28. Allen W. R. Testing statistical hypotheses, by E. L. Lehmann. John Wiley and Sons, Inc., New York, 1959 // Naval Research Logistics
Quarterly. 1961. Vol. 8, Tssue 2. P. 201-201. doi: https://doi.org/10.1002/nav.3800080209
29. Tablica znacheniy funkeii Laplasa. URL: https://math.semestr.ru/corel /table-laplas.php

30. Kriticheskie tochki raspredeleniya X2. URL: https://math.semestr.ru/group/xixi.php

31. Statistical tests, P values, confidence intervals, and power: a guide to misinterpretations / Greenland S., Senn S. J., Rothman K. J.,
Carlin J. B., Poole C., Goodman S. N., Altman D. G. // European Journal of Epidemiology. 2016. Vol. 31, Issue 4. P. 337-350.

doi: https://doi.org/10.1007 /s10654-016-0149-3

32.  Bakhrushyn V. Ye. Metody analizu danykh: navch. pos. Zaporizhzhia: KPU, 2011. 268 p.
33. LaLonde B. J., Cooper M. C., Noordewier T. G. Customer Service: A Management Perspective. Oak Brook, III: The Council of

Logistics Management. 1988. 640 p.

34. Radionov A. R., Radionov R. A. Logistika. Normirovanie sbytovyh zapasov i oborotnyh sredstv predpriyatiya. Moscow: Delo, 2002. 16 p.

u 0

Posenanymo nioxoou 0o nobyoosu 6Gazamopishesoi
iepapxiunoi cucmemu NOKA3IHUKIE OUIHKU AKICHOZ0 cmany
dinanxu aemomooinvioi dopoeu. Pospoodaeno modens 6azo-
Mocmell napamempie ma Xapaxmepucmux asmomooiny-
HUX 0opiz AK 00POHCHLO-MPAHCROPMHOZ0 AKMUBY Y CKAAT
HPOPMAUIliHO-YNPABITHCOKOT cCucmeMu 2poutoB8oi OUiHKU.
IIposedenna docnioxncernv 00ymosnene neodbxionicnio pos-
pooxu yHidixosanoi reanimempuunoi mooeni zpoutosoi
ouinKu OinAnKu aemomooinvioi dopoeu. B pesynvmami
npoananizoeano napamempu ma KOHCMPYKMUGHi ejie-
MeHmu asmomobinbHUx 00pie, W0 00360JUNO PO3TAHY-
mu 06°exm ouinku — OiAHKY 00po2U 3 MOUKU 30PY Memo-
00210211 n0OY006U CKAAOHUX OazamopieHesux iEPapXitHux
cucmem. Ha ocnosi 3anpononosanoeo nioxody nooyoo-
8aHO NOBHY KEANIMEMPUUHY MOOENb 0N BAPMICHOT OUin-
Ku aemomo0inoioi dopoeu, axa rpyHMyemvCcsa Ha mMmemooi
dexomnosuyii enacmusocnmeii 00’ekma ma 6KAIOUAE MAK-
CUMAIbHY KIbKICMb MONCIUGUX napamempis, xapaxme-
PUCMUK, KOHCMPYKMUBHUX eleMeHmi8, NOKAZHUKIE MPaH-
CROpmHO-excnayamauiiinoeo cmany.

3anpononoeano mexawizm 0OTPYHMYEAHHA 6A20MO-
cmeil napamempis ma xapaxmepucmux 00’ckma ouinku —
dinanxu aemomooiivHol 0opoeu WAAXOM PAUIOHATLHOZ0
NOECOHAHHS 86APMICH020, EKCREPMHOZ0 MEMOOi6 ma Memooy
exgisanenmuux cnissionowenv. Adexeamuicmo 3anpono-
Hosanoi mooei niomeepolNcyemvca ananizom cmanoapm-
HUX noxubox, axi ckaaoaromo 0ins 5 %, wo cymmeeo e
énaUBAE HA 00CMOGIPHICMb pe3ybmanie aHaiMuUMHUX
po3paxynxie.

Pesyavmamu npogedenux 00caioHceHs Cayzyeamumyno
nooanvuum po3eUMKOM THPOPMAUTUHO-YNPABAIHCHKOT
cucmemu 2powo6oi OUIHKU 00POIHCHLO-MPAHCROPMHOZ0
KOMNJeKCY, Memoro PYHKUionyeanusa aKoi € 06rpynmyean-
HA PaUioHaIbHUX YNPABTIHCOKUX pilels w000 00POIHCHIX
aKxmueis 6 uinoMmy ma asmomMoGiLHux dopis 30Kkpema.

Po3spoonena modeav eazomocmeii napamempie aemo-
MOOILILHUX Oopie Modce Oymu euxopucmana nionpuem-
cmeamu ma opzanizauiamu 00poICHLOT 2aY3i ma Modice
Oymu niorpynmam Ons npuinamms eexmueHux oorpym-
MOBAHUX YNPAGIIHCOKUX PilleHb w000 00POXHCHLO-MPAH-
CROpmHUX aKmueie

Kntouoei crosa: sazomicmo napamempis, agmomooiin-
Hi dopoeu, piendb AKICH020 cmany, Keanimempis, icpapxiu-
Ha Modenw, indopmayiiino-ynpasiincoka cucmema

u| m,

1. Introduction

Development of the transport infrastructure of any
country has a key impact on the economy in general. In
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particular, the World Bank annually develops a program in
the form of manuals and reports [1] with the involvement of
private investors to designing, funding, implementation and
management of infrastructure projects.




