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SUMMARY OF VERSION 2.0 REVISIONS (JULY 2023)

The Manual for Retaining Wall and Noise Barrier Inspection, Version 1.0, March 2017 has been
updated to Version 2.0, July 2023. The major changes are as follows:

e Updated the entire format of the manual to be consistent with other recently created
Authority manuals. Updates include the addition of the Purpose, Roles and
Responsibilities, Inspection Planning and Preparation, MPT Requirements, Retaining
Wall and Noise Barrier Inspection Procedures, Element Level Inspection, Quality
Control and Quality Assurance, Reporting of Emergency Deficiencies, Sample
Routine, Damage and Interim Report, Retaining Wall and Noise Barrier Inventory
sections and Typical Retaining Wall and Noise Barrier Sketches.

e The Preface was removed from the manual, and information previously in that section
was relocated to a new report section (Purpose), to be consistent with other Authority
manuals.

e The Introduction section was removed.

o Updated Types of Retaining Wall and Noise Barrier section to include additional types
of retaining wall and noise barriers.

e Updated the structure inventory based on AWI query as per 07.17.2023.

¢ Included a table to list the number of retaining walls and noise barriers, distinguishing
between standalone and extensions from a bridge in Section Purpose.

¢ Expanded on the inventory criteria for the retaining wall in Section 4.

e Updated Section 7 to include the latest requirements for reviewing the TCC
presentation slides and signing of the acknowledgement form.

e Expanded on example of Category A1 defects and deficiencies requiring more
frequent monitoring (Category E) in Section 9.

Please review this entire manual for additional revisions not listed above but included as part of the
Version 2.0 revisions.

July 2023 1









New Jersey Turnpike Authority

Manual for Retaining Wall and Noise Barrier Inspection

2. ROLES AND RESPONSIBILITIES

Refer to Section 4 of the Authority’s Bridge Inspection Program Quality Management Plan (latest
version) for specific roles and responsibilities of the Authority, the Bridge Inspection Program
Technical Manager, and the Inspection Consultant, as they pertain to the inspection of retaining wall
and noise barrier structures. Refer to Section 3 of this manual (Definitions) for the specific definitions,
roles, and responsibilities of the Team Leader (TL) and Assistant Team Leader (ATL) performing
inspection of the Authority’s retaining wall and noise barrier structures.
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4,

TYPES OF RETAINING WALLS AND NOISE BARRIERS

Qualifications for retaining walls and noise barriers that will be included in the inventory and
inspection program are provided herein.

Retaining walls measuring at least 4 feet in height at any location on the exposed vertical face from
finished grade to the top of coping shall be inspected in accordance with this manual. In addition,
they must be outside of the limits of the bridge wall as defined in Section 4.C.

The following are additional considerations:

The minimum and maximum wall heights should be measured from the toe of the wall to the
intended height of earth retention. For locations where the wall has been disturbed and/or
retained materials have eroded, the wall height should be measured to a projected height of
retention

Although during the Retaining Wall and Noise Barrier Inspection Program the condition
assessment will only address that portion of the wall that can actually be seen, there may be
walls which are important to the stability of the roadway but may otherwise not qualify based
on exposed height alone and may be included in the inspection program.

Features such as parapets or integral Jersey barriers, which extend above the intended
retained earth height of the wall, should not be included in the determination of maximum
height. These features are evaluated as 'secondary wall elements' during the condition
assessment and will be further evaluated in the context of their role as traffic barriers

If any section of the wall satisfies the height criterion, the entire length of the wall should be
included in the inventory, not just the segment that meets the criterion.

Retaining walls are commonly utilized throughout the Turnpike and Parkway roadways, ramps, at
interchanges, and service areas.

A. TYPES OF RETAINING WALLS

i. Mechanically Stabilized Earth (MSE)
A segmental block mechanically stabilized earth wall is a composite structure
consisting of alternating layers of compacted backfill and soil reinforcement
elements, fixed to a wall facing.
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Photo 1 - Mechanically Stabilized Earth (MSE) Wall (Location — Turnpike SA7S Ramp NISA, MP 72.29NW)

ii. Reinforced Concrete
Reinforced Concrete wall is a cast-in-place (or precast) wall comprised of a
reinforced concrete vertical stem cantilevered from a base slab.

Wingwall ends at the
first construction joint,
or 25' beyond the
abutment joint (when
no joint present)

Photo 2 — Reinforced Concrete Wall (Location — Turnpike SA8N Ramp SISA, MP 78.46SW)
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iii. Steel Sheeting
Steel Sheeting wall consists of steel sheet piling structural sections with a vertical
interlocking system that create a continuous wall. Sheet piles resist soil and water
pressures by functioning as a beam spanning vertically between points of support.
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Photo 3 — Steel Sheeting Wall (Location — Parkway S, MP 31.50S)

iv. Masonry
Masonry wall (Block Wall) consists of an assembly of masonry units joined

July 2023



New Jersey Turnpike Authority

Manual for Retaining Wall and Noise Barrier Inspection

V. Timber Sheeting
Timber Sheeting wall consists of timber structural sections fastened together with
vertical tongue and groove boards, horizontal walers, piles, top cap boards, tie
rods, and deadmen.

