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PREFACE

The Ontario Structure Inspection Manual has been used for bridge inspections in Ontario since 1985.
This version of the manual has undergone many modifications. It can be considered an “interim”
version since it is recognized that when a new process such as this one is introduced, comments and
questions are usually generated. All comments and questions will be recorded and if necessary, a
revision to this manual will be issued.

A new “severity and extent” philosophy has been adopted in order to simplify the process of using
inspection information to estimate bridge rehabilitation needs and costs. The inspection process is quite
similar to the old process except for changes in the way that inspection data is recorded. Material
defects of various bridge components, as defined in Section 2, Part 1 of this manual are still valid. The
new approach requires that more quantitative data be collected and recorded on the Condition State of
bridge elements. Part 1 of the manual also describes the various components of a bridge. These
components are grouped into convenient “Elements” for inspection purposes as described in Part 2.
Although, primary, secondary and auxiliary components are described in Part 1, for inspection
purposes, no distinction is made between these types of components.

The previous Material Condition Rating Tables in Part 2 of the manual have been replaced with
Condition State Tables. Four Condition States have been defined for bridge elements, namely,
Excellent, Good, Fair and Poor. The condition of bridge elements is defined to be in any one or more
of these Condition States. At any given time, areas within a bridge element may be in different
Condition States, or the whole of the element may be in the same Condition State. For each bridge
element, the inspector assesses and records the amount (area, length or unit as appropriate) of the
element in each of the four Condition States. This assessment is based predominately on visual
observations, however, some non-destructive testing, such as hammer tapping of concrete for
delamination, will be required to determine or verify areas in poor condition. Where an area in poor
condition is noted, the area is to be delineated and measured.

The previous Performance Condition Rating Tables in Part 2 have been deleted. The new inspection
method requires suspected Performance Deficiencies to be identified for each bridge element.
Performance deficiencies are chosen from a standard list and are used to flag areas that require the
inspector to take some follow-up action subsequent to the inspection. The inspector should also
identify maintenance needs. A standard list of maintenance needs has been created.

Modifications to the manual include:

Part 1 - Technical Information (Section 1 has been completely re-written)
- Ministry of Transportation procedural guidelines have been deleted in an
effort to make the manual more generic
- Minor wording changes have been made to the description of some of the
material defects in Section 2

Part 2 - Detailed Visual Inspections (This Part has been completely re-written)

- Material Condition Rating (MCR)Tables have been deleted and Condition
State Tables have been added
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Performance Condition Rating (PCR) Tables have been deleted and a
Suspected Performance Deficiency Tables have been added

Element lists have been added for each bridge type

Quantity calculation tables have been added

Maintenance Needs Tables have been added

Old inspection forms have been deleted and new forms have been added
Photograph descriptions have changed to reflect Condition State language

Part 3 - Additional Investigations (This Part has been completely re-written)

Reference to load posting has been deleted and covered in Suspected
Performance Deficiency Section

Wording changes have been made for condition surveys and other
investigations

Part 4 - Material Condition Surveys

No change

Part 5 - Underwater Inspections

No change
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INTRODUCTION

The need for mobility requires that Ontario's highway system be kept in good repair.
Structures are a vital part of this system. The efficiency of the system is impaired and the
public inconvenienced if a structure fails or its load-carrying capacity is reduced for any
reason. To avoid such failings, an effective structure management system is required.

An essential component of structure management system involves the systematic inspection
of the structures on the highway network.

This manual sets standards for detailed visual inspection and condition rating of structures
and their components. It provides a uniform inspection approach for all structures in Ontario.
Part 1 gives general details of inspection procedures, bridge components, material defects

and performance defects

Part 2 sets out requirements for detailed visual inspection and condition rating of structures
and their components.

Part 3 provides guidelines for the need to carry out further investigations and special studies.

Part 4 describes various types of procedures and equipment for the non-destructive testing of
materials and provides guidelines and requirements for carrying out these tests.

Part 5 provides guidelines and requirements for underwater investigations.
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GENERAL DEFINITIONS

Abutment

Auxiliary
Components

Bridge

Chord

Coating

Concrete Deck
Condition
Survey

Culvert

Defect
Detailed Visual
Inspection

Deterioration
Diagonals

Distress
Elements

Engineer
Environment

Evaluation

A substructure unit which supports the end of the structure and retains
the approach fill.

Any component which does not share in the load carrying
capacity of the structure.

A structure which provides a roadway or walkway for the passage of
vehicles across an obstruction, gap or facility and which is greater than
3 min span.

The upper and lower main longitudinal component in trusses or
arches extending the full length of the structure.

The generic term for paint, lacquer, enamel, sealers,
galvanizing, metallizing, etc.

A detailed inspection of a concrete deck in accordance with
The Structure Rehabilitation Manual.

Any bridge that is embedded in fill and is used to convey
water, pedestrians or animals through it.

An identifiable, unwanted condition that was not part of the
original intent of design.

An element by element visual assessment of material defects,
performance deficiencies and maintenance needs of a structure.

A defect that has occurred over a period of time.

Component which spans between the top and bottom chord of a
truss or arch in a diagonal direction.

A defect produced by loading.

The individual parts of a structure defined for inspection purposes.
Several bridge components may be grouped together to form one
bridge element for inspection purposes

A member or licensee of the Professional Engineers of Ontario.

An element’s exposure to salt spray:
Benign - Not exposed
e.g. River Pier
Moderate - Exposed but element protected
e.g. Asphalt covered and waterproofed deck
Exposed and element not protected
e.g. Exposed concrete deck, Barrier Wall

Severe -

The determination of the load carrying capacity of structures in
accordance with the reauirements of the Ontario Hiohwav Bridae
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Floor Beam

Highway

Lateral Bracing
Maintenance

Masonry

Masonry Ashlar

Masonry
Squared Stone

Masonry
Rubble

Minister
Ministry
Owner
Person

Plans

Portal Bracing

Primary
Components

Design Code or the Canadian Highway Bridge Design Code, when
implemented.

Transverse beams that span between trusses, arches or girders and
transmit loads from the deck and stringers to the trusses, arches or
girders.

A common and public thoroughfare including street, avenue, parkway,
driveway, square, place, bridge, designed and intended for, or used by,
the general public for passage of vehicles, pedestrians or animals.

Bracing which lies in the plane of the top or bottom chords or flanges
and provides lateral stability and resistance to wind loads.

Any action which is aimed at preventing the development of defects or
preventing deterioration of a structure or its components.

Structure made up of natural stones separated by mortar joints, usually
in uniform courses. Masonry in existing structures is usually in retaining
walls, abutments, piers or arches.

Stone worked to a square shape or cut square with uniform coursing
height and vertical joints staggered. The stone has a minimum course
height of 200 mm set in joints with an average thickness of 10 mm or
less.

Stone in natural bed thicknesses or roughly squared stones with course
height less than 200 mm and joints greater than 10 mm but not over 20
mm.

Stone masonry constructed with rough field stones or only roughly
squared stones set in mortar joints with average thickness greater than
20 mm. Also any squared stone masonry in which the joints are greater
than 20 mm, but less than 30 mm in thickness.

The Minister of the Ministry of Transportation of Ontario or his nominee.
The Ministry of Transportation of Ontario
A person having jurisdiction and control over the bridge.

An individual, board, commission, partnership or corporation, including
a municipal corporation, and employees, agents, successors and
assigns of any of them.

All drawings, descriptions and specifications, being parts of the
contract, and all drawings and descriptions produced by the constructor
for the erection of a bridge or structure, and all revisions thereto.

Overhead bracing at the ends of a through truss or arch and provides
lateral stability and shear transfer between trusses.

The main load carrying components of the structure.
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Rehabilitation

Repair

Retaining Wall

Secondary
Components

Sign Support

Span

Stringers

Structure

Suspected
Performance
Deficiency

Sway Bracing

Tunnel

Verticals

Any modification, alteration, retrofitting or improvement to a structure
sub-system or to the structure which is aimed at correcting existing
defects or deficiencies.

Any modification, alteration, retrofitting or improvement to a component
of the structure which is aimed at correcting existing defects or
deficiencies.

Any structure that holds back fill and is not connected to a bridge.

Any component which helps to distribute loads to primary components,
or carries wind loads, or stabilizes primary components.

A metal, concrete or timber structure, including supporting brackets,
service walks and mechanical devices where present, which support a
luminaire, sign or traffic signal and which span or extend over a
highway.

The horizontal distance between adjacent supports of the
superstructure of a bridge, or the longest horizontal dimension of the
cross-section of a culvert or tunnel taken perpendicular to the walls.

Stringers span between floor beams and provide the support for the
deck above.

Bridge, culvert, tunnel, retaining wall or sign support.

A Suspected Performance Deficiency should be recorded during an
inspection, if an element’s ability to perform its intended function is in
guestion, and one or more performance defects exist.

Vertical bracing spanning between through trusses or arches, or outside
of half-through trusses or arches and providing lateral stability and
shear transfer between the trusses or arches.

Any bridge that is constructed through existing ground, and is used to
convey highway or railway traffic through it.

Components which span between the top and bottom chords of a truss
or arch in the vertical direction.
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SECTION 1 - STRUCTURAL INSPECTIONS
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1.1 STRUCTURAL INSPECTIONS

This section sets out the goals and objectives of structural inspections. It identifies the types of inspections and
the types of structures to which this manual applies.