The programs of this kind are aimed at the devel-
opment of efficient management of existing network of
public roads of national importance considering the pri-
ority of improving consumer properties of international
and national transport corridors, enhance traffic safety,
speed, convenience and cost-effectiveness of passenger and
freight transportation, as well as ensure proper operational
maintenance of public roads of national importance. One
of the main means of implementation of such programs is
the development of the toolkit for technical analysis and
monetary evaluation of existing road-transport assets.
Such problem can be solved only by introduction of the
information and management analytic system (IMAS) as a
modern means for processing analytical data. Application
of the IMAS in practice will enable, above all, the represen-
tatives of the executive authorities, local self-government,
organizations of the road-transport sector to make timely
effective and well-grounded solutions regarding the objects
of the road-transport infrastructure in general and their
separate elements in particular.

The tendencies concerning further involvement of pri-
vate capital of both national and foreign investors on
projects of the road-transport sector determine the need
for revision of the traditional approaches to technical ex-
amination and monetary evaluation of the road-transport
assets. The main problem of the evaluation of a motor road
as a road-transport asset is complexity, multiple parame-
ters, uncertainty of some characteristics, and the need to
apply different methods, models, algorithms and combina-
tions of methods and models for evaluation. In addition, it
is necessary to substantiate the weight of each parameter
and characteristics of a road, because assessment reliabil-
ity and, therefore, the quality of the source information of
IMAS depend on it.

At the current stage of development of the road-trans-
port sector, we should highlight a series of problems associ-
ated with monitoring the state of road assets and carrying
out their costs evaluation. They include the existence of a
large number of sites under construction, destruction of
elements of roads due to increased weight loads of vehicles
and increased traffic intensity, lack or limitation of a long-
term strategy for the development of motor roads at the
state level.

The process of monetary evaluation of motor roads,
unlike other objects in the road-transport infrastructure
is uncertain and non-regulated. Given the relevance of
the problem of such assessments, which is due, above all,
to decentralization and the transfer of public roads from
the sphere of control of one state authority to the sphere
of control of the other, there arises the problem of devel-
opment of a clearly regulated system of procedures and
indicators, which would take into consideration the fea-
tures of a motor road as the engineering facility and, at the
same time, would be available for practical use. Therefore,
the problem of development of the model of the weight of
parameters of road-transport assets is rather relevant in
the current context.

2. Literature review and problem statement

At the present stage of the development of scientific
research in the road sector, there are several papers, in

which the models for estimation of road assets during
conditional privatization of roads within the framework
of public—private partnership were proposed. However,
it should be noted that the authors have not sufficiently
worked over the toolkits of technical analysis and value
assessment of roads and their elements, have not identi-
fied the importance of the influence of each parameter in
general object.

The toolkit to approach the evaluation of the quality
of state of an object is proposed in papers [4, 5]. In these
studies, it is proposed to use qualimetry to determine the
level of the quality states of real estate objects. However,
the difficulty of using the proposed toolkit may include the
specific features and multiple parameters of motor roads as
objects of immovable property of road-transport organiza-
tions. Fundamentally, new methodological approaches to
determining the weights of characteristics and parameters
of objects are presented in [6,7]. However, the specified
methodological approaches can be used in this study only
partially and only for the construction of methodology of
determining the weights of parameters of road-transport
assets. Objective difficulties of using such approaches are
complexity of decomposition of characteristics and parame-
ters of motor roads.

Paper [8] presents the arguments of the influence of the
high-quality input information of the qualimetric model
of the object quality evaluation on making effective man-
agerial decisions in its regard. Approaches to qualimetric
modeling of the indicators of the model of cost assessment
are proposed in [9]. However, the problems of substantiation
of weights of characteristics and parameters of the input
information remain unresolved in these studies.

The conducted analysis of data in the scientific litera-
ture [2—9] makes it possible to assert that there is almost no
research aimed at substantiation of weights of parameters
of road-transport assets. These studies explored real estate
objects in general, rather than such specific assets as a motor
road. In the road-transport sector, the issue of determining
the weights of parameters of objects of immovable property
has not been solved so far, which determines the prospects of
the selected direction of research.

3. The aim and objectives of the study

The aim of the study is to develop a model of weights of
parameters of road-transport assets using the example of
motor roads as a part of the information-management system
of monetary evaluation. This will make it possible to perform
substantial cost assessment of the sections of motor roads
with the aim of making rational managerial decisions about
road assets for further involvement of investors.

To achieve the set aim, the following tasks need to be
solved:

— to determine the fundamental approaches to the con-
struction of a multi-level hierarchical system of indicators of
a motor road assessment;

— to outline the conceptual approaches to the construc-
tion of the model of weights of parameters of road-trans-
port assets;

—to construct a generalized qualimetric model of eval-
uation of the quality state of a motor road considering the
model of weights of parameters and structural elements.



4. Materials and methods to study the parameters of
road-transport assets and the methods of determining
weights

4. 1. Fundamental approaches to the construction of
a multi-level hierarchical system of indicators to assess a
motor road section

A motor road is a complex set of engineering struc-
tures, the operational aim of which is to meet the needs
of end consumers for continuous, safe, and comfortable
motion. First of all, it is necessary to identify the fea-
tures of a motor road, which determine uniqueness of this
road asset:

— linear-extending structure;

— different normative service life of separate elements;

— existence of concentrated objects of significant cost
(bridge crossings, transport interchanges, etc.);

— the opportunity to assess the actual state of separate
elements only by numeric indicators that are determined by
special equipment;

— existence of the large number of parameters that affect
the cost, but do not change over time and depend only on the
influence of a road on users.

That is why taking into consideration the features of a
motor road, it is possible to highlight the directions of select-
ing the objective criteria for monetary evaluation, based on
the actual state and the initial cost.

The main purpose of performing the monetary evalua-
tion of a motor road is to provide with objective informa-
tion those people who should, based on the analysis, make
well-grounded rational managerial decisions regarding a
road asset.