ST

)

vi. Plastic Sheeting
Plastic Sheeting wall consists of plastic sheet piling structural sections fastened
together with timber horizontal walers, piles, top cap boards, tie rods, and
deadmen.

Photo 6 — Plastic Sheeting Wall (Location — Parkway N, MP 0.5N SE)
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Vii.

viii.

Cribwall

A cribwall is comprised of precast reinforced concrete logs (cribbing) that are
assembled like a mini log cabin. Stretchers run parallel with the wall face, while
headers run perpendicular to the wall face.

Photo 7 — Cribwall (Location — Parkway S, MP 149.4S)

Gabion
Gabion walls are made up of gabions, or large cages or baskets, which are filled
with rocks, gravel, concrete, or leftover construction materials. These large
baskets can be stacked together and connected using heavy-duty wire.
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Photo 8 — Gabion Wall (Location — Turnpike SNO, MP 52.1NO)
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ix. Post and Panel
A Post and Panel wall is a structurally engineered, prefabricated/precast
reinforced concrete retaining wall system. The system utilizes concrete or steel

posts to interlock with the reinforced concrete wall panels.

Photo 9 — Post and Panel Wall (Location — Turnpike Ramp ST, MP 53.75ST)
X. Other/Combination

Other/Combination wall includes unique types of retaining wall systems such as
steel sheet pile with concrete facing, soldier pile wall, timber lagging and precast

Photo 10 — Other/Combination Wall Soldier Pile Wall (Location — Turnpike SO, MP 56.62NO)
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Photo 12 — Other/Combination Wall Steel Sheeting with Concrete Facing Retaining Wall
(Location — Turnpike Interchange 7 Ramp NOT, MP 53.85NOT)
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LS

Photo 13 — Other/Combination Wall Timber Lagging with Concrete Facing Retaining Wall
(Location — Turnpike NSO, MP 69.3NO)

Photo 14 — Other/Combination Wall Prefabricated Modular Wall Panels with Barrier
(Location — Turnpike SA7S Ramp SAS, MP 71.72SAS)
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B. TYPES OF NOISE BARRIERS

Noise barriers measuring at least 8 feet in height along the exposed vertical face from grade
(or base of noise barrier when mounted atop retaining walls) to top of barrier, shall be
included as a structure in the Authority’s inventory and inspection program.

See below for types of Authority noise barriers:

i. Post and Panel
A Post and Panel noise barrier is a structurally engineered, prefabricated system
which consists of separate reinforced concrete panels placed between supporting
columns or steel posts.

ﬂ

Photo 15 — Post and Panel Noise Barrier (Location — Turnpike SNO, MP 99.87NO)
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ii. Reinforced Concrete
Reinforced Concrete noise barrier is a cast-in-place (or precast) noise barrier
comprised of a reinforced concrete vertical stem cantilevered from a base slab.

-

Photo 16 — Reinforced Concrete Noise Barrier (Location — Turnpike SNO, MP 100.45NO NE)

iii. Other/Combination
Other/Combination noise barrier types include wall systems utilized together (i.e.
noise barrier constructed on top of a retaining wall).

Photo 17 — Other/Combination Noise Barrier Post and Panel Noise Barrier on Top of the MSE Wall (Location —
Turnpike NSO, MP 54.00SO SW)
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C. STRUCTURE LIMITS AND CONSIDERATIONS

The Authority’s wingwalls and retaining walls are typically constructed with contraction joints
spaced at 30 feet and expansion joints spaced at 90 feet. Expansion joints typically exist
between the end of the wingwall and the beginning of the retaining wall. The location of these
expansion joints should be utilized to determine the start (or end) of the retaining wall. In
some situations, a contraction joint may not be present to help determine the end of the
wingwall and beginning of the retaining wall. Wingwall and retaining wall construction types
that may lack a contraction joint may include but are not limited to reinforced concrete, MSE
and other/combination wall types. The abutment footing is typically one foundation mat (with
or without piles) supporting both the abutment wall (i.e. the breastwall) and the wingwalls
whereas the retaining wall footing is typically constructed independent from the abutment
footing. Since the footings are below grade and there is no visible joint, the end of wingwall
and the start of the retaining wall shall be estimated at 25 feet beyond the abutment joint.

The Begin and End MP of the retaining wall or noise barrier are defined by direction of traffic.

The retaining walls shall be inventoried and inspected for the full length, as long as any
exposed vertical face from grade to the top of the coping, meets or exceeds a minimum
height of 4 feet.

All barriers constructed in front and/or on top of the retaining wall shall be inspected as an
element of the retaining wall. All barriers constructed in front of the noise barrier shall be
inspected as an element of the noise barrier.

The following guidelines shall be utilized to determine the limits (Begin and End) of an
Authority retaining wall or noise barrier asset:
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1. When the retaining wall extends from the bridge substructure and the joint between the
retaining wall and the bridge wingwall is visible, the limits of the retaining wall (Begin MP)
shall be considered to start at that visible joint. The total length of the retaining wall shall
be measured from the joint to the end of the wall [See Figure 1].