1.2 GOAL AND OBJECTIVES OF STRUCTURAL INSPECTIONS
1.2.1 Goal

The goal of structural inspections is to ensure, within an economic framework, an acceptable standard for
structures in terms of public safety, comfort and convenience.

1.2.2 Objectives
The main objectives of Structural Inspections are:

e to protect and prolong the useful life of structures;

e to identify maintenance, repair and rehabilitation needs of structures; and,

e to provide a basis for a structure management system for the planning and funding of the maintenance and
rehabilitation of structures.

1.3 INSPECTIONS OF STRUCTURES

To achieve the goal and objectives of structural inspections, detailed visual inspections of bridges should
be performed regularly. A detailed visual inspection is an element-by-element *“close-up” visual
assessment of material defects, performance deficiencies and maintenance needs of a structure. “Close-up
is defined as “a distance close enough to determine the condition of the element”. In many cases, the
inspection should be conducted within arms length of the element, possibly involving tapping with a
hammer or making measurements by hand. Appropriate special equipment (Bridgemaster, bucket truck,
ladders, etc) should be used to facilitate this assessment. It is expected that in order to adequately assess
the condition of all elements, the inspector should plan to spend at least 2 to 3 hours at a typical bridge
site. For large bridges, this time will increase.

In addition to detailed inspections, routine inspections by maintenance crews are essential, and should be
performed regularly to identify sudden changes in bridge condition. This manual describes the procedures for
carrying out detailed visual inspections only.
1.3.1 Frequency of Detailed Visual Inspections
The following structures shall be inspected every two years (Biennially):

e All bridges, culverts and tunnels with spans over 3 metres

e All retaining walls

e All movable bridges
For culverts with 3 to 6 metre spans and retaining walls, the inspection interval can be increased to four years if

the culvert or retaining wall is in good condition and the engineer believes that the culvert or retaining wall
condition will not change significantly before the next inspection.
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Itis recognized that the level of effort involved in performing a detailed visual inspection will vary depending on
structure type and age. For example, if a bridge is less than 5 years old, it is unlikely that there will be much
change in bridge condition from one inspection to the next. Consequently, the inspection time may be relatively
short. However, the inspector must be satisfied that everything possible has been done to determine the
condition of the various bridge elements.

Itis also recognized that one of the purposes of regular inspections is to identify changes in bridge condition. If
taken in this context, the importance of having a qualified inspector assess the condition of structure every two
years, cannot be over emphasized.

The frequency of inspections given above, applies to all structures in good repair. The maximum inspection
interval and the level of inspection may however vary for certain structures. Some structures may have to be
inspected more frequently as directed the Engineer. Such action can be justified based upon the type of structure,
construction details, existing problems or restrictions, and material and performance condition history. Structures
or components requiring more frequent inspection include:

structures with a high proportion of elements in the Poor Condition State;
structures with load limits on them

new types of structures or details with no previous performance history;
structures with load or clearance restrictions;

single load path structures

structures with fatigue prone details;

structures with fracture critical components;

pins and hangers in arch structures;

pins in suspended spans and pinned arches.

Often, more detailed investigations and non-destructive testing techniques are required to identify defects
for the above cases. The inspector should recommend that these specialized investigations be performed
regularly, where warranted.

Inspection procedures detailed in this manual do not apply to the mechanical or electrical parts of movable
bridges. The inspection of overhead sign support structures is covered in the Ontario Sign Support Inspection
Guidelines. Bridge mounted sign supports and banner mounting hardware should also be inspected in
accordance with the Ontario Sign Support Inspection Guidelines. For ease of access, the inspector should plan
to inspect these components when on site for the biennial bridge inspection.

1.3.2 Emergency Inspections

An emergency situation exists when a structural component contributing to overall stability of the structure has
failed, or is in imminent danger of failure or public safety is in any way at risk. In such cases, a detailed visual
inspection should be carried out immediately. Typical problems that may cause an emergency situation to
develop are:

e Accident or vehicle collision with a structure

Spring run-off or major flooding

An earthquake

Cracks in steel components

Loose concrete in an overhead structure

1.3.3 Specialized Investigations
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If during a detailed visual inspection, the inspector feels that more detailed information is needed, specialized
inspections can be requested. Some of these investigations are:
e Detailed Deck Condition Survey
Non-destructive Delamination Survey of Asphalt Covered Decks
Substructure Condition Survey
Detailed Coating Condition Survey
Underwater investigation
Fatigue investigation
Seismic investigation
Structure evaluation

Information on these inspections is contained in Part 3 of this manual.
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2.1 MATERIAL DEFECTS

This section describes the defects that are normally found in concrete, steel,
wood, masonry, aluminum, asphalt pavements and coatings. Each defect is briefly
described and the causes producing it are identified. Severity levels, wherever
possible, are established.

2.2 CONCRETE

Concrete is used in structures as plain concrete, such as in tremie and mass
concrete; or, it is combined with conventional steel reinforcement as reinforced
concrete, or with prestressing steel reinforcement as prestressed concrete.

Defects in concrete can often be related to the lack of durability of the concrete,
resulting from the composition of the concrete, poor placement practices, poor
Quality Control or the aggressive environment in which it is placed.

The following defects commonly occurring in concrete are described:

- Scaling

- Disintegration

- Erosion

- Corrosion of Reinforcement
- Delamination

- Spalling

- Cracking

- Alkali-Aggregate Reaction
- Surface Defects
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2.2.1 SCALING

Scaling is the local flaking, or loss of the surface portion of concrete or mortar

as a result of the freeze-thaw deterioration of concrete. Scaling is common in non
air-entrained concrete, but can also occur in air-entrained concrete in the fully
saturated condition. Scaling is prone to occur in poorly finished or overworked
concrete where too many fines and not enough entrained air is found near the
surface. Scaling of concrete is shown in Figure 2.2.1.

Severity

Light - Loss of surface mortar to a depth of up to 5 mm without exposure of

coarse aggregate;

Medium - Loss of surface mortar to a depth of 6 to 10 mm with exposure of
some coarse aggregates;

Severe - Loss of surface mortar to a depth of 11 mm to 20 mm with aggregate
particles standing out from the concrete and a few completely lost.

Very - Loss of surface mortar and aggregate particles to a depth greater
Severe than 20 mm.

2.2.2 DISINTEGRATION

Disintegration is the physical deterioration or breaking down of the concrete into
small fragments or particles. The deterioration usually starts in the form of
scaling and, 1if allowed to progress beyond the level of very severe scaling is
considered as disintegration. Disintegration may be caused by de-icing chemicals,
sulphates, chlorides or by frost action. Disintegration of the concrete is
illustrated in Figure 2.2.2.

Severity

Light - Loss of section up to 25 mm in depth with some loss of coarse
aggregate;

Medium - Loss of section between 25 mm and 50 mm deep with considerable loss
of coarse aggregate and exposure of reinforcement;

Severe - Loss of section between 50 mm and 100 mm deep with substantial loss
of coarse aggregate and exposure of reinforcement over a large area.

Very - Loss of section in excess of 100 mm deep and extending over a large

Severe area.
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2.2.3 EROSION

Erosion is the deterioration of concrete brought about by water-borne sand and
gravel particles scrubbing against concrete surfaces. Similar, damage may be
caused by flowing ice. Erosion is sometimes combined with the chemical action of
air and water-borne pollutants which accelerate the breakdown of the concrete.

Erosion is generally an indication that the concrete is not durable enough for the
environment in which it has been placed. Severe erosion of a concrete footing is
shown in Figure 2.2.3.

Severity

Light - Loss of section up to 25 mm in depth with some loss of coarse
aggregate;

Medium - Loss of section between 25 mm and 50 mm deep with considerable loss
of coarse aggregate and exposure of reinforcement;

Severe - Loss of section between 50 mm and 100 mm deep with substantial loss
of coarse aggregate and exposure of reinforcement over a large area.

Very - Loss of section is in excess of 100 mm deep and extending over a

Severe large area.

2.2.4 CORROSION OF REINFORCEMENT

Corrosion 1is the deterioration of reinforcement by electrolysis. The alkali
content in concrete protects the reinforcement from corrosion. However, when
chloride ions above a certain concentration are dissolved in water and penetrate
through the concrete to the reinforcement this protection breaks down and corrosion

starts. In the initial stages, corrosion may appear as a rust-stain on the
concrete surface. In the advanced stages, the surface concrete above the
reinforcement cracks, delaminates and spalls off exposing heavily rusted

reinforcement. This process is illustrated in Figure 2.2.4(a).

Severity

Light - Light rust stain on the concrete surface;

Medium - Exposed reinforcement with uniform light rust.
Loss of reinforcing steel section less than 10%;

Severe - Exposed reinforcement with heavy rusting and localized pitting.
Loss of reinforcing steel section between 10% and 20%;

Very - Exposed reinforcement with very heavy rusting and pitting.

Severe Loss of reinforcing steel section over 20%.
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2.2.5 DELAMINATION

Delamination is defined as a discontinuity of the surface concrete which 1is
substantially separated but not completely detached from concrete below or above
it. Visibly, it may appear as a solid surface but can be identified as a hollow
sound by tapping or chain dragging. Delamination begins with the corrosion of
reinforcement and subsequent cracking of the concrete. However, in the case of
closely spaced bars, the cracking extends in the plane of the reinforcement
parallel to the exterior surface of the concrete. Delamination in a concrete beam
is shown in Figure 2.2.5.

