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Abstract: The first step in establishing a pavement management system (PMS) is road network identification. An important feature of a PMS is the ability to determine the current condition of a road network and predict its future condition. Pavement condition evaluation may involve structure, roughness,
surface distress, and safety evaluation. In this study, a pavement distress condition rating procedure was
used to achieve the objectives of this study. The main objectives of this study were to identify the common types of distress that exist on the Jazan road network (JRN), either on main roads or secondary
roads, and to evaluate the pavement condition based on network level inspection. The study was conducted by collecting pavement distress types from 227 sample units on main roads and 500 sample units from
secondary roads. Data were examined through analysis of common types of distress identified in both
main and secondary roads. Through these data, pavement condition index (PCI) for each sample unit was
then calculated. Through these calculations, average PCIs for the main and secondary roads were determined. Results indicated that the most common pavement distress types on main roads were patching
and utility cut patching, longitudinal and transverse cracking, polished aggregate, weathering and raveling, and alligator cracking. The most common pavement distress types on secondary roads were weathering and raveling, patching and utility cut patching, longitudinal and transverse cracking, potholes, and
alligator cracking. The results also indicated that 65% of Jazan's main road network has an average pavement condition rating of very good while only 30% of Jazan's secondary roads network has an average
pavement condition.
Keywords: Pavements, Maintenance, Rehabilitation, Distress types, PCI.
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1. Introduction
The City of Jazan, in Saudi Arabia, has rapidly
developed during the last 10 years. City pavement
requires maintenance because of the impact from traffic, cuts in the roadway by utilities, and climatic conditions (Al-Swailmi 1994). Therefore, evaluation of
pavement condition is a vital process for municipalities to preserve capital infrastructure and maximize its
benefits. Generally, pavement condition evaluation
may involve the evaluation of structural pavement,
roughness, surface distress, and safety or skid resistance.
Pavement engineers have long recognized the
importance of distress information in quantifying
pavement quality. This information has been used to
document present pavement conditions, chart past performance history, and predict future pavement condition (Shahin 2005). Pavement distress information is
also broadly used as the only quality measure in many
pavement management systems (PMS). This is particularly true for systems used by municipalities in urban
areas where measurements of roughness and skid
resistance are not performed because of lack of relative applicability (Mubaraki 2004).
On the other hand, the interrelationship between
structural and functional evaluation for the pavement
can be considered because there is no direct relationship. Therefore, both functional and structural evaluations of pavements are important and are meant to supplement rather than replace one other. An observation
of functionality below the acceptable level is one way
to trigger a structural evaluation. The rough pavement
may be structurally sound and require only a level up
surface layer, or it may be structurally weak and
require replacement or a thick overlay (Haas et al.
1994).
Pavement distresses are visible imperfections on
the surface of pavements. There are symptoms of the
deterioration of pavement structures. Most if not all
agencies have implemented PMS and collect periodic
surface distress information on their pavement through
distress surveys (Haas et al. 1994).
Surface distress evaluation is the most prevalent
way to evaluate pavement condition in Saudi Arabia
major cities of Riyadh, Dammam, Madinah alMunawarah, and the holy city of Makkah (Mubaraki
2010). The officials of Jazan Municipality are very
anxious to upgrade the existing pavement practices to
rational, systematic, and practical ones. Research has
been started by collecting information on the network
in order to build a PMS. This paper concerns identifying pavement distress types for the entire network.
Each distress, in almost all distress evaluation methodologies, is specified by severity level (low, medium,
high) and an extent level described in measurable units

