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Implementation of an Urban Pavement Management 

System 

P.C. CURTAYNE AND T. SCULLION 

The city of Johannesburg is nearing the end of the first stage in the imple
mentation of a pavement management system. This work was centered 
on assisting the road authority in identifying roads that require resealing 
or overlays. It is based on a model that relates pavement condition to 
maintenance requirements and to the timing of future Inspections. This 
system has already been used to good effect in preparing the maintenance 
program for 1981. This paper describes the nature and scope of the work 
in order to show what techniques have been found useful and what prob
lems can be expected. An important feature of this system is its basic 
simplicity. It requires only the minimum amount of information, which 
is reasonably easy to collect. The favorable reaction by the staff to this 
Innovation Is discussed and special attention is focused on the threat that 
the introduction of more-mechanized methods of pavement assessment 
poses to the job satisfaction of road inspectors. 

Over the past decade, considerable attention has 
been given to the development of pavement management 
systems. Yet the full-scale implementation of such 
systems is still in its infancy. In fact, in 1979 
Finn <!l reported that no agency in the United 
States had yet implemented a pavement management 
system on a complete roadway Qetwork. 

In South Africa, there is" growing interest shown 
by both rural and urban authorities in developing a 
more formal approach to the management of their 
pavement networks. However, the Johannesburg City 
Engineer's Department is the only urban authority 
that has made significant progress in implementing a 
suitable system. 

This paper describes the nature and scope of this 
work and emphasizes aspects that are thought to be 
unique to this system. Some of the problems en
countered during implementation are highlighted, and 
an attempt has been made to assess the advantages of 
the system from the point of view of the maintenance 
engineer and to indicate what the future prospects 
are. 

BACKGROUND AND OVERVIEW OF EARLIER WORK 

The municipality of Johannesburg has an extensive 
pavement network made up of some 2700 km. These are 
divided into 4500 streets that total 22 000 city 
blocks. Currently, special maintenance treatments 
(i.e., overlays and surface treatments) are applied 
to approximately 2.0-2.s million m2 of pavement 
(about 9 percent of the total) each year. 

The standard procedure for the selection and 
scheduling of these projects for special maintenance 
would take the following course: 

1. An annual inspection of the pavements was 
made by the road inspector. Since it was impossible 
to inspect all the pavements in the network each 
year, a selection was made based on the road in
spector's knowledge of probable problem areas and 
sometimes with the advice of or requisitions by 
colleagues such as the district engineers. 

2. From the results of this inspection, a pre
liminary list of projects was prepared for the main
tenance engineer. 

3. The maintenance engineer then prepared the 
final program of work for the following year on the 
basis of this list, available resources (particu
larly the budget), and auxiliary discussions and 
inspections of doubtful cases. 

Records were kept of special maintenance work car
ried out on the various streets by way of a card
index system. 

The inadequacies of these procedures were well 
recognized during the 1970s. The card-index system 
was satisfactory for answering such queries as when 
South Street was last resurfaced but it was unable 
to cope with such queries as which streets had 
single seals older than six years. The procedure 
for identifying maintenance requirements had many 
drawbacks, which are discussed in detail by Gordon 
and Curtayne (2). In summary, they are the lack of 
consistency in-the rating of pavements, the lack of 
control over the choice of roads to be inspected, 
and the lack of records of the results of past 
inspections. 

The first innovation to be introduced was the 
establishment of a computerized street inventory (in 
association with other sections of the department 
that had similar problems) and the addition of the 
history of special maintenance from the manual card
index file. 

The .second development was the creation of a 
pavement management system that could operate in 
conjunction with this inventory. Initially, a model 
had to be established by which the maintenance 
requirements could be assigned from a description of 
the condition of the pavement. This model is to a 
large extent a formal expression of local experience 
and the policy of the department and takes the form 
of sets of rules similar to the decision trees de
scribed by Finn <!>· 

The method of establishing the model involved the 
assessment of the maintenance requirements of a set 
of pavements by a panel of raters (made up of ex
perienced engineers and road inspectors) and the 
correlation of these assessments with quantitative 
descriptions of the pavement distress. [Full de
tails of this procedure have been given by Gordon 
<1l. Summarized versions have also been published 
in conference proceedings (2,4).] 

The subjective manner in- which this model was 
developed was necessary for the following reasons: 

1. It was thought that the most meaningful 
information could be derived from local experience. 
There are few objectively determined relationships 
of this type given in the literature, especially 
ones that would be suited to local conditions. 