The proposed approach to monetary evaluation is based
on the position of the asset quality assessment. The quality
state of an object depends on properties, characteristics,
and parameters. First, it is necessary to determine the list
(nomenclature) of these qualities, the combination of which
is sufficient and fully characterizes an object. At the next
stage, it is necessary to evaluate the properties qualitatively
and compare with the properties of similar objects or with
reference (normative) values of properties themselves. Thus,
it is possible to represent this process mathematically in the
form of the following model:

Ky =f(R,B,A), M

where Kk is the integrated indicator (level of the asset
quality state), in the form of a coefficient; R is the catego-
ry model of the assessment object (motor road); B is the
assessment base (reference or normative values); A is the
assessment algorithm (logical procedures, methods, tech-
niques).

Thus, in the general form, the assessment of the level of
quality state of a motor road for making managerial deci-
sions consists of the following stages (Fig. 1).

Managerial decisions regarding motor roads are substan-
tiated based on the information and management system of
monetary evaluation according to the following structur-
al-logical block diagram (Fig. 2).

The state of a motor road as an object of monetary eval-
uation can be represented as a hierarchical model of the
totality of properties (Fig. 3) in accordance with the main
approaches of the qualimetry methodology [10-12].

Aim of assessment of quality state of a motor

road

Development of a multiple
hierarchical system of

Category model of assessment
of quality state
indicators

= =

Substantiation of methods and models for
determining the weight influence of each indicator on
resulting (level of quality state of a motor road)

=

Selection and substantiation of the method (methods)
for assessment of the level of quality state

=

Process of quality
state assessment

-

There is an error,
repeat the procedure

Aim is achieved

Development of recommendations based on
assessment results

=

Making managerial decisions on
a motor road

Fig. 1. Algorithm for assessment of the quality state of
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Making managerial decisions on road-transport assets (motor road)
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Fig. 2. Block diagram of substantiation of managerial
decisions based on information and management system of
monetary assessment

Such model is an artificial multilevel system of indicators
that fully and reasonably describes quality features of a mo-
tor road as a property asset. The hierarchical model implies
the rational decomposition of properties of a monetary eval-
uation object — a motor road. At this stage, it is advisable to
use the methodology of AHP (Analytic Hierarchy Process)
by Thomas Saaty [6, 7].

Application of decomposition based on the AHR ap-
proach as a result of mathematical modeling will enable
determining a well-grounded integrated indicator (Kg) of
the quality state of the road asset.
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Fig. 3. General scheme of the qualimetric model of quality
state of a motor road section

An integrated indicator (Kx) is located at the zero level
and includes the sum of all differential indicators that are at
the first (the highest) level and are formed from simple prop-
erties, which are located at the lowest (p-th) level. J-totality
of differential indicators (Kj) is formed at each i-th level.

The choice of the number of levels depends on the pur-
pose of assessment of a motor road section, the significance
(state or local) and the category of a road, the existence
of those or other concentrated objects, etc. At an increase
in the number of the levels of a qualimetric model (p), the
information on the quality features of an object that make
up its properties increase, and decomposition and hierarchy
get more complicated. At the same time, selecting the large
number of levels and, consequently, the indicators, leads to
an increase in the number of measurements and calculations.
Thus, a qualimetric model, if possible, should have a mini-
mum number of levels, but enough to assess the quality with
assigned precision and in accordance with the set goal.

When constructing models, it is necessary to introduce
new relations so that they better correspond to assessment
requirements at this level and reveal the properties of the
previous level. The indicators of each level, in addition to the
zero level, must be equivalent, that is, characterize an object
equivalently. Each level of the model should have a minimal,
but a sufficient number of links, determined by the complete-
ness of description of properties.

4. 2. Conceptual approaches to the construction of a
model of weights of parameters of road-transport assets

First of all, it is proposed to divide the indicators of
evaluation of the road quality state into two main groups:
physical and functional. Physical indicators change over
time and can be characterized by a numeric value, or certain
normative requirements that regulate the compliance or in-
compliance with the requirements of road users. Functional
indicators do not change over time, but their compliance
changes with the change of the users’ structure and the sig-
nificance of the assessed motor road section.

As a result of decomposition of the complex and average
properties of the road asset into simple ones, the number of
levels increases. The model is considered to be finished and
complete, when the last p-th level is represented by simple,
indivisible properties. This approach makes it possible to
create different variants of indicators of the quality state.

Subsequently, it is proposed to divide two main groups of
indicators (physical and functional) into subgroups.

The first group (functional) includes the characteristics
of a road, affecting the convenience and safety of users, the
transportation speed, but do not depend on the quality and

durability of materials and the intensity of load influence on
the road structure. Such indicators are usually laid as early
as at the design stage, which is mainly due to the progressive
development of the normative-technical base and lagging
behind in the implementation of planned repairs. Thus, the
first group of indicators includes:

— traffic intensity;

— parameters of the elements of the lay-out and longitu-
dinal profile;

— parameters of transverse profile of an motor road;

— indicators of an motor road section on traffic safety;

— assessment of influence on the environment (hygienic
indicators).

The second group (physical) includes the subgroups,
depending on the components of the structural elements of
a motor road in accordance with construction norms [13]:

— earth bed;

— road drainage facilities;

— road surface;

— road shoulders;

— transport structures;

— engineering road facilities;

— road service structures;

— road service facilities;

— traffic organization facilities.

Mathematically, the process of construction of the quali-
metric model of the motor road state can be represented by
formula:

Ky = f(K,,K,,..K}), (2)

where K is the level of quality state of asset in the form of
coefficient: K, €[0;1,0], {KK IS5 Q}; Kijjis the value of the j-th
indicator at the i-th level of the model; i is the level of the
model, {ie P}; jis the number of indicators within the i-the
level of the model, {jeL}; Q, P, L are the sets of rational
numbers.

