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The object of research is the processes of cost, duration and quality management in long-term contracts for the
maintenance of roads. The presented work is based on the use of project management theory. The main hypothesis
of the study is the application of methods for optimizing the parameters of long-term contracts for the maintenance
of roads. Features, advantages and problematic issues concerning the use of long-term contracts based on qual-
ity indicators in the road sector are considered. The world and domestic experience of introduction of long-term
maintenance of highways is analyzed. The main approaches to optimization of parameters are defined and the
mathematical model of management of processes of cost, duration and quality in long-term contracts is developed.
Based on the model, two methods of mathematical solution of the optimization problem of the proposed parameters
have been developed. A mathematical experiment based on the example of the project of long-term maintenance
of roads on the final quality indicators, the results of which showed that the adaptive capacity of projects by the
second method is less flexible than the first. But the second method achieved better performance to minimize time
parameters with averaging at 5 % . Optimization of parameters of long-term contracts for maintenance of roads has
a multiplier ef fect, which is expressed in reducing administrative costs of the customer, reducing the responsibility
of road services, creating conditions for stable financing of road works, satisfaction of road users, building strong
partnerships between the customer and the contract. The results of calculations have practical value and can serve
as a tool for making sound management decisions to determine the basic parameters of long-term contracts for
the maintenance of roads based on quality.
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1. Introduction

In modern world practice, a wide variety of approach-
es to the maintenance of highways are used. The most
common is withholding under a traditional contract (by
type of work), in which payment is made for the amount
of work performed. Many studies have shown that the
complexity of the formation of contracts is caused by
the inefficiency of traditional methods. This has led to
the rapid development of new types and models of road
maintenance contracts around the world.

The author of [1] points out the drawback of such
systems in which the customer is fully responsible for
the risks of projects, including those associated with the
introduction of new technologies and materials. Thus,
both public and private organizations maintain a large
number of additional personnel to monitor the risks of
road maintenance contracts.

In the United States, the American Association of
Civil Engineers (ASCE) has published a report on the
study of road infrastructure, in which American research-
ers expressed their critical view of the existing types and
models of long-term contracts [1].

The main issues that generated this negative response
from researchers were:
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— inability of contractors to use modern innovations
and innovations;

— constant growing costs of road maintenance;

— significant responsibility is assigned to road agen-
cies, while contractors do not bear responsibility and do
not provide any guarantees regarding the condition of
roads during maintenance, that is, there is a risk of not
reaching the required operational condition.

According to world experience, the solution to these
problems can be the so-called long-term contracts based on
final quality indicators, which must, in turn, be optimized
in terms of time, duration and cost for their effective
implementation, for example, in Ukraine.

The object of research is the processes of cost, dura-
tion and quality management in long-term contracts for
the maintenance of highways. The aim of research is to
develop methods for optimizing the parameters of long-
term contracts for the maintenance of highways.

2. Methods of research

End-of-Line Long Term Contracts (LTC) are an agree-
ment (contract) between a government road agency and a
contractor. On the LTC basis, the contractor ensures the
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maintenance of highways at the appropriate level on time,
specified in the contract. The State Highway Agency is
contractually obligated to make payments on time, sub-
ject to the quality indicators. According to studies [2],
these indicators include: the strength of the road surface,
roadside management, road safety and others.

The author of the publication [3] notes that
in traditional contracts for the maintenance of
highways, the contractor is responsible for the
work that is determined by the customer and
receives payments for the performance of single
(local works). In [4], it is noted that evolution-
ary in the use of long-term contracts based on
final indicators is the transfer of responsibility
for determining the materials, technologies and
methods of production of work that must meet
quality indicators from road agencies to contractors.

The author of work [5] is considered an ideologist
in the use of long-term contracts in world practice.
In Ukraine, this direction was one of the first to be
investigated by the research team of the Department of
Transport Construction and Property Management of the
National Transport University (NTU, Kyiv, Ukraine) [6].
Researchers have completed a number of scientific works, .
developed a number of regulatory documents and pro-
posed appropriate software solutions [7].

In [7], the complexity of the implementation of
the LTC and the need to create a modern informa-
tion and analytical system for the management of
long-term contracts based on final indicators for the
maintenance of highways are noted.

LTC feature is the terms of payment for ser-
vices, which should depend on the achievement of
the quality indicators stipulated in the contract,
namely, the fact that the work performer (contractor)
receives payment not for the volume of work performed,
but for achieving these indicators [8]. According to the
experience of different countries of the world, the con-
tract may provide guarantees for its implementation in
the amount of the full value of the contract. Thus, the
performers of the work are responsible both during the
period of the contract and after. Therefore, any defects
that may arise after the end of the contract must be
repaired by the contractor who held the section of the
road under the contract.