Delamination or debonding may also occur in concrete that has been patched or
overlaid due to the continued deterioration of the older concrete. This may happen
even in the absence of any rusting of reinforcing steel.

Severity

Light - Delaminated area measuring less than 150 mm in any direction.
Medium - Delaminated area measuring 150 mm to 300 mm in any direction.
Severe - Delaminated area measuring 300 mm to 600 mm in any direction.
Very - Delaminated area measuring more than 600 mm in any direction.
Severe

2.2.6 SPALLING
A spall is a fragment, which has been detached from a larger concrete mass.

Spalling is a continuation of the delamination process whereby the actions of
external loads, pressure exerted by the corrosion of reinforcement or by the
formation of ice in the delaminated area results in the breaking off of the
delaminated concrete. The spalled area left behind is characterized by sharp
edges. Very severe spalling in a concrete beam and local severe spalling in a
concrete deck are illustrated in Figures 2.2.6(a) and 2.2.6(b) respectively.

Vehicular, ice flow or other impact forces on exposed concrete edges, deck joints
or construction joints, may also result in the spalling or breaking off of pieces
of concrete locally.

Spalling may also be caused by overloading of the concrete in compression. This
results in the breaking off of the concrete cover to the depth of the outer layer
of reinforcement. Spalling may also occur in areas of localized high compressive
load concentrations, such as at structure supports, or at anchorage zones in post-
tensioned concrete.

Spalling of patched areas may occur due to continued deterioration of the old
concrete and subsequent breaking off of the new patch.
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Severity

Light - Spalled area measuring less than 150 mm in any direction or less
than 25 mm in depth.

Medium - Spalled area measuring between 150 mm to 300 mm in any direction or
between 25 mm and 50 mm in depth.

Severe - Spalled area measuring between 300 mm to 600 mm in any direction or
between 50 mm and 100 mm in depth.

Very - Spalled area measuring more than 600 mm in any direction or greater
Severe than 100 mm in depth.

2.2.7 CRACKING

A crack is a linear fracture in concrete which extends partly or completely through
the member. Cracks in concrete occur as a result of tensile stresses introduced in
the concrete. Tensile stresses are initially carried by the concrete and
reinforcement until the level of the tensile stresses exceeds the tensile capacity
(modulus of rupture) of the concrete. After this point the concrete cracks and the
tensile force 1is transferred completely to the steel reinforcement. The crack
widths and distribution is controlled by the reinforcement in reinforced and
prestressed concrete, whereas in plain concrete there is no such control.

The build-up of tensile stresses and, therefore, cracks in concrete may be due to
externally applied loads, external restraint forces, internal restraint forces,
differential movements and settlements, or corrosion of reinforcement. Externally
applied loads generate a system(s) of internal compressive and tensile stresses, in
the members and components of the structure, as required to maintain static
equilibrium. Cracks resulting from externally applied loads initially appear as
hairline cracks and are harmless. However, as the reinforcement is further stressed
the initial cracks open up and progressively spread into numerous wider cracks.
Figure 2.2.7(a) shows typical flexure, shear, axial and torsional cracks due to
applied external load.

External restraint forces are generated if the free movement of the concrete in
response to the effects of temperature, creep and shrinkage is prevented from
occurring due to restraint at the member supports. The restraint may consist of
friction at the bearings, bonding to already hardened concrete, or by attachment to
other components of the structure. Cracks resulting from the actions of external
restraint forces develop in a similar manner as those due to externally applied
loads. Figure 2.2.7(b) shows restraint induced cracking due to an increase in
temperature of the top surface of a beam.

Internal restraint forces are caused by the differential expansion or contraction
of the exterior surface of concrete relative to the interior mass of the concrete,
as in plastic shrinkage. The resulting surface cracks are normally shallow and
appear as pattern cracks, checking and D-cracks. Figure 2.2.7(c) shows medium
pattern cracking in an abutment wall.
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These internal forces may also be caused by carbonation of concrete. The calcium from the concrete reacts with
carbonic acid (which occurs when the carbon dioxide in the air combines with moisture) resulting in a volume
decrease. This volume decrease occurs only in the outer layer of the concrete, but usually hairline pattern cracks
and a surface discolouration result.

Differential movements or settlements result in the redistribution of external reactions and internal forces in the
structure. This may in turn result in the introduction of additional tensile stresses and, therefore, cracking in the
concrete components of the structure. Movement cracks may be of any orientation and width, ranging from fine
cracks above the reinforcement due to formwork settlement, to wide cracks due to foundation or support
settlement. Figure 2.2.7(d) shows movement induced cracks.

Corrosion of reinforcement produces cracks as described in 2.2.4. Corrosion related cracks are shown in Figure
2.2.7(e).

Severity

Hairline cracks - less than 0.1 mm wide.

Narrow cracks - 0.1 mm to 0.3 mm wide.

Medium cracks - 0.3 mm to 1.0 mm wide.

Wide cracks - greater than 1.0 mm wide.

2.28 ALKALI-AGGREGATE REACTION

Some aggregates react adversely with the alkalis in cement to produce a highly expansive alkali-silica gel. The
expansion of the gel and aggregates under moist conditions lead to cracking and deterioration of the concrete.
The cracking occurs through the entire mass of the concrete (Reference 1). Alkali aggregate reactions are
generally slow by nature, and the results may not be apparent for many years. Once the alkali-aggregate reaction
starts, there are no remedial measures to stop or reverse the process of deterioration. The appearance of concrete
affected by alkali-aggregate reactions is shown in Figure 2.2.8.

Severity

Light - Hairline pattern cracks, widely spaced, with no visible expansion of the concrete mass.
Medium - Narrow pattern cracks, closely spaced, with visible expansion of the concrete mass.

Severe - Medium to wide pattern cracks, closely spaced, with visible expansion and deterioration of
concrete.

Very - Wide pattern cracks, closely spaced, with extensive expansion and deterioration of concrete.
Severe

2.29 SURFACE DEFECTS
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The following surface defects in concrete are described herein:

- Stratification;

- Segregation;

- Cold Joints;

- Deposits - efflorescence, exudation, incrustation, stalactite;
- Honeycombing;

- Pop-outs;

- Abrasion and Wear

- Slippery Surface

Surface defects are not necessarily serious in themselves; however, they are indicative of a potential weakness in
the concrete, and their presence should be noted but not classified as to severity, except for honeycombing and
pop-outs.

STRATIFICATION is the separation of the concrete components into horizontal layers in over-wetted or over-
vibrated concrete. Water, laitance, mortar and coarse aggregates occupy successively lower positions. A layered
structure in concrete will also result from the placing of successive batches that differ in appearance.

SEGREGATION is the differential concentration of the components of mixed concrete resulting in non-
uniform proportions in the mass. Segregation is caused by concrete falling from a height, with the coarse
aggregates settling to the bottom and the fines on top. Another form of segregation occurs where reinforcing
bars prevent the uniform flow of concrete between them.

COLD JOINTS are produced if there is a delay between the placement of successive pours of concrete, and if
an incomplete bond develops at the joint due to the partial setting of the concrete in the first pour.

DEPOSITS are often left behind where water percolates through the concrete and dissolves or leaches chemicals
from it and deposits them on the surface. Deposits may appear as the following:

Efflorescence

a deposit of salts, usually white and powdery.

Exudation a liquid or gel-like discharge through pores or cracks in the surface.

Incrustation a hard crust or coating formed on the concrete surface.

Stalactite

a downward pointing formation hanging from the concrete surface, usually
shaped like an icicle.

HONEYCOMBING is produced due to the improper or incomplete vibration of the concrete which results in
voids being left in the concrete where the mortar failed to completely fill the spaces between the coarse
aggregate particles. Figure 2.2.9 shows medium honeycombing in the underside of a deck slab.

Nov. 2003 Revision
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Severity

Light - Honeycombing to a depth less than 25mm.

Medium- Honeycombing to a depth between 25mm and 50mm.
Severe - Honeycombing to a depth between 50mm and 100mm.
Very - Honeycombing to a depth less than 100mm.

Severe

POP-OUTS are shallow, typically conical depressions, resulting from the breaking away of small portions of the
concrete surface, due to the expansion of some aggregates or due to frost action. The shattered aggregate
particle may be found at the bottom of the depression, with a part of the aggregate still adhering to the pop-out
cone.

Severity

Light - Pop-outs leaving holes up to 25 mm in depth.

Medium- Pop-outs leaving holes between 25 mm and 50 mm in depth.

Severe - Pop-outs leaving holes between 50 mm and 100 mm in depth.

Very - Pop-outs leaving holes greater than 100 mm in depth.

Severe

ABRASION is the deterioration of concrete brought about by vehicles or snow-plough blades scraping against
concrete surfaces, such as, decks, curbs, barrier walls or piers.

WEAR is usually the result of dynamic and/or frictional forces generated by vehicular traffic, coupled with the
abrasive influx of sand, dirt and debris. It can also result from the friction of ice or water-borne particles against
partly or completely submerged members. The surface of the concrete appears polished.

SLIPPERY CONCRETE SURFACES may result from the polishing of the concrete deck surface by the action
of repetitive vehicular traffic.