The level of quality state of the asset is the magnitude,
dependent on the totality of indicators of the higher sub-
group taking into consideration their weight, according to
the qualimetric model [10, 14-16]:

1
K¢ =Y K, xm], 3)

my; is the coefficient of weight of the components of (com-
plex) properties, which characterize the quality state of the
assessment objects at the first (highest) level of the model; /
is the number of the groups of indicators, {{e N}.
Accordingly, at the lowest level of the model:

I
Kpj =j2:1ijxmpj’ @

where P); is the single differential indicator of the quality
state of a motor road at level p of the model; m,; is the coeffi-
cient of the weight of simple properties, which characterize
the quality state of the evaluation object at the lowest level
of the model (p); I’is the number of indicators (properties)
of the considered element of the road at level p of the model,
{peN}.

Each level of the object properties can be quantita-
tively assessed by a single (differentiated) indicator of the
quality state:
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where P; is the value of the j-th absolute indicator of the
quality state at the lowest level of the model (p); Plf; is the
value of the j-th basic (reference) indicator of the quality
state at the lowest level of the model (p).

In this case, the single indicator is a dimensionless mag-
nitude that determines the level of the quality state in the
form of the coefficient or in percentage value.

However, the process of determining indicator Kj; in the
model is complicated by the fact that it is necessary to de-
termine clearly the weight of each indicator in a hierarchical
system [7].

All existing methods for determining the
weight can be conditionally divided into two
groups: analytical and expert. The use of the
latter implies determining the relationships be-
tween single indicators, involving experts. How-
ever, subjectivity is the main disadvantage of
this group of methods. Among the analytical
methods, the most common are: the cost method,
the method of statistical treatment of estimates
of the characteristics of such objects, and the |Altrnative

method 1
method of equivalent relationships. 7

The cost method is the most common among
the analytical methods, it is based on the assump-
tion on that quality is proportional to cost and
weight is identical to cost:

my=f(C,)>m,= ¢ (6)

J
T3
where m; is the weight coefficient of the j-the property at
the i-the level; C;is the cost value of the j-th property (of the
motor road, component or a structural element of the motor
road section); 2? C; is the total cost value of the motor road
section, component or element; I’ is the number of indicators
(properties) of the studied motor road section, component or
element at the i-th level of the model.

To determine weight factors of some characteristics of
a motor road, it is possible to use both directly cost meth-
od and its interpretation — the method of restoration cost
value, or a combination of the two methods. When using
simultaneously the classic cost method and the method of
restoration cost value, it is necessary to perform the agree-
ment of results in order to avoid errors. This can be done
in two ways: to determine arithmetic mean magnitude or
to use mathematical weighing. The method of subjective
weighting the end results of determining weight factors
from formula is the best:

a
mij=2mj><zj, @)
j=t

where mj; is the weight factor of simple properties that
characterize the quality state of the assessment object, de-
termined by the j-th method; j is the number of the applied
method, {jeN}; gis the number of the applied methods; Z;
is the specific coefficient of the j-th method.

The process of agreement by the method of subjective
weighing of end results of the weights obtained by different
methods can be represented in the form of a hierarchical tree

(Fig. 4).

Group of analytic methods

The advantage of cost methods is a simplified approach
to determining weight indicators. However, it should be
noted that cost is a non-constant magnitude, which de-
pends on many factors. Accordingly, at a change in cost
over time, the weights of characteristics of objects may
change. At significant fluctuations in cost, reliability of
the obtained values of weights can decrease considerably.
In addition, there are characteristics of road assets that
are practically not possible to estimate by the cost method,
specifically, intensity of traffic, designed parameters of a
road, safety, environmental friendliness. For these char-
acteristics, it is necessary to use other methods form the
group of the analytical methods (for example, the method
of equivalent relationships) or expert methods.

Process of selection of methods (combination of
methods) for determining weights of properties

/\

Group of expert methods
Zy Zy

LN\

Alternative Alternative | | Alternative | Alternative Alternative
method' 2l | ..... " method ; method 1 method'2 | ... method ;
Z; Zy; Zy Zy; Zy

Fig. 4. Hierarchical tree of agreement between weights of indicators,

obtained by different methods

4. 3. Development of the model of weights of param-
eters and construction of a qualimetric model for assess-
ment of the quality state of a motor road

Taking into consideration the basic principles of quali-
metry and using the methodology of the AHP (Analytic
Hierarchy Process) by Thomas Saaty [6, 7], the analysis of
the constituent elements of a motor road as an engineering
structure was performed and the indicators of different lev-
els that accurately and objectively characterize their state
were determined empirically. The results of analysis made it
possible to construct a general qualimetric model of the state
of a motor road (Fig. 5).

Levels of model
0 | 1 [ 2
Intensity of traffic — 30 %

[Parameters of elements of the lay-out and
longitudinal profile — 15 %

Functional wear of a

Parameters of the transverse profile of a motor
motor road (15 %)

road — 15 %

Indicators of a motor road section for traffic
safety —20 %

Assessment of influence on environment
(hygienic indicators) — 20 %

Kx Earth bed — proportionally to cost

Road drainage facilities — proportionally to cost

Road surfacing — proportionally to cost

Physical wear of a Shoulders — proportionally to cost

motor road (85 %)

Transport facilities — proportionally to cost

Engineering road facilities — proportionally to
cost

Road service facilities — proportionally to cost

Road service sites — proportionally to cost

Means of traffic organization — proportionally to
cost

Fig. 5. Levels from 0 to 2 of a general qualimetric model of
the motor road state



Let us perform decomposition of the second level of the
indicator “the functional wear” of the qualimetric model of
the motor road state and construct level 3 and 4 (Fig. 6).

