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Note: The following is the notation used in this paper: (. ) for decimals and ( ) for thousands.
Summary

Most North American cities use a pavemeranagement system (PMS) to budget masntee and
rehabilitation costs. PMS is a programming tool that collects and monitors information en pav
ment conditions and forecasts future performance. Many municipal PMS programs incorporate
condition evaluatio guidelines that follow U.S. Army Corps of Engineers MicroPAVER distress
guide (published by ASTM) to evaluate flexible and rigid pavements. The procedure includes a
methodology to evaluate surface distresses in terms of type, extent and severity aimksdhis
information to develop a standard pavement condition index. While there has been some research
completed to develop methods of evaluating the condition of interlocking concrete pavements
(ICPs), there is no common methodology used in North foaer

This paper outlines the procedures used to develop a pavement distress guide for I@iRg fibko
MicroPAVER protocol. The paper provides an overview of the developmenstdssi guidelines

for ICPs, summarizes the results of the analysis aodiges an example of the use of the proc

dures to determine the pavement condition index for a roadway constructed using ICPs. A detailed
survey of pavements was completed and a list of typical interlocking concrete pavement distress
types and photographwere compiled. The influence of each of the distresses on the performance

of the pavement was determined through consultation with industry and other design professionals.
Influence functions were then developed for each distress type and seveeityniotpe calculation

of Adeducto values. The deduct values are c
index (PCI) for the paament section.

The deduct curves were then validated through field inspections of municipal roadway tgpe pav
mens constructed using interlocking concrete pavers. Members of the Interlocking Concrete
Pavement Institute (ICPI) were canvassed to identify field evaluation sections for investigation. A
total of 83 pavement sections were inspected at locations thraulybain America to validate the
deduct curves. The comparison of the predicted PCI values versus field estimated PCI values ind
cated a good correlation.
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1. BACKGROUD

I nterl ocking Concrete Pavements (I CPsijylehigmown
resistance to freezdaw and deicing salts, high abrasion and skid resistance, high resistance to
temperature related deformation, and high resistance to damage from fuel spills and other petroleum
products. They can also be designed with exgelieainage characteristics and are often used to
help mitigate storm water runoff. In a typical municipal application, joint sand between thelindivi

ual concrete pavers facilitates vehicle wheel load transfer through shear transfer, and thisgoints a
provide controlled crack locations in order to minimize stress cracking and surface degradation.
Concrete pavers are set in coarse bedding sand, which is typically placed over an untreated aggr
gate base. They can also be placed over bituminous or ceneateidt base, asphalt concrete, or
Portland cement concrete.

Over the past 30 years or so, there has been extensive work advancing the theory and practice of the
structural design of interlocking concrete block pavements particularly in countries Sha$tias

ia, Canada, England, the Netherlands, South Africa and the United States. This has resulted in the
increasing use of these types of pavements for municipal applications.

Currently, there are approximately 80 million square metres of concretespsoldrannually in

North America and approximately 300 million square metres in Europe [ICPI, 2008]. Ansicrea
ing amount of concrete pavers are being used for municipal applications. With the increasing use of
interlocking concrete pavements, there isead to expand the focus from design and construction

to maintenance and management of the system.

Many municipal PMS programs incorporate condition evaluation guidelines that follow the U.S.
Army Corps of Engineers MicroPAVER distress guide for deteingim PCI value. PCI forsa

phalt concrete and concrete pavement evaluation were published by the U. S. Army Construction
Engineering Research Laboratory (CERL) in the 1970s for the United States Air Force [Shahin,
1994]. Procedures were soon adoptedhieyathers including the American Public Works Asaeci

tion (APWA) and the Federal Aviation Administration (FAA). Procedures for collecting data and
calculating PCI remained unchanged until 1993, when the American Society for Testing and Mat
rials (ASTM)pb | i shed D5340, AStandard Test Metrhod f
veyso and D6433, AStandard Test Met hod for R
Surveyso.

2. HISTORICAL ICP CONDI TON RATING PROCEDURE S

Pavement management tools havenbdeveloped in Australia [Shackel, 1998], Israel [Geller,
1996], the United States [Rada, 1993] and the Netherlands [Netherlands, 1993], however, much of
this work focuses on specific pavement distress types rather than on a composite condition index for
pavement management purposes. All of the research recognized that additional work is necessary
to come up with an overall pavement condition index. Otherwise without a composite comdition i

dex predicting the future pavement condition for use in an dyEaément management system is

quite difficult for practitioners.

