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Preface

The 7th International Conference on Road and Airfield Pavement
Technology 2011 is jointly organized by the Ministry of Transport in collaboration
with Chulalongkorn University and Roads Association of Thailand. The
conference sessions providewvide range of academic topics for researchers and
practitioners from around the world to exchange views and experiences under the
theme of New Horizon on Pavement Technology.

The scientific program is combined with nine interesting topic areas, which
are Construction, Design and Analysis, Maintenance and Rehabilitation, Testing
and Evaluation, Management System, Economic and Environmental Issues,
Materials, Operational Characteristics and Performance and Planning and
Financing. The recent advancementpgavement technology is focused to help
with pavement technological development in developing countries.

We hope that the readers would find this volume valuable as discussion
topics of knowledge frontiers during the conference.

1/4”77““‘ ot L Lomwoick

Dr. Yongyth Taesiri Prof. Emeritus Dr. Direk Lavansiri

Chair of the Scientific Committee Chair of the Organizing Committee
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ABSTRACT

The remaining service life (RSL) of a pavement section is typically calculated using
the time series distress data, a distress index, or the International Roughness Index (IRI)
and a prespecified threshold value. First the data are used to generate thét best
pavement performance curve using either exponential, power or logistic function. Second,
the time at which the pavement reaches the threshold value is calculated and the RSL is
estimated. Theoretically, the RSL of any pavement section, where no pavemen
preservation actions have been taken, must decrease by one year for the passage of one
physical year. Time series distress data were requested and obtained from four Highway
Agencies; the Michigan Department of Transportation (MDOT), the Louisiana
Departnent of Transportation and Development (LADOTD), the Colorado Department of
Transportation (CDOT), and the Washington State Department of Transportation
(WSDOT).Analyses of the data showed that, for some pavement sections, the actual RSL
values also decase one year for every physical year elapsed.
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The presentation and the paper address the history of the RSL, the algorithm for th
calculation of the RSL, and the theoretical and actual trends of the RSL using real distres
data. It is also showthat the RSL could be used and are being used to establish cost
effective pavement preservation strategies, to select project boundaries, to check tt
accuracy of the time series distress data, and to assess the impact of data sampling ¢
data collectiorfrequency on the accuracy of the pavement management decisions.

KEY WORDS
Pavement management, remaining service life, distress, decisions

INTRODUCTION AND BACKGROUND

Starting in 1946, an engineer from the Michigan Department of Transportation {MDO
walked along the road and drew a strip map of every crack along and across the road. La
he used the data and calculated the remaining life of the pavement structure. In the late 19-
and early 1960s, engineers and technicians monitored the Amédgsaciation of State
Highway Officials (AASHO) Road Test and recorded the ride quality, cracking and rutting
(HRB 1962). Based on the dat a, the AAS
stands for the added ter m i wasasiabliphed. tSiace i o
the AASHO Road Test, measurement of existing pavement distresses has become
essential part of cosfffective pavement management. The 1986 and 1993 AASHTO
Pavement Design Guides include the use of pavement distress datal&tectile remaining
life of a pavement section (AASHTO 1986, AASHTO 1993). There are two classes anc
several types of distress that are associated with each type of pavement. In general, t
classes of pavement distress and/or failure can be foundustfuahd functional (ERES
Consultants 2010, Canadian Good Road Association 1961, Baladi 1979, Baladi & Snyde
1992). The former is associated with the ability of the pavement to carry the design load. Tt
latter addresses ride quality and safety issuEsr example, ride quality (smooth and
comfortable ride); safety (skid resistance, bleeding and rut, that affeghatieenent friction
and hydroplaning). Pavements that exhibit structural distresses and/or failures (e.g., seve
alligator or fatigue cradéhg) will also exhibit functional distress and/or failure. Inversely,
functionally distressed and/or failed pavements (e.g., very rough) may be structurally sounc
In addition, each class of pavement distress (functional or structural) contains seesraf typ
distress and/or failures. Table 1 provides a list of the various types of distress for variou
pavement types. The class (functional or structural) of each type of distress is also listed |
the table.

