway Institute. “Earth Retaining Structures (Reference Manual)”. FHWA-NHI-132036.
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constructed of concrete, stone, timbers or steel sheet-piling...

buttress - a bracket-like wall, of full or partial height, projecting from another wall to
strengthens and stiffen the latter against overturning. forces. All parts of a buttress act in
compression. Compare counterfort.

C

cantilever wall - awall that resists the lateral pressure of the retained soil partly or entirely by
the use of countervailing soil forces. Cantilever walls may be straight (embedded) or may be
shaped in profilelikean L or aninverted T.

catastrophic failure — a sudden or very rapid failure that results in human injury or death,
significant property damage or major economic disruption.

cathode - the negatively charged pole of a corrosion cell that accepts e ectrons and does not
corrode.

cathodic protection - a means of preventing metal from corroding by making it a cathode
through the use of impressed direct current or by attaching a sacrificial anode.

centralizer - A devicefor positioning a tendon in adrill hole so that minimum grout cover is
achieved all around it. GEC2 p. 66

centroid — (1) that point about which the static moment of all the elements of areais equal to
zero; (2) in mapping the location of alarge three-dimensional object, the estimated point about
which the object would be in balance.

cherry picker - atruck with a boom-mounted bucket or work platform, enabling a person to
perform tasks high above the ground.

chipping hammer - hammer such as a geologist's pick or masonry hammer used to remove
corrosion from steel members and to sound concrete for delamination.

chloride - aningredient in deicing agents that can damage concrete and steel structural e ements

component. - A major part or constituent of a structure, as distinguished from the smaller parts
or units of which the component ismade. For example, if abrick wall facing is a component of
aretaining wall, then theindividual bricks are e ements.

condition rating — a measure of the overall condition of awall, or of specific wall elements,
expressed either on a numerical scale or a set of standardized terms.

consequences of failure —the potential adverse results of the failure of a specific ERS

consolidation - changein volume of a soil mass under compressive load caused by water
slowly escaping from the pores or voids of the soil.

construction joint - a pair of adjacent surfaces in reinforced concrete where two pours have
met. Reinforcement steel extends through thisjoint.

continuous footing - a common footing underneath awall, or columns.

coping - a course of stone laid with a projection beyond the general surface of the masonry
below it and forming the topmost portion of awall.

corbel - aprojection from the surface of a structurethat is designed to support for something
aboveit, such asa parapet or aluminaire.

corrosion protection - any of a number of methods to limit corrosion of metal el ements;.for
example, by galvanizing or cathodic protection.

counterfort - a bracket-like wall connecting aretaining wall stem to its footing on the side of
the retained material to stabilize against overturning. A counterfort, as opposed to a buttress,
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acts entirely in tension.

coupon - asample of steel taken from an element in order to test material properties.

creep - an inelastic deformation that occurs under a constant 1oad, below the yield point, and
increases with time,

crib wall - A gravity retaining structure made of interlocking timber or concrete elements.
These are stacked |og-cabin style to form a series of gridwork compartments or cribs, which are
filled with granular material or stone.

culvert - a structure carrying a streem or drainage channel beneath an embankment, for
example, a corrugated metal pipe or a concrete box culvert.

curtain wall - athin wall between main columns, designed to withstand only secondary loads.
In relation to retaining walls, the wall portion of a buttress or counterfort wall that spans
between the buttresses or counterforts

cut wall construction - an earth retaining system in which the wall is constructed from the top
down, for example, a soil-nailed wall or a sheet-pile wall.

cut wall. (1) awall supporting the side of a highway cut or other excavated ares;. (2) awall
constructed from the top down. See cut wall construction.

D

deadman anchor - an anchor that extends from the wall face to a mechanical anchorage such as
aconcrete block. See also ground anchor. .

deflection - €astic movement of a structural member under aload.

defor mation - distortion of aloaded structural member; may be dastic or inelastic.

defor med bars - sted reinforcing bars with projections or indentations (deformations) to
increase the mechanical bond between the steel and the surrounding concrete or grout.

delamination - (1) surface separation of concrete into layers; (2) separation of glue-laminated
timber piles.

diaphragm wall - seeslurry wall.

differential settlement - uneven settlement due to deformation or loss of foundation material,
resulting tilting in either the longitudinal or transverse direction.

drainage -a system designed to remove water from a an earth retaining structure or to prevent
water from accumulating behind it. Drainage systems may include swales, ditches, gutters,
perforated pipes, weep holes, filter membranes, grave filters, etc.

ductile fracture - afracture characterized by plastic deformation.

ductility - the ability to withstand non—eastic deformation without rupture.

E

earth retaining structure — a structure designed to maintain a difference in ground el evation or
to prevent a mass of earth from assuming its natural slope.

efflor escence - a deposit on concrete or brick caused by crystallization of carbonates brought to
the surface by moisture in the masonry or concrete.

elastic defor mation - non-permanent deformation; when the stress is removed, the material
returnsto its original shape

electrolyte - amedium of air, sail, or liquid carrying ionic current between two metal surfaces,
the anode and the cathode.

electrolytic corrosion - corrosion of a metal associated with the flow of electric current in an
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electrolyte.

element: - a specific product, device or material that is used in the construction of an ERS and
that remains a permanent part of the structure, such as areinforcing strip, a wall-facing unit, or a
coating.

embankment - a mound of earth constructed above the natural ground surface to carry aroad or
to prevent water from passing beyond desirable limits; also known as bank.

erosion - wearing away of soil by flowing water not associated with a channel; see SCOUR.

exposed Wall Height - the vertical distance measured from the finish grade at the bottom of
thewall (i.e. lower soil grade) to the finish grade at the top of the wall (i.e. upper soil
grade). This height does not include the wall and depth of footing below grade.

externally stabilized - refersto awall system consisting of an external structural wall against
which stabilizing forces are mobilized, for example, a cantilever wall or a sheet pilewall.

F

facing panel - a prefabricated concrete or metal unit used in construction of MSE walls and
stabilized soil slopes.

failure - a condition at which a structure reaches a limit state such as cracking or deflection
whereit is no longer ableto perform its usual function; a collapse or racture.

fill wall construction. An earth retaining structure in which the wall is constructed from the
bottom up, for example, a CIP concrete wall or a bin wall.

fill wall. - (1) awall supporting the side of a highway embankment or other e evated feature
created by placement of fill; (2) awall constructed from the bottom up. Seefill wall
construction.

flexible wall facing - MSE wall systems in which each layer of reinforcement (geogrid,
geotextile or welded-wire) is wrapped around the overlying layer of backfill to form the wall
face. For permanent installations, this may be covered by an additional facing of shotcrete,
gunite, .galvanized mesh, or prefabricated concrete or wood panels.

floating foundation - used to describe a soil-supported raft or mat foundation with low bearing
pressures; sometimes applied to a "foundation raft" or "foundation grillage".

footing - the enlarged base of a an ERS, which distributes the structure |oad either to the earth or
to supporting piles; the most common footing is the concrete slab; footer is a colloquial term for
footing

footing. - for prefabricated modular gravity walls, alongtitudinal member at the base which
provides the necessary erection tolerances and transmits the load to the foundation. For walls
designed with a front batter, the footing isinclined to the design batter (GEC2 p. 50)

foundation failure - failure of afoundation by differential settlement or by shear failure of the
soil.

G

gabion wall - a gravity wall made up of rectangular baskets filled with stone. The gabions may
be made of galvanized stedl, geosynthetic grid, or PV C-coated wire.

galvanic action - dectrical current between two unlike metals.

galvanized - referstoiron or sted elements that have been coated with a layer of zinc for
corrosion protection.

Geogr aphic I nfor mation System (G1S) — computer software that enables various kinds of data,
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including text and photographs, to be associated with coordinates on a multilayered digitized
map. Information can be stored, retrieved, manipulated and displayed by turning map layers on
and off and by clicking on the appropriate points on the map.

geogrid. - one of a class of geosynthetic materials having relatively large openings, often used
asrenforcement in MSE walls.

geotextile - a class of woven geosynthetic materials often used for reinforcement in MSE walls.

gravity wall - aretaining wall that is prevented from overturning or sliding by its own dead
weight.

ground anchor - An anchor, typically a prestressed metal bar, that extends from the wall face
back to a grouted zone. See also deadman anchor.

Ground Penetrating Radar (GPR) — a portable device used to locate buried objects in soil
and to locate defects and reinforcements in concrete

grout - mortar having a sufficient water content to render it free-flowing, used for filling
(grouting) the joints in masonry, for fixing anchor bolts and for filling cored spaces.

guiderail — A metal or concrete barrier designed to absorb impact energy and deflect vehicles
from a hazardous object or a steep dropoff.

gunite. - atype of cement that is sprayed on a surface through a high pressure nozzle. The
mixtureis delivered dry, with water being added at the nozzle. See also shotcrete.

gutter - apaved ditch; area adjacent to aroadway curb used for drainage.

H

hands-on inspection - inspection within arms length, , close enough that the structure or
element can be touched with the hands and inspected visually; may be supplemented by
nondestructive testing.

headwall - a structure, usually concrete or metal, at the ends of a culvert to retain the
embankment slopes, anchor the culvert, and prevent undercutting.

heel - the portion of afooting behind the stem.

hinge - a point in a structure at which a member isfreeto rotate.

honeycomb - an area in concrete where mortar has separated and |eft spaces between the coarse
aggregate, usually caused by improper vibration during concrete construction.

horizontal alignment - aroadway’s centerline or basdine alignment in the horizontal plane.

insert-pile wall. - awall constructed of micropilesthat are larger in diameter and spaced farther
apart than those in a root-pile wall, and which penetrate the potential sliding surface.

in-situ reinforced wall - refers to systems employing metal bars or pipes driven into the
retained soil. See soil-nailed wall and micropile wall

intercepting ditch - a ditch constructed to prevent surface water from flowing in contact with
the toe of an embankment or causeway or down the slope of a cui.

internally stabilized - refers to wall systems employing reinforcements within and extending
beyond the potential failure mass

inventory item — afield in the ERS inventory database.