2. To be accepted by the officials of the de
partment, the model had as much as possible to be 
compatible with their current practices and policies. 

3. The demands of the model (i.e., input and 
output and computer requirements) had to be com
patible with the resources and organization of the 
department. 

The model was completed and tested in 1978. The 
next step was to implement it in the working envi
ronment of the department. Because of staff changes 
that affected key personnel, this was only done 
toward the end of 1979. Full details of the imple
mentation to date are given elsewhere (~l but are 
summarized in the next section. 

Note that the implementation of this system was 
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Figure 1. Computer output of assessments. 
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aimed at fulfilling the immediate needs of the 
department as soon as possible. Therefore the main 
requirement has been one of simplicity. Accord
ingly, no instruments are used in field rating and 
no mathematical techniques {such as those described 
by Karan and Haas (6)) are used in assessing priori
ties. However, the nature of the system is such 
that more-sophisticated techniques can be incorpo
rated in the future. 

IMPLEMENTATION 

Output Specifications 

Of the various goals associated with pavement man
agement systems, it was decided that the most im
portant for the first stage of implementation was to 
assist the road inspector in planning the inspection 
of the pavements and in s·e1ectin9 those to be recom
mended for special maintenance. Although the system 
was planned to incorporate further applications in 
the future (such as those discussed below), the 
emphasis was on introducing a useful application as 
soon as possible. In this regard, three computer 
output forms were designed. 

Assessment of Maintenance R_equirements 

During inspection, the road inspector describes the 
condition o·f the pavement according to a set format 
(i.e., condition rating) and also adds his or her 

own assessment of t.he maintenance requirements. The 
model, by using this in·formation together with data 
on the inventory (e.g., tra.ffic and road widths), 
produces assessments of the maintenance require
ments, which are displayed in the form of the output 
shown i n Figure 1. For each township, the streets 
that bave been rated are listed. ·rhese streets are 
broken down into lengths that have the same rating 
(demarcated by intersections with cross roads) • The 
assessment is given in terms of the fo1lowing: 

1. Type of treatment (e.g., slurry, single seal, 
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double seal, overlay), denoted by a symbol (e.g., 
SL, SS, DS, VR) I 

2. Urgency or priority of treatment (1, highest 
priority; 9, lowest; 10, pavement does not require 
maintenance in the following year but should be 
reinspected at a later date, which is stored in the 
inventory for future use) ; 

3. Amount of work involved in terms of area and 
cost; 

4. Opinion of the inspector, which gives the 
recommended type of treatment and year in which it 
should be done; and 

5. Whether opinion of the inspector differs 
substantially from the result obtained from the 
model, in which case asterisks are printed in the 
last three columns. This acts as a warning that the 
input data, the model, or the inspector's assessment 
may be in error. On the other hand, the inspector 
may have taken factors into account that are outside 
·the scope of the model. The inspector's opinion 
would therefore prevail. This is regarded as an 
important feature of the pave.ment management system 
and will be discussed again below. 

The layout of this form provides a visually accept
able presentation. It is easy to see which streets 
have urgent maintenance requirements and how differ
ent .lengths of pavement within one street differ 
wi·th respect to these requirements. 

Summary of Maintenance Requirements 

The sllltUi1ary of maintenance requirements gives the 
total amounts for the various types of maintenance 
treatment for· each priority level (Figure 2) . Sep
arate amounts are ailocated for each maintenance 
type in the budget. This output can then be used to 
determine to which level of priority work can be 
undertaken for each type of treatment. 

Recommended Inspection Schedule 

As stated above, one of the main aims of the recom-
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Rgurv 2. Summary output of maintenance requirements. 
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Figure 3. Output of inspection schedule. RECOM"IF.'1100::0 l'llSPECTION SCHEOUl.E 
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mended inspection schedule is to control and assist 
the inspection of pavements. The output shown in 
Figure 3 lists streets that should be inspected 
during the following cycl.e, which is based on two 
criteria: 

is recommended. This date overrides the age re
quirements; i.e., it further reduces the number of 
pavements to be inspected. 

1. Age of the surfacing : Inspections are recom
mended for slurry seals older than three years, all 
seals older than six years, and overlays older than 
nine years. 