Figure 1-Begin and End of Retaining Wall (Visible Joint)

2. When the retaining wall extends from the bridge substructure and the joint between the
retaining wall and the bridge wingwall is not visible, the retaining wall (Begin MP) shall
be considered to start 25 feet from the abutment joint. The total length of the retaining
wall is measured from the established beginning of the wall to the end of the wall. The
initial 25 feet of the wall (considered as the wingwall) is included in the associated bridge
or culvert inspection and should not be inventoried or inspected as a retaining wall. [See
Figure 2].

Figure 2-Begin and End of Retaining Wall (No Visible Joint)
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3. When a retaining wall exists between two structures with no visible joints between the
wingwalls and retaining wall, the retaining wall (Begin MP) shall start 25 feet from the
abutment joint of Structure No. 1 and shall end (End MP) 25 feet from the abutment joint
of Structure No. 2. [See Figure 3]

Wingwall

Figure 3-Begin and End of Retaining Wall Between Two Structures

4. When a standalone retaining wall is located along the Turnpike and Parkway roadways,
the beginning of the retaining wall (Begin MP) shall be the first point encountered while
traveling in the direction of traffic and the end of the wall shall be at the termination of
the wall. [See Figure 4]

Figure 4-Standalone Retaining Wall (along Mainhne shown)
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5. When a noise barrier and retaining wall are present, the retaining wall and noise barrier
shall be inventoried and inspected as one combined structure and shall be designated a
noise barrier. The beginning of a noise barrier is the first point encountered while
travelling in the direction of traffic and the end of the noise barrier is at the termination of
the noise barrier. [See Figure 5]

Figure 5-Combination of Noise Barrier and etainin Wall

D. NON-QUALIFIED RETAINING WALLS OR NOISE BARRIERS

Non-Qualified retaining walls or noise barriers generally meet the geometric criteria for
designation as a retaining wall or noise barrier, but due to their proximity to an adjacent
bridge, are inspected under the Authority’s bridge inspection program. Refer to Section 3 for
applicable definitions.

Following are examples of non-qualified retaining walls and noise barriers:

e Wingwall extending 25 feet from a bridge abutment shall be inspected with the bridge
and therefore is considered a non-qualified retaining wall.

e Median barriers between adjacent roadways and walls or barriers in front of bridge
abutments acting to retain soil shall be considered non-qualified retaining walls, shall be
inspected with the bridge, and are considered non-qualified retaining walls. [See Figure
6 and Figure 7]

¢ Noise barriers on top of a wingwall that are located within 25 feet from bridge abutment
joints shall be inspected with the bridge and are considered non-qualified noise barriers.
[See Figure 8]
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Figure 7- Wall in Front of Abutment
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Structure Number and Structure Name Examples:

1. The Structure Number (Asset Name) for a standalone noise barrier located along the
Turnpike SNO Roadway at Begin MP 81.78 is MP 81.78NO. The corresponding Structure
Name (Asset Code) for the noise barrier is Turnpike SNO MP 81.78. [See Figure 9]

2. The Structure Number (Asset Name) for a retaining wall or noise barrier on Ramp NBX
at Interchange 10 with Begin MP of 9.62 is MP 9.62NBX. The corresponding Structure

Name (Asset Code) for the retaining wall is Parkway Ramp 10NBX MP 9.62. [See Figure
10]

Figure 10 — Retaining Wall or Noise Barrier at ;’arkway Ram
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3. The Structure Number (Asset Name) for a retaining wall extending from a bridge located
along the Turnpike Mainline Roadway at Bridge No. 50.43SO and supporting the NSO
Roadway at the northwest corner is MP 50.43SO NW. The corresponding Structure
Name (Asset Code) for this retaining wall is Turnpike NSO MP 50.43SO NW. The
retaining wall supports the fill for the Turnpike roadway. [See Figure 11]

Bridge
Substructure

Figure 11 — Retaining Wall at Extension of Mainline Bridge (Turnpike Shown)

4. The Structure Number (Asset Name) for a retaining wall or noise barrier extending from
local road over bridge MP 71.26R, Cranbury-Half Acre Road at the northwest corner is
MP 71.26R NW. The corresponding Structure Name (Asset Code) for the retaining wall
is Cranbury-Half Acre Road MP 71.26R NW. [See Figure 12]

: — y e o Al tAcre R
= EE=E==ET#\ R? = u~¢Half Acre Rd Crar\ Y
Cranbury.Half,Acre - :

Cranbury-Half Acre Rd MP.71.26R N

Figure 12 Retammg Wall at Extension of Local Road Over Bridge

July 2023 25









New Jersey Turnpike Authority

Manual for Retaining Wall and Noise Barrier Inspection

F. ASSETWISE INSPECTION (AWI) ACCESS REQUEST FORMS

The inspection consultant shall complete the AssetWise Inspection (AWI) access request
forms provided by the BIPTM via email and return to the BIPTM (AWI administrator) for
project staff to obtain access to AWI.

G. PROJECT SPECIFIC QA/QC PLAN

A project specific QA/QC plan, as defined in the Authority’s Bridge Inspection Program
Quality Management Plan, shall be submitted to the Authority for review and approval.
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Post _Storm Inspection: Inspection of a structure subsequent to extreme weather
conditions such as a hurricane or high wind events in order to determine the onset or
advancement of any documented damage.