To separate the properties of the totality of sections with
incompliance of parameters with the established regulatory
requirements on the total length of a motor road, we will use
the formula:

Aty =+—, ®)

where At is the j-th property, established for the i-th sec-
tion; /; is the length of the i-th section with incompliance of
parameters with the established regulatory requirements;
n is the number of the sections with incompliance of param-
eters with the established regulatory requirements {ne N};
L is the total length of the assessed road.

safety depends on a certain totality of factors. These include:
socio-economic development of the region, the state of a road
section, the time of operation of a road section after the last
current (capital) repairs, legislation concerning the require-
ments to vehicles, seasonality of road load, etc. Depending
on the prospective traffic intensity, a technical category of a
motor road is given, at the inconsistency of the actual traffic
intensity on the road section of the corresponding technical
category, it is necessary to carry out the reconstruction
of this section. The criterion “indicators of a motor road
section on traffic safety” at the second level includes a spe-
cific set of indicators. This list includes: indicators of safety
coefficients, visibility of a road in the plan and the profile;
existence of road accidents concentration and the distance
from the edge of the traffic lane to green spaces, and building

structures.
The first group of indicators is the most uncertain, the
requirements for traffic safety are not regulated by current
regulations in Ukraine, so the group will be

Levels of the model

studied separately. The rest of the indica-

1 | 2 | 3

4 tors have regulatory requirements to their

Intensity of traffic —
30 %

Longitudinal grade of a road
section — (25-XV/L) %

Parameters of the
elements of the plan and
longitudinal profile — 15 [ Radjus of the curve in the lay-
% out —(25.TVL) %

Radius of the convex curve in
the profile — (25-Zl/L) %

Radius of the concave curve in
the profile — 25-ZV/L) %
Width of traffic lane — (50
(45")ZVL) %

Transverse grades of the traffic
lane — (20 (18")-ZI/L) %

Parameters of transversal
profile of a motor road —

Width of the fortified

boundary costs, or are determined by the
current regulatory documents, procedures
(for example, existence of places of road acci-
dents concentrations). Based on the above, it
is proposed to evaluate the described second
level indicators using the method of fixed
cost relative to the boundary condition, ac-
cording to [17]. That is, if the actual traffic
intensity on the motor road section does
not meet the requirements for the technical
category of a road, the cost of this section is
reduced by the corresponding percentage.
It is proposed to apply the same approach
to the indicators of noise pollution, the lev-

road of I category) —
45" XUL) %

lane on the dividing
strip—30 %"

15% lane — 50 %
Width of road shoulders — Width of the parking el of pollution due to traffic exhaUStS’ the
(25 (22,5")ZVL) % lane — 25 % distance from the edge of the traffic lane to
Width of non-fortified green spaces, buildings; existence of places
lane — 25 % of road accidents concentrations; visibility
Transverse grades of road of the road in the lay-out and in the profile.
shoulders— (5 (4,5 ) XVL) % . «
Indicators “parameters of the transverse
Width of dividing strip (for Widih of the fortified profile of a motor road” and “parameters of

the elements of the lay-out and longitudi-
nal profile” are laid down as early as at the

Functional wear
(15 %)

Indicators of safety coefficients
_ o,

Indicators of a moor road 25 %
section on traffic safety —

20 %

Visibility of a road in the lay-
out and profile — 25 %

Existence of places of road
accidents concentration — 25 %

Distance from the edge of the
traffic lane to shrubbery,

Assessment on influence L
building structures, etc. — 25 %

on the environment
(hygienic indicators) —
20 %

Pollution level due to traffic
exhausts — 50 %

INoise pollution — 50 %

Fig. 6. Qualimetric model of the functional state of a motor road:
* — data for the first technical category are indicated in brackets

Let us consider the indicators of functional wear of the
third level. The intensity of traffic, assessment of the envi-
ronmental impact and indicators of a road section on traffic

Width of the non-
| fortified part of the
dividing strip— 70 %"

stage of the construction of a road section.
However, their parameters can be compli-
ant or incompliant with the actual traffic
conditions, depending on the intensity. In
fact, it is possible to apply to them most rea-
sonably the method of fixed cost in relation
to the boundary state, but with a specific
comment. Since these parameters are linear
in nature and their compliance with current
requirements can be different on separate
sections, weight should be considered in
proportion to the length of certain sections
with the incompliance with the parameters
(Fig. 6, (8)). In addition, for the first tech-
nical category, significance of indicators
will be additionally affected by the corre-
sponding parameters of the dividing strip:
the width of the non-fortified part of the dividing strip
and the width of the fortified part on the dividing strip,
which is taken into account at the fourth level of the model.



Indicators of physical wear are variable in time, mainly,
due to their wear and aging of the road elements they are
related to. To evaluate these parameters, it is advisable to
apply the expert method, a method for fixed cost in relation
to the boundary state and the test results.

It is necessary to note that it is proposed to determine
the weight of indicators of physical wear at the second level
of the qualimetric model by the cost method, that is, in pro-
portion to their cost in the cost estimation of an object. Such
an approach will be most objective, since concentrated arti-
ficial facilities frequently have much higher estimated cost
than linear (road surfacing, marking, etc.), and their state is
much harder to characterize by physical indicators.

We will perform decomposition of the second level of
the indicator “physical wear” of the qualimetric model of the
motor road state and construct levels 3, 4 and 5 (Fig. 7, 8).

We will consider separately the indicators of physical
wear, starting with the third level of the qualimetric model
(Fig. 7).

It is proposed to evaluate the state of the elements of
the earth bed by the expert method. It should be taken into
account that according to [18], the destruction of the surface
of the earth road shoulders, dividing strips and grades of the
earth bed are not allowed to be deeper than 4 cm. It was
empirically determined that the weight of the indicator the
“state of non-fortified part of the road shoulder is 30 %, of
the indicator “grades” — 70 %. This ratio was adopted taking
into consideration the average geometric dimensions and
complexity of removal of defects. Accordingly, at the fourth
level of the model, the indicator “grades” is characterized by
two indicators: “state of grades” (70 %) and “grade steep-
ness” (30 %).