Severity

There are no severity descriptions given for slippery concrete surfaces as this is a serious and potentially

hazardous situation. Where evidence of slippery concrete deck surface is noted the District and Regional Traffic
Offices shall be notified.
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Figure 2.2.1 Severe Scaling in a Concrete Deck and Curb

Figure 2.2.2 Very Severe Disintegration of Concrete
in Exterior Face
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Figure 2.2.3 Very Severe Erosion of a Concrete Footing
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Figure 2.2.4(a) Process Leading to Corrosion of Reinforcement
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Figure 2.2.4(b) Light Stains on Concrete Surface
Indicating Corrosion of Reinforcement

Figure 2.2.5 Very Severe Spalling and Delamination in
Concrete Beams
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Figure 2.2.6(a) Very Severe Spalling in a Concrete
Pier Cap Due to Corrosion of Reinforcement

Figure 2.2.6(b) Severe Local Spalling
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Figure 2.2.7(a) Applied Loading Cracks

Figure 2.2.7 (b) External Restraint Induced Cracks
(due to temperature increase in top surface of beam)
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Figure 2.2.7(c) Medium Pattern Cracks in an Abutment

Figure 2.2.7(d) Very Wide Movement Crack in an Abutment
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Figure 2.2.7 (e) Medium Cracks due to Corrosion of Reinforcement

Figure 2.2.8 Severe Alkali-Aggregate Reaction
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Figure 2.2.9 Severe Honeycombing in the Underside of a Deck Slab
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2.3 STEEL

The use of steel has progressed from cast iron, wrought iron, rivet steel and plain
carbon steel to low alloy atmospheric corrosion resistant steel (weathering steel)
and notch tough low temperature steel.

The following defects commonly occurring in steel are described:

- Corrosion;

- Permanent Deformation;
- Cracking;

- Loose Connections.

2.3.1 CORROSION

Corrosion is the deterioration of steel by chemical or electro-chemical reaction
resulting from exposure to air, moisture, de-icing salts, industrial fumes and
other chemicals and contaminants in the environment in which it is placed. The
terms rust and corrosion are used inter-changeably in this sense. Corrosion, or
rusting, will only occur if the steel is not protected or if the protective coating
wears or breaks off.

Rust on carbon steel is initially fine grained, but as rusting progresses it
becomes flaky and delaminates exposing a pitted surface. The process thus
continues with progressive loss of section.

Weathering steel, on the other hand, will form a relatively smooth rust layer,
called a patina, which protects the underlying metal from further corrosion.
However, in less than ideal circumstances, the patina may not form or may be
penetrated and delaminated, resulting in progressive corrosion (References 2,3).

For weathering steel to form a tightly adherent patina, the following conditions
must be met:

- the steel must be exposed to intermittent wetting and drying cycles;
- corrosive contaminants, especially salt bearing water, must be absent;

- the steel surfaces must be kept clean and free of entrapped dirt, debris and
moisture.

In addition to the above, mill scale is often left on weathering steel to "weather
off", except where it is removed for appearance; however, if the mill scale 1is
scratched, then the underlying metal may corrode.

Corrosion in steel is illustrated in Figure 2.3.1.
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Severity

Light - Loose rust formation and pitting in the paint surface. No
noticeable section loss.

Medium - Loose rust formation with scales or flakes forming. Definite areas
of rust are noticeable. Up to 10% section loss.
Severe - Stratified rust with pitting of the metal surface. Between 10% to

20% section loss.

Very - Extensive rusting with local perforation or rusting through. 1In
Severe excess of 20% section loss.

2.3.2 PERMANENT DEFORMATIONS

Permanent deformation of steel members can take the form of bending, buckling,
twisting or elongation, or any combination of these. Permanent deformations may be
caused by overloading, vehicular collision, or inadequate or damaged intermediate
lateral supports or bracing. See Figure 2.3.2.

Permanent bending deformations occur in the direction of the applied loads and are
usually associated with flexural members; however, vehicular impact may produce
permanent deformations in bending in any other member.

Permanent buckling deformations normally occur in a direction perpendicular to the
applied load and are usually associated with compression members. Buckling may
also produce local permanent deformations of webs and flanges of beams, plate
girders or box girders.

Permanent twisting deformations appear as a rotation of the member about its
longitudinal axis and are usually the result of eccentric transverse loads on the
member.

Permanent axial deformations occur along the length of the member and are normally
associated with applied tension loads.

Severity

As permanent deformations may be critical to the integrity of the member and/or
structure, no severity ratings are given. However, the location of the deformation
in the member, and member in the structure, should be recorded.

Photographs and measurements of the amount and extent of deformation shall be taken
and recorded for analysis by an engineer.

2.3.3 CRACKING

CRACK is a linear fracture in the steel. Cracks are mainly produced due to fatigue
and can, under certain conditions, lead to a brittle fracture.

BRITTLE FRACTURE is a crack completely through the component that usually occurs

without prior warning or plastic deformation. Brittle fracture may result at
fatigue prone details after initial fatigue cracking.
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FATIGUE PRONE DETAILS are those details that are susceptible to the growth of
fatigue cracks. Details in fatigue stress categories E and F, which are most
susceptible to fatigue crack growth, are illustrated in references 9 and 10.

FRACTURE CRITICAL COMPONENTS are components which are subject to tensile stresses
in a single load path structure and whose failure could lead to collapse of the
structure. Any attachment having a length in the direction of tension stress
greater than 100 mm. and that is welded to the tension area of a fracture critical
component shall also be considered as fracture critical.

The primary factors leading to fatigue cracking are: the number of applied stress
cycles, which is a function of the volume of traffic; the magnitude of the stress
range, which depends on the applied live load; and the fatigue strength of the
connection detail, category A to W, as given in the Ontario Highway Bridge Design
Code, reference 10. Cracks caused by fatigue usually occur at points of tensile
stress concentrations, at welded attachments or at termination points of welds.
Cracks may also be caused or aggravated by overloading, vehicular collision or loss
of section resistance due to corrosion. In addition, stress concentrations due to
the poor quality of fabricated details and the fracture toughness of materials used
are contributing factors. Material fracture toughness will determine the size of
crack that can be tolerated before fracture occurs.

Welded details are more prone to cracking than bolted or riveted details. Grinding
off the weld reinforcement to be smooth or flush with the joined metal surfaces
improves fatigue resistance. Once cracking occurs in a welded connection, it can
extend into other components due to a continuous path provided at the welded
connection, and possibly lead to a brittle fracture.

Bolted or riveted connections may also develop fatigue cracking, but a crack in one
component will generally not pass through into the others. Bolted and riveted
connections are also susceptible to cracking or tearing resulting from prying
action, and by a build-up of corrosion forces between the parts of the connection.

Cracking which has resulted in a brittle fracture in a diaphragm beam is shown in
Figure 2.3.3(a).

Common locations susceptible to cracking are illustrated in Figure 2.3.3(b). As
cracks may be concealed by rust, dirt or debris, the suspect surfaces should be
cleaned prior to inspection.

Severity

Cracks that are parallel with the direction of stress are usually not very serious;
however, those perpendicular to the direction of stress are very serious. In either
case, cracks in steel should generally be considered serious, as a parallel crack
may for a number of reasons turn into a perpendicular crack. Therefore, no severity
description for cracks is given. Any crack should be carefully noted and recorded
as to its specific location in the member, and member in the structure. The
length, width (if possible) and direction of crack should also be recorded.

1-2-21



2.3.4 CONNECTION DEFICIENCIES

Loose connections can occur in bolted, riveted or clamped connections. The loose condition may be caused by
corrosion of the connector, gusset plates or fasteners, cracking or failure of the individual fasteners, excessive
vibration, over stressing, or simply a lack of proper tightening during construction.

Loose connections may not always be detectable by visual or hands-on inspection, as the looseness may only
appear during serviceability loading. Cracking or excessive corrosion of the connector or gusset plates or the
fasteners, as well as permanent deformation of the connection or members framing into it, may be indications of
loose connections. Also, fasteners with missing washers or improper thread engagement are more susceptible to
becoming loose over time, and should be inspected more closely. Tapping the connection with a hammer is one
method of determining if the connection is loose.

The other deficiencies typically associated with connections are corroded or cracked connectors or gusset plates.

Severity

The severity of the connection deficiency shall be based on the condition of the worst component within the
connection. This means that the connection will be rated based on the looseness or corrosion of the worst
component. In the case of truss members, the connection shall be taken as the entire joint or node location,
including both gusset plates in and out of plane, with all members that frame in. All connecting member plates
shall be inspected with the overall connection rating based on the worst of these components. For Bailey
Bridges, the Bailey panel connection pin shall be rated as a connection. The other connections, such as transom
clamps and raker pins are too humerous to rate individually. They still should be inspected, but problems should
be noted as either a maintenance need or a performance deficiency (as described in Section 5 and 6 of Part 2) for
the floor beam or truss bracing elements respectively.

The location of the loose or missing fasteners, as well as areas of corrosion on gusset plates, should be described.
The severity can be determined as outlined below for the various components within the connection:

1. The severity of loose connections depends largely on the number of loose or missing fasteners relative
to the total number in the connection. The severity description involves the determination of this ratio.

2. The severity of gusset plates depends on the amount of severe or very severe corrosion or cracks relative
to the total plan area. The severity description involves this ratio.

Table 2.2: Severity of Connection Deficiency for Connections in Steel

Connection Deficiency Loose Fasteners Gusset Plate with Severe or Very
Severe Corrosion or Cracks
Light < 5% Loose < 5% of Plan Area
Medium 5to 10% Loose 5 to 10% of Plan Area
Severe > 10% Loose > 10% of Plan Area

1-2-22 Oct. 2000



Figure 2.3.1 Medium Corrosion of Steel Beams

Figure 2.3.2 Very Severe Permanent Deformations by Impact
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Figure 2.3.3(a) Very Wide Cracks in a Diaphragm
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2.4 WOOD

Wood was one of the earliest materials used for structures, and is still in common
use today. This is largely due to its availability in a wvariety of structural
sizes and ease of handling.

