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2.0

Guidelines Respecting
Airport Pavement Structural Condition Surveys

Pavement Quality Characteristics

Safe aircraft operation can be promoted by providing and maintaining movement areasurfacesthat
have five pavement quality characterigtics, namdy:

1)

2)

3)

4)

5)

Strength - The pavement should be strong enough to structurally support the aircraft loads
itisintended to serve;

Smoothness - The pavement surface of arunway should not have any irregularities which
create roughness that could adversdy interfere with operation of aircraft, result in loss of
friction or cause structurd damage to the aircraft itsdf;

Skid Resistance - Therunway surface should provide adequate surface friction and texture
necessary for the safe braking of aircraft;

Structural Integrity - The surface should be in good structurd condition i.e. structuraly
intact (no loose pieces) and free of deposits of broken materids lying on the surface which
could pose a FOD (Foreign Object Danger) hazard for aircraft, and

Surface Drainage - Surface transverse and longitudina dopes should provide for the
adequate drainage/runoff of water during raingorms to ensure the minimization of weater
depths and standing pools of water.

In addition, the pavement surface must meet standard physical characteristic requirements for
geometrics and layout that are intended to provide for safe operation of aircraft.

Reference 1 contains Canadian regul atory requirements respecting the provision, maintenance and
reporting of the conditiond state of pavement quaity characterigtics.

Pavement Structural Condition (Integrity)

Pavement structura condition refersto theintactness or integrity of the pavement surface. Thiscan
be seen by the absence of surface fracturing or decompostion. The usud end result of structura
deterioration is the pop-out of surface materia that creates a Foreign Object Damage (FOD)
hazard for arcraft thereby affecting the safety of aircraft operations.

)
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3.0

Additiondly, the structurd integrity of the pavement surface is the qudity attribute that most
commonly givesriseto the requirement for restoration. Asapavement ages, the surfacing materid
is weakened by processes such as stripping or oxidation of the asphdt, frost effects or akdli
reactions in concrete. Cracking of onetype or another usualy develops. These defects ultimately
weeken the pavement surface to the point where breakdown begins with the rate of breakdown
depending on the magnitude and frequency of traffic loads. The breskdown leadsto spdling and
the presence of loose chunks of surfacing materid that can damage aircraft bodies and engines.
FOD potentid is therefore not only a safety hazard but a major consideration in the mgjority of
restoration decisons.

But structural condition assessment is much wider in scope than the evauation of FOD potentia
because poor structurd condition can aso result in deterioration of the other pavement qudity
characteristics necessary for safety. A structura condition ingpection includes the identification of
defectsthat may suggest poor riding quality, low skid resistance or inadequate bearing strength for
current arcraft traffic. Excessve cracking, frost heaving, settlements, or extensive maintenance
patching may result inincreased levels of surface roughness. Other defects, if present, may suggest
congruction materid deficiencies and the need for sampling and laboratory andysis.

The types of structura defects that can occur in pavements are many and each hasits own set of
causes. Defects dso differ depending on whether the pavement surface is constructed with
asphdtic or Portland cement concrete. Some defects can be found in al types of paved surfaces
while non-paved gravel surfaces have their own unique set of defects and maintenance
requirements.

Objectives of a Pavement Structural Condition Survey

Airport pavement structurd condition surveys consst of the visua ingpection of the pavement
surfaces to identify the types of defects present and to record the extent and severity of those
defects. A pavement ingpection should include the following:

a) agenerd sructurd condition rating for each distinct pavement facility at the airport;

b) identification of the structurd defects present and arating of their extent and severity;

C) judgementson the cause of defectsand their implicationsfor future pavement performance;
d) recommendations on requirements for additiona investigations; and

€) recommendations on maintenance and restoration needs.

2
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4.0

5.0

Pavement structura condition inspections require subjective judgements to a significant degree.
However, if performed by well-qudified individuds, structural condition ingpections are a most
useful tool for both the technica and safety management of pavements.

Pavement Surface Defects

A wide variety of defects may develop in a pavement structure over time. Many of these defects
can be observed by avisud ingpection of the pavement surface. The nature of these defects can
be highly informative when judging the current and future suitability of the pavement operationd
characterigtics and the ability of the pavement to serve aircraft traffic.

Defects that commonly occur in asphat and concrete pavement surfaces are described and
illustrated in Appendices A and B respectively. Possible causes and trestment options are listed
and guidelines are given for rating the severity and extent of each defect. Appendix C identifies
defects that may occur in any type of paved surface. Appendix D details gravel surface defects.
Appendix E covers anumber of miscellaneous defects and deficiencies that do not directly affect
structura condition ratings because their occurrence is often less frequent, very localized and/or
found in areas adjacent to the paved surface itsdlf.

Pavement Structural Condition Ratings

During a pavement structura condition ingpection, individua defects present in the surface are
identified and rated in terms of their extent and severity. An overdl Structurd Condition Rating
(SCR) is assigned to each pavement section based on the extent and severity of the defectsfound
inthe section. Pavement Structura Condition Ratings are assgned using anumerica scaeof 0to
10 as shown below.

Structural Condition Rating (SCR)
Numerical Rating Descriptive Rating
0-2 Very Poor
2-4 Poor
4-6 Far
6-8 Good
8-10 Very Good

3)
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A pavement structurd condition rating reflects the suitability of a pavement structure to serve
arcraft traffic as judged from surface defects that develop with age and traffic and that reflect
deficiencies with respect to structurd integrity and bearing strength attributes.  The quality of
pavement skid resistance and ride qudlity attributes is considered separately from structura
condition rating when evauating pavement facilities. Consequently, the presence of defects that
affect only skid resistance or ride qudity should be noted in the condition survey report, but should
not influence the tructura condition rating.

A pavement structurd condition rating is based on prevailing generd conditions and reflects the
need for restoration. |solated defects that can be repaired through maintenance should not have
amgor influence on the structura condition rating unless the defects portend the devel opment of
more severe conditions. Typicdly, restoration rather than maintenance is needed when aress of
magor deficiency exceed 10 to 20 percent of the total pavement area. Redtoration is generdly
recommended when the structura condition rating has decreased to avalue in the 5 to 4 range,
athough lower values can be tolerated for secondary facilities serving only smdl arcraft.

Pavement structura condition ratingsare based on the defects present in the pavement surface, and
illugtrations of commonly encountered defects can befoundin AppendicesA to E. Possible causes
and trestments are outlined, and guiddinesare provided for therating of defect severity and extent.
Defect severity is expressed in terms of three descriptive levels low, medium and high. Defect
extent is divided into four levels: minor, moderate, mgor and extreme. Extent has a quantitative
base - usualy the percent of whed path length or area affected in the case of asphat pavements,
or the percent of panelgjoint length affected in the case of concrete pavements. Aspavementsage,
the extent and severity of one type of defect will usudly significantly exceed others and this
"predominate’ defect dictates the structurd condition rating.

For defects that directly affect structurd condition, a Structural Condition Rating (SCR) for the
defect can be determined as a function of defect extent and severity using the SCR vs E/S chart
provided for the defect. The charts and how to use them to determine SCR va ues can be found
in the gppropriate defect and rating guiddines (Appendices A to E).

In mogt instances, estimated rather than measured values of defect extent and severity can be used
with the guiddines to arrive at defect ratings and SCR vaues. Computed SCR values may
subsequently be modified based on subjective judgement. Well qudified and experienced
ingpectors may rely soldy on visua ingpection and subjective judgement to arrive a their condition
ratings and this approach will usudly be adequate for the purposes of operationa safety and the
identification of restoration and maintenance needs. The quantitative definitions serve as a guide
for inexperienced ingpectors and to resolve instances of disagreement. Surveys that incorporate
detailed measurement of defect extent provide more consistent results for year to year
comparisons, but survey cogts and facility downtime are subgtantiadly higher.

(4)
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6.0

6.1

6.2

The Pavement Condition Survey Procedure

The Ingpection Team

The ingpector responsble for the structura condition ingpection should have a good background
in arport pavement technology including design, condruction, evauation and maintenance
practices. Defect recognition and rating skills can be taught but the ability to interpret causes and
thelr implications for future behaviour is more difficult to acquire. The arport maintenance
organizationshould a so be represented on theingpection team to provide advice on problem areas
and past maintenance undertaken.

Survey Preparations

Thefollowing documents should be obtained and reviewed in preparation for a survey:

a) arddekey plansthat show pavement facility layout, desgnations and dimensions (Figure 1),

b) condruction histories that identify pavement layer thicknesses, materids and year of
congruction; and

c) thereports of previous structura condition surveys for the airport.
These documents may be used to divide the pavement facilities into sections for survey purposes.
Separate ingpection and reporting should be performed for each runway, taxiway and apron.
Thesefacilitiesshould befurther divided into sectionsthat are relatively homogeneouswith respect
to surface type, ageand condition. Sectioning should be ascons stent as possible from one survey
to the next.