Levels of the model

1| 2 | 3

I 4 I 5

State of the non-fortified part

Earth bed ™ of a shoulder — 30 %

|Grades -70 %

State of grades — 70 %

Steepness of grades —
30 %

Road sides, ditches, flumes

Road drainage facilities
- Deep lying drains ™

Shallow lying drains **

Smoothness

Grip coefficient

Strength reserve coefficient

With regard to

Road surfacing ~*

Integrity of surface

insignificant
destructions

With regard to
medium destructions

With regard to damage of
level 1

With regard to crucial
destructions

With regard to
insignificant
destructions

With regard to
medium destructions

With regard to damage of
level 2

Shoulders ™" of shoulder — 40 %

State of stop strip (fortified)

With regard to crucial
destructions

With regard to
insignificant
destructions

With regard to
medium destructions

With regard to damage of
level 3

With regard to crucial
destructions

shoulder — 60 %

State of fortified strip of

Physical
wear

(85 %) Bridge structures ™"

State by operation
capabilities

P
Tunnels

Traffic facilities ™" Water pipes "

State of the inlet and outlet
caps

State of the pipe body

one level

Transport interchange on

State of waterway at the
inlet and outlet

different levels

Transport interchange on
i

— state of transport facilities is estimated by
the expert method, the weight of each structure
is determined proportionally to cost

s

Fig. 7. Qualimetric model of the physical state of a motor road (part 1): ** — is determined in proportion to cost;
*** — state of transport facilities is estimated by the expert method, the weight of each facility is determined in proportion to cost



Levels of the model
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Fig. 8. Qualimetric model of the physical state of a motor road (part 2):

¥ — the state of anti-blinding elements, traffic

lights, means of forced slow-down, engineering facilities, road service facilities and service sites are estimated by the expert
method, the weight of each of the facilities is determined proportionally to the cost

Road drainage facilities are concentrated, so it is pro-
posed to accept their weight in proportion to the estimated
cost, and to assess their state by the expert method.

The fortified part of the road shoulder consists of the
stop strip (unfortified) and the fortified strip of a road.
The weight of these elements was determined by the expert
method and made up, respectively, 40 % and 60 %.

The most common transport facilities on public roads
are bridge structures, tunnels, drainage pipes, transport
interchanges on one level and transport interchanges on
different levels. These facilities have a high estimate cost
and a long term of operation compared with most elements
of a road. The state of transportation facilities is estimated
by the expert method, the weight of each of the facilities is
determined in proportion to cost. To obtain complete infor-
mation about the current status of bridge structures, it is

advisable to use databases of analytical expert systems and
control over bridges that fully function in road industry in
different countries.

Like transport facilities, the state of anti-blinding ele-
ments, traffic lights, the means of forced slow-down, engi-
neering facilities, road service facilities and service sites are
estimated by the expert method, the weight of each of the
facilities is determined in proportion to cost.

It is necessary to consider separately the road bed and
the means of traffic organization: marking, signs, enclosures,
directing devices. These items are available on all, without
exception, motor roads. They are directly affected by vehi-
cles, weather-climatic factors, and the activity on the oper-
ational maintenance of roads. The state of these elements is
constantly changing, and the operation period is relatively
short. The positive aspect is that in the road sector of the



system of objective indicators was developed and operates,
which makes it possible to assess the compliance of road bed,
markings, signs, enclosures and directing devices to traffic
requirements. Information about the characteristics of the
road bed can be obtained by using the program complexes of
existing systems of surface state control [19].

The criteria of the state of road bed are its strength
(characterized by the module of elasticity), smoothness (IRI
index or equality by bumpometer), grip qualities (grip coef-
ficient) and measure of damage by destructions and deforma-
tions. The requirements for these indicators for roads during
putting into operation after construction or at accepting
work after current repairs, as well as during the road opera-
tion, are regulated by normative documents.

Depending on the actual module of road bed elasticity,
road organizations make managerial decisions regarding the
appropriateness of capital repairs of a motor road section.
Decisions on current average repairs are made based on
analysis of indicators of smoothness and grip coefficient.
Deformations and destructions are removed during the
reconstruction, capital repairs current repairs, as well as op-
erational maintenance (emergency works). That is why when
assessing a motor road section, it is necessary to consider
characteristics of the road bed in a clear sequence.

First of all, the compliance with the module of elasticity
necessary for this technical category is estimated. This com-
pliance is characterized by coefficient of strength reserve. If
the elasticity module does not meet regulatory requirements,
it is necessary to carry out the overhaul, but on condition
that at least one of the remaining indicators is worse than
the norm. The weight of coefficient of strength reserve was
empirically determined at the rate of 60 %. This cost is ac-
cepted, if it is lower than admissible and at least one of the
remaining indicators does not meet the requirements of the
regulations. If the coefficient of strength reserve is sufficient,
its magnitude is 0 %. While meeting the first condition, the
remaining indicators are not considered further.

Calculation of differential indicators of strength for each
kilometer (for category 1 — for direct and reverse directions
separately) of a motor road is performed from the formula, in-
terpreted from (5) by the method of equivalent relationships:

E="L, )

where Efis the actual cost of elasticity module; E, is the nor-
mative admissible cost of elasticity module [13].

The essence of the method of equivalent relationships is
the comparison of actual data on the parameter of the model
with the reference (normative) cost.

It is appropriate to carry out analysis of performed cal-
culations in the tabular form (Table 1) or in the form of a
matrix of indicators.

Table 1
Differential indicators of strength
Direct traffic Reverse traffic
Beginning Beginning
m+ End km+ E lem -+ End km+ E
io i1 E1 io i1 El
i1 ig Ez i1 i2 EZ
In-1 In Ei In-1 In Et

Differential indicator of strength of the totality of sec-
tions with incompliance of parameters with the established
regulatory requirements is calculated from formula:

n
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where n is the number of sections with incompliance of
parameters with the established regulatory requirements,
{n € N}; n’ is the number of sections with the same value of
an indicator, {n’e N}; k;is the coefficient of proportional-
ity of the section length (accepted as 1.0 for the section of
1 km, calculated proportionally for the sections of smaller
length), & €[0;1,0].