The first steps to implement the LTC in Ukraine began
in 2005. During this period, with funds from the Euro-
pean Bank for Reconstruction and Development (EBRD),
the State Agency for Roads of Ukraine (Ukravtodor)
carried out a thorough analysis of the road sector and
prepared a «Plan for Reforming the Road Network
Management System» [9]. The plan was developed
to introduce long-term contracts based on end-points
for road maintenance. Thus, according to the second
loan agreement «Repair of the Kyiv — Chop highway»,
concluded between Ukraine and the EBRD, after the
completion of the repair work, a pilot LTC project is
being implemented on the section of the M-06 Kyiv-
Chop highway [10] (Fig. 1).

Taking into account the world experience of using long-
term contracts for the maintenance of highways, the contract
developers took into account such features of the LTC as:

— execution of financial payments for the process of

management and maintenance of highways;
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— definition of service levels (quality indicators);

— fulfillment of the full amount of payments for reach-
ing service levels;

— using a system of penalties to achieve service levels
and stimulate the quality of work;

— non-interference in the process of choosing materi-
als and production technology of the customer’s work
(Fig. 2).

Bennkne MocTl N {1406

JlonaTix

o

© BUS'
Bycx Onecxo
o Noaxame!

=y Kpachoe

i o

TANHAHDI

3onoues e

Nepembiunsausl o o
o
(5 36opos
MomopaHb g
BoGpKa Kosnos

©  Tepua

-

Mitky

o MYKOLAIV °

Hukonaes Hossie CTpeniua

LN e &’:4—{_//—/
Xogopos. Poratnn’ = 73
E S50y )

Hosbt Posgon
& S BepexaHbt

CHespoiues

° & Bykatesus & 5
BypwTbiH MNoarainust

Aawasa XypasHo

o

Fig. 1. Layout of the M-06 HKyiv-Chop highway section, which is contained in the first

pilot contract in Ukraine

Payment is made for the management and maintenance of
road assets
‘ Provided service levels

Payments are tied to the achievement of clearly stated
Service levels
‘ Service level mismatch will result in penalties
The customer does not indicate to the Contractor the method
of performing the work, or the requirements for the material

Fig. 2. Features of the implementation of the first pilot contract in the road
industry of Ukraine

As it is known, the main feature of long-term con-
tracts for road maintenance is the use of the concept
of service levels. Service levels are indicators of the
condition of road elements. The contractor is paid for
the achievement of these particular service levels, not
for the volume of work, unlike traditional contracts.

In accordance with the concluded contract, according
to [11], the following works were envisaged:

— elimination of existing defects and bringing the road

to a state in which it can be maintained by measures for
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the current maintenance and periodic repairs (Fig. 3);
— arrangement of the lighting system;

— establishment of weather stations;

— arrangement of weight control points;

— operational maintenance based on the LTC;

— winter operational maintenance ba-sed on LTC;

— periodic repairs;

— emergency work.

Fig. 3. An example of improving the condition of a section of the M-06
Ryiv-Chop highway, km 434+230 — km 621+500: a — before; b — after

On the basis of the work done and the process of
implementing the pilot LTC in Ukraine, the following
features are noted:

— these contracts require long-term financing, which

was not possible for the creation of the Road Fund,;

— LTCs require improvement of the regulatory frame-

work, in order to avoid conflict situations during the

implementation of contracts;

— the need to develop the competitiveness of a capable

market of road maintenance services [9].

Fig. 4 shows two models of road main-
tenance. According to Fig. 4 it can be
noted that when using the classical ap-
proach to the maintenance of roads, their
condition deteriorates significantly before
reconstruction, requires a large amount of
both labor and financial resources.

Asset condition

Content

LTC contracts are considered, based on international
experience. The optimization of the parameters of LTC
contracts is based on three factors — time, cost and
quality. The interconnection process in the parameters
itself is described by the function:

F={XY,Z}, (1)

where X — optimized time value (7); Y — optimized cost
value C); Z —optimized quality value (Q).

The objective function that determines the time can
be expressed using the formula:

MinT = maXLpeLZZdU p (2)
ielp j=1
where dj — duration of the i-th work when performing

the j-th option; x; — index variable of the activity of
the i-th work when performing the j-th option. If x;=1,
then the activity and performs the j option, if ;=0 — the
activity and is performed. L — set of all possible paths
in the network {1,2, .., p}; L, — sequence of actions on
the p-th path; m; — the number of the contract option
for activity i, for i=1,.., N.

The cost of projects consists of direct (all costs within
the project) and indirect costs (costs during the imple-
mentation of the project).

The objective function, which reflects the total cost
of the project, can be expressed using the formula:

minC = iicij +I1CxT, 3)

i=t j=1

where cij — cost of the i-th work of the j-th option; IC —
indirect costs of work per day.