The Dutch methodology used by the VIAVIEW pavement management system [Netherlands, 1993]
provides for a sound PMS methodology calibrated to conditions specific to the Netherlands. This
system, however, is somewhat limited as it considers only rutting and local unevenness as distresses
in calculating the composite condition index. Other distress types not considered in the VIAVIEW
methodology can also have a significant impact on pavecoawlition and performance.
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Shackel, outlined the development of a pavement management system for interlocking concrete
pavements in Australia [Shackel, 1998]. This PMS is based on five primary distress types including
rutting, horizontal creep, spallingracking and lippage and suggests that while other distresses such
as joint width, staining etc. can affect the performance of the pavement, they are insuffi@ently d
fined to warrant their inclusion in the pavement management system. In the Austretieotob-

gy, the individual distresses are categorized and quantified, multiplied by their individual weight
and extent and then summed to determineban ov
tracted from 100 to determine an overall pavencamtdition index (PCI).

In work completed in 1992 by PCS/LAW Engineering [Stephanos, 1992], a distress measa#ring sy
tem for interlocking concrete block pavers was created based on the U.S. Army Corps of Engineers
MicroPAVER pavement management system.is®ystem was adapted and used by the ICPI for
airport pavements as published in the | CPI p
Paverso [ICPI, 2000] . The airfield procedur e
pavement disesses:

Loss of sand in joints,
Inconsistent joint widths,
Corner or edge spalling,
Cracked blocks,

Joint seal damage,
Disintegration,
Depressions/distortions, and
Settlement or faulting.

N AWNE

Each distress is identified by type with severity rating ranging fimw to high. The ICPI airfield

rating system provides sound guidance on remedial maintenance treatments for the various distress
types, but stops short of developing deduct values or calculating an overall pavement condition i
dex value for the section.

In work completed in Ontario, the procedure outlined above was further adapted to develop an
overall pavement condition index for interlocking concrete pavements [ICPI, 2000]. The method
included the above airfield distresses and also included rugurgping and polished aggregates.

For each distress, three levels of severity were assigned deduct values based on the type of distress
and its expected impact on the overall pavement condition. The density level of distress was not
based on individuaheasurements but rather five levels of distress density as follows:

1. Fewi up to 5 percent of the surface,

2. Intermittenti up to 15 percent of the surface,

3. Frequeni up to 35 percent of the surface,

4. Extensive- up to 65 percent of the surface, and
5. Throughowi 100 percent of the surface.

Similar to the MicroPAVER/ASTM methodology adopted for asphalt concrete and portland cement
concrete pavements, the higher the deduct value, the greater the impact that the particular distress,
severity and extent has on thxeerall condition of the pavement.

The pavement management work by the Australians, Canadians, Dutch and Americans, described
above, is the most relevant to assist in developing engineering tools to evaluatedyediiman-

agement of interlocking canete pavements. Literature review shows the Canadian work to most
closely duplicate the MicroPAVER methodology for use in determining a PCI value for ICPs.
However, the Canadian methodology does not use the direct measurement of distress quantities
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which may introduce a level of subjectivity which is avoided in the more objectively baseat Micr
PAVER methodology. Furthermore, no studies were found on the rigorous validation testing that
would be required before a standardized PCIl method for rating IG@PBecéormally adopted by
standards bodies such as ASTM.

3. DIRECTION FORWARD

The development of a rational system to determine the condition and provide maintenarese and r
habilitation guidelines for ICPs in North America is considered to be very importanpporting
the industrydés drive to expand the municH pal
lowing reasons:

A Similar pavement evaluation and management tools are already in place for the competing
products including gravel, flexible andposed concrete pavements.

A The pavement maintenance and management tools for gravel, flexible and exposed concrete
pavements al-bnowmedi rcoampafios®ns of pavement
pavement condition parameters such as the PCI.

A The egular update and tracking of pavement condition using the PCI permits the development
of pavement performance curves (pavement condition versus time) which will assistén the d
velopment of appropriate lifeycle cost models for ICPs.