The following arrangements for the survey need to be made through the office of the airport
manager or the manager of airport operations.

a) scheduling the survey for atime that will minimize disturbance to airport operations,
b) aranging for an airsgde escort or obtaining a Ste airsde vehicle operators permit,
C) obtaining security clearance for airsde access, and

d) issuing of appropriste NOTAMS if necessary.

Q)
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6.3

6.3.1

6.3.2

Arrangements should aso be made for the participation of an airport staff person who is familiar
withste conditionsand problem areas. Thefield maintenance supervisor isusudly the best source
of such information.

The Pavement I nspection
General Approach to Inspection

Only acursory visud ingpection is required for pavement facilitiesthat are in good condition. In
this case, surfaces may be traversed dowly by car, weaving from one side of the areato the other,
with stops made for closer inspection at locations of particular interest. A more detailed
examination should be undertaken when facilities reach a structura condition rating of 5 or less.
These surfaces should be covered more dowly, by waking or by bicycle, with occasond
measurements made on asampling basisto determine the extent of the predominate defect present.

Rating Pavement Defects

As a survey aid, the extent and severity of defects for each section may be recorded during
ingpection on forms such as those illusirated in Figure A-7 for asphalt surfaced sections and in
Figure B-2 for concrete surfaced sections. A condition rating form for gravel surfacesisgivenin
Figure D-1.

a) Extent should berecorded for each of the defectslisted on theingpection form, including anil
indication if the defect is not present. If present and significant, other types of defects should
be manually added to the form and described under comments.

b) The vaue of extent assgned to a defect should be the total extent of the defect regardiess of
sevenity. Severity is then recorded as the percent of the total extent that is judged to be
present or measured at each level of severity.

c) Defect extent and severity ratings for runway sections should generally reflect conditions
prevalent in whed path areas, or in the mid-third of the runway width. Outer thirds may be
rated separately if conditions are substantialy different from the whed path aress.

d) Crack seding, patching and other maintenance needs should be noted.

€) Recording forms should be fully completed after the ingpection of each section. The
recollection of conditions becomes difficult after looking at other aress.

Rating guidelines for most common pavement defects can be found in Appendices A to E.

(6)
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6.3.3 Load versus Non-Load Related Defects

6.3.4

6.4

An assessment should be made of whether defects observed are load related. Load related
defects may suggest an overloading condition and the possible continuous and relatively rapid
deterioration of the pavement unless treffic is curtailed. Non-load related defects are normally
dower in development and hence are not as critical. Load related defects are generdly confined
to whedpath areas, whereas non-load related defects are likely to be found throughout the
pavement area. With load related defects, an attempt should be made to clarify whether the
problem is one of overloading with respect to the design bearing capacity of the pavement
structure, or whether the problem is due to substandard or deteriorated construction materials.
These factors will mogt likely influence the assessment of future performance and possibly the
design of restoration measures.

Defect extent should aso be noted asbeing of alocalized or generd nature. Localized defectscan
generdly be addressed through maintenance. Defects occurring throughout an area will likely
require more extensive restoration measures.

I mage Recording

During the survey, photographs should be taken of defects that are unusua in nature or severity.
A video recording of surface conditions may be useful in support of a recommendation for
restoration within the current planning period.

Interviewswith Airport Staff

Following the field inspection, airport staff should be interviewed and site records consulted to
determine;

a) thetype, operating weight and tire pressure of the most critical aircraft operating a the airport
on ascheduled bass,

b) complaints, if any, from pilotsor arlinesconcerning pavement operationd characteristicssuch
as roughness or skid resistance;

c) pavement surface and subsurface drainage characterigtics,

d) the history of structural maintenance (crack filling and patching) undertaken since the last
ingpection including procedures and materials used.

()



Guiddines Respecting ERD-121
Airport Pavement Structurad Condition Surveys January 2004

6.5 Analyss

An analysis of survey and related site data should follow the pavement field inspection. The
andyds should indude:

a)

b)

)

areview of the causes of defects observed and the identification of additiond investigations
that might be needed, such as test-hole investigations, if the cause of mgor defects is not
reaedily understood;

adetermination of the need for roughness or friction measurements depending on whether the
defects observed or pilot reports suggest possible problemswith these quality characteritics
and messurements are not available from other monitoring programs,

a review of published load ratings if the defects observed suggest that traffic loads are
exceeding pavement bearing strength (rutting in asphalt pavements, extensive pand or corner
cracking in concrete pavements);

an assessment of the current operationa suitability of each pavement section and assgnment
of an overdl gructurd condition rating as outlined in the rating guiddines;

recommendations on restoration requirements, including the type of restoration to be
undertaken based on the structura defects observed, if theremaining servicelifeisprojected
to end within the current planning period,

recommendations on the type of maintenance needed; and

recommendations on changesto design or congtruction practicesif the structural performance
and nature of the defects found suggest the need for changes.

6.6  TheStructural Condition Survey Report

The structural condition survey report should contain:

a)

b)

a written report that summarizes the ingpection undertaken, elaborates on the defects
observed and provides recommendations resulting from the analys's;

agtekey plan (asillugtrated in Figure 1) showing sub-division of the pavement areas used for
ingpection and reporting purposes and other pertinent details;

(8)
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7.0

8.0

c) a "Pavement Condition Ratings Summary" form (as illustrated in Figure 2) completed in
accordance with the rating guidelines,

d) the defect recording forms for each section inspected if recording forms were completed
during the survey;

€) photographs mounted, identified as to location and commented as appropriate; videotape
recording of those pavements recommended for restoration,

f) adatement of ingoector qudification and experience; and
g anindication of the extent to which measurementswere used to arrive a the ratings provided.
Pavement Condition Survey Scheduling

Aircraft operationd surfacesat internationa arportsshould recelveadtructural conditioningpection
annudly. Other arports having scheduled airline services should be ingpected at least every two
years. Structura condition inspections may be required on a more frequent basis if a pavement
Sructure is subject to aircraft loads that exceed the loads for which the facility was designed or if
the pavement is exhibiting load-related distress.

An ingpection of pavement facilities & a smdl, single runway airport can normaly be performed
inhalf aday, wheress three to five days may be required for the complete coverage of fecilities a
alarge arport. Two hours to a full day may be required for amgor runway depending on the
amount of quantitative measurement undertaken. If possible, the ingpection of mgor runways
should be scheduled to coincidewith closuresfor maintenance work to avoid theneed to NOTAM
closure of the fecility.

Performance Trendsin Airport Pavement Structural Condition

Figure 3 shows, for various surface types at Canadian airports, the rate at which pavement
structural condition ratings will typicaly deteriorate as pavements age. Such plots of pavement
quality characterigtics versus time are termed " performance curves'.

The structurd condition of concrete surfaces reach unsatisfactory levels after aperiod of 28 to 35
years while origina asphdt surfaces have shorter life spans of 20 to 25 years. Pavement surfaces
comprised of an agphdt overlay have typicd servicelivesin therange of 15to 20 years- 5 years
shorter than origind asphat surfaces - which can undoubtedly be attributed to the reflection
cracking that occurs in resurfacing overlays.

©)
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Restoration measures are generdly undertaken when structurd condition ratings are in the range
of 5 to 4, dthough lower ratings may be accepted for minor, secondary facilities serving smal
arcraft.
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Figure 1: Airport Pavement Site Key Plan
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Figure 2: Pavement Condition Ratings Summary
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1.0

2.0

3.0

31

Structural Condition Rating Guidelinesfor Asphalt Surfaces
Defect Extent and Severity Recording

Duringingpection, record the extent (including nil if applicable) of each defect found onthe" Defects
Recording Form for Asphat Surfaces' (Figure A-7) if the defect has a significant effect on
pavement structural condition. Record the tota extent, regardiess of severity, usng the
measurement unit defined under "Extent Levels' in the defect guiddines. Also record the percent
of the total extent that is of low, medium and high severity.

Defect Extent Rating

Classify the total extent as being None (0), Minor (1), Moderate (2), Mgor (3) or Extreme (4)
according to the "Extent Levels' definitions givenin the defect guidelines and report the numerical
vaue (0, 1, 2, 3 or 4) on the "Pavement Condition Ratings Summary" form (Figure 2 of the main
report) under the appropriate defect.

Defect Severity Rating

Using the recorded percentages, compute the extent of the defect at each level of severity.
Determine a separate Structural Condition Rating (SCR) for each leved of severity using the SCR
vs Extent/Severity chart for the defect. Record on the "Pavement Condition Ratings Summary”
form (Figure 2 of the main report) the severity leve (L, M, H) that gives the lowest SCR.