(linear or area). A distress type, and levels of severitty and extent are assigned a deducted value, which is
an indication of how this combination, when present,
affects the perfect pavement. However, road agencies
or municipalities do differ in handling distress data,
and it is very difficult to conclude that one system is
better than the others. Therefore, each agency should
select or develop a procedure to deal with distress data
so that it suits their municipalities' needs and capabilities.
Once the distress data for a network are available,
maintenance needs and budget can be determined.
Each type of distress is the result of one or more variables, which provides great insight into the causes of
pavement deterioration. Thus, for each pavement type,
the proper pavement evaluation program and procedure should include the identification of pavement distress types, severity, and the number of distresses
(Shahin 2005).
Pavement distress information is usually converted
into a condition index. The condition index combines
information from all of the distress types, severities,
and quantities into a single number. This number can
be used at the network level to define the condition
state, identify when treatments are needed, rank or prioritize, and to derive the number used to forecast pavement condition. The condition index may represent a
single distress such as fatigue cracking or a combination of many pavement distresses which is then usually referred to as a composite index. Additional information has also been included in some indices such as
traffic levels and highway class to produce priority
ranking indices.
The U.S. Army Corps of Engineers developed a very
complete condition index for a pavement management
system in 1976 (Baladi and Snyuder 1992). This
includes pavement condition survey procedures and a
detailed method for calculating a pavement condition
index (PCI), which is still used today by many agencies. The computational procedures for this index will
be shown later in this module.
Condition indices are used in most pavement management systems for the following four basic reasons
(Deighton and Sztraka 1995), in order to trigger treatments, calculate life-cycle costs, evaluate the network
condition, and make use of the same relative scale
between systems.
The main objective of this paper is to identify pavement distress types for the entire Jazan network using
the PAVER procedure and, as a result of that, investigating the network pavement condition. To achieve
these objectives, the study involves sampling and data
collection, identifying and selecting common types of
distress, and evaluating pavement conditions.
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2. Pavement Condition
2.1 Introduction
It is common for agencies to describe pavement distress in terms of severity and extent. Severity indicates
how bad the distress is while extent indicates the quantity of distress. Extent can be estimated for an entire
section length or over a representative area (such as
100 meters per km), or measured. Together, these two
parameters can describe a great deal about a particular
distress.
To transform this data into a meaningful condition
index, deduct values are needed. Deduct values are
points which are used to compute the index based on
the severity and extent of the distress represented. The
development and calibration of the proper deduct
value is the most complicated and critical part in the
development of a PCI.
The index base is calculated by deducting a number of points from the index value of a section of pavement in perfect condition depending on the severity
and extent of the deficiency. The value deducted also
depends on the condition of the pavement. The number of points deducted is called the deduct value.
The deduct values should be scaled such that the
resulting condition index threshold value (or action
point) occurs at about the middle of the scale
(Deighton and Sztraka 1995). In the past, some have
established the "should consider action" level at about
60 % of the scale and the "must consider action" level
at 40% of the scale. Moreover, the transition of the
deduct values through the various levels of the distress
matrix should produce a condition index that transitions as smoothly as possible with time.
Pavement distress is usually observed in the field
as a continuous process with time, as the distress progresses through the full range of severity and extent.
The trends of the PCI in the PMS should correspond to
the trends observed in the specific pavement section
represented by that index. Most deficiencies, once
they become apparent, tend to increase in both severity and extent at an increasing rate with time. Thus, the
PCI which is the numeric representation of the pavement condition in the field, should have the same
trends with time as the deficiency appears to have in
the field. In general, those pavements that deteriorate
rapidly after the last treatment tend to have a fairly linear form (ie. the rate of change in pavement condition
is about the same from one year to the next). The pavement that lasts longer before some distress is observed
tends to be more exponential in form. Pavements that
have lasted an unusually long time before distress
occurs tend to deteriorate quite rapidly in the end; thus,
they appear to have a very sharp exponential trend.
The very simple formula which uses a deduct value
to compute a distress index is shown in the following
equation:

PCIi = PCImax-Deduct
Where
PCIi = individual condition index based on measured
condition 1
PCImax= value for perfect condition with no measured
defects
Deduct = deduct value assigned to distress type, severity and extent
Obviously, using this equation implies that the condition index gets worse as the deduct value increases.
Assume an agency uses an index with a scale from 0
(bad) to 100 ( perfect = Dmax,i ). If the pavement was
in perfect condition, the deduct value would be 0,
resulting in an index value of 100. If the pavement was
in terrible condition, the deduct value would be 100,
resulting in an index value of 0.
The relative value of the pavement distress index
which represents the condition of the pavement and
the shape of the resulting pavement deterioration
depends entirely upon the development of the deduct
values. Two basic approaches are often used to develop deduct value: expert opinion, and engineering or
mathematical input.
ASTM Standard D5340 provides a set of deduct
value versus extent curves based on work done by
Baladi and Snyder (1992). The x-axis represents the
density or extent, while the y-axis represents the
deduct values for each distress individually. Whatever
method is chosen to assign deduct values for the individual condition indices is up to each agency. Each
method has its strengths and weaknesses, and, each
method can produce a different shape in the performance curve.

