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The main features of a computerized system to provide deci
sion support to the agencies involved in highway maintenance 
management in Greece are presented. Development of the 
system focuses initially on pavement management, with other 
highway elements (e.g., side slopes, bridges) to be considered 
at a later stage. The system includes a database and modules 
for pavement performance prediction, resource allocation, 
and project management. In addition, a user interface system 
with appropriately designed input/output forms and GIS data 
representation improves applicability. The major pavement 
defects are cracking (mostly alligator type, longitudinal, and 
transverse), potholes, corrugations and rutting, bleeding, rav
eling, and polished aggregate, which results in high roughness 
and low skid resistance. These defects are represented in the 
system by four parameters: cracking index, index to the first 
cracking, roughness index, and skid resistance index. Further, 
a number of possible treatments have been identified and de
scribed in terms of materials, methods, machinery, and cost 
requirements. For each defect, all feasible treatments are con
sidered, and the best maintenance strategy is produced con
sidering relative costs, funding availability, and maintenance 
needs over time within the network. 

P
a vement management y t ms {PMSs) have been 
used ince 1970 to provide decision support in the 
ma nagement process, but many agencies in variou 

countries still do not use them in their management activ
ities (1). A difficulty in implementing a PMS is that, as a 
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result of particular oddities that are encountered in each 
agency, the transfer and implementation of an existing 
PMS may not be feasible and always must consider the 
local conditions. In addition, lack of historical data and 
models to predict pavement performance under local 
conditions leads to requirements of increased time and 
effort to set up a new PMS. 

In a recent survey in 60 agencies in the United States 
and Canada, the most common parameters for pavement 
condition assessment (and data collected in the corre
sponding PMSs) are surface distresses, roughness, friction, 
and structural capacity (2). Pavement condition perfor
mance is being expressed with combinations of indices 
derived from the above data types. To name a few, the 
PMS of Arizona initially had included four parameters: 
cracking, index to the first cracking, change in the amount 
of cracking during the previous year, and roughness. 
Because of the large number of condition states produced 
by this classification, "cracking during the previous year" 
was omitted later to make the analysis more flexible (3). 
Skid resistance data were collected but not regarded as a 
major input into the PMS whereas deflection data were 
collected for pavement design (4). In North Dakota, three 
indicators were developed for pavement performance 
assessment: an overall distress index, a structural index, 
and a roughness index (5). In South Dakota, pavement per
formance curves were developed using individual indices 
(fatigue cracking index, transverse cracking index, rut 
depth index, and ride index), and a composite index was 
used to describe the overall pavement (6). 

Pavement management systems developed in Europe 
include various combinations of indices. In Finland, 
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the system considers bearing capacity, pavement defects 
(alligator cracking, longitudinal cracking, and patching), 
rutting, and roughness (7, 8). In Germany, data are col
lected for longitudinal and transverse unevenness, skid 
resistance, and surface damage (cracking, raveling, and 
patching) (9). In Denmark, the system considers longi
tudinal unevenness, skid resistance, and rutting ( 10). In 
Hungary, pavement condition is evaluated in terms of 
structural capacity, unevenness, pavement surface qual
ity, rut depth, and drainage condition (11 ). In Spain two 
indices are used: a structural index (resulting from fatigue 
distresses) and a friction index ( 12). - -

An important element with direct consequences on PMS 
effectiveness is the procedure used for predicting future 
pavPmPnt conrtition. PrPrtirtion i<: gPnPr<>lly pPrfnrmPr1 yi., 

the followine; methods: 

• With relationships transferred from other appli-
cations, 

• With relationships derived from existing data, 
• With probabilistic methods based on existing data, or 
• By using expert opinion. 