During the pavement distress surveyhedistress should be properly identified by type
and extent. In general, each type of distress is caused by one or more of the variables (st
as moisture, drainage, environment, and load) listed in Table 2. Knowing the causes of tt
pavement distressesuld provide great insight into the mechanisms of distress initiation and
pavement deterioration. Hence, for each pavement type, the pavement evaluation progre
should include scheduled forensic investigation to determine the causes of distress. Tl
information would assist the highway agency in selecting feasible and cost effective
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pavement rehabilitation and preservation alternatives.

Unfortunately, there is no universally accepted distress identification manual. However,
some standardizatiorxists and various but similar distress identification manuals have been
published. The ones that contain the most similarity aredtgbway Pavement Distress
Identification Manualpublished by the Federal Highway Administration (FHWA) (Smith
1979) and theDistress Identification Manual for the Longerm Pavement Performance
Studies which was published by The Strategic Highway Research Program (SHRP) (Smith
1979, Smith 1987, Rauhut, 1984, Miller 2003).

Various pavement distress data collectiothmés are being used across the globe. These
include manual, low speed shoulder pass, high speed lane pass, astomated,
photographic, and digital (Canadian Good Road Association 1961, Baladi 1979, Smith 1987,
FHWA 1991, Baladi and Snyder 1992, Mill2003). The purpose of a distress data collection
is to periodically monitor the condition and other properties of the pavements. The use of the
pavement distress data depends upon its detail, quality, and accuracy. For example, detailed
data collected athort intervals (e.g., every nile (0.16 km)) along the pavements could be
used at both the network and project design levels. Coarse data, on the other hand, that are
calculated based on the average pavement surface conditions along long sectidnsife.g
(1.6 km) or larger segments), may not be accurate enough to be used at the project design
level. Hence, for project analysis and design, more detailed and accurate data needs to be
collected. Nevertheless, within the framework of a Pavemenagéement System (PMS) of
a Highway Agency (HA), a PMS committee or task force is typically formed to draw the
policy and objectives that address several PMS issues including:

The type, severity and extent of the pavement distress data to be collected.

Thelength of the pavement survey section such as 0.1 km, 1 km and so forth.

The rating scale to be employed such as 0 to 100, 0 to 10, or any other scales.

The threshold value for each distress index where the pavement is rendered in need of
repair.

The condion threshold value for each distress type such as half an inch (1.27 mm) of rut
depth, 3 m/km IRI and so forth.

6. The types of distress indices to be calculated and their attributes; several distress
indices are currently calculated and used. Thesedaclu

pODNPE

o

a) One distress index per distress type (itemized pavement distress indices) such as
rut index, transverse cracking index, alligator (fatigue) cracking index, etc.

b) Combined pavement distress indices such as surface distress index and structural
index tha are based on a combination of two or more distress types.

c) An overall pavement distress index based on all or most types of pavement
distresses and other factors such as traffic volume, friction, functional
classification, and so forth.
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The distess indices could be used to determine the relative conditions of the various
pavement sections and the network and to assess the global rate of pavement deterioratiot
both the project and network levels (Canadian Good Road Association 1961, Darter 198!
Baladi 1992,Rijkswaterstaat 2005 However, distress indices have several limitations
including:

1. The value of a pavement distress index reflects the pavement condition observed durir
the distress survey only. The value of the index alone does mhettrédie rate of
pavement deterioration.

2. The values of the distress indices of newly rehabilitated or reconstructed pavemer
sections are generally the same regardless of the design life of the pavements or t
thickness of the overlay.

3. It is possible thatwo or more pavement sections having the same value of the distress
index have drastically different rates of pavement deterioration.

4. The distress indices alone cannot be used to assess theastddngterm benefits of
any treatment action.

5. Rehabiltation decisions based on distress indices alone would not help the HA to contro
future distributions of the pavement network conditions.