J

joint - in masonry - the space between individual stones or bricks; in concrete, adivisionin
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continuity of the concrete.

L

lagging - horizontal members spanning between pilesto formawall. See soldier pile and
lagging wall.

laser scanning — technique used to create a three-dimensional digital model of an existing
structure without having to take detailed field measurements.

leaching - the action of removing substances from a material by passing water through it.

levee - an embankment built to prevent flooding of low-lying land.

leveling pad. - for MSE walls using precast facing elements, an unreinforced concrete leveling
pad is poured to achieve necessary construction tolerances. For prefabricated modular block
facings, theleveling pad may be compacted gravel rather than unreinforced concrete.

LiDAR (Light Dimension and Ranging) — a laser-based remote sensing technique that can
penetrate vegetation, providing unobstructed images of terrain and structures.

Lift. - aquantity of fill that is laid down and then compacted. In the case of MSE walls, alayer
of backfill between layers of reinforcement is sometimes referred to as a lift although it may
consist of more than one compacted lift.

log wall —a gridwork of logs placed in alternate directions, and filled with compacted backfill,
similar toacrib wall.

luminaire - alighting fixture.

L-wall - a cantilever wall shaped in profilelikean L, with the horizontal part being toward the
retained soil. Often used where there not sufficient space for a T-wall.

M

maintenance and protection of traffic - the management of vehicular and pedestrian traffic
through a construction zone to ensure the safety of the public and the construction workforce.

marinewall - awall supporting a wharf, quay or other waterfront feature.

masonry - that portion of a structure composed of stone, brick or concrete block placed in
courses and usually cemented with mortar.

mechanically stabilized earth (M SE) - refers to wall systems that employ either metal (strips,
grid, wire mesh) or polymer (strip, grid, sheet) reinforcements in the backfill soil to stabilize it.
Thereinforcement is connected to a vertical or near-vertical wall facing

metallically stabilized earth. - Refers mechanically stabilized earth systems employing metal
reinforcements.

moistur e scanning — An infrared technology used to detect presence of moisturein walls.

micropilewall awall system consisting of an array of micropiles, generally steel rebar or pipe,
which areinstalled from the ground surface to an underlying stratum that is below a potential
dliding surface. It does not form avisible wall and is often used to stabilize unstable slopes.

modular block facing. - refers to MSE wall facings made up of prefabricated concrete blocks.
Thereinforcements are secured between vertically adjacent blocks, ether by friction or by
special connectors.

mortar - a paste of Portland cement, sand, and water laid between bricks, stones or blocks

MPT - see maintenance and protection of traffic.

M SE - see(1) mechanically stabilized earth and(2) metallically stabilized earth

62




N

NBIS - National Bridge Inspection Standards, first established in 1971 to set national policy
regarding bridge inspection frequency, inspector qualifications, report formats, and inspection
and rating procedures

NCHRP - National Cooperative Highway Research Program

NDT - nondestructive testing; any testing method of checking structural quality of materials that
does not damage them

NHI — National Highway Institute.

non-gravity cantilevered wall —awalls deriving resistance through shear and bending stiffness
and embedment of vertical structural eements, such as a sheet-pile wall or a soldier-pile-and-

lagging wall.

O

offset - a horizontal distance measured at right anglesto a survey lineto locate a point off the
line.

over compaction —compaction of backfill behind the wall face during construction such that
there are excessive lateral earth pressures against thewall. Drainage systems may also be
damaged.

overturning - tipping over; rotational movement.

P

par apet - alow, non-bearing wall aong the top of aretaining wall, designed to protect vehicles
and pedestrians or for aesthetic purposes.

passive inclusion. - areinforcing e ement, such asasoil nail, that is not post- tensioned

per ched wall —awall located on a slope, i.e., with significant slopes both above and below.

pilot survey - atest survey to evaluate survey procedures, personnel or equipment

piping - removal of fine particles from within a soil mass by flowing water.

plastic defor mation - permanent deformation of material beyond the elastic range.

plumb bob - aweight hanging on a cord used to provide atrue vertical reference.

pointing - the compacting of the mortar into the outermost portion of ajoint and the troweling
of its exposed surface to secure water tightness or desired architectural effect; replacing
deteriorated mortar.

pop-out - conical fragment broken out of a concrete surface by pressure from reactive aggregate
particles.

portland cement - afine dry powder made by grinding limestone clinker made by heating
limestone in a kiln; this material reacts chemically with water to produce a solid mass.

portland cement concrete - a mixture of aggregate, portland cement, water, and usually
chemical admixtures.

post-tensioning - a method of prestressing concrete in which the tendons are stressed after the
concrete has been cast and hardens.

prestressed concr ete - concrete with strands, tendons, or barsthat are stressed before thelive
load is applied.

pre-tensioning - a method of prestressing concrete in which the strands are stressed before the
concrete is placed; strands are released after the concrete has hardened, inducing internal
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compression into the concrete.

PS& E - Plans, Specifications, and Estimate; the final submission of the designers to the owner.

public road. - theterm ““public road" means any road or street under the jurisdiction of and
maintained by a public authority and open to public travel.

Q

quality assurance (QA) - the use of sampling and other measures to assure the adequacy of
quality control procedures in order to verify or measure the quality level of the entire bridge
inspection and load rating program.

quality control (QC) - procedures that are intended to maintain the quality of a bridge
inspection and load rating at or above a specified level.

R

rehabilitation - significant repair work to a structure.

Reinfor ced Earth - proprietary M SE system using stedl strips connected to concrete facing.

reinfor ced soil slopes - systems employing reinforcement (generally geogrid or geotextile) in
the backfill, similar to MSE walls, but with the inclination of the slope face typically less than
70 degrees.

resistivity of soil - an electrical measurement in ohm-cm that estimates the corrosion activity
potential of a given soil.

Retained Earth - proprietary M SE system using strips of welded-wire fabric connected to
concrete facing.

revetment - A waterfront structure, usually sloping, designed to dissipate the force of waves,
floods, or other water action.

rigger - someone who erects and maintains scaffolding or other access equipment such as that
used for structural inspection.

rip-rap - stones, blocks of concrete or other objects placed upon river and stream beds and
banks, lake, tidal or other shoresto prevent erosion or scour by water flow or wave action.

roadway shoulder — the drivable areaimmediately adjoining the travel ed roadway.

rock buttress—aninclined gravity structure of naturally shaped rocks, built at the toe of a slope
to stabilize it. One or more horizontal benches may be cut into the face of the slopeto provide a
stable base for the rock buttress. Often used to stabilize a slope after alandslide.

rockery —agravity wall consisting of uncemented, interlocking rows of large rocks (naturally
shaped quarry stone or boulders) that are not tied together and have alow tolerance for
movement. Typically, constructed to provide erosion control and support for marginally stable
slopes. Seealso rock buttress.

root-pile wall. - awall constructed of small-diameter micropiles, usually steel reinforcing bars,
that are closdy spaced in a criss-crossed three-dimensional array. The objectiveisto knit the
soil together into a coherent mass that will behave as a gravity structure.

rotary percussion wheel — A gear toothed wheel used on concrete to detect subsurface defects
by their sound.

RSS. See Reinforced soil slopes.

S

sacrificial anode - the anode in a cathodic protection system.
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sacrificial coating - a coating over a base material to provide corrosion protection, such as
galvanizing on steel and aluclading on aluminum.

sacrificial thickness - additional material thickness provided for extra service life of an dement
in an aggressive environment.

safety har ness - harness with shoulder, leg, and waist straps of approved OSHA design u

scaling - the gradual disintegration of a concrete surface due to the failure of the cement paste
caused by chemical attack or freeze/thaw cycles.

scupper - an opening in the deck of a bridge to provide means for water accumulated upon the
roadway surfaceto drain.

seepage - the slow movement of water through a material.

seawall. awall built in a coastal location, usually retaining soil behind it but primarily built to
protect the shoreline from erosion by wave action. See also bulkhead.

secant pilewall. - A wall constructed of drilled concrete piles that are alternately reinforced and
unreinforced. The unreinforced piles are placed first. They are spaced slightly closer than the
diameter of the reinforced piles so that, when the latter are drilled, they cut into the sides of the
unreinforced piles on either side, forming an interlock. May bhe constructed with anchors.

section loss - loss of a member's cross sectional area usually by corrosion or decay

segmental facing - Refers MSE wall facings made up of precast elements.

segmental gravity wall —awall constructed of manufactured modular concrete units
stacked in arunning bond pattern without mortar or reinforcement.

semi-gravity wall, rigid - A wall that retains a soil mass by a combination of its dead weight
and its structural resistance, such as a cantilever/counterfort wall

service life— The projected remaining life (in years) of an existing structure or structural
component under normal loading and environmental conditions before major rehabilitation or
replacement is required.

settlement - the movement of substructure e ements due to changes in the soil properties.

shadow vehicle —atruck, usually equipped with flashing signs or other traffic warning devices,
that blocks atrave laneto protect people working on the road in front of it.

sheet pilewall - Wall consisting of interlocking steel or concrete sections, which are driven,
vibrated or pushed to the desired embedment depth.