2. Relation to previous inspections: A priority 
of 10 assigned by the model means that maintenance 
is not required and a date for the next inspection 

Also included in this output is the reason why the 
road is due for inspection. [Note that these output 
forms are in a state of adaptation. Several ver
sions have been tried in order to find the format 
that best suits the conditions in practice.] 

Implementation Ac t i v i t i e s 

Apart from the preparation of these computer pro-
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grams, there were various other activities that 
required special attention. Some aspects of these 
were the following: 

1. Training of inspectors: Special training is 
required for the preparation of the input form and 
for the use of the output forms. The input form 
requires an accurate understanding of the terms 
used. Although most of these are standard (2), 
their special application for this work was set out 
in a guide (~) for ready use by field inspectors. 
The involvement of the road inspector in preparing 
both the input form and the guide was an important 
part of this phase of the work. 

2. Checking and completing the inventory, When 
the inventory came to be used, it was discovered 
that it contained many omissions and errors. A 
laborious process of checking and correcting the 
inventory against a street map was necessary. The 
inve ntory was completed on a suburb-by-suburb 
basis. Initially a set of suburbs in a region was 
completed in order to evaluate the system, to train 
officers in its use, and to detect any problems in 
operation. 

Current Status 

At present about 90 percent of the inventory has 
been completed, half of which has been checked and 
corrected. This inventory has already been used to 
identify pavements with surfacings older than the 
prescribed limits. These were duly inspected and 
evaluated, both subjectively and by the model. The 
exercise produced sufficient information to make a 
substantial contribution to the maintenance program 
for 1981 (by identifying some 1.8 million m2 of 
the 2.5 million m2 of work to be done). It also 
provided an important opportunity to reevaluate the 
model. There were numerous discrepancies between 
the assessments by the model and the opinion of the 
inspector. These were found to have three sources: 

1. Misunderstanding of the procedure for field 
rating, which was greatly improved by subsequent 
training by using the new guide (8); 

2. Normal differences of ;-pinion, which, as 
shown by Gordon (3), can be very wide, even among 
experienced engin-;;ers--one of the aims of the 
pavement management system is to deal with these 
differences1 and 

3. Inadequacies of the model, indicated by some 
of the errors. 

The assessments 5upplemented next year include 

1. Those identified when more pavements reach 
the age limits (since the inventory will then be 
complete, this will include all such pavements); 

2. Those with reassessments based on the analy
sis of this year's assessments; and 

3. Those with any additional assessments that 
can be accommodated by the inspector. 

In this way a complete cover of at least one assess
ment should be achieved within a few years while use 
is still made of the system in the inte rim period. 
After this has been achieved, the system can be used 
to its best advantage, which will give a complete 
picture of the inspection and maintenance require
ments. 

Future Development 

A full pavement management system would encompass 
many features such as accounting and design. How
ever, two applications envisaged and pertinent to 
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problems currently being experienced by the depart
ment are the following: 

1. Planning of resources: Separate teams are 
responsible for the various maintenance activities, 
such as slurry sealing and overlaying. Such teams 
take time to assemble and disband. Advance planning 
is necessary to provide an even flow of work through 
the years and timely enlargement or reduction in the 
size of the team. 

2. Provision of pavement statistics: An area in 
which such statistics may be needed is the motiva
tion for new equipment. For example, if a planer is 
being considered, it is important to know the area 
of asphalt surfacing, particularly in the central 
business district. 

Apart from the conventionally stated benefits of 
pavement management systems, the above-mentioned 
examples underline the value of formal procedures 
for storing and processing pavement data. 

EVALUATION 

General 

Despite several problems, a satisfactory level of 
implementation was achieved fairly quickly. This 
success is attributed in par·t to the simplicity of 
the fi:rst phase . The inventory contains only the 
minimum amount of information, which was l."easonably 
easy to collect. A second reason for the success is 
that the system could be used in the practical 
decision-making process of the department during the 
early stages of implementation, even though compro
mises had to be made. Of particular importance was 
the fact that this was apparent to all levels of 
management. 

Implementation Problems 

The problems encountered centered on the fact that 
innovative activities such as the introduction of a 
management system tend to be outside the traditional 
duties and organizational structure of road authori
ties. Specific problems were as follows: 

1. Staff changes: A large part of implementa
tion concerns the motivation and training of staff 
who will have to carry out the work in the depart
ment. These are required at all levels of manage
ment (i.e., senior, middle, and field management). 
A change of staff at any of the levels can result in 
a lapse of motivation from that quarter. This can 
impede the momentum of the work severely and j eop
ardize the project. In the implementation of this 
system, changes have occurred at all three levels. 
However, apart from temporary setbacks, continuity 
has been maintained. 

