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DEVELOPMENT OF METHOD FOR ROAD 
NETWORK MANAGEMENT PROGRAM 
OPTIMIZATION

The object of research is the processes of road network management. The main hypothesis of the study is the 
application of optimization methods to the road asset management program, which allows to implement a road 
maintenance strategy, which includes a set of measures involved in ensuring and maintaining roads at the appro
priate operational level. In general, the sequence of asset management begins with the definition of objectives, policy 
of road administrations and the available budget. According to this starting point, data collection, performance 
monitoring, analysis of options and optimization programs, selection and implementation of a set of projects are 
performed. The goals and objectives of road project management depending on the category are considered. The 
model of strategic planning of the program on management of a network of highways is offered and the modern 
architecture of model is constructed. The main approaches to the optimization of the road asset management 
program are identified. The target function for the optimization model is proposed, which is to minimize the cost 
of maintenance of the road network and defines the goals to be achieved in the optimization process. The opti-
mization model is a mathematical description designed to compare alternative strategies and identify the relative 
benefits of each strategy according to the assigned decision criteria, such as safety, cost, environment and others. 
The main idea and goal of road network management projects is to improve maintenance practices and policies 
and thus improve the condition of the network, or maintain it at the current level, taking into account resource 
constraints. The results of program optimization have practical value and can be used to manage road repair and 
operation projects depending on:

–  defined project goals and plans, including scheduling, budgeting, planning, established efficiency require-
ments and selection of project participants;

–  maximizing the efficient use of resources;
–  implementation of functions of coordination and control, planning, design, evaluation, conclusion of contracts 

and implementation of projects under contracts.
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1.  Introduction

Decreasing funds for transport infrastructure projects 
prompts the development and implementation of cost-
effective procedures for the preservation and restoration of 
road assets. The basic philosophy of conservation provides 
for a long-term and cost-effective program, applied at the 
project level with strategic programming, which covers 
the entire road network.

Management of road repair and maintenance projects 
requires knowledge of modern management, as well as an 
understanding of the processes occurring at different stages 
of the road life cycle. Construction projects have a certain 
set of goals and restrictions, time, material, technical and 
technological parameters. Although the respective technolo­
gies, institutional arrangements or processes will differ, 
the management of such projects has much in common 

with the management of similar types of projects in other 
industries such as aerospace, environmental, energy, etc.

According to the Institute for Project Management, the 
term «project management» can be defined as follows [1]. It is  
the art of managing and coordinating human and material 
resources throughout the life of a project, using modern mana­
gement techniques to achieve predetermined goals in terms 
of volume, cost, time, quality and enjoyment of participation.

Thus, the management of road repair and maintenance pro­
jects encompasses a set of goals that can be achieved through 
a number of operations falling under resource constraints and 
further form the road network management program. A road 
asset management program is a description of specific activi­
ties or a set of projects required to achieve the objectives of 
a road agency, including detailed annual work programs [2].

However, there are potential conflicts between the 
stated objectives in terms of volume, cost, time, quality and  
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the constraints imposed on human material and financial 
resources. These conflicts should be resolved early in the 
project by making the necessary compromises or creating 
new alternatives, achieved by optimizing the road asset 
management program.

The object of research is the processes of road network 
management. The aim of research is to develop a method 
for optimizing the program for managing the road network.

2.  Methods of research

The objectives of the asset management system are 
related to the performance of the road network and reflect 
the vision of what the network management system should 
achieve in the future. Understanding of different kinds 
of goals is crucial for determining a set of performance 
indicators for highways that should be included in the 
management process (Table 1)  [3].

Cost-effective methods and procedures for maintaining 
and restoring road assets are critical to increasing their 
longevity and extending their useful life.

A successful program for the conservation and res­
toration of road assets lies in the application of correct 
data processing and timely planning of activities (Fig.  1).

In 1997, a study has been conducted that provides examples 
of decision trees and matrix-based methods to select suitable 
alternatives to strategies [2] for managing the road network. 
However, at the initial stage, external influences and additional 
restrictions, such as, for example, road safety measures, envi­
ronmental factors, and the like, were not taken into account.

Thus, it became necessary to develop a tool that would 
include in the decision-making system for road network 
management a set of measures and restrictions that would 
allow determining the optimal program (Fig.  2).

The block of control models includes – a model for 
managing the state of an asset, a model for assessing the 
effectiveness of a project for a consumer, a model for manag­
ing transport and operating costs, a model for managing 
safety, energy conservation, environmental impact, a model 
for determining the effect of repair and restoration mea­
sures, a model for project costing.