2.2 Background of PAVER Development
The development of PAVER was begun in 1974 by
the Army Corps of Engineers through funding from
the military services to manage the vast inventory of
pavement in the U.S. Department of Defense (DoD).
The intent was to build a pavement database. In 1976,
the engineers developed a very important application
with the help of technology-a PCI for airfield pavement. The PCI for roads and parking lots was developed in 1979. The PCI, inventory database, and basic
reporting capabilities constituted the first version of
PAVER, and an official prototype evaluation test was
conducted at Fort Eustis, Virginia, USA. In the early
1980s, the American Public Works Association
(APWA) adopted the system for use by cities and
counties (Shahin and Walteher 1990).
After development, users in the field began to ask
for the ability to analyze the consequence of different
budgets on future pavement condition and the backlog
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of deferred major maintenance and rehabilitation
(M&R) projects. As result of this effort, PCI prediction
models for different pavement types, namely asphalt
concrete (AC) and Portland cement concrete (PCC),
were developed. After over 3 years of intensive data
collection and research efforts, it was concluded that
there is no such thing as an accurate model that fits all
pavements, no matter how many independent variables are included in the prediction models. Variables
considered were load (frequency and intensity), climate (precipitation, temperature, freezing index, and
solar radiation), and calculated stresses and strains in
the pavement. As a result of developing a PCI, the
engineers started to build a prediction engine called
PAVER. The PAVER prediction engine enables users
to develop condition deterioration trends for each family of uniform pavements in their agency. These trends
are then used to predict pavement condition and perform the M&R budget consequence analysis.
In the mid-1980s, the USA's Federal Aviation
Agency (FAA) funded the production of desktop
PAVER, and it became widely used by airports. In
1993, the American Society for Testing and Materials
(ASTM) adopted the airfield pavement PCI as a standard. This PCI was followed a few years later by the
adoption of the PCI for roads and parking lots. Now
the PAVER system is widely used by municipalities
and road agencies all over the world.
The PAVER building components included inventory, condition assessment, condition prediction, performance analysis, budget consequence, optimization
(work planning), and project formulation. PAVER
inventory management is based on a hierarchical
structure composed of networks, branches, and sections, with the section being the smallest managed
unit. This structure allows users to easily organize
their inventory while providing numerous fields and
levels for storing pavement data. To assess pavement
condition, PAVER uses the PCI as its primary condition index.
PCI measures the pavement structural integrity and
surface operational condition on a scale from 0 to 100.
It is calculated from measured pavement distress
types, severities, and quantities and was developed to
agree with collective judgment of experienced pavement engineers. In addition to the PCI, PAVER allows
users to create other condition indices based on the
PCI distresses already stored in the system.
PAVER uses the PCI, with PCI based on subjective
observations. The index itself must be both objective
and systematic to be of value. The PCI is calculated
based on the results of a visual condition survey in
which distress type, severity, and quantity are identified. Field verification of the PCI inspection method
has shown that the index gives a good indication of a
pavement's structural integrity and operational condi-

tion. It provides a useful index of both the current condition and an indication of future performance. The
degree of pavement deterioration is a function of distress type and severity, and the density of distress. For
this reason, deduct values were introduced as a type of
weighing factor to indicate the size of the effect that
each particular distress type, severity level, and distress density combination has on pavement condition.
A PCI needs to be based on manageable road sections, a roads inventory, and a classification and rating
system for road defects. In order to develop a PCI, the
road network needs to be divided into manageable segments. Sections with a relatively uniform pavement
structure, design and traffic volume will have similar
performance characteristics. In urban settings, sections should be kept to a manageable length-typically
one block long. Some road authorities limit the length
to 100-150 meters for problematic sections. Other
authorities will use longer segments for roads that are
consistent throughout their length.
Road sections in rural settings can be considerably
longer-in some cases as much as 10 kilometres. Each
road section needs a unique identification so that the
PCI observations can be maintained in a database.
Each road section should have a basic history attached
to it including class, length, width, geometry, type and
volume of traffic, pavement type (whether it is flexible, rigid, or composite), original construction date,
maintenance and rehabilitation history, and current
condition based on the last PCI.