2. Organization: An innovation such as this 
requires the participation of staff and communica
tion between them outside the normal organization 
channels, which makes it difficult to control and 
coordinate the various aspects of the work. Al
though this caused problems from time to time, they 
were largely overcome by individual motivation (from 
a perception of the value of the work) and from en
couragement by senior management. 

In general it was found that although goal setting 
and organizational considerations are of signifi
cance, the reciprocal criteria of motivation and 
momentum are crucially important. Motivation was 
promoted by (a) education at all levels regarding 
the nature and purpose of the work, (b) participa
tion at all levels in goal setting and formulating 
of future work, and (c) early results that were 
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meaningful to those concerned. Sustained momentum 
generates motivation. If this momentum is suffi
ciently great, the difficulty of bridging problems 
such as staff changes or organization conflicts is 
much reduced. 

Reaction of the Department 

Members of the department feel that developments to 
date have already brought about a marked improvement 
in the previous situation, in which pavements were 
often selected for maintenance on an arbitrary 
basis. They also believe that once this phase is 
finalized, far better control will be possible and 
maintenance programs will be set up with increasing 
confidence; improved resource planning will also be 
possible. 

Their chief reservation is that the task of the 
road inspector now becomes much more mechanical and 
tedious. Although the number of roads to rate each 
year will decrease, their assessment will take much 
longer. Also, the road i nspector has, until now, 
been the main person to formulate the annual program 
and has therefore had a job of high responsibility 
and interest. It is feared that if this were taken 
away, the road inspector would lose much of his or 
her interest and the quality of the assessments 
would consequently suffer . 

Future Role of Road Inspector 

There are two main responses to fears that the job 
quality of the road inspector would suffer as the 
result of the improved pavement management system: 

1. Because the assessments have been formalized 
to a much higher degree than before and because it 
will be known beforehand which roads need to be 
inspected, the task of inspection can be decentral
ized much more readily and can be shared by the four 
districts. If 25 percent of the network needs to be 
inspected annually, each distr i ct would be allocated 
about 150 km of road, which is not too onerous. The 
role of the road inspector would then be one of 
controlling the quality of work (probably by spot 
checks). 

2. Within the new system, the road inspector is 
still the primary person responsible for the condi
tion of the pavements in the network; it remains the 
inspector's responsibility to recommend the mainte
nance program each year. The outputs from the model 
are aimed to help in this task, but when differences 
occur between the model's output and the inspector's 
own assessment, the inspector has the opportunity to 
make the overriding decision. The advantage is 
that, because of the greater formalization, the 
inspector's work is much more easily supervised by 
the maintenance engineer. For example, the road 
inspector must be able to explain the decisions made. 

Because of retirement, there has been a recent 
change of staff in the department, and a younger 
officer who has a less-thorough knowledge of the 
road network than his predecessor has been appointed 
the road inspector. This situation has been cited 
as one of the important reasons for needing a more 
formal pavement management system Cl>· Even at this 
stage of development, the system proved more effec
tive in accommodating a change such as this. 

CONCLUSIONS 

Substantial progress has been made in the implemen
tation of a pavement management system for the city 
of Johannesburg. This system has already been used 
to assist in preparing the program of special main-
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tenance work for the follow i ng year. Much of this 
progress is attributed to the basic simplicity of 
the system and its early use within the department. 
Several problems were encountered but have to a 
large extent been resolved. However, they did 
emphasize the importance of (a) the initial use of 
simple applications that will have practical use 
early during development, (b) motivation of all 
levels of staff, and (c) sustained momentum of 
implementation. 

The reaction by the department has been posi
tive. The potential of even the first phase of 
development is seen as a great improvement on the 
somewhat arbitrary nature of previous methods. 