Quantifying quality is a very difficult task. Some qual-
ity indicators were determined in [12].

The objective function expressing the quality of the
project can be expressed using the formula:

maxQ = Zwt zmllg”,xl] (4
i=1 =1

where g;j; — indicator of the quality of work / in work
i, using the j-th option of using resources; w;; — quan-
titative value of the quality indicator (/) in comparison
with other indicators in work i; w; — value of the work
compared to other types of work for the project.

"Design - reconstruction” cycle Quality-based

/ contracts

The largest challenges in the imple- standards

/m\x\v\/

. Basic level
mentation of long-term contracts for

the maintenance of highways is the
selection of optimal parameters based
on the influence of various factors, that

<

is, the implementation of optimization
of the LTC parameters. In [12], the
main factors that most of all affect the

»
»

Fig. 4. Condition of assets under traditional contract and contract based on final indicators [2]
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To perform multi-objective optimization, it is possible
to use one of the methods [12].

Method No. 1. Optimization by the first method is
as follows:

minZ =
u/t 3 T_T;nin +Y +u/r . C_Cmin +Y +
Tmax - Tmiu + Y ) Cmax _Cmin + Y
= 0 -0+ v ()
a, [ e ~QFY }
Qmax _Qmin + Y
where W,, W, and W, — adaptive values of time, cost
and quality.
Adaptive values of time, cost and quality are de-
termined by the formulas:
w =V, (6)
\%
%
W == )
cv
%
—_ 4
W, =t ®)
where Vi, V, ta V, — time, cost and quality criteria.
The time criterion is determined by the formulas:
T, Z
‘/z — min : (9) 8
Tmax _T;nin
(o
V. = min ;
‘ Cmax - Cmin (10)
‘/q — Qmax R (1 1)
Qmax _Qmin
where Tmim Clnina aniny Tmaxa Cmax and Qmax — the mini-
mum and maximum time, cost and quality values.
The cumulative criterion V is determined by the
formula:
V=V +V,+V, (12)
where 7, C and Q — time, cost and quality targets in
the corresponding decision sequence.

Method No. 2. The objective function for the second
method is:

minU =

2 2
W - A W C-Ch "
T;nax - T;nin Cmax - Cmin
= 2 1/2,
QM—Q}

w [ (13)
! Qmax - Qmin

where W, W, and W, — adaptive values of time, cost
and quality.
The adaptive values of the parameters are determined

by formulas (6)—(8).

Execution time

100

Quality

3. Research results and discussion

On the basis of the proposed methods for optimizing
the parameters, a mathematical experiment was carried out
on the basis of an example of a project for the long-term
maintenance of roads in terms of final quality indicators.

Fig. 5-7 show the average value of indicators of time,
cost and quality according to calculations by the proposed
methods.
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Fig. 5. Average value of contract duration
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Fig. 7. Average value of contract quality

According to Fig. 5-7, the mathematical experiment
according to the method No. 2 shows the achievement of
the best indicators for minimizing the time parameters in
comparison with the method No. 1 with a standard devia-
tion of 5 %. Average optimized cost for both methods is
comparable by comparison. However, it should be noted
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that the adaptive capacity of the LTC projects according
to method No. 2 is less flexible than the first one.

4. Conclusions

A mathematical experiment was carried out on the ba-
sis of an example of a project for long-term maintenance
of roads in terms of final quality indicators. There were
comparative results of calculations using the two methods,
which indicated a high adaptive ability of projects using the
first method. In turn, according to the second method, it is
possible to achieve the best indicators of minimizing time
parameters with a deviation of 5 %. The model was tested
for adequacy with a calculated algorithm error of about 3 %.

Parameters of long-term contracts are justified. They are
based on final indicators, using the methods of multi-purpose
optimization tasks, serve to increase the efficiency of mana-
gerial decision-making, has a multiplier effect and leads to:

— reduction of administrative costs (by optimizing
road repair work);

— reduction of the responsibility of road services (by
shifting a number of tasks that were previously performed
by the road service to the contractor);

— creation of prerequisites for stable financing (due
to the conclusion of a contract for a significant period,
which allows for more accurate cost planning);

— user satisfaction with the quality of roads (due to
predetermined optimized quality indicators specified in the
contract and must be met by the contractor during the
contract, compliance with these indicators directly affects
the contractor’s profit, since non-compliance is controlled
by a system of penalties);

— creation of strong partnerships between the customer
and the contractor (due to the pre-defined obligations
of the parties and incentives for the contractor to work
in a high-quality manner and overfulfillment of plans);

The results of this research can be realized by intro-
ducing long-term contracts for the maintenance of roads
in countries with limited funding for the road sector.
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