The programming of projects is shaped by the strategic 
goals of the road agency, which are influenced by external 
factors and resource constraints. The programming pro­
cess associated with planning and feasibility studies sets 
the priorities and timing for initiating various projects 
to achieve the overall goals of the road agency for the 
management of the road network  [4].

The repair and maintenance project management 
system is a set of tools for finding optimal strate­
gies for keeping road assets in good working order. 
At the road network level, programs are designed 
in such a way that the overall cost-effectiveness 
and other effects are maximized over a period of 
analysis. At the project level, detailed consideration 
is usually given to alternative projects within an 
overall program that will provide the desired bene­
fits or network service level at the lowest total 
cost over the analysis period.

The project manager has the greatest influence 
on costs in the construction phase of the project, 
since any decision made at the initial stage of the  
project life cycle has a much greater impact than 
decisions made at later stages (Fig. 3)  [4, 5].

Table 1

Examples of goals and objectives of road project management by category

Category Goals Objectives

Preserva-
tion of the 
network

Preserve road infrastructure, 
taking into account the level of 
government funding and other 
restrictions

Use innovative technology and 
materials to minimize work 
delays and improve the life 
of road assets

Operational 
efficiency

Develop strategies that improve 
human and freight transport by 
reducing delays and minimizing 
discomfort

Use economies of scale by 
enabling intermodal sharing

Availability Provide reasonable availability Provide access to the popula-
tion who can receive appro-
priate services

Mobility Provide basic mobility for all 
communities by providing safe, 
efficient and cost-effective ac-
cess to work, educational oppor-
tunities and essential services

Provide travel times with pub-
lic transport competitive for 
passenger cars

Economic 
develop-
ment

Pay attention to expected de-
mand from increased trade

Improve access to passenger 
and freight traffic for service 
commerce

Quality of 
life

Ensure that highway invest-
ments are cost-effective, protect 
the environment, and promote 
energy efficiency

Introduce measures for safe, 
comfortable traffic, minimizing 
environmental impact

Safety Ensure high safety standards 
in the transport system

Reduce vehicle-related deaths, 
injuries and property losses

Resources 
and envi-
ronment

Develop environmentally friend-
ly projects

Improve the quality of the 
environment through appro-
priate measures

Construction project decisions affect fixed operating costs 
and, in many cases, benefits over the life of the road as­
set  [6,  7]. The target function of maximizing the efficiency 
of the project is:

max ,
i

n

i ix∑ −( )100 ω 	 (1)

which can be represented as follows:

max ,
i

n

i ix
=
∑

1

Δ ω 	 (2)

where ωi – weight of the target level for each component 
and goal in the program; n – the total number of goals 
in the program.
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Fig. 1. A strategic planning model for a road network management program
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This function is subject to the following budget con­
straint on the cost function:

i

n

i
i it

x c
=
∑ +







≤
1

100
Δ Budget,	 (3)

where ti – maintenance cycle time in years for the  func­
tion; ci – cost of eliminating the deficit in one per­
cent of  financial resources for the attribute i; Δxi – de- 
crease  in the level of deficit to achieve the goals of the 
function i.

There is also a limitation on negativity 
at the function level:

100
0

t
x c

i
i i+







≥Δ . 	 (4)

The target deficit level xi is related to 
the current deficit level x′i and the decrease 
in speed:

x x xi i i= ′ − Δ . 	 (5)

The constraints on changing the deficit are:

Δx xi i≤ ′, 	 (6)

x xi i≤ ( )max . 	 (7)

The limitation Δx xi i≤ ′  means that the deficit can’t 
be reduced by more than its current value.

The limitation x xi i≤ ( )max  requires that the objective 
function does not exceed the maximum acceptable norm.

The objective function of the optimization model de­
termines the goals to be achieved in the optimization 
process  [8, 9]. An objective function can be defined to 
minimize the overall maintenance costs of the road network 
and maximize pavement/efficiency in terms of improving 
the pavement condition index or reducing the number of 
defects. The proposed objective function for the optimi­
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Fig. 2. Architecture of the management model for road projects

Fig. 3. The ability to influence the cost of activities over time  
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zation model is to minimize the cost of maintaining the 
road network:

X L C R s m tmst S smt
t

t

T

s

S

m

M

⋅ ⋅ ⋅ +( ) ∀∑∑∑
===

1
111

, , , ,  	 (8)

where Xmst  – measure (repair, maintenance) m applied on 
the road section s during the time t (m); Csmt  – cost of the 
measure m applied on the road section s at time t (monetary 
units/km); LS  – section length s (km); R – discount rate 
for calculating the present value of future expenses (%).