Care should be taken to ensure that this system 
improves rather then detracts from the job value of 
the road inspector. This is achieved by ensuring 
that the previous responsibilities with the system 
are maintained, which will facilitate rather than 
dictate the inspector's decisions. This not only 
obviates negative consequences such as the deterio
ration of the quality of the field data but also has 
important positive effects, namely, that the experi
ence and initiative of the officer can be fully 
exploited while he or she nevertheless is still 
under the explicit control of higher management. 
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Pavement Performance Modeling for 

Pavement Management 

R. DARYL PEDIGO, W. RONALD HUDSON, AND FREDDY L. ROBERTS 

Systematic pavement management requires estimates or predictions of future 
pavement performance so that rational comparisons may be made among al
ternative courses of action. Performance models are required in two distinct 
contexts, depending on the pavement management level involved. At the 
pl'ojoct level, fairly detailed and specific models are required for predicting 
tho performance expected for an individual pavement section. At the net
work level, general or average prediction models are required to provide esti· 
mates of the expected performance for a typical pavement or class of pave
ments. Accordingly, quite distinct modeling methods are indicated for these 
two different modeling needs. Performance-modeling requirements and data 
requirements for both network-level and project-level applications are dis
cussed. An idealiied experiment to collect data for performance modeling 
Is presented. A specific performance prediction model based on stoahastic 
concepts and treating pavement deterioration as a Markov process is presented 
as an example of the development·of prediction models for network-level 
applications. 

All highway agencies are f 'aced with the problem of 
providing and maintaining a network of roadways to 
serve the public. This requires both a considerable 
capital investment and an adequate maintenance and 
rehabilitation program. During the past decade, 
various economic, social, and political factors have 
made it increasingly important that transportation 
agencies take every step to make the most beneficial 
use of their often-inadequate budgets. This has re
sulted in the rise of the pavement management system 
from a theoretical concept discussed by university 
professors to a practical reality under development 
and implementation throughout the nation. 

As a result of this increasing emphasis, both the 
conceptual and the practical elements of systematic 
pavement management have been widely discussed 
(.!_-11). Great strides have been made, but signifi
cant problems have also been encountered. One such 
problem, which will be addressed in this paper, is 
the difficulty in predicting pavement performance. 

Systematic pavement management is based on the 
idea that it is possible to determine, in a reason
ably objective fashion, how best to use the public 
funds made available for providing pavements. Bud
gets are typically allocated on a one- or two-year 
cycle, and construction, maintenance, and rehabili
tation activities are generally planned on an annual 
basis. Nevertheless, activities carried out (or 
postponed) now can have a significant impact on 
roadway conditions for several years or even de
cades. In order to make rational choices among al
ternative courses of action, it is therefore neces
sary to be able to predict or estimate the future 
performance of the roadway under each alternative 
action. 

Pavement performance has in the past generally 
been defined as a summary or accumulation of pave
ment serviceability index based on objective mea-

surements of roughness and/or pavement distress. 
This use of the word "performance" stems from the 
work of Carey and Irick (12), although their orig
inal definition left considerable room for greater 
generality. More specifically, performance has been 
equated with the area under the serviceability his
tory curve or the shape of the serviceability 
curve. This is the concept of performance adopted 
in this paper. It should be mentioned, however, 
that there has been no universal agreement on the 
definition of pavement performance. For example, in 
the recent literature, pavement performance is de
fined variously as (a) the ability of a pavement to 
provide an acceptable level of serviceability with a 
specified degree of reliability at an assumed level 
of maintenance (!l), (b) allowable repetitions of 
loading prior to the functional failure of the pave
ment (14), and (c) the probability that a criticai 
1 ife of the pavement will be achieved based on the 
onset of critical conditions (15). 

Since serviceability is almost universally mea
sured by using a serviceability index based on 
roughness or riding comfort, the generally accepted 
use makes pavement performance a function of pave
ment roughness. However, many other factors, such 
as skid resistance, structural adequacy, and crack
ing, may be important in determining the overall 
adequacy of a pavement. The word "performance" is a 
natural candidate to describe this overall adequacy, 
so it is somewhat unfortunate that it has been de
fined more narrowly as a function of roughness. We 
are hopeful that at some future time pavement spe
cialists can agree to reserve the word "performance" 
to denote this overall adequacy. 

PERFORMANCE-MODEL REQUIREMENTS FOR PAVEMENT 
MANAGEMENT 

Performance models are used in two distinct contexts 
as a part of pavement management, depending on the 
pavement management level involved. At the project 
level, fairly detailed and specific models are re
quired for predicting the performance expected for 
an individual pavement section. At the network 
level, general or average prediction models are re
quired to provide estimates of the expected per
formance for a typical pavement or class of pave
ments. Accordingly, quite distinct modeling methods 
are indicated for these two different modeling needs. 

Project-Level Models 

At the project level, considerable information will 
be available regarding the pavement structure, the 
current and expected traffic, current and past dis-