Deterministic relationships have been developed and re
ported in the literature based on long-term data collection 
in various countries (13). Direct transferring among ap
plications allows immediate implementation; however, 
results may not be effectively transferred from one region 
to another. In addition, there is limited flexibility to in
clude desirable parameters that are different from or 
additional to the ones provided in the model. The second 
method requires the existence of data within an appro-
'"' .. ; ...... '° f-;m ca ("'_,......, +-" 9" 0 ,...l; n+-;,...,..ll.~ rl,...~,...-;1-,. ,... .-- .. ~,...__.. .., _._ - ~·· 
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formance in time. Probabilistic methods are typically 
based on Markov analysis with historical data (7, 14-17). 
Pavement condition prediction based on expert opinion 
has been used in applications when no historical data are 
available (6, 18). 

Maintenance actions can be categorized as follows (13): 

• Routine maintenance (iocal repair of pavement and 
shoulder defects, drainage, side slopes, traffic control 
devices, snow and ice control, cleansing, and safety); 

• Resurfacing (full-width resurfacing of the pavement 
to preserve surface characteristics and structural integrity); 
and 

• Rehabilitation (full-width and -length surfacing with 
selective strengthening and shape correction to restore 
structural integrity or ride quality). 

Maintenance management in Greece has been applied 
empirically in the past without computerized decision sup
port systems. As a resuit, maintenance decis10ns have a 
short ( 1-year) planning horizon. The only noticeable effort 
toward the development of a PMS is reported by Niko
laidis and Evagelidis (19). In this program, pavement per
formance prediction is based on World Bank prediction 
models (13) and includes the following parameters: 

• Cracking initiation and progression in new asphalt 
concrete pavements, asphalt overlays, or slurry seal; 

• Raveling initiation in slurry seal surfaces; and 
• Skid resistance in new pavements. 

The overall pavement condition is described by a com
posite index of 17 distresses. Each distress is classified 
according to its importance, severity, and extent of ap
pearance. Simplified rules for maintenance decisions are 
based on preset thresholds related to the extent of ap
pearance of the main distresses. If a specific threshold 
is exceeded, a decision for appropriate action is made. 
Otherwise, only routine maintenance is applied. 

A new maintenance management system is being dev
eloped for application in the highway network of Greece. 
It is expected to provide decision support to maintenance 
agencies for planning, budgeting, scheduling, and perform
ing maintenance actions in order to keep the road network 
at or above the desired level of performance. Manage
ment will include all maintenance aspects (pavements, side 
slopes, bridges, etc.). At this stage, however, the focus is on 
pavement management. With respect to side slopes, the 
stahility of rnts and embankments will be considered, pre
diction of possible failure will be attempted, and preven
tive maintenance actions will be sought. The main steps of 
the work are 

• Analysis of user requirements and investigation of 
pavement defects and maintenance practice, 

• Model development for assessing pavement behavior 
through time, 

• Development of a methodology for resource allo
cation and management, and 

• Computer implementation and field application. 

The system includes a database in which all input and 
output information is stored and a user interface module 
with geographic information system (GIS) representation 
capabilities. Data collection and analysis issues are also 
<liscussed in this paper. 

In recent years, large-scale reconstruction, upgrading, 
or new construction of high-speed roads is under way in 
Greece. The need to keep the road network in an accept
able performance level makes the application of comput
erized maintenance management more imperative than 
before. In addition, new highways can provide an ideal 
field laboratory for testing, evaluating the effectiveness, 
and enhancing each element of the system. 

STRUCTURE OF THE PROPOSED 
11. ~. - - • --- --- -- r,. _ _ _ _ 

lV.ll\l'ljf\ljf<,Mf<.N l ~Y~lf<.M 

The proposed architecture of the system is illustrated in 
a simplified form in Figure 1. The heart of the system is 
the database where all necessary information (input and 
output) is stored. Three modules are used to produce the 
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FIGURE 1 Proposed system architecture. 

best maintenance strategy over the network and within 
the planning horizon: 

• A module for predicting pavement condition over 
time based on the current condition and other parameters; 

• A module for optimizing the allocation of the 
maintenance budget to road sections according to 
maintenance needs, desired pavement condition, and 
budget allowance; and 

• A module for organizing and executing the mainte
nance projects. 