A The regular updatef the condition of ICPs through the use of PCl and pavement performance
curves will provide municipal engineers and planners with scientific data showing the benefits
of these pavements.

Based on the results of the literature review, there are obvioufitbdnedeveloping PCI prae

dures for ICPs that follow the MicroPAVER methodology already adopted for other pavement
types. While distress types and deduct values presented herein are specific to ICPs, theamethodol
gy used for selecting sample units, coctihg the survey, and using a corrected deduct value for
multiple distress types is based on the same principals as the MicroPAVER / ASTM procedure.
The logical sequence to develop the pavement maintenance and management tools for ICPs is as
follows:

Dewelop an interlocking concrete pavement distress guide.

Identify the distresses that affect the performance of ICPs.

Describe how to identify the individual distresses.

Describe how to determine the severity of the distresses.

Determine the procedures fmreasuring the quantity of the distresses.

Establish a deduct curve for each distress type and severity to determine the influence of the
distress on the overall condition of the pavement.

Establish procedures to determine a corrected deduct value wheplendgilstress types and
severities are present.

Develop pavement maintenance and rehabilitation trigger values for municipal interlocking
concrete pavements.

I I > > I

p>N

p>N

Select representative pavement locations and collect PCI data to validate the methodology.
4.1CP DISTRESS GUIDE

The MicroPAVER procedure requires the identification of the type of pavement distress, its extent
and severity. These values are then used to calculate an overall PCI for the pavement sgction (Fi
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ure 1). The pavement distress, extentarglv er i ty are combined using
the impact of the individual distress on the condition of the pavement.

PCI Rating

Sample Units

9

Distress Quantity 85
Very Good
7 l 0 Good
Distress Typ- - 55
4 40
25

Distress Severity

Very Poor

10

0

Figure 1. Flowchart for Determination of PCI.

Based on literature review, consultation with industry experts, andsaally multiple ICP sites
throughout North America, 11 common distress types for ICPs were identified:

101 Damaged Pavers

102 Depressions

103 Edge Restraint

104 Excessive Joint Width
105 Faulting

106 Heave

107 Horizontal Creep

108 Joint Sand Loss/Pumping
109 Missing Pavers

110 Patching

111 Rutting

This is the most comprehensive listing of ICP distress types to date and adds several add#iional di
tress types to those used in previous studies. A detailed description of each distress along with
guidelines forthe measurement of their extent and severity has been published and is available
through ICPI [ICPI, 2008]. To assist field surveyors to identify and assess ICP distresses, the di
tress guide includes photographs of distresses and severity levels. |&amihe distress guide

photos for rutting (111) are shown in Figures 2 to 4. The distress guide contains simitar phot
graphs for each of the distresses listed above (101 through 111). Each distress is described in terms
of low, medium, and high sevéyilevel.

5. DISTRESS DEDUCT VALUES

The deduct value for an individual distress is determined by entering the distress extent in terms of
a distress density. Distress density is calculated by taking the measured distress area and dividing
by the total areaf the pavement sample unit area being inspected. By matching the distress density
with the distress severity, the deduct value is determined from a curve similar to that shogvn in Fi
ure 5.
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Figure 2. Low Severity Rutting (515 mm). Figure 3. Medium Severity Rutting (1530 mm).
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Figure 4. High Severity Rutting (>30 mm) Figure 5. Deduct Curve for Rutting.

Similar deduct curves were developed for each distress type and severity based on engkeering e
perience and input from the industryedct curves for all 11 distress types are provided in #ie di
tress manual. When multiple distress types are present it is theoretically possible to obtain a PCI
value that is less than zero. To adjust for the interaction between multiple distresthgypese-

dure uses an iterative process to determine a corrected deduct value (CDV). The CDV procedure
used for ICP is based on the same principals established by MicroPAVER /ASTM and is detailed in
the distress guide.

6. VALIDATION

Using the distress manuand deduct curves, a software model was developed to calculate-a pav
ment condition index (PCI) from the distress type, extent and severity levels. The deduct curves
were then validated through field inspections of municipal roadway type pavementsiciensts-

ing ICP. A total of 83 pavement sections were inspected at the following locations throughout
North America:

A Baltimore, Maryland,

A Boston, Massachusetts,

A Hamilton and North Bay, Ontario,
A Portland, Oregon,
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San Antonio, Texas,

San Francisco, Califara,
Syracuse, New York,

Tampa, Florida

Vancouver, British Columbia, and
Winnipeg, Manitoba.