Example - Severity Rating of Asphalt Pavement Ravelling

An asphat surfaced pavement section has 30% of its area affected by ravelling. From the defect
guiddine page for ravdling, the extent leve is determined to be"Mgor". Thesaverity of ravelling
during inspection was recorded as follows:.

"Low" Severity - 67% of the extent = 20% of area

"Medium" Severity - 20% of the extent = 6% of area

"High" Severity - 13% of the extent = 4% of area

From the SCR vs E/S chart for asphdt ravelling (Figure A-4):

20% of the areawith "Low" severity ravelling givesan SCR = 8.6

6% of the areawith "Medium" severity ravelling givesan SCR=7.8
4% of the areawith "High" severity raveling gives an SCR = 6.2

(A-1)
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4.0

41

4.2

Report the severity leve of the agphdt ravdling as "High" snce thisleve has the grestest impact
on the SCR (i.e. sdlect the lowest SCR). On the "Pavement Condition Ratings Summary” form
(Figure 2 of the main report) record the extent of raveling as"3" (Mgor) and the severity as"H"

(High).
Defect Structural Condition Rating (SCR)

For asphalt surfaced pavements, an SCR vaueis determined for each defect that has an effect on
the structura condition of the pavement. For each defect, convert the extent at each leve of
Severity to an equivalent extent a the medium severity level, where equivaency isbased on giving
the same dructurd condition rating. Sum the equivaent medium severity values and use the tota
to determine the Structura Condition Rating (SCR) for the defect from the medium severity curve
onthe SCR vs Extent/Severity chart for the defect. Record the SCR cal culated for the defect on
the "Defects Recording Form for Asphat Surfaces’ (Figure A-7).

Example - Determination of SCR for Asphalt Pavement Ravelling

An asphdt surfaced pavement section has 30% of its area affected by ravelling. The severity of
ravelling during ingpection was recorded as follows:

"Low" Severity - 67% of the extent = 20% of area
"Medium" Severity - 20% of the extent = 6% of area
"High" Severity - 13% of the extent = 4% of area

From the SCR vs E/S chart for asphdt ravelling (Figure A-4):

20% of the areawith "Low" severity raveling is equivaent to 3% medium severity

6% of the areawith "Medium” severity ravdling is equivadent to 6% medium severity

4% of the areawith "High" severity raveling is equivadent to 25% medium severity

Thetotd equivaent medium severity is 34% which equatesto an SCR for ravelling of 5.8. Record
this SCR vaue on the "Defects Recording Form for Asphat Surfaces’ (Figure A-7) under the
section on ravdling.

Example - Determination of SCR for Asphalt Pavement Discrete Cracking

The following example illugtrates the method to be used for combining transverse and longitudina

cracking into asingle measure of discrete cracking extent and severity. Refer to Table A-1 below
and Figure A-6 for an illugtration of the SCR determination process.
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Table A-1: Example - Structural Condition Rating of Asphalt Pavement Cracking
Equivaent
Transverse Longitudind . Dengty of
Extent Cracking Cracking Combined Medium
Severity
Average 7.5 4.5
Spacing (M) Extentis3 Mgor | Extentis3 Mgor
Crack Density (m/ m?)
Tota 0.133 0.222 0.355
. 50% = 0.067 40% = 0.089
Low Severity SCR=85 SCR = 8.0 0.156 0.035
, , 30% = 0.040 40% = 0.089
Medium Severity SCR=72 SCR=62 0.129 0.129
. , 20% = 0.026 20% = 0.044
High Severity SCR =58 SCR = 5.0 0.070 0.330
Tota Equivaent Crack Density ( m/n? ) of Medium Severity 0.494
Structural Condition Rating for Discrete Cracking 4.0

Note: Crack dendity in m/n? isthe inverse of average crack spacing in metres.

Record an SCR vaue of 4.0 on the " Defects Recording Form for Asphdt Surfaces’ (Figure A-7)
under the section on Transverse/Longitudina (Discrete) Cracking. On the "Pavement Condition
Ratings Summary" form (Figure 2 of the main report) for both transverse and longitudina cracking
record the extent as "3" (Mgor) and the severity as "H" (High) (snce this leve has the lowest
SCR).

5.0 Overall Structural Condition Rating (SCR) - Asphalt Pavements
With asphat surfaces, the various types of defect are consdered separately when assigning the
overall Structural Condition Rating (SCR) for a pavement section. This practice is adopted

because the various types of defect are dissmilar in cause and effect, and they do not sgnificantly
augment one another in terms of operaiona safety or restoration requirements. Also, it is
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6.0

characterigtic of agphdt surfaces that one type of defect will eventudly dominate with respect to
structura performance with the extent and severity of other typesof defect being largely irrdlevant.

The overdl Structural Condition Rating (SCR) for an asphat pavement section is determined by
taking the controlling (lowest) SCR vaue from amongst those calculated for the individud defects
on the "Defects Recording Form” for the section (Figure A-7). The overdl SCR value should be
recorded in the box in thelower right-hand corner of Figure A-7 and under the appropriate column
on the "Pavement Condition Retings Summary" form (Figure 2 of the main report).

Asphalt Pavement Defects, Rating Guidelines and Photogr aphs

The remaining pages of this Appendix contain descriptions, rating guidelines and photographs for
the defects most commonly found in asphat pavement surfaces.

a) Discrete (Transverse/Longitudinad) Cracking
b) Alligator Cracking

¢) Map Cracking

d) Block Cracking

€ Ravdling

f) Rutting

g) Bleeding

h) Didortion

i) Edge Cracking

J) Tear Cracking

(A-2)
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Discrete (Transverse & Longitudinal) Cracking
Description:

- Discrete cracks in the pavement surface, normally running perpendicular (transverse) or pardléd
(longitudind) to the direction of traffic, but may have segments that meander diagonaly.

Causes:

- Contraction of the pavement surface during cold wesather.

- Shrinkage of the agphdt, decrease in volume with age.

- Opening of joints between paving lanes.

- Reéflection of old surface cracks or joints through a resurfacing course.

- Differentid subgrade settlement, frost heaving, or moisture related volume change.
- Settlement of fill over pipesor ducts.

Treatment:

- Sed crackstha remain open during the summer months.
- Cut out and patch spalled cracks and cracks with associated mgjor settlement.

Severity Levels:

L Low - Single, clean cracks with no associated breakdown.

M Medium - Crackswith chipped or ravelling edges, or with secondary cracking.

H High - Cracks with adjacent asphdt fragments loose or spaled, or with mgor settlement.
Extent Levels:

1 Minor - Average crack spacing > 30 meres

2 Moderate - Average crack spacing 10to 30 metres

3 Magor - Averagecrack spacing 3t010 metres

4 Extreme - Average crack spacing <3 metres

Condition Rating:

See Figure A-1.
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Discrete Cracking Photos (1 of 2)

............

Trerse and Longitudi Ci g - Low Severity |

Transverse Crack - Medium Severity

Longitudind Crack - Medium Severity
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Discrete Cracking Photos (2 of 2)

Longitudinal Crack - High Severity

Reflection Cracking
(Cracks Reflected from Jointsin the
Underlying Concrete Slab)
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Alligator Cracking

Description:

Interconnected cracks forming a series of smdl polygons resembling the hide of an dligetor.
- Spacing between the cracks may vary from approximately 50 to 300 mm.

Closdly spaced cracking may be referred to as chickenwire cracking.

Occurs only in whedlpath locations (i.e. aload-associated defect).

Causes:

- Movement under whed loads caused by stripping of subsurface asphalt layers or the presence of
anexcessfineslayer at the surface of the base course dueto over-compaction during construction.

- Fatigue of theasphdt layer resulting from ahigh number of load repetitions, possibly combined with
excessive deflections under whed loads (insufficient bearing strength).

Treatment:
- Replacement patching if confined to limited aress.

- Ovelay if dligator cracking exceeds moderate extent.
- Replace agphdt if severdly stripped.

Severity Levels:
L Low - Initid stages of development; closaly spaced hairline cracks in a longitudina
direction in the whedlpath area.
M Medium - Transverse cracking developed to complete the aligator pattern.
H High - Cracking with asphdt fragments loose or spaled.