The system is supplemented by elements that facilitate 
user interface. Such elements include forms for inputting 
data and viewing results and information representation 
through GIS. Individual system elements are described 
in more detail below. System development has followed 
through investigation of the procedures that are currently 
used for highway maintenance and the user requirements 
toward the development of an improved management 
system. In particular, a questionnaire was developed and 
filled in through successive interviews with two agencies 
responsible for highway maintenance at corresponding 
districts. The main subjects of the query concerned high
way characteristics, maintenance practices, budget allo
cation procedures, maintenance actions and costs, and 
expected desirable features of a computerized decision 
support system. 

Database 

A database has been developed to store the necessary 
data for maintenance management. It has been imple
mented in the SQL Server database management system. 
Information to be stored in the database includes the 
following. 

• General data-highway number and identification, 
class (primary, secondary, or tertiary), length, and location; 

• Geometry data-highway section and length, design 
characteristics (width, number of lanes, shoulder type 
and width, grade, and curvature); 

• Pavement design data-pavement type, materials 
and thickness of layers, material properties [e.g., sub
grade California bearing ratio (CBR), asphalt content, 
and Marshall stability of asphalt concrete layers]; 

• Traffic data-traffic volumes expressed as average 
annual daily traffic (AADT) and axle loads expressed as 
18-kip equivalent single-axle loads; 

• Pavement condition data-surface distresses (e.g., 
cracking, rutting, potholes), roughness, deflection, skid 
resistance, and so on; 

• Maintenance procedures-main types of mainte
nance actions, and material and resources requirements; 

• Historical data-construction data, pavement con
dition, maintenance actions, traffic data, and accident 
data; 

• Cost data-pavement construction cost, mainte
nance, rehabilitation, and reconstruction cost; and 

• Environmental data-climatic conditions (e.g., tem
perature, rainfall, and snowfall). 

Pavement Performance Module 

The proposed methodology for pavement condition pre
diction is based on Markov analysis. Probabilities for the 
transition matrices will be established through an expert 
opinion procedure. This is deemed to be the best approach 
because no historical information on pavement deteriora
tion exists. The main advantages of the expert opinion 
method are that (a) it allows immediate application with 
limited effort and without need of long-term data, (b) it 
provides results in any form compatible with the pre
diction method, and (c) it allows updating when field 
data become available. Among the disadvantages of the 
method are the reduced accuracy in evaluation, subjectiv
ity in rating, and difficulties in assessing deterioration indi
vidually for each defect. The prediction procedure will be 
evaluated (to the degree possible) in terms of result agree
ment with widely accepted relationships derived from 
other PMSs. Transition probabilities may be updated later 
(when actual data are available) on the basis of a Bayes 
decision rule analysis. 

Resource Allocation Module 

The system uses four indicators to access pavement con
dition as described previously. Further, a number of pos
sible treatments along with the corresponding costs have 
been determined. For each defect, all feasible treatments 
are considered, and the best maintenance strategy is pro
duced considering relative costs, funding availability, and 
maintenance needs. Optimization of maintenance budget 
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allocation is performed through a linear programming 
model in which the objective function aims to minimize 
the total maintenance cost over all highway segments and 
the planning horizon. At this stage, the objective function 
does not include a user-cost element because this research 
effort focuses mainly on optimal budget allocation to 
maintenance works and because there has been no reli
able user-cost assessment in the country to date. The 
constraints are set to maintain the road condition at a 
desirable level. Targeted condition levels may vary across 
network branches according to the importance of the 
branch, traffic loads, and environmental conditions that 
affect the deterioration rate. The user has to evaluate 
alternative scenarios with respect to condition levels to 
conform to the available budget. In addiiion, the sysrem 
will provide a tool to maintenance agem:ies tu justify 
demands for higher outlay from state funds. 

Project Management Module 

This module aims to provide decision support for the 
execution of maintenance works. In particular, mainte
nance actions at separate highway sections are grouped 
(according to the position of the section and the resem
blance of actions in terms of resource requirements) to 
form projects of desirable size. For each project, the sys
tem establishes work schedules and assigns physical re
sources based on priority rules and resource availability 
constraints. Maintenance priority is given according to 
defect type and influence on safety (e.g., slipperiness), 
extent or severity of defects, traffic loads of the particu
lar section, and environmental conditions. In addition, a 
monitoring system is being developed to assist supervis
ing authorities to better control maintenance projects and 
subcontractor work and also to enhance the entire main
tenance management at the network level hy collecting, 
recording, and feeding information about performance, 
cost, and time back to the system. 