The following defects commonly occurring in wood are described:

- Weathering, Checks, Splits and Shakes;

- Rot or Decay;

- Insect Damage;

- Abrasion and Wear;

- Cracking, Splintering, Crushing and Shattering;
- Fire and Chemical Damage;

- Loose Connections.

2.4.1 WEATHERING, CHECKS, SPLITS AND SHAKES

Weathering is the gradual deterioration of wood due to exposure to the actions of
sun, rain, wind, frost and atmospheric pollutants. Weathering of untreated wood is
accompanied by softening of the surface layer, numerous small checks, splits and
shakes, a gray discoloration and "barn-board" appearance. Treated wood weathers

more slowly to a gray-brown colour and may exhibit a rough "wash-board" appearance.
Light weathering is shown in Figure 2.4.1(a).

Checks are longitudinal tissue separations on the side grain of wood members.

Splits are more severe tissue separations extending from the side into the end
grain.

Shakes are tissue separations which follow the circular annual growth rings, and
are usually visible on the end grain.

Checks, splits and shakes are illustrated in Figure 2.4.1 (b).

Severity

Light - Tissue separations are short and extend for less than 5% into
the member.

Medium - Tissue separations are long and extend for 5% to 10% into the
member.

Severe - Tissue separations are long and extend for 10% to 20% into the
member.

Very - Tissue separations are long and extend for more than 20% into the

Severe member.
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2.4.2 ROT OR DECAY

Rot or decay is the biological decomposition of wood caused by micro-organisms
called fungi. Rot develops in progressive stages, usually through cracks, knots,
holes and at the ends of members. The growth of fungi requires the presence of
adequate moisture, a supply of oxygen and a favourable (warm) temperature. The
absence of any of these factors will greatly inhibit or prevent fungal growth. The
most common method of reducing rot or decay in wood is by pressure treatment with
preservatives.

The following areas are typically prone to decay:
- Wood in contact with soil;
- Wood at the water line;
- Surfaces in contact where water can be trapped, such as, connections and
bearing areas;
- At checks, splits, shakes and cracks, through which moisture can penetrate
the wood.

Three types of rot may be identified in wood; namely, white rot, brown rot and soft
rot.

White rotted wood has a bleached appearance, and in advanced stages the wood
appears as a grey fibrous mass. It develops at or above ground contact and may
attack both the surface and interior portions of wood.

Brown rotted wood has a reddish-brown appearance, and in advanced stages the wood
has a checked or crumbly surface. It develops at or above ground contact and may
attack both the surface and interior portions of wood.

Soft rotted wood has a soft, spongy surface, and in advanced stages the wood has a
charred appearance. It usually develops below ground level or under water, and
usually attacks only the surface of the wood.

The surface appearance of rotted wood is shown in Figure 2.4.2.

Severity

Light - Slight change in colour. The wood sounds solid and cannot be
penetrated by a sharp object.

Medium - Surface is discoloured with black and brown streaks. The wood
sounds hollow when tapped and offers limited resistance to
penetration by a sharp object.

Severe - Surface is fibrous, checked or crumbly and fungal fruiting bodies
are growing on it. The wood sounds hollow when tapped and offers
little resistance to penetration by a sharp object.

Very - The wood can be crumbled and disintegrated with ease.

Severe
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2.4.3 INSECT DAMAGE

Defects in wood caused by insects are a consequence of the tunnelling and boring by
larvae or mature insects through the wood resulting in loss of section. Termites,
carpenter ants and wood-boring beetles are the most common insects that attack wood
in Ontario. Their appearance is shown in Figure 2.4.3(a), and the resulting
appearance of insect damaged wood is shown in Figure 2.4.3(b).

The severity of the insect damage can be judged by the number of holes and tunnels
on the surface of the wood and by the number of insects around the area.

Severity

Light - Occasional entrance or exist holes are present. The wood is solid
and cannot be easily penetrated by a sharp object.

Medium - Several entrance or exit holes are visible, and larvae or mature
insects may be observed. The wood sounds hollow when tapped, and
offers limited resistance to penetration by a sharp object.

Severe - Extensive tunnelling and holes are present in the wood. Larvae and
insects are readily visible. The wood sounds hollow when tapped,
and offers little resistance to penetration by a sharp object.

Very - Extensive tunnelling, holes, larvae and insects present. Wood can

Severe be crumbled and is disintegrated with ease.

2.4.4 ABRASION AND WEAR

Abrasion is the deterioration of wood brought about by vehicles or snowplough
blades scraping against wood surfaces, such as, decks, curbs, railings or piers.

Wear 1is wusually the result of dynamic and/or frictional forces generated by
vehicular traffic, coupled with the abrasive influence of sand, dirt or debris. It
can also result from the friction of ice or water-borne particles against partly or
completely submerged members. The surface of the wood appears worn and cracked with
some loss of section. Wear of a wood deck and abrasion by ice are illustrated in
Figures 2.4.4(a) and 2.4.4 (b) respectively.

Severity

Light - Slight surface wear with less than 5% section loss.
Medium - Surface wear more noticeable with 5% to 10% section loss.
Severe - Loss of section between 10% to 20%.

Very Severe - Loss of section in excess of 20%.
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2.4.5 CRACKING, SPLINTERING, CRUSHING AND SHATTERING

Cracking, splintering, crushing and shattering are forms of physical damage which
result from vehicular collision or from overloading of a member. Particularly
susceptible are members already weakened by rot or insect attack.

A crack is an incomplete separation of the wood into two or more parts with or
without space in between. Cracking across the grain is caused by flexural damage
through overloading. Cracking along the grain may be due to shear failure or a
continuation of a split.

Splintering is a series of localized tensile failures in the wood where fragmented
parts of the wood may protrude from the surface.

Crushing is a form of permanent deformation where a portion of the wood has lost
its resiliency to rebound. Crushing at the bearings occurs due to excessive
compression. Crushing may also occur prior to a flexural failure.

Shattering is a combined form of crushing and splintering resulting from impact.

Crushing and splintering of wood due to vehicular impact is shown in Figure 2.4.5.

Severity

Light - Damage is mainly superficial with less than 5% section loss.
Medium - Considerable damage with 5% to 10% section loss.

Severe - Significant damage with 10% to 20% section loss.

Very - Extensive damage with section loss in excess of 20%.

Severe

2.4.6 FIRE AND CHEMICAL DAMAGE

Fire damage is evidenced by charring and is usually confined to the wood surface.
Connectors may sustain more damage from fire than the members connected. Such
damage to connections is manifested by large deformations of the connector plates
and fasteners, and by loose or misaligned joints.

Chemical damage may result from the use of non-preservative chemicals on the wood
surface over a long period of time, or where the wood comes in contact with
corrosive chemicals resulting from accidental spills. Such damage affects the wood
surface and metal connectors. The effect of chemicals on the wood is a softening
of the surface accompanied by loss of strength. The effect on metal connector
plates and fasteners is less critical except in certain circumstances; for example,
on fasteners with low corrosion resistance.

Figures 2.4.6(a) and 2.4.6(b) shows fire and chemical damaged wood.
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Severity

Light - Slight charring or softening of the wood surface with less than 5%
section loss. Connectors unaffected.

Medium - Deeper charring or softening with 5% to 10% section loss.
Connectors slightly loosened.

Severe - Section loss between 10% and 20% with several connectors loosened
or deformed.

Very - Extensive damage with section loss greater than 20% at critical

Severe locations. Many loose and severely deformed connectors.

2.4.7 CONNECTION DEFICIENCIES

Wood members are normally connected with common wire nails, spikes, bolts, shear plates, split rings, metal
framing connectors or glulam rivets. Most connections are loosened due to repetitive or dynamic loads, wear or
decay of members connected, and corrosion of the connectors.

Loose connections may not always be detectable by visual or hands-on inspection, as the looseness may only
appear during serviceability loading. Cracking or excessive corrosion of the plates or fasteners, as well as
permanent deformation of the connection or members framing into it, may be indications of loose connections.

A loose connection joining wood members is shown in Figure 2.4.7.

Severity

The severity of the connection deficiency shall be based on the condition of the worst component within the
connection. This means that the connection will be rated based on the looseness, decay or corrosion of the worst
component. In the case of truss members, the connection shall be taken as the entire joint or node location,
including both gusset plates in and out of plane, with all members that frame in. Each connecting member and
the plates shall be inspected with the overall connection rating based on the worst of these components.

The location of the loose or missing fasteners, as well as areas of corrosion any gusset plates, should be
described. Any unintended gaps that are observed should be measured and recorded.

The severity can be determined as outlined below for the various components within the connection:
1. The severity of loose connections depends largely on the number of loose or missing fasteners
relative to the total number in the connection. The severity description involves the

determination of this ratio.

2. The severity of gusset plates depends on the amount of severe or very severe corrosion or cracks
relative to the total plan area. The severity description involves this ratio.

