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ABSTRACT

Pavement deterioration is resulted by both environmental and structural causes. It is difficult to
maintain the road on the same specification that was owned at the opening and problems start to
appear represented in the pavement cracks, holes and undulations and so on. Recognizing defects and
understanding their causes helps us rate pavement condition and select cost-effective repairs. Periodic
inspection is necessary to provide current and useful evaluation data. Maintenance is an essential
practice in providing for the long-term performance and the esthetic appearance of an asphalt
pavement. The purpose of pavement maintenance is to correct deficiencies caused by distresses and to
protect the pavement from further damage. A condition rating of the pavement will help determine
what pavement maintenance technique is necessary. A methodology was nroposed to investigate the
pavement condition; this study focuses on flexible pavement. A manual survey is performed following
ASTM D 6433. The pavement is divided into sections. Each section is divided into sample units. The
type and severity of sample distress is assessed by visual inspection of the pavement sample units and
the quantity of each distress is measured. The pavement evaluation results from the manual PCI survey
revealed that all sections of road were fair condition. Considered the section of road that surveyed,
describing the condition pavement of the al! road. The pavement that has been studied at Koums area
would seem to require maintenance. Thick overlay (sometimes called surface treating) is needed in a__
comprehensive pavement. o

Keywords: Pavement defects, pavement evaluation, type and severity level of distress, PCI value,
pavement maintenance.

strategies will restore the road to nearly its
original condition. However, if early treatment
is neglected or postponed, the accumulated
damage will require a more costly repair
treatment. Recognizing  that damage
accumulation and acceleration is a key to
understanding the need for early, low-level,
low-cost preventive maintenance treatments.

1. INTRODUCTION

Many exposed pavements have problems lead
to a reduction of the quality of the road and
reduce the degree of safety and comfort to road
users. Some of these problems occur in asphalt
layers, such as cracks and bleeding, and some
of the lower classes occur, such as crawl and
swell. Studies and researches have been shown
that most of the problems faced by asphalt
roads in Libya linked mainly with hot, dry
climate prevail in most areas [1].

It is easy to see why pavements deteriorate at
various rates and why we find them in various
stages of disrepair. Recognizing defects and
understanding their causes help us of evaluate

Damage appears slowly at first, and then pavement condition ard select cost-effective

gradually accelerates, accurulating to become
visible as structural distress and tangible as ride
quality reduced. If distress is cbserved and
comrected in a timely manner, low cost

repairs. The pavement defects shown on the
following pages provide a background for this
process.



The objective of this study is to Investigate and
‘evaluate the. asphalt pavement defects'by. using
+ti: pavement -condition index (PCI): and Estxmate
the mamtenance optlons ot e T

: 2 LITERATURE REV[EW

4 Pavement is the most .common’ element of the
© transportation infrastructure- -arid is built to
provide a safe and comfortable ride “for the
public. To maintain a pavement system with an
acceptable ride quality.{2]. In recent years there
-has been a-constant need for rehabilitation and
.. construction -of::the -infrastructure, ..particularly
highways. The increased volume. of traffic; load,
. and-environmental conditions are factors that
have created:'enormous amounts -of wear and

f ; tear on the hlghway systems

' 2 1 The Cause of Fallure

- The. key to-a useful evaluatlon is 1dent1fymg
different types of pavement distress and linking
them to a causeJJnderstandmg the cause for

_: «urzent eonditions is extremely important in
-. sélecting -an’ appropriate maintenance or
..rehabilitation | technique. The causes of

:ﬁpavement distresses- and deterioration are

- environmental  and structural. - Environmental

.induced distresses. are due:ito::weathening

-moisture, and aging. Loading causes:structural
‘induced ' distresses. - Pavement deterioration
usually occurs from both loading and

B weathering 31

;?;i) W\lt 2Nt

’ avement deterioration, is usually caused- by‘ a
combination” of factors such as traffic load,

_ enwronment, initial deS1gn, and quality of

iction. Therefore;; ‘pavement deterjoration

_;*Elt from traffié} -induced distress,

eract;pn ‘of these two. For example ,futting

induced distresses, Whereas longitudinal and
transverse  cracking are viewed as
envrronmental ‘Or non -load-related dlstresses

Several factors responsnble for the
degradation of pavements -over. time, affecting
the service life of the pavement. The ‘initial
design of the pavement;: based on anticipated
traffic volumes.:and :loads, is a major-factor
influencing its-life.-*Cumulative:itraffic volume,

especially truck traffic;is- another major factor

in the life of pavements. Finally, environmental

’alll“g"ator cracking are regarded as traffic - .

factors..such:‘as ‘moisture: infiltration into the

. supporting - base, s and. +heat, and..cold cycles,

affect how well the subsurface.is able to support
the pavement.