User Interface 

User interface provides access to the system components 
and allows prompt interaction among the digita 1 mflp that 
is used for graphical data representation, the input-output 
forms, and the database. The user can insert information 
to the database; retrieve, view, and modify existing data; 
compose and run management scenarios; choose the type 
of result representation, and so on. 

inpuriOurput Forms 

Data input is done through appropriate forms with win
dows and tables that have been designed to allow even 
personnel with little computer experience to run the sys-

tern. Similar forms have been designed for presenting the 
results of a run. Desirable parameters can be presented 
in many convenient forms. For example, pavement con
dition can be viewed by road sections, time, or type of 
distress. 

GIS Representation 

A digital map has been implementeJ through GIS soft
ware. The network is digitized at 1000-m sections. Fig
ure 2 iliustrates a typicai view of the pavement condition 
on a part of the network. Data that will be presented in a 
digital map include the following: 

• Geography (cities, type of land terrain); 
• Road geometry characteristics (identification, length, 

number of lanes); 
• Pavement characteristics (pavement type, layer 

characteristics); 
• Traffic loads (vehicle counts and composition); 
• Pavement condition at a given time (type and extent 

of distresses); 
• Proposed maintenance actions including ·costs and 

time requirements; and 
• Network classification (primary, secondary) and 

desired condition levels. 

The work flow and system operations are summarized as 
follows: 

1. The user chooses to create a new scenario or to re
trieve an already saved scenario through the user interface. 

2. Then, appropriate data are inserted or retrieved 
from the database to form a new scenario. These data 
include the desirable part of the network, current pave
ment condition, and desirable condition level at future 
periods. New data are inserted through the input forms. 

3. In the next stage, the user can view the current 
pavement condition on the GIS map. 

4. The user activates the Pavement Performance 11od
ulc to assess the pavement condition in each uf the fol
lowing periods within the planning horizon. The results 
of the process appear, if desired, by the GIS representa
tion and are saved to the database. The user also can 
intervene manually and modify these results if they are 
considered unrealistic. 

5. The user activates the Resource Allocation .Mod
ule, which determines which maintenance action is best 
and when to apply it for any road segment and type of 
distress within the study period. The result corresponds 
to the minimum required budget for retaining the net
work at a desirable condition level. If the available bud
get is not sufficient to cover the cost of all maintenance 
needs, the user should lower the expected condition level 
or assign variable condition levels and repeat the analysis. 
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FIGURE 2 Pavement scenario of Achaia district highway network. 

6. For the selected scenario, information will be re
leased regarding the type and extent of pavement defects 
through time, type, and timing of proposed maintenance 
actions. The existence of defects will be verified by field 
inspection. Using all this information, the Project Man
agement Module will be used to allocate physical resources 
to maintenance projects. 

7. A monitoring system will collect and record rele
vant information and provide feedback for all aspects of 
the management process (e.g., pavement condition dete
rioration, maintenance cost and time, and resource pro
ductivity). This information will significantly improve 
the decision process, which now is developed based only 
on rough estimations. 

CURRENT MAINTENANCE PRACTICE IN GREECE 

The highway network in Greece measures about 9500 km 
of roads, of which 2 7 percent are classified as primary 
(multilane highway serving high traffic volumes), 56 per
cent as secondary (two-lane highways), and 17 percent 
tertiary (local low-volume roads). In almost the entire 
network, road pavements are of the flexible type. The as
phalt concrete used for pavement construction complies 
with Greek Standard Specifications, which have been set 