Structural Detail Inspections: Inspection of structural details, components and/or
materials that have been previously or recently identified to typically exhibit advanced
displacement, spalling, cracking, or other signs of distress, which may result in
potential failure and warrant additional inspections.

DAMAGE

This is an unscheduled inspection of a retaining wall and noise barrier that has been
damaged by an event such as a motor vehicle accident (MVA), including but not
limited to vehicular impact to a foundation, vertical supports, and wall panels.

INTERIM

This is an inspection scheduled at the discretion of the individual in responsible
charge of retaining wall and noise barrier inspection activities. An Interim Inspection
is used to monitor a particular known or suspected deficiency (e.g., foundation
settlement or scour, member condition, etc.) and can be performed by a qualified
person familiar with the retaining wall and noise barrier. The determination of an
appropriate Interim Inspection frequency should consider the severity of the known
deficiency.

July 2023
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8. RETAINING WALL AND NOISE BARRIER INSPECTION
PROCEDURE

The procedure for inspection of retaining walls and noise barriers is similar for all structure types and
locations. The inspection shall include the wall panels, vertical supports, construction/expansion
joints, visible foundations, anchorages, connections, guide rails, barriers, right of way security, and
elements mounted on top of the asset, such as fences, lighting standards, and junction boxes.

The inspector shall perform a visual inspection of all visible components of the retaining wall or noise
barrier. When defects are identified on the face of the retaining wall or noise barrier, the wall panels
shall be sounded utilizing a ladder or bucket truck with TMA in a daily or short duration shoulder
closure, if required for access. The retaining wall or noise barrier shall be inspected to ensure the
plumbness of the wall. Document defects in the right-of-way fencing, roadway, guide rail, and barrier
atop and along the wall, lighting standards and junction boxes, visible utilities, and identify potential
drainage issues.

MINIMUM REQUIRED PHOTOGRAPHS

e General view of the front of the retaining wall and/or noise barrier (looking in direction of
traffic)

e General view of the rear of the retaining wall and/or noise barrier or Top of roadway
supported by the retaining wall

e Category A photos: A1, A2, A3, GR, Utility

e Equipment and MPT used for access/traffic control

e All Defect photos (in order of field notes)

e Work on-going or completed
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9. INSPECTION ELEMENTS AND OVERALL RETAINING WALL AND
NOISE BARRIER CONDITION ASSESSMENT

A. INSPECTION ELEMENTS

Based on the type of retaining wall or noise barrier, record the element defects, quantity, and
location of defects along with a photo reference for all repairable defects (Category A or B)
or defects requiring monitoring (Category E). Inspect the exposed front face of the retaining
wall or noise barrier, vertical supports, exposed foundations, anchors, guide rail protection
as well as barriers and/or fencing mounted to the wall.

Following is a general list of typical defects to be documented during the inspection of
Reinforced Concrete, Post and Panel, and Mechanically Stabilized Earth Retaining Walls:

e Abrasion/Wear

o Alkali-Silica Reactivity (ASR)
e Bulging

e Cracking/Scaling/Fracture

e Debris Accumulation

e Delamination/Patched Area
e Distortion

o Efflorescence/Rust Staining
e Erosion

e Freeze-thaw Damage

e Grade Settlement Along the Wall

o Graffiti

e Horizontal Rotation
e Leaching

o lLeakage

e Scour

e Separation

o Settlement

e Spalling with or without Exposed Rebar
e Vegetation Growth

o Vertical Rotation

Following is a general list of typical defects to be documented during the inspection of Steel
Sheeting Retaining Walls:

e Abrasion/Wear
e Bulging
e Corrosion/Section Loss
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e Cracking

o Damage

e Debris Accumulation
e Distortion

e Erosion

e Grade Settlement Along the Wall
o Graffiti

e Horizontal Rotation

e Leakage

e Paint Peeling

e Scour

e Separation

o Settlement

e Vegetation Growth
e Vertical Rotation

Following is a general list of typical defects to be documented during the inspection of Timber
Sheeting Retaining Walls:

e Abrasion/Wear

e Bulging

e Cracking

e Damage/Fire Damage
e Debris Accumulation
e Decay/Rot/Heart Rot
¢ Distortion

e Erosion
e Grade Settlement Along the Wall
o Graffiti

e Horizontal Rotation

e Insect Damage/Timber Borers
e Scour

e Separation

o Settlement

e Split/Checks/Shakes

o Vegetation Growth

o Vertical Rotation

e Weathering

Following is a general list of typical defects to be documented during the inspection of
Masonry Retaining Walls and Cribwalls:
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e Bulging
e Cracking
e Damage

e Debris Accumulation

e Displacement

o Efflorescence/Rust Staining

e Freeze-thaw Damage

e Grade Settlement Along the Wall

o Graffiti

e Horizontal Rotation

e Leakage

e Mortar Breakdown/Missing Mortar
e Scour

e Separation

o Settlement

e Spall/Fractures

e Vegetation Growth
e Vertical Rotation

B. CONDITION ASSESSMENT OF ELEMENTS AND QUANTITY ESTIMATES

The deficiencies listed in Section 9.A. and Table 1 are provided in this manual for general
understanding during inspection. The definitions are referenced from Chapter 7 (Materials,
Material Deficiencies and Inspection Methods) of the Bridge Inspector’s Reference Manual.
For the detailed description of each definition, it is recommended to refer to Chapter 7
(Materials, Material Deficiencies and Inspection Methods) of Bridge Inspector’'s Reference