With all of these variables, it -is;easy to see why
pavements deteriorate at-various rates and-why
we find them in various stages of disrepair.
Recognizing . defects - -and' .understanding ; their
causes ~helps:us . rate . pavement:icoridition and
select. cost-effective. repairs. .The . pavement
defects shown on:the following pages provide a
background for this process. Periodic inspéction

-is -necessary- to*:provide current-.and useful

evaluation:data[4].
2.2 Reasons of: the Pavement Collapse

Most .of the researches mdxcated that reasons

-for.the emergence of :such defects.and damage

can be. for techmcal reasons, , geometric, or

operational or administrative errors. Which can

be summarized as follows [5]:

a.  Engineering or technical reasons: The body
of the foad can summery: it because of the
failure of terminate .js. surface of the
pavement may be good of bad mix asphalt,
it may defect in the base or sub base
layers.

b. Operational - reasons: The- ‘method used in
the road which negligence by-the users of
the road mayimpact on the pavement.

“e. Management reasons: These defects in the

selection of -the contractor or supervising
engineering the construction of road. When
the contractor does not have -sufficient:
expenence It is difficult to do this job.

2.3 Detenoratlon in Flexlble Pavement

Assessment of the pavement condition is by the

. visual observation, and recording of types of

defects ‘on the surface of the pavement.
Pavement condrtnon survey ‘includes detection

“of surface dnstresses such as cracking, rutting,

and other surfaee defects and can also include
survey of pavement roughness in certam cases.

Before any mspectxon of the site must follow
the safety means so.as to ensure the safety and
conduct of the . examination  process.
Recognizing defects and understanding their
causes helps, us rate pavement condition. and

'seleet cost-e;&'ectxve repairs. The _pavement

defects shown on the followmg pages prov1de a
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background for this process. Periodic inspection
1s necessary to provide current - and . useful
evaluation data [4]:

Cracks.

Pavement Defects.

Pavement Deformation

Surface Patches.

SSITALNOR

"The detailed field inspections_ categorize and
quantify the. pavement deficiencies such as
cracks, patches and utility trench cuts. These
deficiencies are entered into the PMS program
that calculates a Pavement Condition index
(PCI) for each roadway. PCI values range from
zero (very poor) to 100 (excellent) [6].

Table 1 pavement condition ratings and
Pavement condition index ran es

Pavement : Pavement
Condition Rating | Condition Index
Excellent 86-100
Very Good 71-85
Good 56-70
Fair 41-55
Poor 26-40
Very Poor 11-25
Failed 0-10
100 »
‘_§ Pavement
E Performance
o <
Tiure or Tmffic

Fig. 1 Relationship between PCI and time [7]

The PCI is a quick method of comparing the
overall condition of pavement and magnitude of
rehabiiitation needs. The following figure
shows how pavement condition typically
deteriorates over time. The new pavement holds
its good condition for a long period, but once it
begins to fail; its condition drops rapidly [6].

3. METHODOLOGY
This study focuses on the estimation of roads

Jeviple pavement condition through’ wisual
surveys using the Pavement Condition Index

(PCI) method (following ASTM D6433
standard) of quantifying pavement condition.
The PCI is a numerical indicator that rates the
surface condition of the pavement. The PCI
provides a measure of the present condition of
the pavement based on the distress observed on
the surface of the pavement, which also
indicates the structural integrity and surface
operational condition (localized roughness and
safety).

The PCI cannot measure structural capacity nor
does it provide direct measurement of skid
resistance or roughness. It provides an objective
and rational basis for determining maintenance
and repair needs and .priorities. Continuous
monitoring of the PCI is used to. establish the
rate of pavement deterioration,; which permits
early identification of major rehabilitation
needs. The PCI provides feedback on pavement
performance for validation or improvement of
current pavement design and: maintenance
procedures [8].

A manual survey is performed following ASTM
D :6433. The pavement was divided into
sections. Each section was divided into sample
units. The type and severity of sampie distress
was assessed by visual inspection of the
pavement sample units and the quantity of each
distress was measured. Typically, this.procedure
requires a team of at least two engineers [9][10].

Distress o Ex
Quantity 85 b

Distress ' e
Type -'!“'» 55
1 40
Distress 25

Severity 10 b
0

Fig. 2 PCI Procedures [11]

The surface condition of a pavement at any time
reflects the degree of damage caused by traftic
and the environment based upon a visual
evaluation of the pavement surface. The surface
condition rating is useful as an input for
predicting the remaining life of a pavement. It
also assists in the preliminary evaluation and
programming of appropriate maintenance and
rehabilitation treatments [12].