since 1966 [STS, A-265 (20)]. Besides traffic loads, 
another factor that results in pavement disintegration is 
temperature variation through time. High ambient tem
peratures (35°C to 40°C) are observed in the country 
during summer. Low temperatures and freeze-thaw 
cycles in winter, due to the mountainous nature of a large 
part of the country, lead to increased pavement deterio
ration rates and, particularly, deformation, loss of coarse 
aggregates, edge cracking, and so on. The major pave
ment defects observed in the roads are cracking (mostly 
alligator type, longitudinal, and transverse), potholes, 
corrugations and rutting, bleeding, raveling, and pol
ished aggregate, which results in high roughness and slip
periness. Design specifications from previous decades do 
not adequately deal with skid resistance. As a result, road 
slipperiness is a major problem on the highway network, 
with safety consequences. Friction courses recently have 
been applied extensively but do not cover a large part of 
the highway network yet. The above pavement defects 
are mainly due to the following factors: (a) pavements 
are aged in considerable parts of the network; (b) pave
ment design is unable to accommodate rapidly increas
ing traffic loads; (c) construction has not always met 
specifications (in terms of structural capacity, materials, 
and construction methods); and (d) maintenance has been 
inadequate due to limited funding. 
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Maintenance management is conducted at the district 
level by Regional Highway Management Administra
tions (RHMAs), which are state agencies supervised by 
the Regional Council for political matters and decisions 
and by the Ministry of Public Works for technical sup
port and funding provision (Figure 3). An RHMA super
vises maintenance projects assigned to subcontractors 
and performs quality control for supplied materials. Fur
ther, the agency collaborates with external consultants 
for additional inspections and material tests. 

Highway infrastructure generally contains the following 
elements: 

• Pavement maintenance, 
• Side slope maintenance, 
• Bridge maintenance, 
• Winter maintenance, 
• Highway lighting maintenance, 
• Traffic signal maintenance, 
• Highway cleansing, 
• Highway drainage, and 
• Grass cutting and tree pruning. 

Pavement maintenance activities in RHMA can be clas
sified in four categories: routine maintenance, preventive 
maintenance, corrective maintenance and rehabilitation, 
and reconstruction. 

• Routine maintenance-includes .surface defect repair 
(pothole patching, crack filling, and so on); pavement sur
face cleaning; drainage maintenance (side drains, culverts); 
grass cutting, hedge cutting, and tree pruning; replace
ment of traffic barriers, traffic signs, and other highway 
furniture; and winter ma.incenance (snow removal). 

• Preventive maintenance-rarely performed due to 
limited available funds (funding is allocated primarily to 
routine and corrective maintenance and rehabilitation). 
It involves crack filling, pothole patching, and slurry seal 
in order to improve surface skid resistance. 

Project 

FIGURE 3 RHMA project organization. 

• Corrective maintenance and rehabilitation-the 
main type of pavement maintenance. Involves asphalt 
concrete overlays (at various thickness levels) with all the 
necessary prerequisite work. 

• Reconstruction-applied when severe distresses 
repeatedly appear in a highway section; reaches any 
pavement layer as necessary. 

New technologies, materials, and techniques are cur
rently introduced to improve maintenance performance/ 
c.n."t r~tlos. Such treatments include stone mastic nsphalt 
courses, surface dressing, rubber asphalt, and pavement 
recycling. Routine maintenance is performed through 
RHMA's own resources (personnel and machinery) 
whereas large-scale rehabilitation is assigned to subcon
tractors. Pavement conditi n is mouiLun:J fn:quently, 
and inspection results are recorded. If the ob erved dis
tress level is considered high enough to create haz
ardous conditions for travelers, prompt maintenance is 
applied; otherwise maintenance is scheduled according 
to the yearly program. 

PAVEMENT CONDITION ASSESSMENT AND 
MAINTENANCE ACTIONS 

Pavement distresses that are taken into account (directly 
or indirectly) for pavement performance assessment in 
the system can be grouped in four main categories: crack
ing, deformation, disintegration, and friction (as shown 
in Table 1). 

Pavement performance is described by four indices 
and corresponding levels as follows: 

• Cracking index (3 levels), 
• Index to the first cracking (3 levels), 
• Roughness index (3 levels), anJ 
• Skid resistance index (2 levels). 