2.3 PCI Calculation Procedure
These steps and the examples have been summarized from the Annual book of ASTM Standards
(2011).
Step1: Determine deduct values
* Calculate the density percentage [density = (quantity /sample unit area) * 100]
* Determine the deduct value from the deduct value
curves (given an example for alligator cracking as
shown in Fig. 1)
Step 2: Determine the maximum allowable number of
deducts (m)
* Determine the maximum allowable number of
deducts [m= 1 + (9/98)(100-HDV)] where HDV is
the highest deduct value.
* Reduce the number of deduct values to m. If the
deduct values are fewer than m, then all of the
deduct values should be taken.
* List the deduct values in a descending order, given
an example as in Table 1.
Step 3: Determine the maximum number of corrected
deduct value (CDV)
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Figure 1. Deduct value for alligator cracking.
Table 1. Example of deduct values for typical road degradation.

* Determine the number of deducts >2, q
* Determine the total deduct values by adding all
individual deduct values
* Determine the CDV form q and total deduct value
for the first iteration by looking for the appropriate
correction
* Set the minimum deduct value >2 to 2 in the next
iteration and repeat the steps
* Select the maximum CDV form the calculated
CDVs as the largest value
Step 4: Calculate PCI by subtracting the maximum
CDV from 100

3. Sampling and Data Collection
Jazan Municipality divides Jazan City into 25 districts. A district is an area surrounded by four main
roads, and each district covers a number of regions. A
region is an area that contains a number of secondary
roads surrounded by four main roads within a district.
There are a total number of 110 regions in the city.
Jazan's road network is divided into two categories:
main and secondary roads. Main roads represent 22%
of the total network area and are defined as roads with
a middle island, or with a total width of more than 30
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Figure 2. An example corrected deduct value.
Table 2. An example for PCI calculation.

PCI = 100 - 68 = 32

meters without a middle island. Secondary roads
account for approximately 78% of the total network
area and represent the roads inside a defined region
surrounded by four main roads.
Every category from the two roads is divided into
branches, and the branches are divided into sections.
The section for a main road is a defined distance
between two intersections in the main roads. The section for a secondary road is defined as the area surrounded by four main roads. The sections for both
main and secondary roads are divided into a number of
sample units. A sample unit for a main road is 100
meters per lane from the section. A sample unit of the
secondary main road is the distance between two intersections.
Jazan Municipality was started as a project to develop a systematic way for managing the road network.
Gathering information about the city's road network
and pavement condition survey were started to build a
good database about the city roads in order to reach to
a PMS. The survey was based on the PAVER condition survey procedure. The procedure involves determining distress types and quantities, and severity levels for each sample unit.

It is recommended that the sample units to be
inspected be spaced equally throughout the section,
and the first one be chosen at random. Therefore, a
systematic random sampling technique was used to
select sample units. This technique can be achieved by
finding (N) and (n) where N equals the total number of
available sample units and n equals the minimum of
sample units to be surveyed, and then dividing N by n
to get the sampling interval (i). Random start (s) is
selected at random between sample unit 1 and i. The
sample units to be surveyed are identified as s, s + 1, s
+ 2i, etc.
In this paper, the network level inspection was used
to conduct the pavement condition evaluation. A network level inspection can be conducted by surveying
only a few sample units per section compared to project level inspection. The paper used the following
Table 1, which is based on Eqn.1 (Shahin 2005).

§
¨
¨
©

·
¸
¸
¹

(Eq. 1)
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Table 3. Network level sampling based on Equation 1.

Percentage Distribution of Distress Density on Main
Roads

Distress Type

Figure 3. Percentage distribution of distress density on main road networks.
The degree of sampling presented in Table 1 is sufficient for assessing the condition of the pavement
(Shahin 2005) as well as others, such as maintenance
plans. Table 1 shows that the recommended values for
network level inspection was based on a 95% confidence level, which means the degree of sampling taking in account in this study is reliable with an error of
only 5%.
Where
N = total number of sample units in the pavement
section
e = allowable error in the estimate of the section
PCI (e = 5)
s = standard deviation of PCI between sample units
in the section (s = 5)
This equation provides a consistent method for
selecting the number of units to inspect for different
size sections and this is the case for this paper's data.
The rationale behind this is that management at the
project level requires accurate data for the preparation
of work plans and contracts. Therefore, more sample
units were inspected than usually sampled for network
level management. Using this number, a reasonable
estimate of the true mean PCI of the section will be
obtained. There is 95% confidence that the estimate is