Table 2.4: Severity of Connection Deficiency for Connections in Wood

Connection Deficiency Loose Fasteners Gusset Plate with Severe or Very
Severe Corrosion or Cracks
Light < 5% Loose < 5% of Plan Area
Medium 5 to 10% Loose 5 to 10% of Plan Area
Severe > 10% Loose > 10% of Plan Area
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Figure 2.4.1(a) Light Weathering in Wood Members
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Figure 2.4.1(b) Checks, Shakes and Splits in Wood
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Figure 2.4.2 Very Severe Brown Rot

Termite Carpenter Ant Wood Boring Beetle
(Larva and Adult)

Figure 2.4.3(a) Wood Boring Insects
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Figure 2.4.3(b) Very Severe Insect Damage in Wood

Figure 2.4.4(a) Very Severe Wear in a Wood Deck
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Figure 2.4.4(b) Very Severe Abrasion on a Wood Pile Due to Ice

Figure 2.4.5 Very Severe Crushing and Splintering
of Wood Due to Vehicular Impact
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Medium Fire Damage on Wood
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Figure 2.4.6(b) Light Chemical Damage on Underside
of a Wood Deck

Figure 2.4.7 Loose Connection in Wood
(25 mm gap measured)
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2.5 MASONRY

Masonry is made of stones or bricks bonded together by mortar. Although not a common construction material
today, masonry was used in Ontario, usually in retaining walls, abutments, piers or arches, primarily in the 19th
century while brick masonry was only rarely used in highway structures. Types of masonry construction are
ashlar masonry, squared stone masonry and rubble masonry.
The following defects commonly occurring in masonry are described:

- Cracking;

- Splitting, Spalling and Disintegration;
- Loss of Mortar and Stone.

2.5.1 CRACKING

A crack is an incomplete separation into one or more parts with or without space in between. Cracks develop in
masonry as a result of non-uniform settlement of the structure, thermal restraint, frost action and overloads.
Cracks develop either at the interface between the stone and mortar, following a zig-zag pattern, when the bond
between them is weak; or, go through the joint and stone, in a straight line, when the mortar is stronger than the
stone, as shown in Figure 2.5.1.

Severity

Hairline cracks - less than 0.1 mm wide.

Narrow cracks - between 0.1 and 0.3 mm wide.

Medium cracks - between 0.3 and 1.0 mm wide.

Wide cracks - greater than 1.0 mm wide.

2.5.2 SPLITTING, SPALLING AND DISINTEGRATION

SPLITTING s the opening of seams or cracks in the stone leading to the breaking of the stone into large
fragments.

SPALLING s the breaking or chipping away of pieces of the stone from a larger stone.

DISINTEGRATION is the gradual breakdown of the stone into small fragments, pieces or particles.
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The splitting, spalling and disintegration of masonry is caused by the actions of frost, weathering and
abrasion; or, by the actions of acids, sulphates or chlorides, which cause deterioration in certain types of
stones, such as

limestone. The splitting, spalling and disintegration of masonry are shown in Figure 2.5.2.

Severity

Light - Hairline cracking and minor loss of stone surface with loss of section up to 50 mm.
Medium- Narrow cracking or chipping away of stone with loss of section between 50 and 100 mm.
Severe - Spalling and disintegration of stone with loss of section between 100 and 150 mm.

Very - Extensive spalling and disintegration of stone with loss of section in excess of 150 mm.
Severe

2.5.3 LOSS OF MORTAR AND STONES

Loss of mortar is the result of the destructive actions of frost, erosion, plant growth or softening by water
containing dissolved sulphates or chlorides. Once the mortar has disintegrated it may lead to loss of stones.
It should be noted that some structures have been built without the use of mortar.

Figure 2.5.3 shows evidence of loss of mortar in a masonry arch.

Severity

Light - Mortar lost from the joints in a few places, to a depth of 20 mm.

Medium- Mortar lost from the joints over an extended area, to a depth between 20 and 50 mm.
Severe - Extensive loss of mortar resulting in the loss of a few stones.

Very - Extensive loss of stones endangering the stability of the structure.

Severe
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Figure 2.5.1 A Wide Crack Through the Stone in a Masonry Pier

Figure 2.5.2 Very Severe Splitting, Spalling and
Deterioration in Masonry.
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Figure 2.5.3 Very Severe Loss of Mortar and Stone
in a Masonry Arch
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2.6 ALUMINUM

Aluminum is often used in railings, splash guards, drainage systems, signs and
sign supports.

The following defects commonly occurring in aluminum are described:

- Corrosion;
- Cracking;
- Loose Connections.

2.6.1 CORROSION

Corrosion in aluminum is usually a uniform, gradual oxidation of the surface in the
presence of air and moisture. Aluminum has a strong resistance to corrosion
deterioration after the initial formation of aluminum oxide, a dense and very
adherent film, which protects the underlying metal and inhibits further corrosion.

However, in less than ideal circumstances this protective layer may fail to form,
or be penetrated and broken down to expose the underlying metal. The process of
corrosion will then continue with progressive loss of section.

Factors which affect this are the presence or exposure of the aluminum to de-icing
salts, industrial fumes, water containing dissolved chemicals, bird droppings and
surface scratches. Tight corners, especially around joints and connections, which
entrap moisture and debris are, particularly, susceptible to progressive corrosion.
In addition, contact with other metals and concrete results in galvanic and
chemical corrosions.

GALVANIC CORROSION occurs at bi-metal joints. Where aluminum comes in contact with
other metals a galvanic cell is formed in the presence of an electrolyte, such as a
salt solution, resulting in the localized corrosion of the aluminum. Galvanic
corrosion may affect the formation of the protective aluminum oxide film or cause
the film to flake off. It is, therefore, necessary that an inert spacer, either
nylon or neoprene, be placed between the two metals to prevent galvanic corrosion.
Galvanic corrosion does not occur when aluminum is in contact with galvanized or
stainless steel.

CHEMICAL CORROSION refers to the corrosion which takes place when aluminum comes in
contact with concrete. When this happens a chemical reaction takes place between
the aluminum and lime in the concrete which leads to progressive corrosion of the
aluminum and loss of section. An inert spacer or bitumastic coating should be used
between the concrete and aluminum to prevent chemical corrosion.

Figure 2.6.1 shows typical corrosion in aluminum.
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Severity

Light - Discolouration, grey to grey-black mottled appearance. Roughened
surface with light blistering. No noticeable loss of section.

Medium - Definite areas of corrosion are noticeable. Moderate blistering
and surface pitting. Up to 10% loss of section.

Severe - Extensive blistering and overall pitting. 10% to 20% loss of
section.

Very - Very extensive blistering and overall pitting. Over 20% loss of

Severe section.

2.6.2 CRACKING

A crack 1is a linear fracture in the aluminum which may extend partially or
completely through the material. Cracks normally develop as a result of fatigue
followed by brittle fracture and excessive corrosion. Cracks may also be produced
by freezing of entrapped water. Cracks initiate from either the inside or the
outside surface of a member and become visible as hairline cracks on the surface.
As cracks may be concealed by corrosion by-products, dirt or debris, the suspect
surfaces should be cleaned prior to inspection. A crack in an aluminum component
is illustrated in Figure 2.6.2.

Severity

Because of the difficulty in measuring crack widths in aluminum no severity
description has been established for cracks. Rather, a general report as to the
occurrence and extent of cracks should be made which identifies the location,
length and width of cracks wherever possible.

2.6.3 CONNECTION DEFICIENCIES

Loose connections can occur in bolted, riveted or clamped connections. The loose condition may be caused by
corrosion of the gusset plates or fasteners, cracking or failure of the individual fasteners, excessive vibration,
over stressing, or simply a lack of proper tightening during construction.

Loose connections may not always be detectable by visual or hands-on inspection, as the looseness may only
appear during serviceability loading. Cracking or excessive corrosion of the connector, gusset plates fasteners,
as well as permanent deformation of the connection or members framing into it, may be indications of loose
connections. Also, fasteners with missing washers or improper thread engagement are more susceptible to
becoming loose over time, and should be inspected more closely. Tapping the connection with a hammer is one
method of determining if the connection is loose.

The other deficiencies typically associated with connections are corroded or cracked gusset plates.
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Severity

The severity of the connection deficiency shall be based on the condition of the worst component within the
connection. This means that the connection will be rated based on the looseness or corrosion of the worst
component. In the case of truss members, the connection shall be taken as the entire joint or node location,
including both gusset plates in and out of plane, with all members that frame in. Each connecting member
and the gusset plates shall be inspected with the overall connection rating based on the worst of these
components.

The location of the loose or missing fasteners, as well as areas of corrosion on gusset plates, should be
described.

The severity can be determined as outlined below for the various components within the connection:

1. The severity of loose connections depends largely on the number of loose or missing fasteners
relative to the total number in the connection. The severity description involves the determination of
this ratio.

2. The severity of gusset plates depends on the amount of severe or very severe corrosion or cracks

relative to the total plan area. The severity description involves this ratio.

Table 2.6: Severity of Connection Deficiency for Connections in Aluminum
Connection Deficiency Loose Fasteners Gusset Plate with Severe or Very
Severe Corrosion or Cracks
Light < 5% Loose < 5% of Plan Area
Medium 5t0 10% Loose 5 to 10% of Plan Area
Severe > 10% Loose > 10% of Plan Area
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Figure 2.6.1 Light Corrosion

Figure 2.6.2 Wide Crack
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2.7 ASPHALT PAVEMENT

Asphalt pavement is often used as a wearing surface on concrete, steel and wood decks. The asphalt surface
provides improved safety and riding qualities when compared with a concrete surface, reduces noise, and the
asphalt also offers some protection to the concrete from traffic wear, and the weather. A waterproofing
membrane is also often placed on the deck surface between the deck top surface and the asphalt pavement to
provide protection to the deck surface against the infiltration of moisture and de-icing chemicals, and the
subsequent deterioration or decay.