Manual.
TABLE 1. DEFICIENCIES AND DEFINITIONS
Deficiency Definition and Unit of Measurement

Abrasion/Wear Abrasion damage is the result of external forces acting on the
surface of concrete member and is similar to wear. Wear is the
gradual removal of surface mortar due to friction and occurs to
concrete surfaces. Advanced wear exhibits polished aggregate,
which is potentially a safety hazard when the deck is wet.
(PERCENTAGE)

Alkali-Silica It is an expansive reaction forming a gel, which will result in the

Reactivity (ASR) | swelling and expansion of concrete. The process involves a reaction
between potassium and sodium alkalis and silica. Alkali found in
soils, deicers and chemical treatments could also contribute to ASR.

Bulging A rounded protrusion or bend in a section of a wall. (INCH)
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TABLE 1. DEFICIENCIES AND DEFINITIONS

Deficiency Definition and Unit of Measurement

Checks Separation of the wood fibers, normally occurring across or through
the annual growth rings, and generally parallel to the grain direction.
(EACH)

Collision Damage | A vehicle, railroad car, and/or marine traffic strikes a structure.
(LOCATION)

Connections All connections should be closely inspected for tightness, cracks at
fasteners connecting members and/or for missing connection.
(EACH)

Corrosion Corrosion is the primary cause of section loss in steel members and
is most commonly caused by the wet-dry cycles of exposed steel.
When deicing chemicals are present, the effect of corrosion is
accelerated. (SQUARE FEET)

Cracking A crack is a linear fracture in structural material. Structural cracks are
caused by dead load and live load stresses. (LINEAR FEET)

Damage A structural damage that occurs due to environmental factors or
human actions.

Debris Accumulation of material including floating wood, trash, suspended

Accumulation sediment, or bed load moved by a flowing stream. (LOCATION)

Decay (Timber Decay is the process of living fungi, which are plants feeding on the

Section Loss)

cell walls of wood. Decay is the primary cause of timber replacement.
(EACH)

Delamination

Delamination occurs when layers of concrete separate at or near the
level of the outermost layer of reinforcing steel. (SQUARE FEET)

Distortion

Alteration or deformation of the structural element from its original
state can occur due to a variety of factors, not limited to overloads,
material degradation, foundation issues, and possible as-built
conditions.

Efflorescence

The process of cracking permits moisture absorption and increased
flow within the concrete that is evidenced by dirty-white surface
deposits called efflorescence. (SQUARE FEET)

Erosion

Wearing away of soil by flowing water. (CUBIC YARD)

Exfiltration

Exfiltration occurs when leaking joints allow water flowing through the
wall to leak into supporting material. (PER LOCATION)

Fire Damage

Extreme heat will damage concrete. High temperatures will cause a
weakening in the cement paste and lead to cracking.

Freeze-thaw
Damage

Freeze-thaw is the freezing water within the capillaries and pores of
cement paste and aggregate resulting in internal overstressing of the
concrete, which leads to deterioration including cracking, scaling, and
crumbling. (INCH)
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TABLE 1. DEFICIENCIES AND DEFINITIONS

Deficiency Definition and Unit of Measurement

Graffiti Any form of paint vandalism that is added to the wall after
construction has been completed. (SQUARE FEET)

Gap Space between the base of the parapet and adjacent pavement
surface due to differential settlement of the parapet or asphalt, or
erosion of the underlying soil. (INCH)

Horizontal The movement of the wall where it is angled from a certain point

Rotation length wise. (DEGREES)

Insect Insects tunnel in and hollow out the insides of timber members for

Damage/Marine
Bores

food or shelter. Marine borers are found in sea water and brackish
water and cause severe damage to timber members in the area
between high and low water, although damage may extend to the
mud line. (LOCATION)

Infiltration Infiltration occurs when water is flowing or seeping into the wall
through open joints. (LOCATION)

Leaching The action of removing substances from a material by passing water
through it. (LOCATION)

Leakage Evidence of water seepage through the joints or due to other defects

such as cracking and spalling of concrete (PER LOCATION)

Marine Growth

Chemical secretions from rock-boring mollusks deteriorate stone
causing marine growth.