within ± 5 points of the true mean PCI (Shahin 2005).
The condition survey was conducted by inspectors.
Each inspector was sent to a particular section of the
network to record the existing distress types, quantities
and severity level in each selected sample unit within
the section. The inspector's work supervised by an
engineer to ensure work quality. Out of the 25 districts
in Jazan City only 5 have pavement evaluation records
so far. Out of the total 50 main roads, only 11 have
pavement evaluation records so far.
Eleven main roads selected from different locations
within the city were included in the analysis. Within
the selected main roads, 27 sections were considered.
The 27 sections were subdivided into 227 sample units
with a total length of 22,270 meters. From the five
districts that have data, a total of 10 regions were
selected. The total numbers of sample units within
these regions were 500, with a total area of 769,000
square meters.

4. Identification and Selection of Common
Types of Distress
4.1 Common Distress on Main Roads
Figure 3 shows the percentage of distribution of distress types found on main road networks at three
severity levels-low, medium, and high.
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Figure 4. Percentage distribution of distress density on secondary roads.
From this figure, it is clear that 66% of the distresses found on the main roads network at a low severity
level is patching and utility cut patching (D11). Types
of longitudinal and transverse cracking (D10) represent about 55% of the distress types found at the lowseverity level. Other distress types found at low severity level include polished aggregate (D12), weathering
and raveling (D19), rutting (D15), alligator cracking
(D1), depression (D6), and bleeding (D2).
About 42% of the distress types at the medium
severity level are longitudinal and transverse cracking
(D10). Another 22% of the distress types at the medium severity level are the patching and utility cut patching (D11). Other distress types found at the medium
severity level were polished aggregate (D12), weathering and raveling (D19), rutting (D15), block cracking
(D3), alligator cracking (D1), bleeding (D2), and
depression (D6).
About 21% of the distress types at high severity
level are the alligator cracking (D1) type.
Longitudinal and transverse cracking (D10) type represents (18%) and polished aggregate (D12) account
for about (14%) of the total high severity distress
types. About (11%) of total distress are the patching
and utility cut patching (D11) types. Rutting (D15)
type represents only (7%) of the high severity distress
types. Other distress types showed at high severity
level were weathering and raveling (D19), bleeding
(D2), and block cracking (D3).

4.2 Common Distress on Secondary Roads
The percentage of distribution of distress types
found on secondary road networks at the three levels
of severity are presented in Fig. 4. The analysis indicated that 88% of low severity distress types found on

secondary roads is the D19 type. Among the distress
types with medium severity, D19 represents about
38% of the total distress types found on secondary
roads. D11 type represents about 22% of high severity
level types of distress.

5. Pavement Condition Evaluation
5.1 Evaluation of Main Roads Condition
Condition Evaluation for Individual Main Roads
The PCI for each main road out of the 11 selected
main roads is shown in Fig. 5 bar graph. This figure
shows that the average PCI for the selected main roads
ranged from 60 to 91, which reflects a rating of good
to excellent. The minimum PCI value for all the sample units included in the analysis was found to be 19,
with a condition rating of very poor.
Condition Evaluation for all Main Roads
The PCI for the main road network were computed
by averaging the PCIs for the selected roads because
all the sample units were of the same size. A total of
22,700 meters of main roads representing 227 sample
units was included. The average PCI for the main
roads was found to be 76, which indicates a general
condition rating of very good. The analysis also indicated that 15% of Jazan's main roads have an average
condition rating of excellent. The finding was that
65%, 15%, and 5% of the networks were very good,
good, and fair, respectively as indicated in Fig. 6. This
good rating reflects the city's newly developed network. It also shows the municipality's great challenge
of preserving the network and controlling its rate of
deterioration.
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Figure 6. Average conditions rating for Jazan main road network.