The ultimate pavement condition index or health indicator is the remaining service life
(RSL). The RSL could é calculated based on the actual distress data without the need tc
assign or calculate distress indices. The calculation of the RSL is a function of the measur
time dependent distress data and the distress threshold values. Example of threshold vall
include 1.2 cm (0&nch) rut depth, 3 m/km IRI, 300 transverse cracks per km (480
transverse cracks per mile), 2000 m of longitudinal cracks per km, and so forth. The distres
threshold should be based on the distress type, the cost of pavement rebiabditatithe
policy of the HA. Nevertheless, for each pavement section, one RSL value could be
calculated per distress type. The shortest RSL will control the rehabilitation of the pavemer
section. Figure 1 illustrates the calculation of the RSL valueshfee distress types; rut
depth, IRI, and cracking. For illustrative purpose only, the distress threshold values for al
three distresses in the figure were assumed to be the same. The RSL value expresses
condition of the pavement section and ite i@ deterioration. The RSL values are being used
to:

1. Determine the optimum time, type, and space (project boundaries) for pavemen
preservation and rehabilitation treatments.

Evaluate and improve pavement design, construction and rehabilitation gractice

Assess the effects of maintenance practices upon pavement performance and life.
Assess user benefits

Improve pavement management practices.

gk wd

This paper addresses the calculation and use of the pavement distress data to calculate
RSL at each peement section (projet¢vel) and the network.
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CALCULATION OF RSL

For a given pavement section, the RSL could be calculated using the following two
steps (Baladi 1991, Kuo 1991, Novak 1991, Baladi 1992):

Step 1- Depending on the type of pavemethstress, the measured time series distress
data (a minimum of 3 data points is required) are used to generate the best fit
pavement performance curve. Traditionally, following three functions are used:

a) Pavement surface roughness, IRl datéhe time depndent IRI data could be
modeled using the exponential function form of Equation 1.

IRI = Uexp)’ Equation 1

b) Rut depth data The time dependent rut depth data could be modeled using the
power function form shown in Equation 2.

Rutdepth= RD=/t" Equation 2

¢) Cracking- The time dependent cracking data could be modeled using the logistic
function (S shaped curve) shown in Equation 3.

1+ Cracking,,

- - - <h Equation 3
1+exp(d- G } A

Cracking=

Where: IRI = International roughrss index;
u, b, &, ¥, d, and G = statistical
t = time (years); and
th = threshold value at which the cracking level is not acceptable.

Step 2- The time at which the pavement reaches thespeeified distress threshold value
is calculated and the RSL values are estimated basede IRI, rut depth, and
cracking data using Equations 4, 5, and 6, respectively.

RSL, =%I S‘e'%o SA¢ DL Equation 4
g —

RSLgo —e><10%maR og SA¢DL Equation 5

F
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a1+ Cracking,, 8
¢ Cracking,
d

d- In

RSL = ~_SA¢DL Equation 6

cracking —

Where: IRl = the IRI threshold value (3.5 m/km = 220 inch/mile) is recommended;

RDy, = the rut depth threshold value (1.25 cm = 0.5 inch) is recommended for

primary roads;

Cracking, = the cracking threshold value (for example 50 transverse cracks
per 100 m, 200 m of longitudinal cracks per 100 m, and 100 m long
alligator (fatigue) cracked area per 100 m) are recommended;

SA = the pavement surface age (years), the number of years between the la
pavement rehabilitation or preservation action &mel year during
which the RSL is being calculated; and

DL = the pavement design life (years) or the design life of the last pavement

treatment.

The RSL value to be assigned to each pavement section should be the shortest of the th
values obtaing from Equations 4 through 6. It should be noted that the three equations limit
the value of RSL to be equal to or less than the pavement design life. The reason is to ass|
RSL value to the newly constructed or rehabilitated pavement sections whexegimept is
not showing any sign of distress at its early age.

THE THEORETICAL AND ACTUAL TRENDS OF RSL

Theoretically, the RSL of any pavement section, where no pavement preservatiol
actions have been taken, must decrease by one year for the pHsmag@hysical year as
shown in Figure 2That is if the calculated RSL value in 2007 was 7 years and no treatment
was applied in 2008, then in 2008, the RSL should decrease to 6 years and to 5 years in 2(
and so forthTo verify this theoretical trah time series distress data were requested and
obtained from four State Highway Agencies (SHA#)e Michigan Department of
Transportation (MDOT), the Louisiana Department of Transportation and Development
(LADOTD), the Colorado Department of Transporati(CDOT), and the Washington
State Department of Transportation (WSDOThe number of available data points, the
time span during which the data are available, and the frequency of data collection ar
listed in Table 3.