I I > > >

At each of the site locations, the methodology described in the distress guide was used to assess anc
measure each of the distresses and to calculate the d¥€tadlf the pavement. Numerous piot

graphs of representative pavement features were taken. Prior to calculating the PCI, a sxwveyor e
perienced in using the PCI methodology for other pavement systems estimated the overall condition
rating of the pavememn a scale of 0 (Poor) to 100 (Excellent). The survey crew membersthen r
viewed the calculated and estimated PCI values along with the photographs of the sitesn-The co
parison of the estimated versus calculated PCI values are shown in@igifeile he correlation
coefficient (R) of the data is considered to be fair (at 0.57) it must be recognized that the field crew
estimates of PCI are based on a limited number of test sites. Based on the results of the field review
and the correlation, several tfe distress curves were revised. These included missing pavers
(109) and loss of joint sand (108). It was felt that the original deduct curves were treatingghese di
tresses too harshly and that the observed performance in the field was much Wefierdicéed by

the original distress curves.

PCI Comparison
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Figure 6. Initial Predicted versus Calculated PCI

Figures 7 through 14 provide overview photos from three validation sites with PCI values ranging
from 43 (poor) to 92 (excellent). Table 1 documengsdistress types, severity, extent, densigy, d

duct values, and overall calculated PCI value for each of the three sections. Not all of the distresses
used to calculate the PCI are visible in the example photographs.

Figures 7 and 8 provide an overvietwalidation site number 21. This site was in excellent eond
tion with an overall calculated PCI of 92. The estimated PCI for this section prior to datailed i
spection was 90. The distress type with the largest deduct value is excessive joint iggtbhzed

as low severity (104L).
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Table 1. Details from Selected Validation Sites
VALIDATION SITE #21 VALIDATION SITE #43 VALIDATION SITE #44
Distress/ | Densty | Deduct | Distress/ | Densty | Deduct | Distress/ | Dendty | Deduct
Seveity (%) Value Seveity (%) Value Seveity (%) Value
101 L 0.63 0.35 104 M 2.73 15.37 101 L 4,74 1.48
102 L 0.41 3.37 108 M 2.73 1.77 102 M 2.03 14.00
104 L 3.81 5.49 102 L 0.40 3.35 104 L 10.16 12.34
105 L 0.41 0.00 102 M 0.93 10.97 110 L 2.37 13.70
108 M 0.14 0.37 102 H 0.93 22.27 111 L 0.41 0.27
110 M 2.00 0.63 111 M 3.39 17.25
110 H 6.67 0.74 111 H 3.39 28.89
110 L 1.27 0.61 0.68 19.88
TDV 9.6 55.7 107.8
CDV 8.2 33.3 56.7
PCI 92 67 43

Figure 7. Validation Site # 21 (Overview)

Figure 8. Validation Site # 21 (Distress 104L low
severity excessive joint width)

Figures 9 through 11 provide an overview of validation site number 43. This site was in geod co
dition with an overall calculated PCI of 67. The estimate PCI for this sedtiontp detailed m-
spection was 70. The distress types having the largest deduct values are depressions (£02) and e
cessive joint width (104).
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Figure 10. Validation Site # 43 (Distress 102ed
pressions wit 110 patching in ba&ground).

Figure 9. Validation Site # 43 (Overview)

Figure 11. Validation Site # 43 (Distress 104M Figure 12. Validation Site # 44 (Oveview).

medium severity excessive joint width)

Figures 12 through 14 provide an overview of validation site number 44. Thigasitm fair co-
dition with an overall calculated PCI of 43. The estimate PCI for this section prior to detailed i
spection was 50. The distress types having the largest deduct values are rutting (111), depressions

(102) and excessive joint width (104).

Figure 13. Validation Site # 44 (Distress 101ad Figure 14. Validation Site # 44 (Distress 111 tu

maged pavers, 102 depression, & 104 excessiv ting).
joint width) .