shop drawings - detailed drawings devel oped from the more general design drawings used in
the manufacture or fabrication of ERS components

shotcrete - cement sprayed on a surface through a high-pressure nozzle. It is delivered wet to
the construction site, with air being added at the nozzle to carry the mixture to the target surface.
Shotcreteis used for, among other things, the facing of soil nailed walls. See also gunite.

sight distance - the length of roadway ahead that is easily visibleto the driver "

silt - very finely divided siliceous or other hard rock material removed from its mother rock
through erosive action rather than chemical decomposition

dlide - movement on a slope because of an increase in load or aremoval of support at the toe;
also known as landslide

diding — atypefailure, usually of gravity or semi-gravity walls, in which the wall is pushed
forward at its base

slope protection - athin surfacing of stone, concrete or other material deposited upon a sloped
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surface to prevent its disintegration by rain, wind or other erosive action; also known as slope
pavement

slurry wall - an embedded cantilever wall of CIP concrete or precast panels, constructed within
an excavated trench by the slurry method. Also known asa diaphragmwall. Typically built
with anchors.

slurry - a dense mixture of water and suspended solids, either mineral or polymer, which is used
to retain the sides of an excavated trench prior to pouring of tremie concrete or placement of
precast pandls. Often used in waterfront locations or areas with a high groundwater table.

soil mixed walls - walls constructed in situ using an array of mixing augers through which
cement grout is pumped as the augers drill into the soil, resulting in a pand of overlapping soil-
cement columns. H-beam or stedl pipe reinforcements areinserted in the soil-cement columns
prior to curing. The processis repeated until the panels form a completed wall.

soil nail wall- asystem in which in situ soil is reinforced by the insertion of steel reinforcing
bars which are drilled and grouted. The bars arerelatively closely spaced (3 to 6 ft)) and are
anchored at the wall face, which may consist of shotcrete or precast facing panels.

soldier pile-and-lagging - awall system consisting of vertical piles driven at intervals, with the
intervening spaces filled by lagging, i.e., horizontal timbers or precast concrete dements that
retain the soil and transfer itsload to the soldier piles.

sounding - tapping a surface, usually with a sounding hammer, to detect delamination
(concrete) or decay (timber)

spacer - in multiple element tendons, a device separating wires, strands or bars so that each
element is adequately bonded to the anchor groui.

spall —adepression in concrete caused by a separation of a portion of the surface concrete,
revealing a fracture parallel with or slightly inclined to the surface.

spider - inspection access equipment consisting of a bucket or basket which moves vertically on
wire rope, driven by an eectric or compressed air motor.

spread footing - a foundation, usually areinforced concrete slab, which distributes |oad to the
earth or rock below the structure.

stage - inspection access equipment consisting of a flat platform supported by horizontal wire-
rope cables; the stageis then slid along the cables to the desired position.

stationing - a system of measuring distance along a surveyed baseline.

stem - the vertical wall portion of aretaining wall.

straight abutment - an abutment whose stem and wings are in the same plane or whose stemis
included within alength of retaining wall.

strain - the change in length of a body produced by the application of external forces, measured
in units of length; thisis the proportional relation of the amount of change in length divided by
the original length.

stress - the force acting across a unit area in a solid material.

structural stability - the ability of a structure to maintain its normal configuration, not collapse
or tip in any way, under existing and expected | oads.

substructure - the abutments and piers built to support the span of a bridge superstructure.

surcharge - avertical load on the retained soil that may impose a lateral forcein
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addition to the lateral earth pressure of the retained soil, for example a building,
vehicles, or asignificant upslope. Wind pressure against a solid fence or noise barrier
atop aretaining wall may also impose additional lateral forces on the retaining wall.

surface corrosion - rust that has not yet caused measurable section |oss.

swale - a drainage ditch with moderately sloping sides.

switchback wall —awall located at a switchback such that it that protects a part of theroad at
its base while simultaneously supporting another part of the same road aboveit.

T

tagging — placing a permanent sign on a structure so that inspectors and maintenance personnel
can readily identify it in thefield.

tangent pile wall - awall consisting of a row of tangentially touching, drilled, reinforced-
concrete piles. Often constructed with anchors. See also secant pile wall.

team leader - individual in charge of an inspection team or survey crew.

tendon - a prestressing cable, strand, or bar.

tensile strength - the maximum tensile stress at which a material fails.

ther mal movement - contraction and expansion of a structure due to a change in temperature.

ther mogr aphy - an infrared-based technology used to detect subsurface defects in concrete by
measuring differences in the rate of heating and cooling.

tieback - see ground anchor.

tiered wall —a vertical arrangement of two or more walls supporting a slope, with a setback or
unsupported area between the top of one wall and the base of the wall above it

toe— (1) the front portion of a footing from the intersection of the front face of the wall to the
front edge of the footing; (2) the line where the side slope of an embankment meets the existing
ground.

toe wall —awall at thefoot of a slope.

torque - the angular force causing rotation.

transducer - a devicethat converts oneform of energy into another form, usually electrical into
mechanical or the reverse; the part of ultrasonic testing device which transmits and receives
sound waves.

T-wall. - A type of cantilever wall shaped in profilelikeaninverted T.

U

ultrasonic testing - nondestructive testing of a material's integrity using sound waves.

ultrasonic thickness gage - an instrument used to measure the thickness of a steel element
using a probe which emits and receives sound waves.

Vv

vertical alignment - aroadway’s centerline or basdline alignment in the vertical plane.

viaduct - a series of spans carried on piers at short interval

voids - an empty or unfilled spacein concrete [also backfill?]

W

weep hole —an opening in a concrete or masonry retaining wall to allow drainage of water from
the retained soil.

wingwall - theretaining wall extension of an abutment intended to restrain and hold in place the
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side slope material of an approach roadway embankment.

wire mesh reinfor cement - a mesh made of stedl wires welded together at their intersections
used to reinforce concrete; welded wire fabric.

wythe —in amasonry wall, asingle layer of brick or stonein the thickness direction .
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APPENDIX A —REVIEW AND ASSESSM ENT OF CURRENT PRACTICE
FOR THE MANAGEMENT OF ERS

Questionnaires were sent to 60 highway agencies. They included the DOTs of all 50 states,
Puerto Rico, the Digtrict of Columbia, and the City of New York, the Federal Highway
Administration, four additional cities, and two Canadian provinces that were identified in the
literature search as having ERS management programs.”

Responses were received from 40 agencies, 13 of which reported having some type of ERS
management programs. These 13 responses are summarized below:

8 had a substantial inventory and inspection program.

3 had an inventory but no regular inspection.

1 had an inspection program but no formal inventory.

1 had an inventory and inspection program limited to experimental or monitored
walls, and those not built to state standard design.

Nine additional agencies had no current ERS management program, but reported internal
discussion, research, or planning activity related to such a program.

The agencies with an inventory / assessment system for retaining walls included:

Federal Highway Administration (FHWA) / US National Park Service (NPS),
California Department of Transportation,
Colorado Department of Transportation,

Kansas Department of Transportation,

Maryland Department of Transportation,
Minnesota Department of Transportation,

Missouri Department of Transportation,

New York State Department of Transportation,
Oregon Department of Transportation,

10. Pennsylvania Department of Transportation,

11. The City of Cincinnati,

12. New Y ork City Department of Transportation, and
13. British Columbia Ministry of Transportation.

©OoNOARWNE

Many responses also included sample forms, documentation, and procedures in place within the
agency, giving a clear overview of the asset management system or program.

*

“FHWA” refersto the ERS asset management system devel oped for the National Park Service by the FWHA'’s
Central Federal Lands Office. Responsesfor New Y ork State DOT and New Y ork City DOT were provided, with
their permission, by Gandhi Engineering, which was the consultant to both agencies.

78



Agencies without an inventory / assessment system also provided feedback regarding the lack of
asset management infrastructure within their agency, their desire to establish such a systemin the
near future, and the overall approach to start developing an ERS asset management system. For
instance, Nebraska DOT planned to have a Mechanically Stabilized Earth (MSE) wall
management system by the end of 2009. Some of these respondents used the “PONTIS’
database to inventory their ERS.

Overall, these responses provided detailed information about different ERS asset management
practices currently in use within the United States and abroad. The questionnaire was divided

into two parts:

1. ERS Inventory, and
2. ERS Condition, Performance, and Service Life.

The questions are listed below, with a summary of the responses to each.

1. ERSIlnventory:

a. What isthe current status of your ERS inventory/inspection program?
If possible, how many walls have been surveyed?

Eight agencies had substantial ongoing programs of inventory and inspection, although
some were confined to specific geographic areas or to specific categories of walls. The
eight agencies and, where provided by the agency, the numbers of walls, were
FHWA/NPS (3,500), Kansas, New York State (2,100), Oregon (500), Pennsylvania,
British Columbia, Cincinnati (7,000) & New York City (2,000).

b. How do you identify and locate retaining walls?

Six of the eight agencies responding to this question checked “Physically locating the
wall in the field by walking or driving to the wall”. The next ranking methods, each
reported by five agencies were “Using aerial surveys’ and “Researching old drawings or
records’. Four agencies reported “Using roadway video surveys’. Three reported
“Using Asset Identification” and one reported “Using a Geographical Information
System”. In addition to the methods listed in the form, two agencies reported using staff
knowledge. One mentioned adding new walls as constructed.
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c. Areall types of retaining wallsincluded in theinventory, or only a particular type of
wall?

Most inventories included all wall types. Five of 12 included walls associated with
bridges. Three of the 12 included walls associated with culverts. New York State and
New Y ork City did not include railroad-owned walls.

d. Doyou have an established wall identification system for retaining walls?