Wearing Course — Is a dense, highly stable, durable, skid-resistant surface course hot mix asphalt which carries
traffic. It must resist the elements and keep water out of the underlying base material.

Binder Course — The binder course is the lower layer(s) of an asphalt pavement. It is normally distinguished
from the surface course when there is a distinct difference in the quality of the mixtures used. Itadds much to the
overall strength of the pavement structure. It supports the surface course and distributes load to the base.

Flexible Pavement — A bituminous surface on a granular base (such as on the approaches of bridges without
approach slabs).

Rigid Pavement — Including composite pavements consist of a concrete slab with bituminous overlays (such as
on a bridge deck or approach slab).

Defects in asphalt pavements can be related to the lack of durability of the asphalt resulting from the composition
of the asphalt, poor placement practices, lack of sub-grade support, reflection cracking, or the aggressive
environment in which it is placed (Reference 4).

Asphalt Defects

Asphalt defects on concrete decks or slabs are sometimes an indication of deterioration of the concrete surface.
For the purposes of bridge inspection, asphalt defects can be grouped into the following two general categories:

(1) Top-Down Defects

o Defects that originate in the asphalt itself, which do not have an appreciable effect on the
concrete deck surface below. These include:
i. Bond Defects (loss of bond and rippling)
ii. Surface Defects (ravelling, slippery surface and flushing)
iii. Surface Distortions (wheel track rutting)
iv. Isolated cracks (Light and medium isolated cracks)

(2) Bottom-up Defects

o Defects that probably originate in the concrete deck and are reflected in the asphalt surface.
These include:
I. Pattern cracking (map, alligator, radial, edge cracking)
ii. Wide isolated cracks (transverse, longitudinal)
iii. Local Underlying Defects (local potholes and protrusions)

2.7.1 CRACKING

A crack is a linear fracture extending partially or completely through the pavement. Cracking in pavements
may be caused by any one or a combination of the following factors; the action of vehicular wheel loading;
poor quality material; poor compaction; placement or quality control; frost action; poor drainage; shrinkage
due to low temperatures; temperature susceptibility of the asphalt cement binder; and as reflection cracks,
which are the extension of cracks in the surface below the pavement.
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Cracks are distinguished by their appearance and direction. The following types of cracks are commonly
observed in pavements; longitudinal, transverse, alligator, map, and progressive edge cracking.

LONGITUDINAL cracks are roughly parallel to the direction of travel and may be situated at or near the
centre of the wheel tracks, centreline of the roadway, middle of the lane, or along the pavement edges.

TRANSVERSE cracks are approximately at right angles to the pavement centreline and may extend partially
or completely across the pavement.

ALLIGATOR cracks form a network of multi-sided polygons or blocks resembling the skin of an alligator.
The block sizes typically range from 50 mm to 500 mm. They may occur anywhere in the pavement surface,
and may be accompanied by depressions in the surface.

MAP cracks run randomly along the pavement, sometimes in a serpentine manner. They appear to consist of
longitudinal and transverse cracks combined to form a 'map' pattern.

PROGRESSIVE EDGE cracks begin parallel to and usually within 300 mm of the edges of the pavement;
such as, along curb edges and expansion joint dams. The cracks are either fairly straight and continuous or
consist of crescent-shaped cracks in a wave formation. These cracks may progress significantly into the
travelled portion of the pavement. Edge breaking of the pavement often results from these.

The various types of pavement cracks are illustrated in Figures 2.7.1(a) to 2.7.1(e).
Severity

Light - 1 mmto 5 mm wide single or multiple cracks;
- alligator pattern established with corners of polygon blocks fracturing;
- progressive edge cracking less than 600 mm from pavement edge, either single or two parallel
cracks.

Medium - 6 mm to 10 mm wide single or multiple cracks;
- alligator pattern established with spalling of polygon blocks;
- progressive edge cracking extending between 600 mm to 900 mm from pavement edges,
multiple cracks with connecting cracks.

Severe - 10 mm to 20 mm wide single or multiple cracks;
- polygon blocks in alligator cracking are beginning to lift leaving potholes;
- progressive edge cracking extending over 900 mm from pavement edge with alligatoring of
pavement along edges.

Very - Greater than 20 mm wide single or multiple cracks;
Severe a number of polygon blocks lifted off in alligator cracking;
- progressive edge cracking extending over 1200 mm from pavement edge with alligatoring of
pavement along edges.

2.7.2 BOND DEFECTS
2.7.2.1 LOSS OF BOND

Widespread loss of bond and delamination may occur between the asphalt pavement and deck surface,
between the waterproofing and the deck surface, between the waterproofing and asphalt pavement or between
individual lifts of pavement.
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Loss of bond and delamination is not directly visible on the pavement surface; however, they may often be
detected by hammer sounding or chain drag. The accurate assessment of the extent or severity of these
defects can usually only be determined by detailed deck survey methods; such as, thermography, radar and
removal of the pavement.

Severity

Light - Loss of bond over area measuring less than 150 mm, in any direction.

Medium - Loss of bond over area measuring between 150 mm and 300 mm, in any direction.
Severe - Loss of bond over area measuring between 300 mm and 600 mm, in any direction.
Very - Loss of bond over area measuring more than 600 mm, in any direction.

Severe

2.7.2.2 RIPPLING

Rippling is the formation of transverse undulations in the pavement surface consisting of closely spaced
valleys and crests. Rippling is the result of poor bond of the pavement to the surface below with the
subsequent action of wheel friction and braking forces moving the pavement 'mat' forwards, backwards and
sideways.

Rippling of an asphalt pavement is illustrated in Figure 2.7.6.

Severity

Light - A few noticeable bumps.

Medium - Several bumps producing a rough ride.

Severe - Numerous bumps producing a very rough ride with possible loss of vehicle control.

Very - Numerous bumps producing a very rough ride with difficulty in maintaining vehicle control
Severe and imminent danger of loss of vehicle control.

2.7.3 LOCAL UNDERLYING DEFECTS

2.7.3.1 POTHOLES
Potholes are bowl-shaped holes in the pavement caused by the penetration of water through the pavement and
the subsequent heaving of the pavement due to freezing of the entrapped water and breaking up of the
pavement due to traffic action. They may result from delaminations or other defects in the underlying
concrete surface. Pavements already deteriorated with such defects as alligator cracking and ravelling are
prone to the occurrence of potholes.

A typical example of a pothole is illustrated in Figure 2.7.4.
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Severity

Light - Holes measuring less than 10 mm in depth.

Medium - Holes measuring between 10 mm to 20 mm in depth.
Severe - Holes measuring between 20 mm to 40mm in depth.
Very - Holes measuring over 40 mm in depth.

Severe

2.7.3.2 LOCAL PROTRUSIONS (DELAMINATIONS)

Local delaminations become visible as protrusions or bumps. These are localized upward displacements of
the pavement surface (often circular in shape) typically caused by frost action either between or under the
layers of asphalt. They are generally the initial indications of the formation of potholes.

Severity

Light - Protrusions measuring less than 10 mm in height.

Medium - Protrusions measuring between 10 mm to 20 mm in height.
Severe - Protrusions measuring between 20 mm to 40mm in height.
Very - Protrusions measuring over 40 mm in height.

Severe

2.7.4 SURFACE DEFECTS
2.7.4.1 RAVELLING/SEGREGATION

Ravelling is the progressive deterioration and loss of the pavement material from the surface downward.
Ravelling begins on the surface but progresses down into the asphalt. The surface appears to be breaking up
into small pieces and exposing and eventually loosening the aggregates. Ravelling can occur anywhere over
the surface, but is most common along curb or sidewalk faces where salt-laden roadway drainage collects,
and along wheel tracks due to traffic action on pavements embrittled and weakened through aging. Severe
ravelling may occur together with signs of cracking or potholes.

Ravelling of an asphalt pavement is illustrated in Figure 2.7.2.

Severity

Light - Noticeable loss of pavement material.

Medium - Shallow disintegration of the pavement surface with an open textured appearance.

Severe - Shallow disintegration of the pavement surface with small potholes. Very open textured
appearance with loose material over the surface.

Very - Deep disintegration of the pavement surface with numerous potholes. Very open textured

Severe appearance with loose material over the surface.
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2.7.4.2 FLUSHING

Flushing is the migration of asphalt upwards to the pavement surface in pavements with too much asphalt in
the mix. It commonly occurs in the wheel tracks, especially during hot weather, by the action of vehicle
traffic pressing and squeezing the excess asphalt to the surface. Flushing of the surface of an asphalt
pavement is illustrated in Figure 2.7.7.

Severity

Light - Visible colouring of the pavement surface occurring in localized areas.

Medium - Distinctive colouring of the pavement surface with excess asphalt free on the pavement surface.

Severe - Free asphalt gives the pavement surface a 'wet' look; vehicle traffic leaves visible tire marks
and impressions on the pavement surface.

Very - Excessive free asphalt on the pavement surface with a 'wet' look. Footprints leave visible

Severe impressions in the pavement surface.