In addition, the Minnesat Road Research Project (MnRoad) and the long term
pavement performance (LTPP) data were used in the analysis. In this section, th
theoretical and the actual trends of RSL over time are presented using real distress data
is shown that the RSL couldebused and are being used to establish-eftettive
pavement preservation strategies, to select project boundaries, to check the accuracy of 1
time series distress data, and to assess the impact of data sampling and data collect
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frequency on the aacacy of the pavement management decisions.
Verification Using the MnRoad Data

In 1992 the Minnesota Department of Transportation (MnDOT) constructed a
pavement testindacility known as MnRoad. The facility consists of mainline and low
volume roadsections in the form of 56f (150-m) long cells. The mainline consists of 3
miles (4.8km) two-lane segment along westbour@4 that includes fourteen 500 ft (£50
m) l ong traditional hot mi x asphalt ( HMA
HMA test cells were designed to lgstor 10 years according to thnDOT pavement
design standards (McGhee 2004, Mulvaney 2002, Palmquist 2002, Zerfas 2003).

After several years of service under actual traffic, the pavement along the mainline test
cells is showing signs of distress in the forms of (Worel 2006):

Multi-severity levels of low temperature transverse (thermal) cracks (Zerfas 2003).
Top-down cracks along more than 50 percent of the wheel paths of about 50 percent
of the test cells. Thpavement along three cells has-ttgwn cracks along 100% of
the wheel paths.
1 Rutting in the wheel paths that varies from a fraction of an inch to more tharch.5
The rut depth data were collected from 1994 to the present using two sets of
equipmentOne from 1994 to 2003 and the other from 2004 onward.
1 Roughness where the ride quality (measured by the International Roughness Index
(IRD) decreased to the level where some pavement maintenance activities are
required. The IRI data were also collectesing two sets of equipment. One set from
1994 to 1997 and the other from 1997 until today. The data from the second set of
equipment only are used in the analysis in this study.

1
1

To verify the theoretical RSL trend, the IRI data collected alongtebe cells of
MnRoad were used. Figure 3a depicts the 40 available IRI data points for the driving lane
of test cell 1 of MnRoad. The data were collected between June 1997 (when the road was
5.49 years old) and August 2005. The data were used to cal@iddit values of the
remaining service life (RSL) using one threshold value of 3 m/km. The first RSL value
was calculated using only 9 data points as shown in Figure 3b. The other 7 RSL values
were calculated at the time shown by the red arrows in F@eurdhe eight calculated
RSL values were then plotted against the elapsed time (or the road age) as shown in
Figure 3d. It can be seen from the figure that the RSL values more or less follows the line
of equality where the RSL decreases by one year foryeslapsed year. The slight
division of the data from the line of equality is caused by the data variability as shown in
Figure 3a. Nevertheless, similar results were found for the passing and driving lanes of the
other test cells of MnRoad. Hence, on@& @@nclude that the measured IRI data along
MnRoad test cells confirm the theoretical trend of RSL. Since the collected data along
MnRoad were very carefully collected and subjected to good quality control practice, data
from the other SHAs were also ustverify the theoretical trend of RSL. These are
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presented in the following subsections.
Verification of the Theoretical Trend of RSL Using the Washington State Data

Figure 4a shows the time series rut depth data collected along a 9 mile (14.4 km
section of the flexible pavement along SRID 005 in the State of Washington. Since the
Washington State Department of Transportation logs the data for each 0.1 mile (0.16 knr
segment, 90 rut depth data points are collected every year along this pavestient se
The time series rut depth data for five 0.1 mile ( 0.16 km) segments are shown in Figur
4b. The data were used to calculate eight RSL values based on each of the three thresh
values of 0.3, 0.4, and 0.5 inch (7.6, 10.2, and 12.7 mm) rut ddptbdirst RSL value
was calculated using the first three data points that were collected during the first, secon
and third year only. The second RSL value was calculated using the first four rut deptt
data only and so forth. Figure 4c depicts the eigihtutated RSL values plotted as a
function of the elapsed time for the three threshold values used in the analysis. The figut
also shows the three lines of equality where the RSL value decreases by one year as |
elapsed time increases by one year. it loa clearly seen that, regardless of the threshold
value used in the analysis, on average, the RSL decreases by one year for each pass
year.