Extent Levels:

1 Minor - Whedpath length affected <5 percent
2 Moderate - Whedpath length affected 5t020 percent
3 Maor - Whedpathlengthaffected  20to 50 percent
4 EBExtreme - Whedpath length affected > 50 percent

Condition Rating:
See Figure A-2.
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Alligator Cracking Photos

Alligator Cracking - Low Severity
(Longitudinal Cracks Appear Initialy -
Transverse Cracksto Complete the
Alligator Pattern Will Soon Follow)

Alligator Cracking - High Severity
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Map Cracking
Description:

- Lage scale patterned cracking with intersecting cracks spaced from 0.5 to 2 metres forming

blocks.
- Occurs only in whed path locations (load-associated), otherwise the defect is"Block Cracking'.
- May be accompanied by settlement.

Causes:

- Excessve deflections of the pavement under traffic loads.

- Similar to dligator cracking, but the yielding layer is a a deeper leve in the pavement structure,
most likely in the subgrade.

- If limited in area, occurrence may be due to a soft or wet pocket of subgrade soil.

Treatment:

- If confined to limited areas, reconstruct by replacing defective subsurface layers.
- If map cracking exceeds "Moderate’ extent, pavement strengthening is required.

Severity Levels:
L Low - Cracking with no associated breakdown.
M Medium - Cracking with chipped or ravelling edges, or with secondary cracking.
H High - Cracking with asphdt fragments loose or spaled.

Extent Levels:

Minor - Whedpath length affected <5 percent
Moderate - Whed path length affected 5t020 percent
Magor - Whedpathlength affected  20to 50 percent
Extreme - Whedpath length affected > 50 percent

A OWNPE

Condition Rating:

See Figure A-2.
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Map Cracking Photos

Map Cracking

Low to Medium Severity

Map Cracking

Medium Severity

Map Cracking

Medium to High Severity
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Block Cracking
Description:

- Intersecting transverseand longitudina cracksforming rectangular blocksthat may vary inszefrom

0.1 by 0.1 metresto 3 by 3 metres.
- May gppear smilar to dligator or map cracking but is not limited to whed path locations (not |oad-

related) and will frequently occur throughout the pavement area.
- Occurrence is usually associated with older asphat surfaces subjected to reatively light traffic

loads.

Causes:

- Long-term volume shrinkage of asphalt with age.
- Advanced transverse and longitudina temperature cracking.

Treatment:

- Crack sedling is not cost-€effective.
- Limited oaling may be patched. Otherwise, leave until the spalling becomes extensive or heavier
traffic necesstates restoration by asphdt overlay or replacement.

Severity Levels:
L Low - Cracking with no associated breakdown and spacing greater than 2 metres.
M Medium - Cracking with chipped or ravelling edges, or with spacing less than 2 metres.
H High - Cracking with asphdt fragments loose or spaled, or spacing less than one metre.

Extent Levels:

1 Minor - Areadaffected <5 percent
2 Moderate - Areaaffected 5t020 percent
3 Mgor - Areadffected 20to50  percent
4 Extreme - Areadffected > 50 percent

Condition Rating:
See Figure A-3.
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Block Cracking Photos

i e i

Block Cracking - Low Severity

Block Cracking - High Severity
(May Look Like Alligator Cracking
But Is Not Limited to the Wheel path Area)

Medium to High Severity
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Ravelling
Description:
- Digntegration and subsequent loss of the pavement surface.

Causes:

- Loss or lack of bond between asphat cement and aggregate particles due to stripping or
construction-related mix deficiencies such aslow asphat cement content, insufficient mixing or wet

or dusty aggregetes.
- Inadequate compaction of the asphat mix during congtruction.

- Segregation of the mix during congtruction due to improper handling techniques.
- Digntegration of aggregate particles under wet/dry or freeze/thaw cycles.

- Hardening of the asphdt binder materid with age.

- Fud or all saills

Treatment:

- Treatment required for raveling of "Medium™ to"High" severity. Undertake patchingif theraveling
is of localized extent. A durry sed or asphdt resurfacing course may be needed if the ravelling
OCCUrs over an extensive area.

Severity Levels:
L Low - Individua coarse aggregate pop-outs, or fines matrix lossto adepth < 3 mm.
M Medium - Depth of surfaceloss not greater than the maximum aggregate Size.
H High - Depth of surface loss grester than the maximum aggregate Sze.
Extent Levels:
1 Minor - Areaaffected <5 percent
2 Moderate - Areaaffected 5t020 percent
3 Mgor - Areadffected 20to50  percent
4 Extreme - Areaadffected > 50 percent

Condition Rating:
See Figure A-4.
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Ravelling Photos

el P et e

avelling - Medium Severity

All surfaceswill strip to some degree. Surface stripping can be
ignored unlessit developsinto ravelling.

A o e 4
Ravdling - High Severity
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Rutting
Description:

- Load-associated depression in the whed path.
- May be referred to as deformation if due to consolidation rather than shearing of sub-layers.

Causes:

- Shearing or consolidation of pavement layers under repeated traffic loadings (shear falure in the
upper pavement layersisindicated if accompanied by upheava adjacent to the whed path).
- Shearing may result from the use of sub-standard materias in congtruction of one or more of the

pavement layers, or inadequate pavement thickness for the shear strength of the subgrade soil.
- Consolidation may result from inadegquate compaction during congtruction, or embankment and

traffic loads that exceed subgrade pre-consolidation pressures.
Treatment:
- Review pavement bearing capacity and conduct a borehole investigation if warranted.

- If limited in extent, maintain by patching or localized recondtruction.
- If extendve, restore with a strengthening overlay or by reconstruction.

Severity Levels:
L Low - Rut depth less than 20 mm.
M Medium - Rutdepth 20to 40 mm.
H High - Rut depth greater than 40 mm.

Extent Levels:
1 Minor - Whedpath length affected <5 percent
2 Moderate - Whedpath length affected 5t0 20 percent
3 Mgor - Whedpah length affected 20t050  percent
4 Bxtreme - Whedpath length affected > 50 percent

Condition Rating:
See Figure A-5.
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Rutting Photos

= - g T L fl."t

Rutting - Medium Severity

Rutting - High Severity
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Bleeding

Description:

- A film of agphdt binder on the pavement surface in the whed path area.
- May dso bereferred to as flushing.

Causes:
- Excess agphdt cement and/or insufficient voids in the asphdt mix. The excess asphdlt is flushed
to the pavement surface by whed loads during hot westher.
- Paving over bleeding asphdt surfaces or excess joint sedlant on the pavement surface.

Treatment:

- Apply hot sand and roll to absorb the excess asphalt cement.
- Shot-blast the surface.

Severity Levels:
L Low - Spotty or discontinuous film of asphat on the pavement surface.
M Medium - Continuousthin film of asphdt in the whedpaths
H High - Heavy film, glaze-like surface, sticky when hot.

Extent Levels:

1 Minor - Whedpath length affected <5 percent
2 Moderate - Whedpath length affected 5t0 20 percent
3 Mgor - Whedpah length affected 20t050  percent
4 Extreme - Whedpath length affected > 50 percent

Condition Rating:

Evauate the operationd effect through friction measurement.
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Bleeding Photos

Bleeding - Low Severity Bleeding
(Bleeding of Crack Sealant Low to Medium Severity
Through the Overlay)
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Distortion

Description:

- Displacement of agphdt surfaces horizontaly.

Normally alocdized defect which may be accompanied by tear cracks.
- May bereferred to as shoving.

On road surfaces, distortion may develop into corrugation (rippling).

Causes:

- Insufficient asphat stability to withstand the horizonta shear forces of braking tires.

- Inaufficdent bond between asphdlt lifts or between the asphat and the underlying surface, possibly
due to the gpplication of excessve tack coat materid.

- Locked-whed turn of an aircraft on ardatively new asphdt surface.

Treatment:

- Replacement patching if locaized digtortion is continuing or causng a problem with ride quality.

Severity Levels:
L Low - Horizontd displacement less than 100 mm.
M Medium - Horizonta displacement 100 to 200 mm.
H High - Horizonta displacement greater than 200 mm.

Extent Levels:

1 Minor - Whedpath length affected <2 percent
2 Moderate - Whedpath length affected 2t05 percent
3 Mgor - Whedpah length affected 5t0 10 percent
4 Extreme - Whedpath length affected > 10 percent

Condition Rating:

Evduate the operationd effect through roughness measurement and/or associated cracking.
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Distortion Photos

)

i e e

Digtortion - Medium to High Severity

D|stort|o - Sev Digortion - High Severity
(With Associated Tear Cracking) (Without Associated Tear Cracking)
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Edge Cracking
Description:
- Closdly spaced pardld cracks or dligator type cracking along the edge of pavement aress.
Causes:

- Maintenance vehicle loads on an area of pavement that is frequently of low bearing strength due
to the free edge and moisture reaching the subgrade from the shoulder surface.

Treatment:

- Removd and patching as required to control FOD materidl.

Severity Levels:
L Low - Hairline cracking only.
M Medium - Cracksopen, ravelling at the edges.
H High - Asphdt fragments loose or spdling.