Then, it is necessary to consider the grip coefficient,
because smoothness depends on existence of defects on the
surface. Incompliance of the grip coefficient with current
requirements is the criterion for making managerial de-
cisions regarding the current average repair. The weight
of this indicator was established by the expert method at
the level of 30 %. If the grip coefficient is lower than the
permissible, the indicators of smoothness and of the mea-
sure of damage by deformations and destructions are not
considered in the future.

Calculation of differential indicators of grip coefficient
for each lane, every direction, and every kilometer of a motor
road is performed from the formula, interpreted from (5):

7
b 0,

where ¢, is the actual value of grip coefficient; ¢, is the
standard admissible value of grip coefficient according to
current traffic safety regulations [18].

The results of calculations are given in Table 2.

(11

Table 2
Differential indicators of grip coefficient

Direct traffic Reverse traffic
Beginning Beginning
+ +
lem+ End km o) em+ End km [0)
i i Pt i i P1
iy iy [oP) i i P2
in-1 in Pi in-1 in Di

Differential indicator of grip coefficient for the total-
ity of sections with incompliance of parameters with the
established regulatory requirements is calculated from
formula:

n

2l k) )y 15,
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where 7 is the number of sections with incompliance of
parameters with the established regulatory requirements,
{neN}; n’is the number of sections with the same value of
an indicator, {n’€ N}; k;is the coefficient of proportionality
of the section length (accepted as 1.0 for the section of 1 km,



calculated proportionally for the sections of smaller length),
k, 6[0;1,0].

At the next stage of the model construction, we should
consider the indicator of smoothness. It should be noted
that a higher numeric value of this indicator means worse
state of the surface. In addition, if the smoothness does not
meet the requirements, and there are surface defects on a
section, this parameter should be re-measured after remov-
al of defects. It was determined with the use of the expert
method that the weight of smoothness must be accepted
at the rate of 30 %, if there are no surface defects on the
section, and at the rate of 20 %, if there are such defects.
If there some defects and smoothness is unsatisfactory, the
weight of these indicators is added.

Calculation of differential indicators of smoothness of
road surface is performed for every lane, every direction,
and every kilometer from the formula, interpreted from (5):

(13)

where S, is the standard permissible value of the indicator

of smoothness according to current traffic safety regula-

tions [18]; Sy is the actual value of smoothness indicator.
The results of calculations are given in Table 3.

Table 3
Differential indicators of smoothness
Direct traffic Inverse traffic
Beginning Beginning
em+ End km+ N lem End km+ N
i() i1 S1 io i1 Sl
iy iy Sy iy iy Sy
in-1 in Si in-1 in Si

Differential indicator of smoothness for the totality of
sections with the incompliance of parameters with the estab-
lished regulatory requirements is calculated from formula:
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where n is the number of sections with incompliance of
parameters with the established regulatory requirements,
{n eN }; n’is the number of sections with the same value of
the indicator, {n' eN }; k; is the coefficient of proportional-
ity of the section length (accepted as 1.0 for the section of
1 km, calculated proportionally for the sections of smaller
length), k,e[O;LO].

It is common to characterize destructions and deforma-
tions (defects) of the road bed by the measure of its damage
by this or that type of defects [20]. In addition, its spread
on the road of the length of one kilometer (in percentage of
the total length of sections with this type of destructions
or deformations) is taken into account. Classification of de-
structions and deformations includes fifteen kinds (Table 4),
each type has three levels.

Each indicator is assessed visually by the group of ex-
perts, which should consist of at least five people. Then, the
weighted average indicator is determined.

Table 4

Types of deformations and destructions of road bed of
non-stiff type

Type of de- Type of de- Type of de-
Code | structions and | Code|structions and| Code | structions and
deformations deformations deformations
1 Shelling | 6 | Rutting | 11 | Generaltrans-
verse cracks
2 Crumbling 7 Sagging 12 |Cracks network
3 Holes 8 Breaks 13 Longitudinal
cracks
Destructions
4 Ridge 9 of edges of 14 |Slanting cracks
road bed
Destructions Eﬁ?}}g tlz?egf
5 |Displacements| 10 | of deforma- 15 . Y
L final part of
tion joints .
surfacing

First of all, the determined characteristics of the dam-
age must be averaged with regard to damage levels from
formula, %:

0,25-D,+0,5-D, +D,,
Din—I(iH) = D1yD2’D37DZ(i+1) € [0;100]’

[Dﬁ(iﬂ)-l’

where Dy, Dy, D3 are the measure of damage of a section by
deformations (destructions) of the first, second and third
levels, respectively, %; D, is the averaged value of the
measure of damage of a road section from km i to km (i+1)
by the deformation (destruction) of type m, %; {ien}; nis
the number of sections with incompliance of parameters with
the established regulatory requirements; {neN}; {meN}.

At the next stage, all types of defects within separate
i-th-kilometer sections are averaged.

The averaged value of the measure of damage of a section
from km i to km (i+1) by all existing types of deformations
(destructions) is calculated from formula:

(15)
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where D[ .., DX, D!, is the sum of averaged values
of the measure of the road section damage from km 7 to km
(i+1) by deformation (destruction) of I (insignificant), IT (me-
dium) and III (crucial) types, respectively, %; {ien};
n is the number of sections with incompliance of parameters
with the established normative requirements; {n eN }

The insignificant type of destructions and deformations
include those that do not affect traffic safety, are local in na-
ture, indicate a reduction of separate indicators of the mate-
rial of road structure — type 1, 2, according to [20] (Table 4).

The medium type of destructions and deformations in-
cludes those that do not affect traffic safety, but indicate the
beginning of decreasing the strength of a road structure —
type 11, 13—15 (Table 4).



The crucial type of destructions and deformations in-
cludes those that significantly affect traffic safety and indi-
cate the loss of bearing ability by the structure — type 3-10,
12 (Table 4).