Similar analysis was conducted on the IRI data of the 9 mile (14.4 km) section of
SRID 005 in the Statef Washington. Figures 5a through 5c¢ show the eight calculated
RSL values based on the IRI data and four IRI threshold values of 150, 175, 200 and 22
inch/mile (2.4, 2.8, 3.2, and 3.6 m/km). The corresponding four lines of equality (where
the RSL decreaseby one year as the elapsed time increases by one year) are also show
in the figures. Examination of the data in the four figures indicates that regardless of the
threshold value used in the analysis:

1. On average, the RSL value decreases by one yelae atapsed time increases by one
year.

2. The data for the elapsed time of 6, 7, and 8 years follows lower line of equality than
the rest of the data. The reason is that the State of Washington used different sens
based equipment in these three years tesuareahe IRI.

It is important to note that similar results were obtained from the PMS data of various
other roads located in the State of Washington. Based on the results of the analys
presented above and the results from various other roa@s, e stated that, on average,
the IRI and rut depth data obtained from the State of Washington confirm the theoretica
trend of RSL.

One other very interesting outcome using the RSL is the results of the longitudinal
cracking analyses conductddrag an 8.5 mile (13.6 km) section of SRID 020 in the State of
Washington. The analyses were carried out as outlined above. Results of the analyses for ¢
0.1 mile (0.16 km) are illustrated in Figure 7. The data in the figure indicate that the
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relationshp between the RSL values and the elapsed time consists of two sets of straight lines
of equality. All the data from 1999 to 2004 (elapsed time 3 to 6 years) follow one line of
equality whereas the data between 2005 and 2009 (elapsed time 7 to 10)riotloev.al he

results were presented to the PMS staff of the WSDOT. The author asked the staff whether or
not the WSDOT changed the data collection company or equipment in 2004. As it turned out,
WSDOT changed the procedure by which it counts the cracke ipetar 2004. This along

with results of other roads indicate that when the RSL values do not follow the negatively
sloped line of equality with the elapsed time period, the database is likely missing some
information regarding pavement maintenance argi&gervation actions or the way the data
were calculated.

Verification of the Theoretical Trend of RSL Using the Colorado Data

Similar analyses were also conducted using the rut depth and transverse cracking data
of various roads in the State of lB@do. Examples of the results along a 5 mile (8 km)
pavement section of Highway 24 are shown in Figure 8. Figures 8a and 8b depict the
calculated RSL versus elapsed time for two 0.1 mile (0.16 km) segments along Highway
24 based on three rut depth thr@shvalues. Once again, regardless of the threshold value
used in the analysis, the data more or less follow the lines of equality. Similar conclusion
can be made regarding the transverse cracking data shown in Figures 8c and 8d.

Verification of the Theoretical Trend of RSL Using the Louisiana Data

Time dependent analyses of RSL were also conducted using the PMS IRI data
obtained from the State of Louisiana. Figure 9 depicts the RSL as a function of the elapsed
time for two 0.1 mile (0.16 km) segmis along a section of Route LA 21 in Louisiana. As
it was expected, results of the analyses for beginning mile point (BMP) 15.0 indicate that,
on average, the RSL value decreases by one year as the elapsed time increases by one ye:
and that the RSL is dependent of the threshold value used in the analyses. Similar results
were also obtained for the BMP 4.6 (see Figure 9b). However, the IRI data along that 0.1
mile segment are higher than the lowest threshold value of 150 inch/mile (2.38 m/km)
used in thenalyses. Hence, the RSL of the pavement is zero. It should be noted that when
the analyses showed negative RSL value (the measured distress is higher than the
threshold value), the RSL was increased to zero. Similar results were also obtained for the
various 0.1 mile (0.16 km) segments along sections of Route LA 21, Route LA 182, and
US 61 in Louisiana as shown in Figures 10, 11 and 12.