Extent Levels:

1 Minor - Edgelength affected <5 percent
2 Moderate - Edgelength affected 5t020 percent
3 Mgor - Edgelengthaffected 20to50 percent
4 Extreme - Edgelength affected > 50 percent

Condition Rating:

Generdly edge cracking is not afactor in operationd safety and structura condition reting.
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Edge Cracking Photos

(A - 23)



Guiddines Respecting ERD-121
Airport Pavement Structurad Condition Surveys January 2004
Appendix A - Asphalt Pavement Surface Defects and Rating Guidelines

Tear Cracking
Description:
- Cracks of short length, usudly no more than one or two metresin length.

- May be of acrescent or "Y" shape.
- May be associated with digtortion.

Causes:
- Tearing of the hot asphalt mat during congtruction by a cold screed or aroller.
- Inaufficient agphdt ability to withstand tearing under horizontal forces generated by abraking or
turning aircraft.
Treatment:

- Replacement patching if spaling occurs or appears probable, or if the cracksaretoo wideto seal.

Severity Levels:
L Low - Hairline cracks only.
M Medium - Open cracks, ravelling at the edges.
H High - Asphdt fragmentsloose or spaling.

Extent Levels:
1 Minor - Whedpath length affected <2 percent
2 Moderate - Whedpath length affected 2t05 percent
3 Mgor - Whedpah length affected 5t0 10 percent
4 Bxtreme - Whedpath length affected > 10 percent

Condition Rating:

Usudly of localized extent. Evauate with discrete cracking if Sgnificant.
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Tear Cracking Photos

r A,

Teer Cracking - High Severi
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Figure A-7: Defects Recording Form for Asphalt Surfaces

AIRPORT FACILITY _ DEFECT RATINGS
CHAINAGE From: - -~ -~ ——_______ SECTION o AT SEVERITY LEVEL

To: o IDNO., - - - ______ ; EXTENT
INSPECTOR  — — e o oo oo DATE . . . HIGH |MEDIUM| LOW

TRANSVERSE / LONGITUDINAL (DISCRETE) CRACKING

Average Spacing of Cracks (m) /

Low Single, clean cracks with no associated breakdown ; Z /
7z

Medinm  Cracks with chipped or ravelling edges, or with secondary cracking /

High Cracks with adjacent asphalt fragments loose or spalled, or with major settlement / SCR =
ALLIGATOR CRACKING % Wheelpath Length Affected

Low Initial stages, closely spaced longitudinal hairline cracks in the wheelpath

Medium  Transverse cracking fully developed to complete alligator pattern

High Cracking with asphalt fragments loose or spalled SCR =
MAP CRACKING % Wheelpath Length Affected

Low Cracking with no associated breakdown

Medium  Cracking with chipped or ravelling edges, or with secondary cracking

High Cracking with asphalt fragments loose or spalled SCR =
BLOCK CRACKING % Area Affected

Low Cracking with no associated breakdown, spacing > 2 m

Medium  Cracking with chipped or ravelling edges, spacing <2 m

High Cracking with asphalt fragments loose or spalled, spacing < 1 m SCR =
RAVELLING % Area Affected

Low Individual coarse aggregate pop-outs or fines matrix loss to depth < 3 mm

Medium  Depth of surface loss not greater than maximum aggregate size

High Depth of surface loss greater than maximum aggregate size SCR =
RUTTING % Wheelpath Length Affected

Low Rut depth less than 20 mm

Medium  Rut depth 20 to 40 mm

High Rut depth greater than 40 mm SCR =

% Wheelpath Length Affected

Low

Medium

High SCR =

% Wheelpath Length Affected

Low ;5{ % 7

Medinm 7

High SCR =

Comiments / Maintenance Requirements

Overall Structural Condition Rating:

Guidelines Controlling SCR =

Subjective Judgement SCR =

Note: The "Guidelines Controlling SCR" is the lowest of the d

fect SCR's calcul
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Figure A-7: Defects Recording Form for Asphalt Surfaces

AIRPORT . __ FACILITY _ _ __ __ . ___. DEFECT RATINGS
CHAINAGE From: . . __ . _______ SECTION _ . _________ .
om % AT SEVERITY LEVEL
To: oo IDNO. ... _____ ... ! EXTENT
INSPECTOR o DATE _ HIGH | MEDIUM| LOW
TRANSVERSE / LONGITUDINAL (DISCRETE) CRACKING Average Spacing of Cracks (m} J l
Low Single, clean cracks with no associated breakdown / / 7 - /
Mediam  Cracks with chipped or ravelling edges, or with secondary cracking / /
High Cracks with adjacent asphalt fragments loose or spalled, or with major settlement / SCR =
ALLIGATOR CRACKING % Wheelpath Length Affected |
Low Initial stages, closely spaced longitudinal hairline cracks in the wheelpath
Medium  Transverse cracking fully developed to complete alligator patiern
High Cracking with asphalt fragments loose or spalled SCR =
MAP CRACKING % Wheelpath Length Affected |
Low Cracking with no associated breakdown
Medium  Cracking with chipped or ravelling edges, or with secondary cracking
High Cracking with asphalt fragments loose or spalled SCR =
BLOCK CRACKING % Area Affected |
Low Cracking with no associated breakdown, spacing > 2 m
Medium  Cracking with chipped or ravelling edges, spacing < 2 m
High Cracking with asphalt fragments loose or spalled, spacing < 1 m SCR =
RAVELLING % Area Affected |
Low Individual coarse aggregate pop-outs or fines matrix loss to depth < 3 mm
Medium  Depth of surface loss not greater than maximum aggregate size
High Depth of surface loss greater than maximum aggregate size SCR =
RUTTING % Wheelpath Length Affected l
Low Rut depth less than 20 mm
Medium  Rut depth 20 to 40 mm
High Rut depth greater than 40 mm SCR =
% Wheelpath Length Affected !
Low
Medinm
High SCR =
% Wheek Affected
Lew i 77
7
Medium //i’}{j/
High SCR =
Comments / Maintenance Requirements
Overall Structural Condition Rating:
To T T T oo s s e = e Cidelines Controlling SCR =
- - o Subjective Judgement SCR =

“Guidelines Controlling SCR” is the lowest of the defect SCR's calculated above.

MNote:
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1.0

20

3.0

Structural Condition Rating Guiddlinesfor Concrete Surfaces
Defect Extent and Severity Recording

Duringingpection, record the extent (including nil if applicable) of each defect found onthe" Defects
Recording Form for Concrete Surfaces' (Figure B-2) if the defect has a sgnificant effect on
pavement structural condition. Record the tota extent, regardiess of severity, usng the
measurement unit defined under "Extent Levels' in the defect guiddines. Also record the percent
of the total extent that is of low, medium and high severity.

During the survey aso maintain a separate count of al concrete panels that are defective for any
reason related to a structurd deficiency such as pand, corner, edge cracking or scaling/spaling.
Defects such asjoint sedant failure and joint faulting are not included because sedant deficiencies
areamaintenance problem andjoint faulting affectsonly ride quality, not surfaceintegrity or bearing
capacity. Rate the severity of the defective panels as low, medium or high (L, M, H) according
to the severity definitions given for the defect(s) found in the panel. The following should be
recorded at the bottom of the "Defects Recording Form for Concrete Surfaces' (Figure B-2):

a)  Totd Number/Percent of Panels with Defect(s),

b)  Number/Percent of Pandswith Defect(s) of "Low" Severity,

¢)  Number/Percent of Pandswith Defect(s) of "Medium" Severity,
d)  Number/Percent of Pandswith Defect(s) of "High" Severity.

Defect Extent Rating

Classfy thetota extent as being None (0), Minor (1), Moderate (2), Mgor (3) or Extreme (4)
according to the "Extent Leves' definitions given in the defect guiddines and report the numerica
vaue (0, 1, 2, 3 or 4) on the "Pavement Condition Ratings Summary” form (Figure 2 of the main
report) under the appropriate defect.

Defect Severity Rating

Using the recorded percentages, compute the extent of the defect at each leve of severity.
Determine a separate Structurd Condition Rating (SCR) for each level of severity usng the SCR
vs Extent/Severity chart for concrete pavements(FigureB-1). Record onthe"Pavement Condition
Ratings Summary” form (Figure 2 of the main report) the severity leve (L, M, H) that gives the
lowest SCR.

(B-1)
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31

4.0

Example - Severity Rating of a Concrete Surface with Panel Cracking

A concrete surfaced pavement section has 11% of its pandls affected by "pand cracking”. From
the defect guiddine page for panel cracking, the extent level is determined to be "Mgor”. The
severity of panel cracking during inspection was recorded as follows:.