The ranges of the first three indices are shown in Table 2. 
Cracking index involves 5 main cracking types: alliga
tor, longitudinal, transverse, slippage, and edge crack
ing. Index values range from O to 100; 0 is the best 
condition with no cracking and 100 the worst. Rn11r;hness 
is expressed with the international roughness index (IRI). 

TABLE 1 Pavement Distresses Considered in the System 
Cracl<iog 
AIUgnlor cracking 

Longitudinal cracking 

Tr"!lnaJPN1P ,...-.:i,,..l,.i nn 

Shrinkage cracking° 
Edge cracking 

Reflection cracking 

Lane and widening cracking 
Slippage cracking 

Dtfom,atlon 
Local dcpn:sslons 

Local upheaval 

I"" .. ........... ...... .. 
............ 0 ..... ., .. .. 

Rutting 
Lane-to-Shoulder Drop-<iff 

Patching 

DIJlniegration 
Potholes 

Raveling 

Friction 
Polished aggregate 

Bleeding 
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TABLE2 Ranges for Three Pavement 
Performance Indices 

Level Cracking Index to Roughness 
First 

Cracking 
(years) IRI, m/km 

Good < 25 > 13 <2 

Medium 25-50 5-13 2-4 

Bad > 50 <5 >4 

Skid resistance index is expressed at the present phase 
with two levels: good-medium (SN40 > 30) and bad (SN40 

< 30), where SN40 is the skid number measured with the 
ASTM skid trailer. Skid resistance has not been used 
extensively as a condition parameter in other pavement 
management systems but is an important indicator here 
due to slipperiness problems. Existing aged pavements 
that were constructed with limestone aggregates (and 
account for a large part of the highway network) result 
in SN40 values between 19 and 25. In newly constructed 
pavements the range is between 27 and 28. Newly con
structed friction courses (porous pavements, slurry seal, 
and so on) yield higher skid resistance values (SN40: 

45-60). Pavement slipperiness reflects a main criterion 
for treatment selection. It is noted that almost any treat
ment improves pavement skid resistance (to a certain 
degree) even if the action aims to cure problems resulting 
from other defect types. 

The highway network is divided in categories accord
ing to road class (primary, secondary, and tertiary); 
traffic volumes (high, medium-low); and terrain type/ 
environmental conditions (low altitude, mountainous), 
forming eight categories. Each category can be treated 
differently than others in many aspects-for example, 
desired condition levels, pavement deterioration probabil
ities, type of maintenance actions, maintenance priority, 
funding constraints, and so on. 

Evaluation of pavement performance requires system
atic data collection of all parameters that reflect pave
ment condition. A PMS becomes more effective if, besides 
manual observations, additional objective data are col
lected through mechanical equipment. One of the objec
tives of this project is to organize a process for continuous 
collection of pavement condition data. In this respect, 
both manual and equipment-based measurements have 
been initiated on a network section as part of a pilot 
application. RHMA personnel inspect pavement and re
cord data concerning cracks, rutting, and potholes in ap
propriately designed forms. In addition, video recording 
will be used to assess pavement condition deterioration 
over extensive highway sections through time. Further, 
mechanical equipment is used to gather data on certain 
parameters-for example: 

• Longitudinal evenness (pump integrator, 3-m beam); 
• Transverse evenness, rutting (3-m beam); 

• Skid resistance (ASTM skid trailer and portable 
skid resistance tester); 

• Surface texture (laser texture meter); and 
• Deflection measurement (Benkelman beam). 

Structural capacity will be estimated from deflection 
measurements and destructive tests involving coring to 
provide pavement layer.thickness and material properties. 