Eight out of eleven agencies replied that they had a unique wall identification system.
Arethewallstagged?

Three of nine respondents tagged their walls.

e. What criteriado you useto select theretaining wallsin your inventory process?

Out of eeven agencies responding to this question, four used minimum height of wall
and four used minimum height of retained earth. In either case, the most common
criterion was 6 feet (2 m in the case of New York State and British Columbia). Oregon
used 4 feet; Cincinnati 2 feet.

Pennsylvania also used minimum length of wall. Kansas excluded “landscape’ walls,
i.e, those that were less than 6 feet in height, had a level backslope and less than 100 psf
surcharge. In addition to wall height, FHWA considered batter; location relative to
roadway; and association with a bridge or culvert. British Columbia, in addition to
minimum height, cited a minimum face slope greater than 45 degrees. No one mentioned
aminimum surface area or alegal definition as a criterion.

f. How do you define aretaining wall, especially in situations where aretaining wall is
attached to or part of another structure such asabridge or culvert?

Most agencies excluded walls that would otherwise be covered by their existing bridge or
culvert inventory and inspection programs. Some use a specific distance from the
abutment; for example, 40 feet for FHWA, 100 feet for Pennsylvania, and 10m for New
York State. However, most seemed to take a functional approach, i.e., if the wall
retained earth independently of another structure, and would continue to do so even if the
other structure were to be removed, it was considered a retaining wall and was included
in the ERS inventory. Cincinnati, on the other hand, excluded any wall attached to
another structure.
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0. What general data categories are collected for each ERSin the inventory?

Location. — 10

Type --9

Function — 7

Geometrics— 8

Condition of structure and components — 8

Nature of roadway traffic levels and surrounding devel opment—5
Risks associated with the structure' s failure— 3

Other items cited included: Restricted zone for permits (Minnesota);
maintenance/ repair/ replacement work orders (FHWA); GPS coordinates
(Oregon, New York State); wall attachments; adjacent features; external stability
conditions (Oregon); date built (and reconstructed, if applicable); material;
physical and component types (foundation / wall / backfill / post / mount);
detailed dimensional data (including begin and end stationing, offset, distance to
road, dope, clearance); historic eligibility; architectural forms (Pennsylvania);
detour length; traffic class (British Columbia); photographs, letters; plans attached
to inventory (Cincinnati, New York State).

h. Do you have a form or a checklist of items that must be completed as part of your
inventory?

Of 11 responses, 8 wereyes and 3 no.

i. What type of database and/or mapping software do you use for maintaining your
inventory and inspection data?

Four respondents used Access and three Oracle. FHWA used both. Cincinnati used
FoxPro. Cincinnati and NYS used ESRI GIS software. Three other agencies used GIS
software, but did not identify the specific software.

j- Does your agency have a management system, i.e.,, computer software, to manage
the walls?

Six of 10 respondents reported having computer software to manage their walls. Two of
these noted that walls wereincluded in their Bridge Management System.
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K.

If you do, how is your agency’swall management system (WM S) managed?

Eight of nine respondents reported that their system was managed from a central office
location and one from district locations.

How many regions or districts do you have?

Numbers reported by U.S. states and British Columbia ranged from 6 to 14.

How isyour agency using your WM S?

Of nine agencies responding, eight used WMS for inventory, two for planning and one
for budgeting. FHWA used its WMS for all three, but lacked good age data for Life
Cycle Cost Analysis (LCCA). Two other agencies said that they planned to use their
WMS for planning and budgeting in the future. In addition, Minnesota reported using its
WMS for permits;, BC for inspection and ranking, and Cincinnati to determine ownership
for repairs.

. What office, division or branch is responsible for conducting and managing ERS

inventories and condition assessments within your organization?

Of ten agencies responding, six said responsibility was with a bridge or structures unit,
one with a maintenance unit, one with district offices, and two with a geotechnical unit.

Is your WMS linked to other management systems so they can communicate
together? If yes, how does your agency link and communicate among management
systems?

Of eight agencies responding, two answered “Yes’ to this question. Minnesota's system
was accessible by its permitting department, and British Columbia's was linked to its
road inventory management system. FHWA noted that the TS&L (Type, Size, and
Location) information was shared manually, but not under a formal data management
architecture.

Isyour retaining wall management system linked to pavement management system,
maintenance management system and vice versa?

Of seven agencies responding to this question, four simply answered no. The other three
reported as follows: FHWA said the NPS Road Inventory Program is the ultimate
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storage for all roadway features (walls, signs, guard rails, etc.). OR said no, but some
“Pontis’ tables can be imported for data consistency with bridge inventory. PA’s WMS
is linked to Roadway Management, Planning & Programming System, and Maintenance
Management System.
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2. ERS Condition, Performance, and Service Life:

a. Do you (or do you plan to) inspect the retaining walls on a regular cycle? If so, at
what intervals?

Of nine agencies responding, three said no and six said yes. The inspection intervals
ranged from 2 yearsto 7 years. Oregon inspected Good walls every 5 years, Fair or Poor
more often, depending on evaluation. FHWA was considering a5 to 7 year cycle.

b. What wall elements and characteristics are evaluated during your inspection or
condition assessments?

In responseto this question, six agencies sent copies of inspection forms or excerpts from
their manuals. Specific items mentioned in replies included:

Wall type Foundation Wall alignment
Facing structure/treatments  Surface coatings Attachments
Guardrails/parapets Backfill material Backfill slope
Drainage Erosion Vegetation
Roadway Curb/Berm/SW/shoulder Adjacent features

What type of rating system do you use? Please send us a copy of your
ingpection and rating forms.

Five agencies sent copies of forms. Additional specific replies were as follows:
Oregon had a three level rating system (good/fair/poor), Cincinnati used a scale
from O to 4, and New York State used ascale of 1 to 7. FHWA reported that wall
elements and global performance were rated individually, and then rolled up into
awall rating. This rating was then considered along with consequence of failure,
design criteria (quality of design), and cultural issues to make a decision (no
action, repair, replace, etc.).

c. Doyou useyellow or red flags to identify unsafe or hazardous conditions as a r esult
of your inspection?

Of deven agencies responding to this question, eight answered “No”. The “Yes’
answers were clarified as follows: FHWA did call out hazards specifically in the rating,
but did in follow-up letters to NPS. Oregon notified Bridge Operations Section and
began detailed monitoring/inspection/evaluation. In Missouri, districts that spotted a
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problem notified the Bridge Division or Soils & Geology in the Construction Materials
Division.
What percentage of retaining walls required emergency repairs?

Six agencies responded to this question. Cincinnati reported 10% in 1990 but only 1% in
2008. Generally, among the other five respondents, while some walls were found to
need repairs, few or none were of an emergency nature.

Do you use any remote sensing technology to characterize buried components of
retaining walls or to deter mine their condition?

There weren't any “yes’ replies to this question. FHWA commented that “If we need
additional investigation it is noted in the review form and expensed as an investigation
under the work order”.

Have you developed any method for estimating the remaining service life of existing
retaining walls?

There weren't any “yes’ replies to this question. FHWA commented “ We were largey
unsuccessful acquiring date of construction info during our first inventory efforts. We are
currently going back to the parks for this info so we can correlate condition to age (if
possible)”. Minnesota noted that it has participated in research about corrosion of its
MSE.

Do you use data from your wall inspection as an asset management tool for
budgeting pur poses?

Four of eight responseswere“No.” The“Yes” replies were explained as follows:

--FHWA: NPS used work orders to determine maintenance/repair expenses park-to-park
(or track deferred maintenance).

--PA: Spreadsheet used inspection data to establish a hierarchy for repair/replacement.
--BC: Yes, but not fully developed.

--Cincinnati: Prioritized walls for repair.
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g. Arethere any training or qualification requirements for retaining wall inspectors?
If yes, please provide details.

Four of eight replies were “no” or N/A. Two agencies required “trained” or “certified”
bridge inspectors; or required a civil engineer with a Full Engineer (F.E.) certification.
New York State required a Professional Engineer (P.E.). FHWA used a 2-man team
(minimum) in which the licensed lead had to be a geotechnical engineer. “Office and
field training arerequired ... including steep slope rope access training” .

h. Please explain how your agency optimizes its budget with respect to prioritizing
earth retaining structure repairs and rehabilitation projects to improve the overall
networ k perfor mance measures within your agency.

Five agencies indicated N/A or said that walls were repaired on an as-needed basis.
Three other agencies indicated that wall projects were considered in reation to other
highway assets. Pennsylvania noted that walls rarely lead to a project. They were
repaired or improved in conjunction with highway projects.

i. How doesyour agency identify, prioritize, select and track earth retaining structure
improvement, rehabilitation and replacement projects?

Cincinnati had a specific wall and landslide program through which such projects were
funded. 1n Oregon and Pennsylvania, wall projects were handled in Bridge Management
programs. In British Columbia, projects were prioritized by the respective regions.
FHWA reported that priorities were park-specific, not NPS wide.

J. Arerisksassociated with ERS failure assessed for each wall?

Three of the seven respondents to this question generally did not assess risks. The listed
risks checked by the other four agencies were as follows:

Failure potential: 4

Extent of failure: 1

Threatsto life-safety: 2

Link criticality / redundancy: 4
Average Daily Traffic (ADT) impacts. 4
Budget impacts. 2
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APPENDIX B- DATA DICTIONARY

Survey Log Data

1. 1D Number - A unique identification number assigned to each ERS, which will be used in
managing all data and documents related to that ERS. It may consist of a combination of letters
and numbers. It is useful, but not essential, for the number to include location indicators such as
highway route number or milepoint. The numbering system may be an extension or variant of
existing asset numbering systems, such as for bridges or culverts. In any case, it should not
conflict with those systems.