"Low" Severity - 60% of the extent = 6.6% of pands
"Medium" Severity - 30% of the extent = 3.3% of pands
"High" Severity - 10% of the extent = 1.1% of panels

From the SCR vs E/S chart for concrete pavements (Figure B-1):

6.6% of the panelswith "Low" severity cracking givesan SCR=8.0
3.3% of the pandswith "Medium" severity cracking givesan SCR=7.1
1.1% of the panelswith "High" severity cracking givesan SCR = 6.9

Report the severity level of the concrete panel cracking as"High" becausethisleve hasthe greatest
impact on the SCR (i.e. sdlect thelowest SCR). On the "Pavement Condition Ratings Summary"
form (Figure 2 of the main report) record the extent of panel cracking as"3" (Mgor) and the
seveity as"H" (High).

Overall Structural Condition Rating (SCR) - Concr ete Pavements

The overall Structural Condition Rating (SCR) for a concrete pavement section reflects the total
extent and severity of panels affected by structurdly significant defects (i.e. pand, corner, edge
cracking and scading/spaling). The overdl SCRis caculated using the survey's separate count of
defective panels and the corresponding assignment of critical severity leves.

To determinethe overal SCR for aconcrete surfaced section, the different levels of defect severity
must be "added”. Convert the extent a low and high levels of severity to an equivaent extent a
the medium severity levd, where equivaency isbased on giving the same structural condition reting.
Sum the equivalent medium severity vaues and use the totd to determine the overall SCR for the
pavement section from the medium severity curve on the "SCR vs E/S' chart for concrete
pavements (Figure B-1). Record the calculated overall SCR for the concrete pavement section
on the "Pavement Condition Ratings Summary” form (Figure 2 of the main report).

(B-2



Guiddines Respecting ERD-121
Airport Pavement Structurad Condition Surveys January 2004
Appendix B - Concrete Pavement Surface Defects and Rating Guidelines

4.1

5.0

Example of Overall SCR Calculation for Concr ete Pavements

Percentage of Panels with Defects = 13%

Percentage of Defective Pandsa "Low" Severity = 58% ---> 7.5% of pands
Percentage of Defective Pands a "Medium™ Severity = 32% ---> 4.2% of pands
Percentage of Defective Panels at "High" Severity = 10% ---> 1.3% of pands

7.5% of panelsare"Low" severity which convertsto 2.0% Medium Severity *
4.2% of pandsare "Medium" severity which convertsto 4.2% Medium Severity
1.3% of pands are "High" severity which convertsto 5.2% Medium Severity *
Totd Equivaent Extent of Medium Severity = 11.4%

Overall SCR for the Concrete Section = 5.6 *

Record an SCR of 5.6 on the "Pavement Condition Ratings Summary" form (Figure 2 of themain
report).

* From Figure B-1
Concrete Pavement Defects, Rating Guidelines and Photographs

The remaining pages of this Appendix contain descriptions, rating guiddines and photographsfor
the defects most commonly found in concrete pavement surfaces.

a) Pand Cracking

b) Corner Cracking

c) Edge Cracking

d) Surface Scaling and Spdlling
e Joint Faulting

f)  Joint Sedant Failure

g Surface Crazing

h) "D" Cracking

i)  Pumping

])  Compression Buckling

(B-3)
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Panel Cracking
Description:

- Full-depth cracking through a concrete panel in atransverse, longitudina or diagond direction that
divides the panel into two or more parts.

Causes:

- Aircraft loads that exceed the dab bearing strength. If thisis the only factor, corner cracking will

likely appear fird.

- Differentid bearing loss beneath the dab due to subgrade erosion, settlement or heaving.

- Late sawing of contraction joints during construction.

- Sympathetic cracking (extension of cracks or mismatched jointsinto adjacent panelsasaresult of
therma expans on/contraction movements).

- Saizing of thermd joints by dowels or tie-bars.

Treatment:
- Sed cracks of medium severity.

- Patid or full pand replacement if Sgnificant spaling or settlement/stepping occurs or if the pandl
is broken into four or more pieces.

Severity Levels:
L Low - Single hairline crack.
M Medium - Open crack with little or no spaling, or panel cracked into three or more pieces.
H High - Spalled crack or panel cracked into four or more sections.
Extent Levels:
1 Minor - Pandsaffected < 3 percent
2 Moderate - Pandsaffected 3to 10 percent
3 Mgor - Pandsaffected 10to 30 percent
4 Extreme - Pandsaffected > 30 percent

Condition Rating:
See Figure B-1.

(8-4)
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Panel Cracking Photos

T

Panel Cracking - Medium to Hig

h Severity

—
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Corner Cracking
Description:

- A full-depth crack at the corner of apand running from contraction to congtruction joint.
- Didinctive semi-circular cracking pattern about the corner distinguishes corner from edge cracking.

Causes:

- Aircraft loads that exceed the dab bearing capacity.
- Loss of foundation support at the corner due to subgrade erosion, settlement or heaving.

Treatment:
- Patia pand replacement for corner cracking of minor extent if spalling or stepping occurs.

- Corner cracking greater than minor in extent suggests an overloading condition and the need for
pavement srengthening or traffic restrictions. The pavement bearing capacity and published load

ratings should be reviewed.
Severity Levels:
L Low - Single corner, hairline crack.
M Medium - Open crack with little or no spaling.
H High - Concrete spalling or multiple adjacent corners cracked.

Extent Levels:

1 Minor - Pandsaffected < 3 percent
2 Moderate - Pandsaffected 3to 10 percent
3 Mgor - Pandsaffected 10to 30 percent
4 Extreme - Pandsaffected > 30 percent

Condition Rating:

See Figure B-1.

(B -6)
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Corner Cracking Photos

Corner Cracking

Low Severity

Corner Cracking

Medium Severity

Corner Cracking

High Severity

(B-7)
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Edge Cracking
Description:

- A crack a the edge of a panel running more or less pardld to the joint (most frequently a
condruction joint) at an offset usudly in the range of 100 to 750 mm from thejoint.

- The crack usudly does not extend to the full depth of the dab but runs from the surface diagonaly
or subsurface horizontaly to intersect the joint at partial dab depth.

Causes:

- Overloading of the congtruction joint keyway, possbly combined with inadequate keyway design.

- Damage during congtruction causing micro-cracking in the uncured concrete (possibly related to
form remova methods).

- Late sawing of contraction joints during congtruction resulting in cracking ahead of the saw.

- Infiltration of joints by incompressble solids.

- Patching with rigid materids without re-establishing the joint.

Treatment:

- Partia depth patching or partid pane replacement for spalling edge cracks.

Severity Levels:
L Low - Edge cracking with no associated spalling.
M Medium - Concrete spaling dong partid pand length only.
H High - Concrete spaling full pand length dong one or more edges.

Extent Levels:

1 Minor - Pandsaffected < 3 percent
2 Moderate - Pandsaffected 3to 10 percent
3 Mgor - Pandsaffected 10to 30 percent
4 Extreme - Pandsaffected > 30 percent

Condition Rating:
See Figure B-1.

(B-8)
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Edge Cracking Photos

Edge Cracking - Low Severity ] Edge Cracking - Medium Severity

Edge Cracking - High Severity

(B-9
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Surface Scaling / Spalling

Description:

- Didntegration, ravelling or bresk-up with the subsequent loss of materia from the concrete surface.
- Peding of ardativdy thin layer from the surface is referred to as scding.

Causes:
- A wesk layer of fine aggregate a the surface resulting from over-finishing during construction.
- Poor curing practices during congtruction.
- Poor quaity aggregates or concrete mix, possibly combined with freeze-thaw cyclesand theaction
of de-icing chemicds.
- Surface crazing reaching ahigh leve of severity.
Treatment:

- For high severity surface spdling, surface patch if locaized or resurface/recongruct if extensive.

Severity Levels:
L Low - Scding depth of surface loss less than 10 mm or extensive discrete pop-outs.
M Medium - Depth of surface loss less than the maximum aggregate Size.
H High - Depth of surface loss grester than the maximum aggregate Sze.
Extent Levels:
1 Minor - Pandsaffected < 3 percent
2 Moderate - Pandsaffected 3to 10 percent
3 Mgor - Pandsaffected 10to 30 percent
4 Extreme - Pandsaffected > 30 percent

Condition Rating:

See Figure B-1.

(B - 10)



Guiddines Respecting ERD-121
Airport Pavement Structural Condition Surveys January 2004
Appendix B - Concrete Pavement Surface Defects and Rating Guidelines

Surface Scaling / Spalling Photos

Surface
Scding/Spdling

Low to Medium
Severity

Surface Spdlling

Medium Severity

Surface Spdlling

High Severity
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Joint Faulting
Description:

- Elevationor depression of aconcrete pane relative to an adjacent panel that resultsin astep at the

joint between the panels.
- May bereferred to asjoint-stepping.