With respect to maintenance actions, selection was 
based on current practice in Greece and in other highway 
maintenance programs. This procedure led to some 20 ac
tions, which may lead to computational inefficiencies in 
system application. According to Wang et al. (3), the num
ber of maintenance actions in Arizona's PMS was reduced 
from 17 to 6 to avoid similar problems. On the other 
hand, Saudi Arabia's PMS enabled as many as 20 feasible 
maintenance actions (18). In the present phase, the effect 
of treatment number on system application cannot be 
evaluated because network size and segmentation play an 
important role. To avoid inefficiencies, the number of 
alternative treatments has been reduced to 7, as shown in 
Table 3. An effective reduction is accomplished by classi
fying similar actions in groups, eliminating actions that 
are applied rarely or are not expected to be applied in the 
future. Routine maintenance at this stage is limited to 
surface defects and drainage maintenance. 

CONCLUSIONS 

The computerized decision support system that is being 
developed for highway maintenance management appli
cation in Greece includes the following main modules: 

• A database in which all necessary information 
(network geometry, traffic loads, pavement condition, 
maintenance actions and costs, and so on) is stored; 

• A module for pavement performance prediction 
through time based on Markov analysis; 

• A module for optimal budget allocation according 
to maintenance needs; 

• A module for management of maintenance projects, 
and 

• A user interface with appropriate input/output 
forms and data representation on a digital map (GIS). 

TABLE 3 Pavement 
Maintenance Actions 

Routine maintenance 

Seal coat 

Overlay courses 

Mill and replace 

Reconstruction in primary network 

Reconstruction in secondary network 

Recycling 
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Pavement condition is represented in the system by 
four parameters: cracking index, index to first cracking, 
roughness, and skid resistance. For each defect, index 
levels have been set to differentiate among pavement 
condition states. Due to the lack of historical data on 
pavement performance a·nd maintenance treatments, 
pavement condition prediction initially will be based on 
expert opinion. Further, a number of possible treatments 
have been identified and described in terms of materials, 
methods, resources, and cost requirements. They include 
routine maintenance, seal coat, overlay courses, mill and 
repiace, pavement reconstruct10n and recyding. For each 
defect, all feasible treatments are considered, and the best 
maintenance strategy is produced considering relative 
costs, funding availability, and maintenance needs. Opti
mization is performed through a linear programming 
model that selects appropriate maintenance actions and 
time of application so as to minimize the total mainte
nance cost over the network and within the planning 
horizon. With respect to project management, individual 
maintenance activities are grouped to form projects of 
desirable size, and resources are allocated following pri
orities set according to safety considerations, traffic loads, 
and environmental conditions. 

ACKNOWLEDGMENTS 

This study was supported by the General Secretariat fur 
Research and Technology, Ministry of Development. 
The Regional Highway Management Administrations, 
Districts of \Vcstcrn Greece and Epirus, cooperated in 
thi.~ .~t11c-ly hy prnv1.1Tng ;nfnrm~tinn rPg".lrrl;ng r11rrenr 

management procedures and user requirements. 

REFERENCES 

1. Haas, R., W.R. Hudson, and J. Zaniewski. Modern Pave
ment Management. Krieger Publishing Company, Malabar, 
1:'ia., 1~~4. 

2. Gramling, W. L. NCHRP Synthesis of Highway Practice 
2U3: Current Practices in Determining Pavement Con
dition. TRB, National Research Council, Washington, 
D.C., 1994. 

3. Wang, K. C. P., J. Zaniewski, and G. Way. Probabilistic 
Behavior of Pavements. journal of Transportation lingi
neering, Vol. 120, No. 3, 1994, pp. 358-375. 

4. Zaniewski, J.P., and M . Hossain. The Status of Pavement 
Management in Arizona. Proc., 2nd North American Con
ference on Managing Pavements, Toronto, Ontario, Canada, 
Nov. 2-6, 1987, pp. 1.249-1.259. 

5. Johnson, K. D., and K. A. Cation. Performance Prediction 
Development Using Three Indexes for North Dakota Pave
ment Management System. In Transportation Research Re
cord 1344, TRB, National Research Council, Washington, 
D.C., 1992, pp. 22-30. 

6. Jackson, N. C., R. Deighton, and D. L. Huft. Development 
of Pavement Performance Curves for Individual Distress 

Indexes in South Dakota Based on Expert Opinion. In 
Transportation Research Record 1524, TRB, National 
Research Council, Washington, D.C., 1996, pp. 130-136. 