2. Date of Survey - Date style should be consistent with agency practice.

3. Times of Arrival and Departure - These items will be used to evaluate time needed per site
and modify team deployments as necessary. Time of day information may also be helpful for
evaluation of certain observed conditions such as wall moisture.

4. Surveyed by - List names of at least the two senior team members, using full surnames.

5. Weather - Give the temperature plus one or two brief descriptors such as clear, overcast,
moist or windy. This information may be needed to evaluate observations on soil moisture and
operation of wall drainage.

6. Soil Moisture - Indicate whether the soil around the base of the wall is dry, moist or saturated.

7. Work Zone Safety DevicesMeasures - List safety devices/measures used (e.g. arrow board,
flagger, and shadow vehicle) and any additional measures recommended for future visits tot his
site.

8. Special Access Equipment - Indicate special access equipment used (e.g. lift truck, cherry
picker, long ladder, rock-climbing gear) and other equipment recommended for future visits to
this site.

L ocation Data

9. GPS Location Coordinates - A Global Positioning System (GPS) reading should be taken at
the approximate center of the length of each wall. Thiswill determine the coordinates that will be
used in GIS mapping. The coordinate system should be consistent with agency practice.
Transposition to other desired coordinate systems (latitude & longitude, UTM, etc.) can be
calculated and added to the database automatically. For long walls of, say, 100 m (328 ft) or
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more, readings should be taken for beginning and end points. A single reading at the center
should suffice for shorter walls.

10. Location - Give a location or address by which the ERS can easily be found in the field. If
along a highway, indicate the route number, direction of travel and either milepoint or distance
beyond a permanent point of reference such as a bridge or crossroad. If the wall is part of an
interchange, indicate which ramp. If on alocal street, reference the location to the nearest house
number or cross street(s). If the inventory team was working from an ARAN (Automated Road
Analyzer) or similar automated roadway survey, consider including the milepoint recorded in that
survey.

11. Offset - Give the direction (R/L or compass direction) and minimum lateral distance from
pavement edge.

12. Location Photos - This field will be used for links to one or more general location
photographs.

13. District / Political Subdivision - To be entered in the office. Indicate the political
subdivision (e.g., county, city) and/or the highway maintenance district. This information can be
entered automatically from corresponding map layers in the GIS.

14. End Coordinates - For a long wall, say 100 m (328 ft) or more, take additional GPS
readings at the beginning and end points.

15. Bridge/Culvert Association - To be entered in the office. If the ERS is associated with a
bridge, indicate the BIN number, approximate distance from main span, and whether or not the
ERS s currently included in inspections of that bridge. If the ERSis part of a culvert, the culvert
number, if any, should be shown. In the broadest sense, an ERS can be considered associated
with a bridge if it is close to be economically included in bridge inspections. A working
definition of “associated” should be decided on at an early stage. Which ERS will actually be
included in bridge inspections can be determined later, after there is a sufficient body of data on
which to base decisions.

16. Other Related Feature - Indicate by type any non-highway facility (e.g. school, park, and
store) or any non-mainline ancillary facility, such as a ramp, parking area or service road, of
which the ERS is part or that might be affected if it failed. This will help to locate walls in the
field or on aerial surveys, and to prioritize them for inspections or maintenance. Note that an
ERS may be associated with a bridge and also related to an ancillary facility or non-highway

property.

17. Block/Lot Number - To be entered in the office. If ardated feature identified above is not
on highway property, insert the tax block and lot number.

18. Access Constraints - Use this field to indicate such conditions as narrow or absent highway
shoulders; fences, barbed wire, a water body, steep upslope or down slope, or dense vegetation.

89



Also indicate unusual or hazardous work zone conditions, such as falling rock or location on a
curve with inadequate sight distance. Such information is important in preparing for future
inspections or other work.

19. Did Access Problems Affect Accuracy? - Answer yes or no. If yes, indicate measurements
or conditions that had to be estimated. The affected data fields can be listed by number.

20. Photos of Access Constraints.

Function Data

21. Functional Type - Indicate the general function type (e.g., cut, fill, switchback, slope
protection, seawall).

22. Supported feature - If applicable, indicate the specific feature(s) supported by the ERS, e.g.,
mainline roadway, deceleration lane, ramp, parking area, service road, sidewalk, bike path,
stream, and canal. A single wall may both support features above and protect features below.

23. Protected feature - If applicable, indicate the specific feature(s) protected by the wall. See
above.

24. Photos of supported and/or protected features.

Dimension Data, Gener al

If the inventory is done in two stages, the following items can be obtained by the survey team in
thefirst stage, except for item 31, Total Height.

25. Exposed Height - Indicate the exposed height of the wall at the maximum point, excluding
any top-of-wall feature that is not designed to retain soil, such as a parapet or noise wall.

26. Total Length - This isthe entire length rather than just the length meeting the criterion. It
should also reflect the actual length of the wall rather than length along the roadway or other
parent asset. The latter can be recorded separately or derived from the beginning and end points
recorded under “Location.”

27. Wall Face Slope - Indicate the wall batter or face slope in degrees of deviation from the
vertical. If the wall face has rotated forward, so state, followed by the number of degrees of

deviation. Thiswill be compared with the as-built face anglein item 53.

28. Exposed Height at Beginning Point - For long walls. Exposed height excludes top of wall
features not designed to retain soil.
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29. Exposed Height at End Point - Exposed height measured as in the preceding item.
Beginning and end points refer to the direction of travel indicated in the Location entry.

30. Height Above Retained Soil - This should be entered wherethe height of the retained soil is,
say, 6 inches or more below the back of the wall. Wall height should be measured excluding any
top-of-wall features not designed to retain soil.

31. Total Height - This includes the buried or embedded portion of the wall, but excludes top-
of-wall attachments not designed to retain soil. If no as-builts or other records are available, the
inspector may estimate the embedded portion. Indicate whether the height is based on records
(R) or estimated (E).

32. Estimated Area of Exposed Face - This is estimate is helpful in planning and prioritizing
further actions. It should not be used for cost estimates. The quantity shown should exclude top

of wall attachments that are not designed to retain soil. .

33. Criterion Length - If only part of the wall meets the height criterion, give the length of that
portion

34 Offset of Criterion Portion - If the wall portion above is not paralld to the roadway, or its
offset is different from that shown in item 11, provide the minimum offset of the ERS portion
meeting the height criterion.

35. Photo of Top Profile - To beincluded wherethetop profileisirregular.

36. Upslope Angle - Indicate the angle of any upslope above the top of the wall.

37. Downdope Angle - Indicate the angle of any downslope from the foot of the wall.

38. Roadside Features Above - Briefly describe any roadside features behind the top of the wall
(e.g., berm, shoulder, guard rail, sidewalk curb).

39. Roadside Features Below - Briefly describe any roadside features at the base of the wall
(e.g., berm, shoulder, guard rail, sidewalk curb).

40. Photos of Roadside Features
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Structural Data, Preliminary

Information for most structural fields should be determined by the inspector. If the field work is
donein two steps, datafor the following fields can be recorded by the survey crew.

41. Wall Face Material - Briefly indicate the face material, e.q., stone, concrete panels, concrete
block, shotcrete.

42. Apparent Wall Type - Seethe list of structural wall typesin Table 2 located in Chapter 2 of
the main report. Thisisa preiminary classification, to be confirmed by the inspector.

43. Wall Surface Treatment - Indicate any wall surface treatment, e.g., painted, galvanized, tar
coated.

44. Wall Top Feature - Give the type and, if accessible, the width of any coping or cap at the
top of thewall.

45. Top-of-Wall Attachments - Give the type and height of any top-of-wall attachment such as
a parapet, fence, railing, noise wall, light pole or sign pole..

46. Wall Face Attachments - Briefly identify any attachments such as conduits, light fixtures,
signs or traffic signals.

Structural Data, Verified

These fields will be completed on the basis of construction records and on-site determinations by
the inspector. Additional detail will be provided in the inspector’s report, which will be
retrievableasa“ pdf” file (seeitem 70)

47. Structural Type - Select the general structural type and sub type, for example “ Conventional
Gravity — CIP Concrete’ using a standard classification such as that shown in Table 2. Use
consistent terminology so that records can be easily sorted by structural type.

48. Total Wall Face Area - This should include the buried or embedded portion but exclude top-
of-wall attachments that are not designed to retain soil. This quantity should be obtained from as-
built drawings or other available records. If records are not available, it should be carefully
estimated by the inspector.

49. Estimated Replacement Cost Per Square Foot - This should be based, to the extent that
data are available, on the agency’s records of construction costs for each type of wall. Failing
that, it may be based on the original cost, if known, adjusted for inflation, or on industry
references such as RSMleans Heavy Construction Cost Data.
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50. Cost Estimate Reference - State the source of the above estimate, including the date.

51. Estimated Total Replacement Cost - This should be based on the unit cost in the preceding
field, with appropriate additions for top of wall attachments or other ancillary features.

52. Foundation Type - Where applicable, indicate the foundation type (e.g., spread footing,
drilled caissons, and piles) and depth.

53. Wall Face Angle as Built - To be obtained from as-builts or other records.

54. Proprietary Type - For proprietary wall systems or wall facings, give the system name and
manufacturer.

55. Fill Material - Briefly describe the backfill material or cellular fill material

History and Ownership

56. Year Built - This will be the base year for determining service life and depreciation. Give
the year of original construction. However, if the wall was substantially rebuilt so that it was
restored to an essentially new condition, give the year of that reconstruction.