Causes:

- Differentid settlement or heaving of adjacent panels due to subgrade settlement or frost heaving.

- Settlement resulting from the pumping of fines from beneeth the dab astraffic crosses ajoint when
the base is saturated.

- Highlevds of load repetition from dow moving aircraft crossing the joint (the step is downward
in the direction of traffic).

Treatment:

- Sabjacking or diamond grinding for high severity joint faulting of limited extent.
- Resurfacing overlay or recongtruction if extensve faulting causes excessvey poor riding

qudity.
Severity Levels:
L Low - Step height islessthan 10 mm.
M Medium - Step heightisfrom 10 to 20 mm.
H High - Step height is greater than 20 mm.

Extent Levels:

1 Minor - Pandsaffected < 3 percent
2 Moderate - Pandsaffected 3to 10 percent
3 Mgor - Pandsaffected 10to 30 percent
4 Extreme - Pandsaffected > 30 percent

Condition Rating:
Evauate operationd effect through ride quaity measurement.

(B - 12)
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Joint Faulting Photos

o

Joint Faulting - Medium Severity

R i

Joint Faulting - High Severity

-
2
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Joint Sealant Failure

Description:

Adhesion failure - loss of bond with the concrete dong joint kerf walls.
Coheson failure - vertical split through the sedlant materid.

Joint edge chipping - smdl chips of concrete pulled from adjacent kerf walls.
- Lossof sedant maerid from the joint kerf.

Causes:

- Déficient sedant materid or ingdlation procedure.
- Dedgn ddails of thejoint kerf.

Treatment:

- Empty joint kerfs and kerfs with loose sedlant materia should be cleaned and resedled with a

proven sedant materid.
Severity Levels:
L Low - Adhesion loss on one Sde or cohesion failure.
M Medium - Adhesonlosson both sdes; sealant loose.
H High - Sedant logt from thejoint or joint kerf edge chipping.

Extent Levels:

1 Minor - Joint length affected <3 percent
2 Moderate - Joint length affected 3t010 percent
3 Mgor - Jointlength affected 10to 30 percent
4 Extreme - Jointlength affected > 30 percent

Condition Rating:

Not adirect factor in operationa condition.

(B - 14)
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Joint Sealant Failure Photos

Joint Sedlant Failure - Medium Severity
(Sealant Adhesion Loss on Both Sides)

Joint Sedant Failure - High Severity
(Joint Edge Chipping)
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Surface Crazing
Description:
- A network of fine cracks in the concrete surface.
Causes:
- Concrete expanson due to an akali-aggregate reaction.
- Congtruction related deficiencies such as over-finishing of the surface or improper operation of
vibrators.

Treatment:

- No maintenance unless surface spaling develops.

Severity Levels:
L Low - Cracking pattern visble but surface intact and sound.
M Medium - Not applicable.
H High - Surface spaling deveoping.
Extent Levels:
1 Minor - Pandsaffected <3 percent
2 Moderate - Pandsaffected 3to 10 percent
3 Mgor - Pandsaffected 10to 30 percent
4 Extreme - Pandsaffected > 30 percent

Condition Rating:

Rate under surface scding and spaling.

(B - 16)
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Surface Crazing Photos

Surface Crazing

Low Severity

Surface Crazing

High Severity
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"D" Cracking
Description:

- A network of fine cracks running along panel edges and around the corners, generaly
within a 300 to 500 mm width adjacent to the joint.

Causes:
- Cracking of coarse aggregate particles under freeze-thaw action with the eventua extenson of the
cracks into the mortar and throughout the concrete.  Certain types of cdcitic and dolomitic
limestone found in the Canadian Prairie Provinces are susceptible to "D" cracking.

Treatment:

- Asphdt overlay or pand replacement once spaling develops.

Severity Levels:
L Low - Not applicable.
M Medium - Cracking pattern visble but the concrete is il intact.
H High - Surfaceljoint spdling occurring.

Extent Levels:

1 Minor - Pandsaffected <3 percent
2 Moderate - Pandsaffected 3to 10 percent
3 Mgor - Pandsaffected 10to 30 percent
4 Extreme - Pandsaffected > 30 percent

Condition Rating:

Rate as a defective pand.

(B - 18)
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"D" Cracking Photos

IIDII O.w(irg - . " " Cr.w(irg
Medium to High Severity (Characteristic Curve Pattern Around Slab Corners)
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Pumping
Description:
- Subsurface fines suspended in water are gected from beneath a concrete dab as aircraft traffic
crosses ajoint or crack during periods of rain or saturated base/subbase conditions.
- During dry wegther, evidence of pumping may be provided by stains|eft on the concrete surface.

Causes:

- Joint sedlant failure dlowing entry of water to the subsurface combined with significant deflection
of the concrete dab under aircraft loads.

Treatment:
- Generdly, treatment is not required unless cracking devel ops.
- Rasng and levelling of settled pands by means of subsurface injection (dab jacking) may be
appropriate in some Stuations.
Severity Levels:
Not applicable.

Extent Levels:

1 Minor - Pandsaffected <3 percent
2 Moderate - Pandsaffected 3to 10 percent
3 Mgor - Pandsaffected 10to 30 percent
4 Extreme - Pandsaffected > 30 percent

Condition Rating:

Not adirect influence on operationa condition.
Rate associated settlement and cracking if they occur.

(B - 20)
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Concrete Slab Pumping Photos

friy G T, e '5-1? e
Concrete Siab Pumping
(Evidenced by Surface Staining at the Joints)
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Compression Buckling
Description:
- Crushing, shattering and upward buckling of concrete dabs dong ajoint line.
Causes:
- Highcompressiveforces caused by insufficient width of joint gap for dabsto expandin hot weather
(more likely to occur with thinner dabs).
- Inasuffident joint spacing may be the result of paving in cold westher, incompressible materid
plugging the joints, patching without re-establishing the joints or utility cuts.

Treatment:

- Patid or full replacement of damaged pand s with possible cutting of an expansonjointtorelieve
compressive forces.

Severity Levels:

Not gpplicable - the nature of the defect implies high severity.
Extent Levels:

Not applicable - normally very localized.
Condition Rating:

Not afactor in genera structura condition due to the localized nature of the defect.

(B - 22)
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Compression Buckling Photos

Compression Buckling

(B - 23)
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Figure B-2: Defects Recording Form for Concrete Surfaces

AIRPORT .. __ FACILITY _ ____ ______ DEFECT RATINGS
CHAINAGE Fom: - - . . . ________. SECTION ___________ % AT SEVERITY LEVEL
Tor o IDNO. .. ________. I EXTENT
INSPECTOR _ _________ DATE . ____ HIGH |MEDIUM| LOW
PANEL CRACKING * % Pavels Affected
Low Hairline crack Z

Medium  Open crack with little or no spalling

High Spalled crack or panel cracked into 3 or more pieces
CORNER CRACKING * % Panels Affected
Low Single corner, hairline crack

Medinm  Open crack with little or no spalling

High Concrete spalling or multiple adjacent corners cracked
EDGE CRACKING * % Panels Affected
Low Edge cracking with no associated spalling
Medium  Concrete spalling along partial length only
High Concrete spalling along 20% or mere of panel perimeter
SURFACE SCALING & SPALLING * % Panels Affected

Low

Scaling depth of surface loss less than 10 mm or extensive discrete pop-outs

Medium  Depth of surface loss less than maximum aggregate size

High Depth of surface loss greater than maximum aggregate size

JOINT FAULTING % Panels Affected
Low Step height less than 10 mm
Medium  Step height 10 mm to 20 mm
High Step height greater than 20 mm
JOINT SEALANT FAILURE % Joint Length Affected
Low Adhesion loss one side, or cohesion failure
Medium  Adhesion loss both sides, sealant loose or lost
High Slab edge chipping with tension failure in surrounding concrete
% Panels Affected
Low
Medium
Hizgh

DEFECTIVE PANELS { * Due to Cracking or Susface Spalling)

% Panels Affected

As indicated above for the defect type involved

Low

s

Redinm  Ast d above for the defect type involved

Hish As indicated above for the defect type involved

SCE =

Comments / Maintenance Requirements:

Overall Structural Condition Rating:

Guidelines S3CR =

Subjective Judgement SCR =

Note: The "Guidelings SCR" is the SCR value

ated above for all defective panels.
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Figure B-2: Defects Recording Form for Concrete Surfaces
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CHAINAGE Fom: - - . . . ________. SECTION ___________ % AT SEVERITY LEVEL
Tor o IDNO. .. ________. I EXTENT
INSPECTOR _ _________ DATE . ____ HIGH |MEDIUM| LOW
PANEL CRACKING * % Pavels Affected
Low Hairline crack Z