Masonry
Displacement

The moving of any type of masonry from its original as built position.
(INCH)

Mortar

The loss of material and leading to weakness of cement. (SQUARE

Breakdown FEET)

Paint-peeling When the paint is starting to wear away, exposing the material
underneath. (SQUARE FEET)

Rust Staining An elimination of the protective coating of reinforcing steel by
formation of iron oxide layer due to the intrusion of chlorides.
(LOCATION)

Rutting Formation of grooves or depressions in the ground surface in the
vicinity of the wall due to factors such as soil movement, erosion, and
/ or vehicular traffic. (INCH)

Scaling Scaling is the gradual and continuing loss of surface mortar and
aggregate over an area due to the chemical breakdown of the
cement bond. (SQUARE FEET)

Scour The removal of sediment such as sand and rocks from around bridge

abutments and piers caused by swiftly moving water. (SQUARE
FEET)

Section Loss

Reduction of structural material reducing the load carrying capacity of
structural member. (SQUARE FEET OR PERCENTAGE)
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TABLE 1. DEFICIENCIES AND DEFINITIONS

Deficiency

Definition and Unit of Measurement

Separation

A gap between the panels of wall. (INCH)

Settlement

Ground Settlement: Sinking or lowering of the ground surface in the
immediate vicinity of the wall caused by a change in stress
distribution in the soil due to the construction of the wall or loss of soll
due to erosion. (INCH)

Roadway Settlement: Sinking or displacement of the road surface
adjacent to or atop the wall due to factors, such as poor initial
compaction, erosion, and / or loading that exceeds design
assumptions. (INCH)

Shakes

Separation of the wood fibers parallel to the grain which occurs
between the annual growth rings. (LOCATION)

Spalling/Fractures

A spall is a depression in the concrete caused by corroding
reinforcement, friction from thermal movement and overstress. Spalls
result from the separation and removal of a portion of the surface
concrete, revealing a fracture roughly parallel to the surface.
(SQUARE FEET)

Splits

Advanced checks that extend completely through the piece of wood.
A split is also known as a through check. (PER LOCATION)

Undermining

Scour can cause undermining which is the removal or scouring away
of supporting foundation material from beneath the substructure unit
when streams or rivers flow adjacent to them. (SQUARE FEET OR
PERCENTAGE)

Vegetation Any vegetation growth, including trees or vines, that surrounds

Growth and/or grows on a structure, interfering with the visual inspections,
should be removed by the inspector. If the vegetation is too
extensive, coordination with the Authority's Maintenance Department
is recommended for its removal.

Vertical Vertical movement can occur in the form of uniform or differential

Movement or settlement. Differential settlement can produce severe distress which

Settlement varies in magnitude based upon the length of structure. Common

causes of vertical movement are soil bearing failure, consolidation of
soil and undermining causing the structure to drop deeper into the
ground. (INCH)

Vertical Rotation

The vertical rotation can occur due to differential settlement,
undermining, scour saturation of backfill, soil bearing failure, erosion
of backfill along the sides of the abutment, and improper design.
(DEGREES)

Weathering

Hard surfaces degenerate into small granules, giving stones a
smooth, rounded look; mortar disintegrates. (SQUARE FEET)
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C. REPAIR CATEGORIES

Based on the degree of deterioration noted to the structural elements of the retaining wall or
noise barrier, a repair Category is assigned for each element exhibiting details requiring a

recommendation.

Repair categories which apply to retaining walls and/or noise barriers are as follows:

TABLE 2. REPAIR CATEGORIES

Category Description
N/A Contract repair has not been recommended
A Category A

Deficiencies that require prioritized attention with prompt notification
given to the Authority.

Category A1 Emergency:

— Slope Failure due to excessive erosion of backfill material.

— Substantial tilting of the Retaining Wall or Noise Barrier.

— Major deterioration or other conditions which affect the stability of
the Retaining Wall or Noise Barrier.

— Failure of foundation elements.

— Significant horizontal or vertical movement of a Retaining Wall or
Noise Barrier.

— Indication of tension cracks in the ground above/behind MSE walls
and/or toe heave in front of the MSE wall.

Category A2 Priority:

— Wide crack in a Retaining Wall or Noise Barrier.

— Large delaminations or spalls on concrete or masonry wall facing
(may include cleaning of rebar).

— Deterioration of primary structural elements in a Retaining Wall or
Noise Barrier.

— Leakage through expansion joint seals.

— Erosion/scour holes around wall.

Category A3 Priority (Non-Structural):

— Issues noted which are recommended for repair before or within the
next regularly scheduled contract as they pose a potential safety
concern to the travelling public.

Guide Rail:

— Damage or significant corrosion noted to guide rail elements
including attachments to structures, rail and posts and end terminals
at Turnpike and Parkway structures, which require repair in the near
future are reported by the issuance of a Guide Rail Type Category
A Report.

Utility:

— Damage or significant corrosion noted to Authority and outside
agency utility supports, pipes/conduits and connections at Turnpike
and Parkway structures, which require repair in the near future are
reported by the issuance of a Utility Type Category A Report.
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TABLE 3. OVERALL CONDITION RATING OF STRUCTURE

Rating Description

Good Distress present does not significantly compromise the structure
function, nor is there significant severe distress to major structural
components.

Ratings of Good indicate highly functioning structures that are only
beginning to show the first signs of distress or weathering.

Fair Distress present does not compromise structure function, but lack of
treatment may lead to impaired function and/or elevated risk of
structure failure in the near term.

Ratings of Fair indicate functioning structures with specific distresses
that need to be mitigated in the near term to avoid significant repairs or
element replacement in the longer term.