Constraints for the optimization process may include 
budget, minimum performance indicators, effects from re­
pairs, limiting the number of activities in one year  [10]:
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	(10)
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where B – annual budget in the program, years.

PCIs F AGE s z tt st( ) = ( ) ∀, , , , 	 (12)

where PCIs t( )  – predicted pavement condition index for the 
section s at time t, which is a function of the age of the  
pavement sections in terms of the number of years:

∑ =
− ( )+

+ ⋅( )
∀+( )

+
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s t mt

t t
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1

1

Δ
, , , , 	 (13)

where ∑ +( )PCIs t 1  – cumulative index of the condition of the 
road surface for sections for t+1 1  year and the improve­
ment in the condition associated with the implementation 
of the measure m, subject to the restrictions:

∑ ≥ ∀+( )PCIs PCI s tt 1 min , , , 	 (14)

∑ ≤ ∀+( )PCIs PCI s tt 1 max , , , 	 (15)

where PCImin ,  PCImax  – minimum and maximum indicator of 
the condition of the road surface, corresponds to the goals set 
by the road agency (while PCImin  is assigned not lower than 
the normative one) PCI PCI N PCI∈[ ] ∈{ } ≤0 100 100; , , .max

Thus, the project defined according to the proposed 
method is included in the road asset management program. 
The task of the developed method is to maximize the ef­
fectiveness of the control program. The efficiency equation 
forms the basis for applying linear programming with dif­
ferent parameters depending on whether the goal is desired 
or the level of program execution.

3.  Research results and discussion

Graphical illustrations of the results obtained from the 
optimization model are presented in Fig. 4–7.

Fig. 5 shows the distribution of costs for the main­
tenance of projects that fell into the network manage­
ment program, assuming that the optimal plan consists of 

the choice of T3, T2, T2, T2 and T2 for 1, 2, 4, 6 and  
8  years, respectively.

 
Fig. 4. Pavement Condition Index (PCI) for a section of pavement

 
Fig. 5. Estimated costs for the repair of the road section

 
Fig. 6. Pavement Condition Index (PCI) for a road section

Fig.  7 shows the total cost of maintaining the site in 
the optimization model.

The results of the optimization model indicate the need 
to implement actions on all road sections in the first year 
of the program, as the condition index in the first year is 
below the target of 90. However, the repair measures were 
carried out over different years depending on the projected 
cumulative road condition index. The aggregate index of 
the state of the road surface in the proposed optimization 
model makes it possible to take into account not only 
the current state of the roads, but also the measures that 
were carried out during the life cycle of the functioning 
of the network selected for analysis.
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As a result of this research, a method for optimizing 
the program for managing the network of highways was 
proposed, which makes it possible to substantiate the ef­
fectiveness of the decisions made to accomplish tasks in 
the following areas:

1.	 Management of project integration to ensure effec­
tive coordination of the various elements of the project.

2.	 Project scope management to ensure that all required 
work (and only work required) is included.

3.	 Management of the project implementation time to 
ensure an efficient project implementation schedule.

4.	 Manage project costs to identify the required resour­
ces and maintain budgetary control.

5.	 Quality management of the project to ensure func­
tional requirements.

6.	 Human resource management for the development 
and effective involvement of project personnel.

7.	 Communications management to ensure effective in­
ternal and external communications.

8.	 Project risk management to analyze and mitigate 
potential risks.

9.	 Project procurement management to obtain the neces­
sary resources from external sources.

In further research, this method will be developed taking  
into account the multi-criteria optimization of the road 
asset management program.

4.  Conclusions

In the study, based on the analysis of goals and objectives 
for the management of road projects, a model of strategic 
planning of the program for the management of the road 
network is proposed, a modern architecture of the model 
is built, and the main fundamental approaches to model 
optimization are determined.

The target function of the optimization model is deter­
mined, which is to minimize the costs of the maintenance 
of the road network, depending on the pre-design goals. 
The prioritization of alternative strategies is carried out in 
accordance with the intended decision criteria, including 
road safety, the degree of road destruction, cost, ecology, 
and others.

The optimization of the program for the management 
of the road network on a conditional example showed that  

 
Fig. 7. The total estimated cost of maintaining sites

the condition index in the first year 
is lower than the target of 90, there­
fore, it is necessary to carry out ac­
tivities on all the road sections under 
consideration in the first year of the  
program.

The impact of repair and restora­
tion measures on the operational state 
in the future was also assessed, which 
made it possible to increase the total 
index of the network state.

The results of the optimization 
of the program are of practical va­
lue and can be implemented in ma­
nagement models for projects of the 
maintenance of the road network in 
conditions of financial and resource  
constraints.
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