7. Thompson, P. D., L.A. Neumann, M. Miettinen, and 
A. Talvitie. A Micro-Computer Markov Dynamic Pro
gramming System for Pavement Management in Finland. 
Proc., 2nd North American Conference on Managing 
Pavements, Toronto, Ontario, Canada, Nov. 2-6, 1987, 
pp. 2.241-2.252. 

8. Tapio, R., A. Piirainen, and V. Mannisto. Performance Indi
cators in Product-Based Management in Pinnish National 
Road Administration. Proc., 3rd International Conference 
on Managing Pavements, San ...t\ntonio, Tex., ~Jay 1994, 
Vol. 1, pp. 134-141. 

9. Burger, W., P. P. Ganisius, and P. Sulten. Toward a New 
Pavement Management System in Germany: Organization, 
Data Collection, Experiences, and Innovations . Proc., 
3rd International Conference on Managing Pavements, 
San Antonio, Tex., May 22-26, 1994, Vol. 1, pp. 150-160. 

10. Larsen, H.J. E., B. Schmidt, R. R. Nielsen, and S. Baltzer. 
The Profilograph: A Technological Enhancement of 
BELMAN, the Danish Management System. Proc., 3rd 
International Conference on Managing Pavements, San 
Antonio, Tex., May 22-26, 1994, Vol. 1, pp. 170-175. 

11. Gaspar, L., and D. Rosa. Condition, Safety, and Asset 
Value Monitoring in Hungary. Proc., 3rd International 
Conference on Managing Pavements, San Antonio, Tex., 
May 22-26, 1994, Vol. 1, pp. 142-149. 

12. Gutierrez-Bolivar, 0., and F. Achutegui. Implementation of 
Pavement Management System in Spanish State Road Net
work. Proc., 3rd International Conference on Managing 
Pavements, San Antonio, Tex., May 22-26, 1994, Vol. 1, 
pp. 211-216. 

13. Paterson, W. D. 0. Road Deterioration and Maintenance 
Effects. Models for Planning and Management. The High
way Design and Maintenance Stan<lar<l Series, published for 
the World Bank, Johns Hopkins llnivn.sity PrPss; lhltimnrP, 
Md., 1987. 

14. Golabi, K., R. B. Kulkarni, and G. B. Way. A Statewide 
Pavement Management System. Interfaces, Vol. 12, 1982, 
pp. 5-21. 

15. Davis, C. F., and C. P. Van Dine. Linear Programming 
.tvlodel for Pavement Management. In Transportation Re
search Record 1200, TRB, National Research Council, 
w~ ~fi.in.gt0 n, D r.., 1 gsrn, ~~ - 71-75 

16. Feighan, K. J., M. Y. Shahin, K. C. Sinha, and T. D. White. 
Application of Dyn::1mic Programming and Other Mathe
matical Techniques to Pavement Management Systems. 
In Transportation Research Record 1200, TRB, National 
Research Council, Washington, D.C., 1988, pp. 90-98. 

17. Chen, X., S. Hudson, G. Cumberledge, and E. Perrone. 
Pavement Performance Modeling Program for Pennsylvania. 
In Transportation Research Record 1508, TRB, National 
Research Council, Washington, D.C., 1995, pp. 1-8. 

18 . Harper, W. V., and K. Majidzadeh. Use of Expert Opinion 
in Two Pavement Management Systems. In Transportation 
Research Record 1311, TRB, National Research Council, 
Washington, D.C., 1991, pp. 242-247. 

19. Nikobiclis. A .. ~nrl n . Fv~o-,,Jirlis An TntPo-r~tPrl Hiohur~" 
• ~ J L} - - o- - · · -- - - ~o· - • --1 

and Pavement Management Program Using Geographical 
Information System (GIS). Proc., 1st Hellenic Road Confer
ence, Larissa, Greece, Oct. 4-7, 1995, Vol. 2, pp. 557-570. 

20. Standard Technical Specification A-265, Asphalt Concrete. 
Ministry of Public Works, Athens, Greece, 1966. 