57. New or Retrofit - Was the wall built as part of a new highway project or retrofitted on an
existing highway.

58. Design Service Life - To be obtained from design documents.
59. Current Owner - Indicate the current ownership or maintenance responsibility.

60. Contact - Give appropriate contact information for use in the event of an emergency or, for
non-agency walls, a need to access the wall for inspection.

61. Original Owner - For publicly owned walls only, indicate the original owner if it was other
than the current owning agency and the year jurisdiction was transferred.

62. Original Contract Number - If obtainable, list the original contract number
63. Original Cost - If obtainable, list the original cost. Do not adjust for inflation in this field.

64. Original Designer - Identify the actual designing agency or consulting firm. If unknown, so
state. Do not use N/A.
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65. Original Contractor - Identify the original construction contractor. If unknown, use the
word unknown rather than N/A.

66. Maintenance / Repairs / Modification Record - This field is a listing of any significant
repairs, non-routine maintenance or modifications to the original structure, e.g. crack repair, or
the addition of a noise wall. Thisinformation may either be entered directly into the database or
called up by alink to a separate document. For each action, give the type of work, date, contract
number and contract amount. Where appropriate, also identify the designer and contractor.

Condition Data, Preliminary

67. Checklist Conditions - The condition of each ERS must be evaluated by the inspector.
However, if the field work is done in atwo-step process, it is useful for the field team to observe,
report, and photograph any conditions that may be indicative of a problem. A suggested checklist
of such conditions is given in Section 4.12 of the main report. Any conditions present should be
reported in this data field. The survey team should also note any checklist condition that could
not be observed because of access constraints or other circumstances. If the fieldwork is donein
a one-step process, the same or asimilar checklist should be used by the engineer and included in
his or her report.

68. Condition Photos & Sketches - This field is for links to photos of conditions reported
above. If appropriate, include a sketch showing the locations of the defects and keyed to the
photographs.

69. Ingpection Priority - If the field work is done in a two-step process, the survey team leader
should recommend whether the wall ought to be given priority in scheduling a condition
evaluation.. The recommendation should consider not only the condition of the wall but also the
nature of any facilities that could be affected by a failure. The priority recommendation may be
expressed numerically or on a simple scale such as * normal/moderate/high.”

Condition Data From |nspection

70. Inspection Report - Whether in a one-step or two-step process, the condition evaluation will
be performed by a qualified inspector. The detailed inspection report, as well as reports of future
periodic inspections, will be a standal one documents that can be retrieved and read through links
to thisfield.

71. Inspection Date - This will bethe date of the condition evaluation. In thefuture, as periodic
inspections are performed, it will be the date of the most recent inspection.

72. Name of Ingpector - Give full name and title. If a consultant, include the firm. This
information will be updated for future periodic inspections.
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73. Prior Documentation Reviewed - Indicate the types of documentation (e.g., as-built
drawings, test reports) that were available and reviewed prior to the inspection.

74. Potential Failure Type - State the type of failure process identified or suspected, such as
overturning, dliding, anchor failure. Where applicable, note the specific wall eements involved,
such as piles, anchor heads, or facing panels.

75. Condition Rating - This should be an overall condition rating, using the 1-to-7 bridge rating
scale or acomparable scale that is consistent with agency practice.

76. Projected Service Life - If the condition of the wall is consistent with normal aging, this
will be based on the design service life minus years elapsed since construction. However, if there
is evidence of distress or premature deterioration, the inspector should estimate when replacement
will be required in the absence of major repairs or reconstruction.

77. Recommended Action Type - State the type of action, if any, recommended by the inspector,
e.g., monitor, maintain, repair, replace. Use consistent terms that can be searched on.

78. Recommendation Action Summary - Briefly summarize the action recommendations given
in the inspection report. Mention specific parts of wall and wall elements where appropriate.

Conseguences-of-Failure Factors

The information in these fields is important for setting priorities, and for rapid and effective
response in the event of an ERS failure.  This information should be determined independently of
the actual condition of the wall.

79. Critical Wall Height - For a protected feature, thisis height of the wall at the point where it
most exceeds the horizontal distance from the base of the wall to the edge of the roadway or
feature.. For asupported feature, thisis the height of the wall at the point closest to that feature

80. Critical Distance - Thisis the distance from the protected or supported feature at the point of
critical wall height. If there are both protected and supported features, use the lesser of the two
distances.

81. Roadway Type and Lanes - Using terms consistent with agency practice, indicate the
roadway type and number of lanes in each direction.

82. Sensitive Facility Supported - Identify any sensitive facility near the top of the wall. A
sensitive facility is one where there would be a higher than usual probability of injury, property
damage or economic disruption in the event of a wall failure. Most sensitive facilities will be
buildings or areas of pedestrian activity adjacent to the right of way. Sensitive facilities within
the right of way may include service areas, scenic overlooks and picnic aress.

95



83. Sensitive Facility Protected - Identify any sensitive facility near the base of the wall. See
also the above.

84. COF Rating - The potential consequences of failure (COF) for the wall should be rated
independently of the actual condition of the wall. Consider the likelihood and potential severity
property damage, persona injury, traffic disruption, length of detour, blockage of access to
businesses or public facilities. The COF should be rated on a simple scale such as “moderate,
severe, and very severe.”

85. Traffic Volumes - Indicate the ADT or other appropriate measure of traffic volume. On a
road with significant commuter traffic, provide peak-hour directional volumes if available.

86. Interchange Distances - If a limited access highway, give the distances to the nearest
interchanges in each direction.

87. Detour Length - Give the length of the potential detour in the event of a highway blockage
at this point.

88. Affected Locations - Identify any communities or specific facilities, such as a recreation
area or a shopping center, which would be affected in the event of a highway blockage.

89. Utilities Near Top of Wall - List utility lines that might be affected by a wall failure.
Indicate type of utility (water, sewer, dectric, eic.), whether overhead or underground, distance
from wall crest, and owner. If overhead, indicate the support type.

90. Utilities Near Base of Wall Do the same as above for utilities near the base of the wall.

91. Utilitieson Wall Face List utilities that might be affected by a wall failure or that might
have to be moved in order to repair the wall.

Action Priority
92. Action Approved - In a two-step process, this space can be used for inspection priority.
After inspection, this space should be used for actions recommended by the inspector. Include
the date of the approval and the person approving.

93. Action Priority - Indicate the degree of priority on a simple scale such as moderate, high, or
urgent.

94. Action Date Scheduled - Enter the action date if and when assigned.

95. Action Completed - Enter the date the action was compl eted.
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APPENDIX C—-SAMPLE FIELD FORMS
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SAMPLE INVENTORY FORMS
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Figure 9: ERSField Form Sample using the Minimal Required Fields described in Appendix B.

99



LR JL R TR P

[

LR
Ch
b
- =
b B 1
A A0 i
SO Y
: Pk .
. [T
A .
2
R

AL .,m..,."...“._n“_w.__.w by

- 2l LTI

EAROIEHSSID 1T

[T N
=

EEIRITT

PN

HUE] WETITH

AL TN

EEEG AL
I T B

H H I i
P i ] o P T

i ]

Ry T TR TR I o Py M PR T b T Tk ]

L e

EALEE 1TV

Ly ELAN S

I

La IREZUE A3 Lo IEeS 15 AL 2O I v

i (3

B (R (A H T E TR PR oo

L e LY [ e

e

P E
i H o P REHN A R N P £l o |

A HL

ELy

Figure 10: Example of a Field Survey Form used by New York City DOT and New York State DOT during the