Repairs may be necessary.
Examples of Defects:

MSE - Bulging or deformation, cracking, drainage defects, slope
erosion, wall panel displacement, vegetation growth, facing
deterioration, loss of sail fill

Concrete — spalling, cracking, leaching, scaling, delamination.

Timber — weathering or splitting

Steel — corrosion, paint failure, section loss, missing or loose
connections

Masonry — cracking, freeze-thaw

MVA — Motor vehicle accident
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Rating

Description

Poor

Distress present threatens structure function, and strength is
compromised and/or structural analysis is warranted.

The structure condition does not pose an immediate threat to wall
stability and closure is not necessary.

Ratings of Poor indicate marginally functioning, severely distressed
structures in jeopardy of failing without repair or replacement in the
near term.

Repair or replacement is required.

Close monitoring is recommended at deteriorated structural
elements until repairs are completed.

Examples of Defects:

MSE — Bulging or deformation, cracking, corrosion of reinforcements,
inadequate drainage, soil erosion, wall panel displacement, vegetation
growth, facing deterioration, loss of soil fill

Concrete — spalling, cracking, leaching, scaling, delamination

Timber — weathering, splitting, rot, decay

Steel — corrosion, paint failure, section loss, missing or loose
connections

Masonry — cracking, freeze-thaw, mortar breakdown

MVA — Motor vehicle accident

Critical

Structure is no longer serving intended function.

Structure performance is threatening overall stability at the time of
inspection.

Ratings of Critial indicate a structurethat is no longer functioning as
intended, and is in danger of failing at any time.

Requires Immediate repair or removal and the issuance of a
Category A Report.

Retaining walls supporting the roadway must be closely
monitored and the roadway carrying traffic supported by the wall
should be closed until repairs are completed.
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MSE WALLS - THRESHOLDS FOR ACTION

When defects are noted during the inspection of MSE walls which warrant more frequent
monitoring (Category E) the following criteria should be used to trigger when long-term
monitoring and repair procedures defined below should commence.

Defects

Description

Displacement

Top of wall displacement in excess of 1.5% of the wall height or 4”
max, whichever is less, determined by survey or using plumb bobs.
Bulging of the wall in excess of 1.5”, determined by survey or using a
6’ straight edge and ruler.

Changes in top of wall displacement from previous inspection (6-year
cycle) of more than 0.5”.

Rotation

Wall rotation in excess of 0.5 degrees for walls taller than 25 feet or
wall rotation in excess of 1.0 degree for walls 25 feet or less in height.
Field measured using a clinometer to measure the inclination along a
6-foot straight edge or by survey.

Changes in wall rotation in excess of 0.2 degrees observed from the
previous inspection (6-year cycle).

Settlement /
Differential
Settlement

Post construction settlement in excess of 2”.

Post construction differential settlement in excess 1/200 (AASHTO
C11.11.3).

Review the existing soil borings to assess the likelihood of time
dependent settlement (i.e., wall is underlain by clays or organic soils).
Look for indications of settlement such as differential facing joint
openings or for signs of migration of soil from pipe, utility, or water
flow.

If settlement is anticipated based on the two bullets above, perform
baseline survey measurements during initial condition survey, with
northing, easting, and elevation measured at top of wall, every 200
feet along the wall or a minimum of 3 locations, whichever is greater.
Resurvey the same points at each 6-year cycle to assess settlement
and differential settlement.

The tolerable magnitude of settlement shall be assessed on an
individual location basis considering adjacent bridge overhead
clearances (i.e for MSE abutments).
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Long Term Monitoring and Repair Procedures

The long-term monitoring and repair procedure defined below is to be performed as soon
as possible, ideally within a 30 day time frame for monitoring, exploration, and analysis to
be performed for MSE Walls. This shall include:

Monitoring

O

Monitor the wall for rotation and temperature at a minimum interval of monthly for
a six month period. If the wall continues to rotate (other than rotations which
appear to be cyclical thermal fluctuations) during the six month period, install
tiltmeters to continuously monitor the wall with data reported at a 15 minute
increment. Equipment for monitoring wall rotation shall have an accuracy of
+0.003 degrees within +5 degree tilt range or an accuracy of £0.010 degrees
within a £15 degree tilt range.

Monitor the wall for settlement at a minimum interval of monthly for a six month
period.

Install crack gauges on facing joints which have aperture of 1” or more and
cracks which have aperture of 0.25” or more and monitor monthly for a period of
6 months.

Exploration

O

If the MSE wall included metallic reinforcement (opposed to geosynthetics),
perform exploratory test pits (minimum of 3 per wall, or every 250’ along the wall,
whichever is greater) to verify the condition of the reinforcement (corrosion loss)
Use geophysical survey methods to verify the reinforcement length

Analysis

O

Perform limit equilibrium global stability analysis for the drained (long term) and
undrained (short term) conditions considering circular and non-circular failure
surfaces.

Perform MSE wall External Stability calculations including bearing resistance,
sliding resistance, eccentricity, and settlement calculations in accordance with
AASHTO LRFD BDS.