USES OF RSL VALUES AND TREND

For each pavement segment along the network, several RSL values could be
calculaed (one RSL per distress type). For example, one RSL value could be based on
IRI, the second on rut depths, another on transverse cracks, still another on fatigue cracks
and so forth. The lowest RSL value controls the time of the treatment to be apphed t
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pavement segment. The lowest RSL value of each pavement segment could then be us
to calculate the weighted average RSL of the network, which expresses the longevity c
the pavement network and its value. The decreases in the weighted averagduRSIf va

a network due to lack of appropriate funding level could be used to calculate the rate ¢
depreciation in the network asset value. Likewise, increases in the weighted average RS
of a pavement network due to rehabilitation actions could be catibi@tearallel the rate

of appreciation of the network asset.

Past and current staté-the-practice of many HA includes the use of the RSL of the
various pavement sections of a network to:

9 Prioritize the various pavement segments or sectionefabilitation and preservation
purposes.

1 Determine the benefits of the pavement rehabilitation and preservation programs at bof
the project and the network levels.

9 Estimate the trends of the health of the network for the given set of constraints such ¢
budget level and other resources.

1 Produce balanced and cestective pavement treatment strategies.

9 Estimate future network conditions and hence control the future distribution of the RSL
along the pavement network.

1 Enhance inter and intra communicatitvetween engineers, managers, and legislatures.

1 Determine the optimum time, type, and space (project boundaries) for pavemen

rehabilitation and preservation treatments.

Knowing that the RSL for a given pavement segment or section, where no pavemer
preservation actions have been taken (which include almost 90 percent of the paveme
network on a yearly basis), the RSL should decrease by about one year as the pavem
surface age increases by one year, the information could be used to:

1 Assess the qlity and accuracy of the distress data. For example high variability (more
than 2 years) in the RSL value from one year to the next may be the direct result o
inaccurate data or inaccurate location referencing system.

9 Establish quality control measurestte implemented while the distress data are being
collected or digitized from electronic images. This could be accomplished by
calculating the RSL value instantly and comparing it to that of the previous years.

1 Check whether or not pavement preservatiod/@nmaintenance actions have been
appropriately recorded. For example, increases in RSL values from one year to the ne
(decreases in distress data) may be caused by a pavement preservation action that v
taken but not recorded in the database.
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SUMMARY AND CONSLUSIONS

The paper shows that the RSL of the pavement sections and of the network can be
calculated using distress data without the need to calculate distress indices. The theoretical
trend of RSL (RSL decreases by one year as the dldjpse increases by one year) was
verified using IRI, rut depth, and cracking data. The paper also shows that the calculated
historical values of RSL could be used to detect errors in the distress data, missing pavement
maintenance and preservation recprais changes in procedure by which the pavement
distress are collected or accounted for. Based on the data analyses presented in this paper, th
following conclusions were drawn:

1. For all denothing pavement sections (on a yearly basis, this is aboutr@npef the
pavement network) the RSL and the pavement surface age or the elapsed time have linear
relationship. The RSL decreases by one year as the pavement age or the elapsed time
increases by one year.

2. The historical RSL values could be used to dgbesblems in the distress data or to
pinpoint changes in the data collection procedures.

3. The RSL could be used as the pavement index to estimate and predict the health of the
network and the various pavement sections. The RSL can be used to:

Prioritizethe various pavement sections.

Determine the benefits of rehabilitation activities.

Estimate the trends of the health of the network.

Produce balanced and cesftective pavement treatment strategies.

Estimate future network conditions.

Control future digibution of the RSL of the pavement network.