Development of their Retaining Wall M anagement System.
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SAMPLE INSPECTION FORM S
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Figure11: FHWA / NPSWall Inventory Program (WIP) Sample Inspection Form.
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\iible wall Compacted, placed or masoned rock. and associnted chinking. is demse. mgular, frech, and withow post-
SR Jpiacen fiacnariig or chemical degradation.
Lagelug  |Structisad lagenie betiween piles sl WilletS. | oo i flcam weathering weakeriing af bedrock, softesing af soil, o samsmated gromnd comditions svdani
Pl visle paris of twback LRcor, | 18 L weo impracts froms veggetatiom noted wothin e wall or within adjacent slements,
Anchor Heads [pad (generally obeerved without Temoving R Freaking
o i - - Mo evidgree of element cracking, hreading, or comsimction post-cosstriction darage, opening of
WireiGeosyn, |* e focngfaske wire, soil reinforang ko oniimuties in rock, or cmcks o gelies in soils.
Mracing Elements] . mments. Tardvwnre cloth, geotextde/propridds Concrote, shol trels, and mictar is sound, darsble, and shows Etile of i signa of sheinkase cracking of spalling
v ficing eone |+ Cieraies aire: clearty opem {Bowing, amd in fall working onder
Bin or Crit [Visible pomticn of cellula gravity wail e T/ _ . )
Wall o g a8 comstructed, andor show no signg of signd fcam solemes, tolpie, bending,
Wigille procss on cast-n-place concrets wallPeaving, of datemiondelec oe bevond normal preseribed post-copmnietion ks,
e il focting ebements (dogs ot inclide piies, Qo Bearing Misiag Elements
|agging. cnb blocks. mamdacturesd o watll elertienis are mssing.
tiboc ke bk, anad aschibetanal Paciag) wall ghements are fully bearing against retained soil Fock wits
VTSTElE Shicreae [Aoe Bot Ireheds ks, Fumdrdi-:-rn fanlo"m :k wre mare than ndequade o support the wall, -_mwul!#l:' chemse, chned and drong.
Shotcrele  [lagging amSiiecioral facing or oller specilic o alope faifures have ccoumed ssher rermoving of adding raenais (o (ke wall area.
=l emieniz |
T e PR I"air Fating {moderee destess, g Scan 1o subtanisal e, mulliple ocurmences)
Mortar  fmasoned rock, mammfated blocks or brick JCmmreston Weathering )
||1I|uerE fior il e pemirs. Miouberaie comosievEIal Ting, comamanmion or crackingepalling des 1o weathenng or chesical mack
I T Compacied, placod or mesmed rock = nol Tesk or g, showing sigm oan wea bering,
P:I"H:Edm I.:Ii‘.‘ﬂ'.'ra.rhi ?mB. -":?m -piacuiieel Fractmnmg, chidisal digrackit on, s or [ocalered locsianmg
Manufactared |CMLU's segmental blocks, large gmvily |+ Signiflcant wenthering/weakening of bedmock, softening of the =cil, or sstura ed groesd conditions evideni
. H“:h s "'.d““ e b+ Dloddirae fingeacts from vepetation are evidest witlin Che wakl of witban adjacen olamels
| or ol wall cosguonnis | Craciing Freaking
Finced Stome |00y -lald of meterse s tock = Localiped slement crnciang. hreaking, abrssion and'or comstnti on/posi-cond mtion damage,
: ting or discontimaities in rock or omcks or gallzes in soil
e .'.:mnn' L T P e P * Conerete. ehotcrete, and monar s occasiorally eofl of drummy, has lost durablivy, and ghows occasional
b [5ail or ok inemadialely adjscent o and  femciang und'or spulling aufficien to infercept remforcemest,
AN pponting ik wall. s Dicaises cammaot e clearly detesrnined bo b Silly oparati onsl,
ninterisl st i Teflectl
Other Brimary PR T wal.:e&:m..zl:ll nox Sisteel { provicel v elements sheow significan localized setement, bulging, bending, hemisg, misaligament, digortion
Wiall Element ‘h":'.]:d iisikbisd ‘h’h""m:'-_ fdirfloctiomn, anddor disgecerment Deposd] nosml prescribed post-constraction Bes (e wall fice rotation.
Seeondary Element Condition Rati i bulidging. anchor hied dsplacement, bie dieplacemant |
o 3 Bearing Misving Elerents
_ Funciicen and capacty of visible drain Boles, koo nel] elomets ae missing (6. chinkirg. lngeing, brick-work) oo sen-functinal,
Wall Dralme  fpigas, elod "”'f‘ﬂ- etk provdde wall o Wall elements are generally bering againg reiamed eoul ok wils, o ocalized o vols By exis
sbaurface drainngs. bl o, ta back aed top of the wall,
Architectural Facimg that i mof pelisd on For st neciiral P+ Pl tion seslsock ang adiguate (o support e wall. bl susceplilde B srmk-swell aomion, seour, o
Fad capecity, including concrete, shotcrete, sione §Vegetslion impacts
ng amber, vogelaticn, elc. | Isalnied slope fmhaes bave ocourred either removing or adding muterinl from the wall sren
Tradfic Barrier |Froffic bamier or fence above or below wll, Poor ta Critical Rati Sl Fahume i i -
Fence il withim o ifnance of g well 11|ur o 'Pr.‘lﬂl.:l.l aling (severe dstress, falure is imanineet, pervisive coCmeERces )
Cartoston ering
W Roswl' Sidbeswadk [Romd s ion sadewnlk sarfiace above or beboods Mtalle wall lemesis ae comodid i e lost a g ficant secos affeciung strengih
Shanililer a wall, and within the infleence of the wall. | Concrete’shicrete [5 exiemsively spalled cracked. andfor weakened, smd may show svidence of widespread
L PR
el Crroimdal ong srea ahove & wall affecting wallls Compaced placed o masmed rock B8 highly weabered, dhowing iensve poa-placemel [meuring
e comdition and'or performence chemicall degracetion. anwl'on lsosenmg withim the placed volume
Ty s rerats T wrsese are wovlert sstbae et o s e e dmrees
G meld syes rein el he o’ dlitired Trackiey-Tironkby
Lewpnrzlope |oons Joe SFall o onmdavbdal e soenl. (f= Dolers e e el oo bine, aeabine, alvasiog e e W lioep e ool 0oy, g o
i1, wal zomli e inelvo se="oror e (fhaes o vbce o ook o0 coanks 0 amllcE Ly s,
vargele, gl inddmmir e scorEd e v ke L dr ey orriaEre, e s Siretr e imd Mtk el
Falerd) Slape r:T-.-.r-":._-H_ r-; |,?-m—.u|:. i, q..E.m r-.-\.:-_ml . il pricEin e vl e apel i oo iz vorodie e 00w i Lein e 1
Wheer, anl somli wan el se=amar . yaen e e nieaep, 2 oans damased areCeeebs ey clegs ed and ran-F1cion
Vagararlen | CEEAFCnrear wrall aran sl foee 'U:":fwm.”cﬂ“um
Lt A a7 Fie il el ke & fenzarze: | s el s saove v s ol Lu.r..ulé:. _ll.mfh_s.-.. l]lw.l.-.lj-.'u. awesaee e, ko dbovlo wocsn de-
- - plarz azid el beyeod e s prercnnmei=vt e imesa, inekwlivg, s oFprer A ez ane weel o
R alwcita and inlies i ors thempd® | Exlese Afflasd dlemdey Wodug flomeua
S AH U TR H1 - = 24 o R Al elersois s anckzizie 0.2, placed nall e, oz rae Tezzicesl oa awec Juzeloomal
T i Form: [l fed e+ 1 erErs A e ‘.-151":.-':1' lc..":g' =l ez WAL I AN kezar ng, agni o oraiced sailirsrne ra w1 a ke oo ides
[Hlch T = aieml velmmd 2 Lrge pmiean s " e el
i - e — = Fowulil o bodls o2k Loy s ol Liilwz, ckeeai vy selCanenl seoun, epodon s b ludid voizls, T
‘im::-umrL: Al Ao 2N Ay Rall CLaniznd ey L I D, sleme e poqoensee, el g Deoclersely i paclel o v wiom,
* Elewsent \res die derai eenor vises Aefi nilica = &bl 1l sl LAl e tece ccownel gl s raneeme o sddr e asdeiide e s v s

Figure12: FHWA / NPSWall Inventory Program (WIP) Sample Inspection Form.
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RETAINING WALL CONDITION ASSESSMENT REFORT

ARRIVAL LOG YVIN 2101422
Date | Time of Arrival [Time of Departure | Termp (F) | Weather Cond Other Cond
Ol-18-08  12:35 FH 2120 PM % -kt SUNHY
Wall Type STONE( MASONRY)
Cap Feature PARAFPET
Facing ETONE WEST
Cap Features 10° MASONRY CAP
Utilities - NA
Sign Structures A,
Railing' Fence M.A
SKETCH
<ONDITION ASSESSMENT
Wall Elements Additional Deterioration Flags Issued "
o
& )
[ = gl m k- = =5 IS
Bl |&l &l B § o|l=| | El§ §l8 (B8
R 2l a5 cl @l B 2 O H| E E"
3 | Z|ElS gl & |5 S| &2l E 2|5 ES
8 o| G| 2 8|7 5|2 2| & B s Gl 5 25
=] 2 n|l = E| £ @ | =l =] . = E T = ‘g
F 5 HalElT E D el Bl 2lE2|e gl & B £
____;--,ml—ﬁuﬁ?.:lm wl=|>lw| F| O Zl | > w|ES
Rati
Mol w|w|w| | r M ol e ol | @ ¥

See Back for Comments

Figure 13: Example of an Inspection Form used by New York City DOT and New York State DOT during the
Development of their Retaining Wall Management System.
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Address RWERSIDE bk evwh wis8™st £ wigo™™ sT e
Do win_Z2-~[0iY-22 ¥

STONE MASONEY RETAINING WALL

ORUBBLE OCoursed [Random (Bongh ODry no moriar]
oEUT STONE OCeursed [Random DTReugh ODry [no mortar]
o Counterfort A dom't know Do O yes
o Buottressad [w. piers|
o Tiedback lanchored] wall 0 rock anchor Odeadman
o RW on piles 3 don't kmow Ono O yes
0 RW foundation on soil type B don’t know

L STRUCTURAL CONDITION ASSESMENT

51 TOP OF WALL OUTWARD Zoo O out of plomb Jeight note #

52 TOPOF WALL INWARD Tno O outof ploml Teeight note #

53 BULGING /WARPING OF WALL: Foe Owminer D mederate [ severe noted

54 Top of Wall Aligned: Cno  nofe # e, GO0 D

B5 Tichacks # no Oloogel coreoded O MISSING % note#

56 Setilement of Wall: fne O minor O modernie Osevere  noted _

57 DISFLACED LARGE STONE Eno O minorD modersie 0SEVERE  note #

58 Displaced Small sione Foe O minor0moderate Osevers noted

59 Horizontal Cracks Ene Ominer 0 moderate O scvere. noted o
510 Vertical Cracls Bne Ominerdmoederate (] zevere note#

511 Ding, eracles of tortar jointz only @ oo O miner O moderate O severs  note#

212 Diag eracks thru joint & stone One E¥minerdmoderate Dsevere notedl 2

513 Cracked Stones Ors  BmineeOmoederate 0 SEVERE noted 2

214 Spalled ztone Opn EminorD mederate T severe noted 3

&15 Condition of mortar # Ermd O Enl:l}'ﬂ Jm'.isin.g |1l.'-t.