5.2 Evaluation of Secondary Roads Condition
Condition Evaluation within Each District
The results of pavement condition for the secondary roads within each region are presented in Fig. 7.
The selected regions have been chosen from the north,
south, east, west, and centre of the city. The figure
shows that the average PCI for the selected regions
range from 25-85, with a general condition rating of
poor to very good.
Condition Evaluation for all Regions
The pavement condition rating of all secondary
roads was computed by averaging the PCIs of secondary roads within each region. A total area of 769,000
square meters of secondary roads representing 500
sample units within the selected 10 regions was con-

sidered. The average PCI for the secondary road network of Jazan City was found to be 66, which indicates a general rating condition of good. The percentage distribution of the condition rating of the secondary road network is presented in Fig. 8, which shows
that about 65% of the secondary road network is in a
critical stage and, if these roads are not properly maintained, they will deteriorate with time, and significant
cost will have to be incurred to make repairs. A welldesigned pavement is likely to stay in good condition
for a long time before it reaches what PAVER refers to
as the "critical condition". The length of time it takes
for the pavement to reach critical condition is the
pavement life. Pavement life can be significantly
increased by performing preventative maintenance.
On the other hand, once the pavement reaches critical
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Figure 8. Average rating for Jazan secondary roads
network.
condition, its rate of deterioration significantly
increases and the return on investment of preventive
maintenance decreases. For example, consider the
question of the effectiveness of crack sealing if the
pavement already has potholes. Therefore, critical PCI
is the PCI value at which the rate of PCI loss increases with time. Usually this value ranges from 70 to 55.
Additionally, Fig. 8 shows that 10% of the secondary network needs to receive a thick overlay. One of
the foremost reasons for using a condition indices
pavement management system is to trigger treatments
(Deighton and Sztraka 1995). During a PMS analysis,
a list of maintenance and rehabilitation strategies is
generated. In generating this list, it is important that
only feasible treatments are considered; otherwise the
list will be impossibly long. To include only feasible
treatments on the list, the PMS needs to know when a
treatment is feasible and when it is not.
The process used by most PMS can be described as
a simple decision process, where decision trees or trig

gers are used. The major inputs to this process are the
condition indices. For example, with a treatment such
as a thick overlay, a condition index is needed to indicate when a road is in a condition that makes applying
a thick overlay feasible.
Feasibility can be examined from an operational
and economical perspective, and it is important not to
confuse them. From an operational point of view, a
thin (25 mm) overlay is sometimes impossible to actually place on the pavement. Consider a road with ruts,
distortions, and severe roughness. If a PMS included
a thin overlay treatment on the list of strategies for that
pavement section, it would lose credibility.
Therefore, from an operational perspective, the
PMS needs condition indices to indicate when a road
is outside the operationally feasible zone of receiving
a particular treatment. Usually, agencies begin their
PMS by mimicking current practices; thus, this usually defines what is feasible from an operational point of
view. In a study by Mubaraki (2012), the thick overlay (50 mm) which is the structural overlay is highly
recommended when the PCI is less than 40. The feasibility of its application should be based on developing pavement conditions, a model, and an application
of that model in setting maintenance strategies at the
project level for low volume urban roads (secondary
roads). In this paper, it was found that 10% of the secondary roads in the Jazan City network had an AS PCI
value below 35. Therefore, the view of feasibility
treatment is important here because of two perspective
criteria operations and economics (limited resources).
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6. Conclusions
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- The types of distress that commonly exist in Jazan
City's main road network are patching and utility
cut patching, longitudinal and transverse cracking,
polished aggregate, weathering and raveling, and
alligator cracking.
- The most common types of distress that exist on
Jazan City's secondary road network are weathering
and raveling, patching and utility cut patching, longitudinal and transverse cracking, potholes, and
alligator cracking.
- The average pavement condition rating of Jazan's
main road network is very good.
- The percentage of distribution of the pavement condition rating in Jazan City's main road network is
5% (fair), 15% (good), 65% (very good), and 15%
(excellent).
- About 20% of Jazan's secondary road network
needs immediate major maintenance such as thin
and thick overlay.
- Jazan City's main road network is newly developed
and, relatively speaking, in very good condition.
Extensive effort should be made in order to preserve and improve the network. However, on the
other hand, Jazan's secondary road network is in
bad condition and needs immediate action taken to
improve its condition.

Acknowledgment
The author would like to acknowledge the assistance he received from the staff of Jazan Municipality.
Their assistance and support made the production of
this paper possible.