4. DATA PRESENTATION AND
DISCUSSION

4.1 Inspection Procedures

The evaluation of pavement condition included
consideration of specific problems that existed
in the pavement. This requires a determination
of the types and causes of distress, as well as
the extent of pavement deterioration. Pavement
inspection is conducted on inspection units. An
inspection unit 1s a small segment of a
pavement section or management unit selected
of convenient size which is then inspected in
detail. The distress found in the inspection unit
1s used to calculate the PCI for the inspection
unit inspected. The PCI of the inspected
inspection units in the section are then used to
represent the condition of the entire section [13]
[14].

The inspection method is designed to allow the
calculation of a composite rating index called
the pavement condition index (PCI). The steps
for determining the PCI of an inspection unit
are shown in analysis of data .The PCI scale is
shown in table 1 .The distress types ,severity
levels descriptions must be carefully followed
since they were used in the development of the
deduct curves. Failure to do so could invalidate
the PCI calculated.

4.2 Pavement Distresses Survey

The early detection and repair of defects in the
pavement will prevent minor distresses from
developing into a pavement failure. The
identification of the distress aids the engineer or
maintenance professional in identifying what
caused the distress and the required approach in
repairing 1t. Cracks and other defects start
appearing very small and are usually only
detectable when walking along the pavement.
To understand which repair to choose, it 1s
important to understand the distresses that
occur in a pavement [15]. Assessing condition
of pavement by wisual observation and
recording of types of defects on the surface
layer of the pavement. And include elements to
assess the situation visually as follows:

1. Type of distress.

2. Severity of distress.

3. Density.

The following sections describe he major

problem that found in area of study during the
field cendition surveys:

Fig. 3 Long and Transverse Fig. 4 Aligator
Crack Cracking

Fig. 8 Aggregates

Fig. 9 Raveling and
Weathering

4.3 Analysis of Data

The PCI is calculated for each inspected sample
unit. The PCI cannot be computed for the entire
pavement section without computing the PCI
for the sample units first. The PCI calculation 1s
based on the deduct-weighing factors from O to
100 that indicate the impact each distress has on
pavement condition. A deduct value of 0
indicates that a distress has no effect on
pavement structural integrity and/or surface
operational condition, whereas a value of 100
indicates an extremely serious distress [16].

Data collected during either method of
inspection are used to calculate the PCI. This
paragraph explains how to calculate the PCI for
a particular sample unit. An important item in
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the calculation of the PCI is the "deduct value.”
A deduct value is a number from 0 to 100, with
0 indicating the distress has no impact on
pavement condition, and 100 indicating an
extremely serious distress which causes the
pavement to fail (ASTM, 1999).
1. - Determine distress types and severity
levels and measure density:
Each sample unit is inspected and distress
data (type and severity levels) recorded on
data sheet.
2. Determine deduct values:
Add up total quantity of each distress type
at each severity level and record them in
the “Total Severity” section. Divide the
- total quantity of each distress type at each
~ ‘severity level by the total area of the
sample unit and multiply by 100 to obtain
the percent density.Determine the deduct
value (DV) for each distress type and
severity level combination from the
distress deduct value.
3. Determine the corrected deduct value
(CDV):
If none or only one individual deduct is
greater than two, the total value is used in
place of the maximum CDV in
determining the PCI; otherwise, maximum
CDV must be determined. List the
individual deduct values in descending
order. Determine .the allowable number of
deducts m, using the following formula:

m = 1+(9/98)(100-HDV) <10 (1)

where:

m = allowable numiber of deducts
including fractions (must be less than
or equal to ten).

HDV = highest individual deduct value.

For example:
m.= 1+ (9/98) (100-48) =5.77

The number of individual deduct values is
reduced to the m largest deduct values,
including the fractional part. For the
example in table (2), the values are 48, 23,
18, 6 and 3.85.(the 3.85 is obtained by
multiplying 5.0 by (5.77-5.0)= 3.85).

4. Determine total deduct value by summing
individual deduct values.

5. Determine q as the number of deducts with
a value greater than 2.

6. Copy DVs on current line to the next line,

changing the smallest DV greater than two
to two. Repeat steps 4, 5, 6 until q =1

7. Determine the CDV from total deduct

value and q by looking up the appropriate
correction curve for AC pavements in Fig.
11.

8. Calculate PCI by subtracting the maximum

CDYV from 100.
PCI=100 - max CDV @)
+od Alligator Cracking Asghalt 1
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Distrass Density = Percont .