2.7.4.3 SLIPPERY ASPHALT SURFACE

Slippery asphalt surfaces may result from flushing or from the polishing of the coarse surface aggregates by
the action of repetitive vehicular traffic.

Severity
There are no severity descriptions given for slippery surfaces as this is a serious and potentially hazardous
situation. Where evidence of slippery surfaces is noted, a suspected performance deficiency should be
recorded and the District and Regional Traffic Office shall be notified.
2.7.5 SURFACE DISTORTIONS

2.7.5.1 WHEEL TRACK RUTTING
Wheel track rutting is the formation of longitudinal depressions in the pavement at the locations of the wheel
tracks of vehicles resulting from the compaction and shoving of the pavement laterally under repeated vehicle

traffic.

Wheel track rutting and its measurement is illustrated in Figure 2.7.5.

Severity

Light - Rutting less than 10 mm deep.
Medium - Rutting from 10 mm to 20 mm deep.
Severe - Rutting from 20 mm to 40 mm deep.
Very - Rutting greater than 40 mm deep.
Severe
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Figure 2.7.1(a) Medium Longitudinal Crack
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Figure 2.7.1(b) Medium Transverse Crack

Figure 2.7.1(c) Severe Alligator Cracks
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Figure 2.7.1(d) Light Map Cracks

Figure 2.7.1(e) Medium Progressive Edge Cracks
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Figure 2.7.2 Severe Ravelling

Figure 2.7.4 Severe Pothole
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Figure 2.7.5 Medium Wheel Track Rutting

Figure 2.7.6 Severe Rippling
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Figure 2.7.7 Severe Flushing

Figure 2.7.8 Slippery Surface

1-2-58



2.8 COATINGS

Coating defects are not necessarily serious in themselves; however, they are
indicative of a potential weakness in the coating and eventual loss of protection
for the surface coated. No criteria are given for the severity of material defects
in coatings, therefore, they do not need to be classified as to severity. However,
their presence and the area affected should be noted and recorded.

There are several types of material defects that commonly occur in coatings
(References 5 to 8), which can be grouped into the following three categories:

(a) Coating Related Defects

These are defects which are related to the basic chemistry or composition of the
coating and reaction of the coating materials with each other and the environment.
Common defects of this type are:

- Checking or Crazing
- Cracking

- Alligatoring

- Chemical Attack

- Chalking

(b) Adhesion Related Defects

These are defects which are usually a result of incorrect coating selection,
contaminated substrate or improper surface preparation. Common defects of this
type are:

- Undercutting

- Blisters

- Intercoat Delamination
- Peeling

- Underfilm Corrosion

(c) Application Related Defects

These are defects which are usually a result of the improper application of the
coating. Common defects of this type are:

- Bridging

- Edge Defects

- Shadows

- Overspray

- Pinholing

- Runs

- Sags

- Pinpoint Rusting
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2.8.1 COATING RELATED DEFECTS

CHECKING or CRAZING usually appears as a fine system of minute cracks in a
checkerboard pattern. This is a surface defect and does not necessarily penetrate
the full depth of the coating. They are usually inherent in the coating as some
pigments combined with some vehicles will tend to cause checking or crazing to
occur. They may also be caused by the weathering process, including wetting and
drying, heating and cooling, exposure to sunlight and contraction of the coating as
it dries or cures, Figure 2.8.1(a).

CRACKING may result from the effects of weathering or continued polymerisation of
the coating materials over time. An oxidizing or catalyzed coating applied over a
very smooth surface may crack due to shrinkage and poor adhesion to the substrate.
Cracking is an extension of the checking process and usually occurs in a linear
pattern and penetrates completely through the coating. The cracked coating tends
to spall off exposing bare substrate, Figure 2.8.1(b).

ALLIGATORING occurs if a hard, brittle or oxidizing top coat is applied over an
extensible base coat, such as an alkyd over an asphalt base. As the surface
hardens and shrinks, very large irregular checks, wusually several centimetres
across, are formed on the surface in a characteristic alligator pattern but do not
go all the way through the coating. If not over-coated with compatible material;
then, the mechanism will continue until it completely penetrates to the substrate,
Figure 2.8.1(c).

CHEMICAL ATTACK results as some coating materials may react adversely with some
air-borne chemicals and pollutants, or as a result of accidental spillage. Oil
base coatings such as alkyds are subject to damage by alkaline chemicals, Figure
2.8.1(d).

CHALKING is a surface phenomenon of some coatings that results from exposure to the
action of solar radiation and the processes of weathering over a period of time.
This results in a chalky or powdery appearance of the coating. It occurs because
many basic resins will react with sunlight and many pigments will accelerate the
process of weathering away of the resin binder between the pigment particles
leaving the pigment particles free on the surface. Chalking is usually a surface
defect and the coating is intact below the chalky surface; however, chalking can
progress and the thickness of sound coating reduced to the point where the
substrate is exposed.

2.8.2 ADHESION RELATED DEFECTS

UNDERCUTTING is the spreading of corrosion underneath the coating from a break in
the coating. It is usually caused by poor surface preparation and the application
of the coating over surfaces which contain mill scale or rust; or which have o0il,
grease or dirt, and otherwise improperly cleaned surfaces. Undercutting can also
be caused by application of the coating to surfaces that are very smooth or non-
porous resulting in poor adhesion of the coating. Undercutting is also promoted by
high moisture vapour permeability of the coating and penetration by oxygen and
salts, Figure 2.8.2. (a).
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BLISTERS are dome shaped projections in paints arising from the detachment of one
coat from another or from the substrate. It is generally caused either by solvents
which are trapped within or under the paint film, or by water which is drawn
through the paint film by the osmotic forces exerted by hygroscopic salts at the
paint/substrate interface, Figure 2.8.2(b).

INTERCOAT DELAMINATION is where one coat separates from another and is usually
related to poor coating application over contaminated surfaces or to too long a
drying or curing period between coats, Figure 2.8.2(c).

PEELING is also a result of poor adhesion of the coating either from the substrate
or from a previously applied coating. It is related to the tensile strength of the
coating film itself where, if the tensile strength of the film is greater than the
adherence to the surface; then, the coating will tend to peel. Peeling between
coats 1is wusually caused by contamination of the surface of the previous coat,
Figure 2.8.2(d).

UNDERFILM CORROSION is the building up of corrosion under the coating without the

help of a break in the coating. It is prevalent in coatings which oxidize on the
surface, such as o0il base and alkyd coatings. These oxidize over time to a point
where they become porous to moisture, oxygen and chloride ions. This coating

failure is promoted by poor surface preparation, substrate profile and surface
contamination.

2.8.3 APPLICATION RELATED DEFECTS

BRIDGING across inside corners where debris has accumulated occurs if the debris is
not properly cleaned off before the coating is applied. The coating, upon curing,
may shrink sufficiently to bridge over the area resulting in voids under the
coating. Subsequent penetration by moisture and oxygen will result in coating
failure.

EDGE DEFECTS are a result of the improper or insufficient application of coatings
to sharp edges and corners. The coating will tend to pull away from sharp edges
and corners due to surface tension of the coating. This results in a thinner
coating in these areas and, consequently, loss of film thickness and protection,
Figure 2.8.3.(a).

SHADOWS often result around rivets, bolts, welds, and at other areas where there
are abrupt changes in an otherwise smooth surface, and where the coating is not
applied in a sufficient number of different directions resulting in incomplete
coverage, Figure 2.8.3(b).

OVERSPRAY occurs when paint particles fall on the surface outside the normal spray
pattern. The result is a dry spray as these particles are usually dry by the time
they reach the surface. The resulting appearance is an area which is rough and dull
and does not have the same sheen as other areas where the coating is properly
applied. The dry spray will absorb solvent from the subsequent coats resulting in
poor adhesion. Overspray areas are also typically more porous and, consequently,
early coating failure can result, Figure 2.8.3(c).
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PINHOLING can be caused by holding the spray gun too close to the surface so that
air bubbles are entrained into the coating creating voids throughout the depth of
the coating. If pinholing occurs in one coat; then, it will also tend to occur in
subsequent coats, thus providing a passage through the voids to the substrate.
Pinholing usually occurs in fast drying coatings, Figure 2.8.3.(d).

RUNS are a downward movement of a paint film in rivulets caused usually by
overthinning, slow thinners, and/or holding the spray gun too close to the
surface and depositing too much paint at one time. The perimeter of the run is
often accompanied by pinholes, Figure, 2.8.3. (e).

SAGS are heavy thicknesses of paint which have slipped and formed curtains on the
surface. They are caused by the same things that lead to runs,
Figure 2.8.3. (e).

PINPOINT RUSTING usually occurs when insufficient thickness of coating is applied

over a blast cleaned substrate. The profile peaks lack proper protection and
continue to rust, Figure 2.8.3. (f).
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Figure 2.8.1 (a) Checking

Figure 2.8.1 (b) Cracking
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Figure 2.8.1(c) Alligatoring
(typical mud crack pattern)

Figure 2.8.1(d) Chemical Attack
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Figure 2.8.2(a) Undercutting

Figure 2.8.2 (b) Blisters
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Figure 2.8.2(c) Intercoat Delaminations

Figure 2.8.2(d) Peeling
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Figure 2.8.3(a) Edge Defects

Figure 2.8.3 (b) Shadows
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Figure 2.8.3(c) Overspraying

Figure 2.8.3(d) Pinholing
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Figure 2.8.3 (e) Runs and Sags

Figure 2.8.3(f) Pinpoint Rusting
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