516 Coping of wall Oneone 3 sound O deferiomated O displaced note #

517 Corner craclo Bno Cheth sides Oone side Dmortar Umoertar & stone note #
218 Previous ropair Enone vigsible 0 minor 0 moderate 0 majar [ failed note #
510 Other

Figure 14: Example of an Inspection Form used by New York City DOT and New York State DOT during the
Development of their Retaining Wall Management System.
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. A
2 isdress RIVERGIDE bR BTWH w158 ST & wiso™sT

,I?a.-gw;l:f“t

1. TENSION CRACKS INS0TL AT TOR:
3, RUCKLINGHEAVING OF RDVEDWLE AT TOF
4. BINE DOLES IN ECILPAVEMENT:

. 5. SoilPavement at Base of Walk:
f. Soil/Pavement at Top of Wall:
7. Sedl Separating From Bacle of Wall:
#, Other

B acceptable O disorbed O describe
B acceptahble
Ero Oyes - widih of separation

IL CONDITION ASSESSMENT OF SOILPAVEMENT ADJOINING WALL

1. BUCKLINGHEAVING OF RIVSDWLE AT 30TTOM Ens Owminer D moderate ] SEVERR

J approf. distancs from wall nota#_
Hno Owidthelfersel
Japprox. distance from wall

Ine Cminor Omoderate OSEVERE
Jeapprox. distance from wall note #

Ene O dimenzions
O approx. distance from wall

O disturbed O describe

[T, CONDITION ASSEMENT (1F WATER MANAGEMENT AREA SURRDUNDING WALL

1, Weepst Ffus  Ofuncticning?

%, Eroslon of wall'sall by water: Erne O deseribe

3, Wt sputs at surface of wall Ono [ deseribas B4 WTED SURFACE Satff FEEL OFF

4, Water/silt filiering through walk: Eno [ mincr Omoderate O severe note #

3 Water bolling st bass of wall Eno C deseribe

6. AreaDrainsFiping present: Bna O fAmetioning?

7. DrywellfCatzh Basin: EBno O deseribe

8 Hydrant: Eno A describe

9. Downspouts'sdj. buildings: Eno O decrelbe

10, Soil draives swsy from wll: Emo  [Odeseribe

11, Other

IV, ATTACHMENTS TO WALL

1. BalustradsHandralk Dno @ describe DIMENS 10 WIED STONE ik SOHRY
0 condtilon Gooy

1, Famp/Steps Ono  Edeseribe COVERED wiTH GLASS BEFRIES
M condition 0Ok

3. Tumnels Bnao T describs
O eandition

4. Light stroemre [ched/garsge] Aune  Odescribe

4 Fence Ouno  Fdescribe BESIM PORTION AT LEFT

. Tm.’vﬂgu{.‘ulim: Ena O deseribe

7. Fyuipment!Storage atnear Top of Wall Hno O describe Z

3. HPECIAL OVERBURDEN Are  Odeseribe

0, Other
.{ll_

Figure 15: Example of an I nspection Form used by New York City DOT and New York State DOT during the

Development of their Retaining Wall M anagement System.
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adiress RIVER SIDE PR BTWN WISEPST £ wig0 " sT “Pageduli

q-lpld=29

DCT WIN,

NUTES
1. CURVE SURFACE

1. ONE CRACH ALZNG JOWT AT THE RiSHT OF THE WALL

3. LEFT BEGINNING smAL coliRETE SFPALL

w

1.

11,

1.

13.

14,

I5.

16.

17

18,

20

2l

12,

ric

14,

5

Figure 16: Example of an Inspection Form used by New York City DOT and New York State DOT during the
Development of their Retaining Wall Management System.
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APPENDIX D -—SAMPLE SAFETY REPORT LETTERS
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P
STATE OF NEW YORK
DERARTMENT OF TRANSPORTATION
HUNTERS POINT PLAZA,
47-40 2157 STREET
LowG [sLanD Cimy, MY, 11101

o A. Cuwen, PE Tuckes J_ Mo, b
et it T [ T p—
PaiF GG, P.E

DeriTr REfCrAL Dipect

May 3, 2006

Deputy Chief Engincer, Burcan of Engincering Review and Support
NYC Dept. of Transportation

2 Rector Sireet, 6™ Floor

Mew York, MY 1000&

Be: Salety Beport - Betaining Wall Mo ; 2.905.015
Located on right sisde of Jackie Bobinsen Patloovay Lastsond under the
Daaden belvry Cepaese Thls Comctery, Cuovens

Pcar Hir:

siandhi Lngrineenng, e (0121 iy uneer an aoreement with XY SUEFI e perfom viswal 1nspection
nt non-MY 5 reraining wealld that arc adjaccot o hiehmways andee MYS jcisdicricn, sehose tailie cnmld
ot Wi St Arhedal Sesleron The poepose of s mspeciion s o deleimnye stus lucal coodation ol
ylabilily of each wall.  Uhe reasen [or ths ledier im0 mlom vow aboul cne suzh reainine wall dhal we
behiece iy under vour junisdiciacn.

Whils pertnrrning the vismal ingpactinn oF ths ahevs cafercneed retaining reall adjaeewt ro rhe Sran:
ILelway, 10wz ol el semy porecls ol hoe 36 m Jong wall vorvim, bzl oo G2 ko 5.1 ac.
Loy vt ol pluzih by 38 won w 1285 0. A S0 m _ Leowgh ol coiling simoouniinge e wall is biebn ond
compumenis of the railing are Tanging over the wop. There are three broken pisces of maibing Tving on e
seimabeny eemud an e hase ot the meall. Tnoche wid- Lengath of the wall, there are W staeks maeasring
Em W LA m X L m hrod stec] plating ars located adjacenr o the top of the wall. Bach stack ropresenis

semsideralile i lunee oo U basbdill <l e veall.

Figure 17: Safety Report for Retaining Wall No. 2-908-015 (Page 1 of 2).
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L™ F

STATE OF NEW YORK
DEPARTMENT OF TRANSPORTATION

DOUGLAS & CURREY, F.E THOMAS 1 MADISON, JR.
REGIONAL IRECTOR COMMIESIONER

FHILLIP EMG. P.E
CEPUTY REGIONAL DIRICTOR

We recommend that you investigate why the wall pancls are leaning, repair the railing, and remove
the overburden from this wall as soon as possible, We haove aclosed location map, inspection report, and
photies showing the deteriorated condition of the wall.

Pleas: feel free 1o call me at (718) 482-4680 if vou have any questions. Thank vou for your Kind
aftention to this matier.
Vvt yors,
Suy Lamonaca, IWE.
Trojeer lanaoer.

Fnel.

s Slalaasha Fawl, T, L. {Gamdl Togdoevniags, I
dalabal Shab, T°I, S PTVCTA0T

Figure 18: Safety Report for Retaining Wall No. 2-908-015 (Page 2 of 2).

109



P
STATE OF NEW YORK
DERARTMENT OF TRANSPORTATION
HUNTERS POINT PLAZA,
47-40 2157 STREET
LowG [sLanD Cimy, MY, 11101

= TE RN M, b
REaFMiaL. DwmcTon Couml L

L '.H DxpECT

February 2, 2001

Chiefl Engineer

Mew York Citv Departiment of Parks and Recreation (MY CDER)
CHmzted Clenier

Thshingr hleadowa-Cornma Park,

Plushing, MY 11367

Rer Safety Report - Retaining Woall Mo 3-007-029
Tascated Between Adum Clavien Poweel 1 T nd, and
Southbowd Halern River [ive, al Fo1E5% St Wlanhalin

U BT

Cianelhi Fngimeering, Tne. (OT) is whder an agreement with NYSTHOT 1o perlomm inspestion
el an-MR retaiming walls that are wcljpeent o highweys e W78 junistiction. whase Dol
comihd fempract the State Artecial Svstem. The porpose ol this inspection i wdelennine stroctural
condition and slalility of ach weall. The reason Tar this ledler is by mlrm son abool one gneh
retwiming wall wnider the MY CTIPR juriadictiom.

While perlorming a visuml inspeclion ol roainimg wall o, 3-907-070 00 was maliced that
here it o 12mm wide. wnd 3 oo long imemdar wertical orch nthe cepased Giee ol the wall. Tn
aaledivion 11w Tound et voits ol T30 mmn divemeter tree had ponetraced the aocky ac 173 haipln
fronm The top §Fhstos | oond 2% GFoalge nated thal the wall v lzaning away (rom e vertical
tonards The gidewalk in the vicimiy of The verteal crock. The leamingr distanee varics between 73
e und T7E nvm o shostch on praoe 4.

Figure 19: Safety Report for Retaining Wall No. 3-907-029 (Page 1 of 2).
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STATE oF NEW YORK
DEParRTMENT 0OF TRANSPORTATION

DOUGLAS A CLRREY, P.E THOMAS J MADISOM, JR.
REGIONAL BIRECTOR COMMISSIOHER

FHILLIP NG, P.E
DERUTY RECIDHNAL DIRECTOR

We recommend that you investigate why the wall 15 leaning, and repair this wall as soon as
possible. We have enclosed location map. inspection report. and photos showing the deteriorated
condition of the wall,

Please feel free 1o call me at (T18) 482-4680 to discuss our submission.  Thank you for
vour kind attention to this matter.

Tory ruly yours.

Giire Tamonaea. P
Trojeat blanager.

Tl

cer Mahendra Patel, Po o {Gandh Tingineering. Tnea
hlahabal Shah, PO (SIYCTIOT

Figure 20: Safety Report for Retaining Wall No. 3-907-029 (Page 2 of 2).
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