Perform MSE wall Internal Stability calculations considering tensile resistance of
reinforcement and pullout resistance of reinforcement in accordance with
AASHTO LRFD BDS.

Repair or Replacement

O

Repair or replacement alternatives will be recommended if results of the analysis
do not satisfy any of the following AASHTO requirements:

= Resistance factor of 0.75 (~FS=1.3) for Global Stability

= Resistance factor of 0.65 for Bearing Resistance

= Resistance factor of 1.00 for Sliding Resistance
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Resistance factor of 0.75 for strip reinforcement tensile resistance
Resistance factor of 0.65 for grid reinforcement tensile resistance
Resistance factor of 0.90 for Pullout Resistance

Eccentricity as AASHTO LRFD BDS requirements

o Repair alternatives to be considered may include the following supplemental

elements:

Soil nails through each panel or with a supplemental facing

Drilled and grouted tieback ground anchors (strand or bar) with
walers and/or supplemental facing

Deadman with tie rods and walers or supplement facing

Rakers and walers

Underpinning

Toe wall in front of wall

Toe berm

Excavation and replacement with lightweight fill material

Drilled soldier pile and lagging or micropile and lagging wall in front

E. ELEMENT LEVEL INSPECTION

Retaining wall and noise barrier elements represent the primary structural components of a
retaining wall and noise barrier necessary to determine the overall condition and safety state
of the asset. The retaining wall and noise barrier inspection includes defining the elements
and total quantities that exist at each asset. The condition of each element is determined by
performing a field inspection and recording quantities of the element that have identified
defects that correlate to the severity of the defects defined in the particular condition state.
Inspectors should assign Condition States based on the overall condition of the element and
its ability to function properly.

The following are the Agency Defined Elements (ADE’s):

e 9100-NBRW.01 — Wall/Panel RC

¢ 9101-NBRW.02 — Wall/Panel Steel

e 9102-NBRW.03 — Wall/Panel Timber

¢ 9103-NBRW.04 — Wall/Panel Masonry

e  9104-NBRW.05 — Wall/Panel Other

e 9105-NBRW.06 — Vertical Support RC

e 9106-NBRW.07 — Vertical Support Steel

e 9107-NBRW.08 — Vertical Support Timber

e 9108-NBRW.09 — Vertical Support Masonry

e 9109-NBRW.10 — Vertical Support Other

e 9110-NBRW.11 — Construction/Expansion Joint
e 9111-NBRW.12 — Foundation (Exposed Portion)
e 9112-NBRW.13 — Barrier
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The following protective systems may be applicable in the inspection of a retaining wall and
noise barrier:

o 515 — Steel Protective Coating
o 520 — Concrete Reinforcing Steel Protective Coating
e 521 — Concrete Protective Coating

Additionally, the following defects may be applicable in the inspection of a retaining wall
and noise barrier:

e 1000 - Corrosion

e 1010 - Cracking

e 1020 — Connection

¢ 1080 — Delamination/Spall/Patched Area

e 1090 — Exposed Rebar

e 1120 — Efflorescence/Rust Staining

e 1130 - Cracking (RC and Other)

o 1140 — Decay/Section Loss

e 1150 — Check/Shake

e 1160 — Crack (Timber)

e 1170 — Split/Delamination

e 1180 — Abrasion/Wear (Timber)

e 1190 — Abrasion/Wear (PSC/RC)

o 1220 — Deterioration (Other)

e 1610 — Mortar Breakdown (Masonry)

e 1620 — Split/Spall (Masonry)

e 1630 — Patched Area (Masonry)

¢ 1640 — Masonry Displacement

¢ 1900 - Distortion

e 2210 — Movement

o 2220 — Alignment

o 2310 — Leakage

e 2320 — Seal Adhesion

o 2330 — Seal Damage

o 2340 — Seal Cracking

e 3410 — Chalking (Steel Protective Coating)

e 3420 - Pelling/Bubbling/Cracking (Steel Protective Coating)
e 3430 - Oxide Film Degradation Color/Texture Adherence (Steel Protective Coating)
e 3440 - Effectiveness (Steel Protective Coating)
¢ 3510 — Wear (Concrete Protective Coating)

e 3540 - Effectiveness (Concrete Protective Coating)
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e 3600 - Effectiveness — protective System (e.g. cathodic)
e 4000 — Settlement

e 6000 — Scour

e 7000 — Damage

e 8001 — Erosion/Undermining (Slope Protection)
e 9910 - Bulging

e 9920 — Vertical Rotation

e 9930 - Horizontal Rotation

e 9940 — Separation

e 9950 — Graffiti

e 9960 — Vegetation Growth

e 9990 - Freeze-thaw Damage

All elements have four defined condition states:

e Condition State 1 — Good
e Condition State 2 — Fair

e Condition State 3 — Poor

e Condition State 4 — Critical

Refer to Table 3 (Overall Condition Rating of Structure) for general descriptions of the
condition states, and refer to the AASHTO Manual for Bridge Element Inspection (AMBEI)
for detailed element guidance and condition state examples.
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12. SAMPLE ROUTINE, DAMAGE, AND INTERIM REPORTS

A. ROUTINE INSPECTION REPORT
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