Enhance communication at the engineering, management, and legislative levels.
Evaluate the strategies of the HA.
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Table 1: Classes and types of pavement surface condition distress (Baladi 1992)

Types of Pavement

Types of Distress Flex | JPCP | JRCP [ CRCP [ PRCP| COMP | Structural | Functional
Alligator Crackmg X X X S
Block Crackmg X X X S
Reflective crackmg X X S
Slippage crackmg X X X S
Longitudmal crackmg | X X X S
Transverse crackmg X X X S
Diagonal crackmg X X X X X S
Dutability “D” g : 2 Z
etk X X X X S S
Map cracking X X X X X S
Corrugation X X X
Depression X X X X X X S
Ruttmg X X S X
Heave X X X X
Swell X X X X X X X X
Potholes X X X X
Ravelmg & > - z
weathermg strippmg % * B X
Pumpmg X X X X X X X X
Patch deterioration X X X X X X X X
Blezdmg X X X
Lane shoulder X % X X X X %
separation
I;?fne shoulder drop- X % % X X X
Blow up X X X X X X
Punchout X X X X X X
Comer brazk X X X X X X
Fzaultmg X X X X X
Jomtseal damage X X X X
Jomtspallmg X X X X X X
Popouts X X X X S X
Curlmg X X X X S N
Flex={flexible pavements;
JPCP =jomtad plaim concrate pavement.
JRCP =jomtad remforced concrate pavement.
CRCP = contmuously remforced concrete pavement.
PRCP =prestressed concrete pavement.
COMP = composite pavement.
X =distress type has an effect.
S =the effects depend on severity level.
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Table 2: Possible causes of pavement surface distress (Baladi 1992)
Types of Pavement

Types of Distress | Flex [JPCP [JRCP [ CRCP [PRCPJCOMP L TW T MTC
Alligator Crackmg X X Yo B °N | X[ :N
Block Crackmg X X N|YJ]Y[Y]|N
Reflective crackmg X NHEdRAEBE SR
Slippage crackmg X X YoleysEneE YN
Longitudmal crackmg | X X X X X X Yo 28 26| NiLS¥
Iransverse crackmg X X X X X X N Y[TY]X [N
Diagonal crackmg X X X X Xl =Y Py
Durability ™D™ 2 - S5 [ R I
cracking X X X X N | |¥ | ]2
Map crackmg X X X X HBRdAR4AEdSB:
Corrugation X X ¥-[oP=E =N
Depression X X X X X X Y| 2 X ] XY-|'N
Ruttmg X X Y| ¥|N[X|Y
Heave X X NERSRERER:
Swell X X X X X X LR ABRAESR:
Potholes X X A EARIE AR
Ravelmg & Z . : . T p
weathermg strippmg % x A il Mk
Pumpmg X X X X X X Y| 7% 'N .| ¥|'N
Patch detertoration X X X X X X Y |¥%[Y¥Y]| ¥|Y
Bleadmg X X N[N XoTEN
e x| x1=x| ®2lx] =2l xlx
separation
it [ (2 | 2 | =] & | #El| 2l
Blow up X X X X NIN[Y]YI|N
Punchout X X X X ABRdARAE4AE:
Comer brezk X X X X b o B Y| N
Faultmg X X X X ¥ N N
Jomtseal damage X X X X N [FP: R ] D] ¥
Jomtspallmg X X X X N|P|IN|[Y]|N
Popouts X X X X N ey
Cutlmg X X X X N|Y[Y]Y]|N
Flex = tlexible pavements;
PCP =jomted plam concrate pavement;
JRCP =jomted remforcad concrete pavement;
CRCP = contmuously remforcad concrate pavement;
PRCP = pre-stressed concrete pavement;
COMP = composits pavement;
L=Load related; W=Moisture related; T=Temperature relatad;
M =Material related (surface, base, subbase, subgrade, or combmations);
C= Any combmation thersof;
N=No; Y =Yes; P=Possible.
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Table 3: Available serrautomated historical distress data in four State Highway Agencies

Historical distress data points | Data collection
State Total From To freeggaerr)lcy
Colorado 5 1998 2009 2
Louisiana 6 1995 2009 2
Michigan 9 1992 2009 2
WSDOT 10 1969 2007 1
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Figure 1: lllustration of the remaining service life (RSL) concept for three distress types
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Figure 2: The theoretical trend of RSL
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Figure 3: Time depwlent analysis of the RSL based on IRI for cell 1, driving lane, MnRoad
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Figure 4:Time dependent analysis of RSL based on rut depths along SRID 005, flexible pavement, Washington State
(1 inch =2.54 cm)