Medium  Open crack with little or no spalling

High Spalled crack or panel cracked into 3 or more pieces
CORNER CRACKING * % Panels Affected
Low Single corner, hairline crack

Medinm  Open crack with little or no spalling

High Concrete spalling or multiple adjacent corners cracked
EDGE CRACKING * % Panels Affected
Low Edge cracking with no associated spalling
Medium  Concrete spalling along partial length only
High Concrete spalling along 20% or mere of panel perimeter
SURFACE SCALING & SPALLING * % Panels Affected

Low

Scaling depth of surface loss less than 10 mm or extensive discrete pop-outs

Medium  Depth of surface loss less than maximum aggregate size

High Depth of surface loss greater than maximum aggregate size

JOINT FAULTING % Panels Affected
Low Step height less than 10 mm
Medium  Step height 10 mm to 20 mm
High Step height greater than 20 mm
JOINT SEALANT FAILURE % Joint Length Affected
Low Adhesion loss one side, or cohesion failure
Medium  Adhesion loss both sides, sealant loose or lost
High Slab edge chipping with tension failure in surrounding concrete
% Panels Affected
Low
Medium
Hizgh

DEFECTIVE PANELS { * Due to Cracking or Susface Spalling)

% Panels Affected

As indicated above for the defect type involved

Low

s

Redinm  Ast d above for the defect type involved

Hish As indicated above for the defect type involved

SCE =

Comments / Maintenance Requirements:

Overall Structural Condition Rating:

Guidelines S3CR =

Subjective Judgement SCR =

Note: The "Guidelings SCR" is the SCR value

ated above for all defective panels.
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1.0

Paved Surface Defects, Rating Guideines and Photographs

This Appendix contains descriptions, rating guidelines and photographs for defectsthat may occur

in any type of paved surface.

a)
b)
c)
d)
€)

f)

Bird Bath

Subgrade Settlement
Frost Heaving
Patching

Wear and Polish
Rubber Deposits
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Bird Bath

Description:
- Pooling of water on the pavement surface during and following rainstorms.

Causes:

- Condruction paving grade control deficiency.
- Locdized subgrade settlement.
- Rutting of agphdt surfaces.

Treatment:

- If of medium or high severity, a paving deficiency and covered by contract warranty, cut out and
patch the defective area.

- Dran by grooving if the deficiency islocdized.

- Apply aresurfacing overlay if the defect occurs throughout the pavement surface.

- If the defect is caused by settlement or rutting, use the treatments listed for those defects.

Severity Levels:

L Low - Depth lessthan 10 mm or arealess than 1 square metre.

M Medium - Depthlessthan 20 mm or arealessthan 5 square metres.

H High - Depth greater than 20 mm or area greater than 5 square metres.
Extent Levels:

1 Minor - Whedpath length affected <2 percent

2 Moderate - Whedpath length affected 2t05 percent

3 Mgor - Whedpah length affected 5t010  percent

4 Bxtreme - Whedpath length affected > 10 percent

Condition Rating:

Evaduae the operationd effect through ride qudity measurement and/or through pilot reports of
hydroplaning or incidents of engine flame-out.

(C-2
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Bird Bath Photos

 Bird Bath - Medium Severity

Bird Bath - High Severity
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Subgrade Settlement

Description:

- A depression of the pavement surface, usudly occurring over afairly extensive area.
- May be most evident by the presence of bird baths on the pavement surface during rain.

Causes:
- Consolidation of subgrade layers under embankment or traffic loads.

- Inaufficient compaction of embankment fill during congtruction.
- Permafrost degradation.

Treatment:

- Patching or locdized recongtruction of the settled area

Severity Levels:
L Low - Depresson lessthan 20 mm in depth.
M Medium - Depression 20 to 50 mmin depth.
H High - Depresson greater than 50 mm in depth.

Extent Levels:

1 Minor - Areaaffected <3 percent
2 Moderate - Areaaffected 3to 10 percent
3 Mgor - Areadffected 10to 30 percent
4 Extreme - Areaadffected > 30 percent

Condition Rating:

Evauate through ride quality measurement or the effect on surface drainage.
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Subgrade Settlement Photos

Subgrade Settlement - High Severity
(Due to Permafrost Degradation)

Subgrade Settlement - High Severity
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Frost Heaving
Description:

- Vertica heaving of the pavement surface during winter or early spring with subsequent resettlement
after subsurface thaw. Normadly, only differential heaving is of concern.

Causes:

- lce lenses forming in a frost susceptible soil when a source of subsurface water and freezing

temperatures are present.
- Surface water reaching a subsurface frozen zone through open cracks or joints.
- Raisng of bouldersin the subgrade caused by frost action.

Treatment:

- Localized recongtruction for isolated mgor heaving.
- Overlay that provides additiona frost protection if extensive heaving gives rise to unacceptable
levels of ride qudity. Subsurface drainage improvements may aso be needed.

Severity Levels:
L Low - Bump height less than 20 mm.
M Medium - Bump height 20 to 50 mm.
H High - Bump height greater than 50 mm.

Extent Levels:
1 Minor - Areadaffected <3 percent
2 Moderate - Areaaffected 3t010 percent
3 Magor - Areadffected 10t0 30 percent
4 Extreme - Areadffected > 30 percent

Condition Rating:

Evauate through ride quaity measurement.
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Frost Heaving Photos
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Patching
Description:
- The post-congtruction replacement of the pavement surface in localized aress.
- Patching is not normaly noted during a condition survey unlessit is extensive in nature, indicative

of some type of structura deficiency, or causing some type of problem such as roughness or
surface spaling.

Causes.
- Repair of a pavement defect or repaving of a utility cut.
Treatment:

- Not applicable unless the patch causes excessive roughness or is cracking and spdling, in which
case the treatment should be sdlected according to the applicable operationd deficiency.

Severity Levels:
Not applicable.

Extent Levels:
Not applicable.

Condition Rating:

Not adirect factor influencing the operationd suitability of the surface.
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Patching Photos
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Wear and Polish

Description:
- Wear of the pavement surface to a very smooth condition resulting in little or no texture being
apparent under fingertip touch.
- The surface may have a glassy appearance.

Causes:

- Wear caused by whed spin-up on touchdown and by braking aircraft tires.

Treatment:

- Surfaceretexturing by shotblasting or other techniquesif polishing leadstoinadequatelevelsof skid

resistance.
Severity Levels:
L Low - Some texture but smooth compared to the surface outside the wheelpaths.
M Medium - Littletexture goparent under fingertip touch.
H High - No texture can be fdt; surface has a glassy appearance.

Extent Levels:

Minor - Whedpath length affected <5 percent
Moderate - Whed path length affected 5t0 20 percent
Magor - Whedpath length affected 20t050  percent
Extreme - Whedpath length affected > 50 percent

A OWNPE

Condition Rating:

Evauate the operationd effect through skid resistance measurement.
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Wear and Polish Photos
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Wear and Polish - Low to Medium Severity
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Rubber Deposits
Description:
- Tirerubber deposited on therunway surface in the touchdown zones of heavily trafficked runways.
Causes:
- Spin-up of tires during the landing of large aircraft.
Treatment:

- Periodic removd of the rubber depositsif they result in alow leve of skid resistance.

Severity Levels:
L Low - Light rubber deposits only; individud tire tracings are visble,
M Medium - Continuous deposits, pavement surface texture still reflecting through.
H High - Solid rubber surface obliterating dl texture.

Extent Levels:

Not applicable.

M ake anotein the condition survey report to indicate whether one or both runway ends are affected.
Condition Rating:

Evauate the operationd effect through skid res stance measurements.
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Rubber Deposits Photos

Rubber Deposts Low to Medium Severity |

Rubber Deposits - High Severity
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1.0  Grave Surface Defects, Photographs and Rating Form

This Appendix contains photographs for some of the defects that may occur in gravel surfaced
pavements.

Figure D-1 contains a"Condition Rating Form for Gravel Surfaces' which indicates the types of
defectscommonly foundingrave surfacesand identifiesmaintenance (regravelling) consderations.
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Gravel Surface Photos (Page 1 of 4)
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Gravel Surface Photos (Page 2 of 4)

Grave Surface - Veget&idn Encroachm
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Gravel Surface Photos (Page 3 of 4)

Gravd Surface - Dust Generation

Gravd Surface - Dust Generation
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Gravel Surface Photos (Page 4 of 4)

Gravel Surface - Heavily Oiled
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Figure D-1: Condition Rating Form for Gravel Surfaces
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