.Fig 10 DV for Alligator cracking [13][14]
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Total Doduct Value

Fig. 11 Corrected deduct values [13][14]

4.4 Summary and Discussion

PCI of the section road lie in the north east part
of Libya in Koums area. As shown in Table 4
describe the results for road condition.

The pavement evaluation results from the
manual PCI survey revealed that all sections of
road were fair condition. Considered the section
of road that surveyed, describing the condition
pavement of the all road. During the field
condition surveys and the validation of the PCI,
there are several distresses in Asphalt
Pavement; nineteen distress types for AC
pavements are listed alphabetically.
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Table 2 Pavement condition survey data sheet for road

S L 100= ] .
 Asphalt swfaced roads ) —— X
Condition surver data sheet for sample unit
B S:.
3ucet. yala Road . No, ofaruple. 01
Surveyedbs: Group ** Date: OCT 2010
- ¥ ’ o T Liection of arvey —————#
lAnigzxér.‘faﬁgtxe cracking 6 Depreui'op L 11 Patching & Uubty patch .6 Shoving
2 Bleading " 7 Edge cracking’ 12 Pobished Aggegate |7 Stippage
3 Block cradking $ Reflection cracking 13 Potholes 18 Swall
4 Bumpsandsags 9 Lane shoulder &op 13 Rutting 19 Raveling & Weathering
S Comugation 10 Longitudinal & Transverse 15 Ratroad erossing _
Distress . | Deduct
severiee I Quandcy Total | Densicy o e
il 13°4.1 [ 0.3°1.5 [0A%8_[13°65]1°1.8 [ 1°33 3045 (380 |2
13 2575|4573 187231131 (13712 [10712 [13°35]1.6%65 [33°66 | "1 z
06705 5 80.17 [1002 '| 48
3L 0.5°6.1 138|061 0
3H 13%35 63 0.78 £
L N X R N 71 35 1105 1333 314 19 3
108 |5 3S 34 33 |43 19 135 [336  [345 _ [357 [
3 23 337 [ 356 435 |35 |13 33 O 935|867 18
Table 3 Calculation of corrected PCI value
me 1+ (9/98)100 Max DV) £ 10
| m=1+(9/98)100-18)= £.77
I
0.77¢5=3.88
& Deduct value Toual q DY
1 [ 73 1% 6 3.5 9885 % 5
3 38 %3 ] 18 3 32 97 3 6
3 T 15 3 i 93 3 60
] (S bl 2 2 3 77 3 %6
T I3 2 3 2 3 3 i %
Mazx CDY = 60
PCI = 100-MaxCDV = 40
Rating = Fair
“Table 4 PCI Results 5. CONCLUSIONS AND
Part | Class and type |- PCI PCR RECOMMENDATIONS
No. of road
01 40 Fair 5.1 ConclusionS
02 42 Fair
03 48 Fair The results of the selected road that are
04 . 50 Fair evaluated showed the PCI value range (40-50)
05 Secondary 50 Fair all sections of road were fair condition, most of
06 road, Double |77~ Fair the deterioration is caused by longitudinal and
07 (two directions) 20 Fair transverse cracks. Pavement life can be
08 ' 30 Fair extended at relatively low cost by timely
09 2 Fair maintenance. According to PCI finding most of
10 50 Fair the deterioration in road, maybe caused by
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environmental factors. According to PCI
finding the pavement that has been studied at
Koums area would seem to require
maintenance. Overlay (sometimes called
surface treating) is needed in a comprehensive
pavement.

The Overlays will perform one or more of the
following functions:

Improve ride quality.

Correct minor surface defects.

Provide a skid resistant surface.

Fill distortions or rutting.

Improve safety characteristics such as skid
resistance and drainage.

Reduce road-tire noise.

paocop

H

Therefore, .overlay is considered for
rehabilitation, although it typically has some
maintenance-type benefits as well.

5.2 Recommendations

In particular the following suggestions may be

considered in future study:

1. New technology developments have

produced a methodology that can quickly

inspect roads and streets by using
automated inspection equipment .The
automated system has the ability to assess
the condition of the pavement and use the

resulting data to create and populate a

database. This can be conducted at the

same cost or less than manual- survey
procedures and the surveys become safer
and less labor intensive.

Thereiore, it is recommended to consider

using automated survey techniques to

reduce labor needs and increase safety of
any personnel (in-house or contractor) that
may conduct the surveys.

Effective maintenance can extend a

pavement's life. Crack sealing and surface

treatments can reduce in aging of asphalt
pavement.

3 Interest in the implementation of the
specifications during construction.

4. Periodic inspection is necessary to provide
current and useful evaluation data. It is
recommended that ratings be updated
every year.

o

11.

12.

13.
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