Calculation for category I of a road is performed for each
direction separately.

Then, we perform calculation of diffraction indicator of
a measure of damage of the totality of motor road section
with the non-conformity of parameters with the established
regulatory requirements separately for each of the experts
from formula:

I
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xc 100
Du«n.k —_1 , 17
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where [ is the length of the i-th section with incom-
pliance of parameters with the established normative
requirements; {ien}; n is the number of sections with
non-compliance of parameters with the established nor-
mative requirements; {neN}; L is the total length of the
estimated road; & is the assigned conditional number of
the expert, {keN}.

Calculation is performed separately by each of the ex-
perts, then the weight-average for a road section is deter-
mined:

,
zDexpertk
n__1
D="
r

(18)

where 7 is the number of experts, {reN}.

Then it is necessary to determine the adequacy of the
experts’ judgements using the standardized methods for
estimation of errors (method of checking the consistency of
opinions by concordation coefficient, by the rank correlation
of Spearman, Kendall, etc.) [10]. The previous studies enable
us to state confidently that expert methods have the error of
up to 5-10 %, which corresponds to the errors of the meth-
ods for instrumental measurements.

5. Results of testing the developed model of weights of
parameters

Based on the developed model, we carried out assess-
ment of a motor road of category III. The source data for
determining weights by cost methods are the chapters of
consolidated estimated cost calculations of a motor road
construction (Table 5).

First, the cost method by consolidated estimation calcu-
lation of the cost of the construction of a motor road in prices
of today (2018) was used (Fig. 9).

Physical

! Earth bed 24.94 %
(operational)
wearing of motor | A iicial structures 1599 %
road
Road surfacing 16.87 %
Road situation 4220 %

Fig. 9. Fragment of calculation of the weight of parameters
of the model by the cost method

Since we used in testing an existing object (not a new
one), it was decided to perform additional calculations
using the method for restoration costs value, which is also
included in the group of cost methods. To do this, the cost
model was constructed according to the data of estimate
costs in prices of 2008, which was re-calculated by indi-
ces of the Ministry of regional development into prices of
2018 (Fig. 10).

Physical Earth bed 2387 %
(operational) wear

of a motor road | Artificial facilities 14.68 %

Road surfacing 23.03 %

Road situation 38.41 %

Fig. 10. A fragment of calculation of parameters weight by
the method of restoration costs value

In the study, were used the same source data in the form
of estimates documentation for both methods, but obtained
different results (Fig. 11).

45,00% a1%
40,00% B Weights,
35,00% determined by the
0, cost method
30,00%
25,00%
20,00%
15,00% B Weights,
determined by the
10,00% method of
5,00% restoration cost
0.00% value
Earth bed  Artificial Road Road
facilities surfacing situation

Fig. 11. Diagram of weight factors for construction of the
model of quality state of the physical (operational) wear of
a motor road, obtained by two cost methods

Table 5
The source data for determining the weights by cost methods
Chapter of consoli- Cost, determined in C(iicfiii;llaifi:;z(}e; (‘)3(()18 Weight, %
No. by order | dated estimated cost | prices of 2018, thou- . P
. . into prices of 2018, By the method of res-
calculation sands of c.u. By the cost method .
thousands of c.u. toration cost value
1 Earth bed 6,067.99 8,758.04 24.94 23.87
2 Artificial facilities 3,889.29 5,385.83 15.99 14.68
3 Road surfacing 4,104.28 8,449.39 16.87 23.03
4 Road situation 10,266.71 14,089.82 42.20 38.41
Total 24,328.27 36,683.08 100 100




The difference between using the two methods was
caused by a number of factors of the influence on the forma-
tion of the estimated cost of the construction of a motor road
in different years. Specifically, it is the application of differ-
ent standards of estimated costs, a change of the technology
of execution of works, the use of different material and tech-
nical resources, as well as the use of integrated construction
cost indices by the method of restoration cost value.

The agreement of the methods based on cost, applied to
the calculations, was performed by the proposed method of
subjective weighting of end results from formula (7) using
MS Excel. To do this, a linear regressive dependence from
type was constructed:

Y=a,+ax +a,x,+..+a,x, (19)
where Y is the values of functions; xi, xs,..., x3 are the in-
dependent variables; ag, ay, as, ..., a; are the coefficients of
approximation of available data.

Since only two methods, including formula (7) and (19),
were used in approximation, we obtain the equation:

m; =z, +z;m, +z,m,. (20)

Using the method of least squares, the evaluation of the
parameters of the equation was performed, and coefficients
of approximation of available data were determined:
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Calculation results are shown in Fig. 12.

%

40
35
© Averaged values of
30 weights, obtained by two
25 /7 methods
20
° o
15 o —e—Estimated values of
weights by regressive

10 model

5

0 T T T T T %

0 10 20 30 40 50
Fig. 12. Graphic representation of the results of calculations

of available data approximation

Summarizing expert estimates, empirical approaches
and the cost method for determining the weight of separate
elements, it is possible to obtain the full qualimetric model of
the quality state of a motor road (Fig. 13).

Then we performed the evaluation of a free member of
regression and analyzed the adequacy of the proposed ap-
proach using standard errors, determination coefficient and
F-criterion of Fisher. The results of the performed analysis
showed that the standard error is 0.05 (5 %). The determi-
nation coefficient made up 0.894, which means that the con-

sistency of the constructed model with the actual data. The
significance of the relationship is tested by using F-criterion
of Fisher. The calculation cost of F-criterion was calculated
with probability of 0.95 and 9.39, which almost corresponds
to the tabular cost (9.55) with degree of freedom 3 and an
error of 0.06 (6 %).

6. Discussion of results of constructing a model of
weights of parameters of assets as part of the information
and management system

The performed testing of the model of weights of param-
eters of road-transport assets revealed that:

1) the proposed fundamental approaches to the construc-
tion of a multi-level hierarchical system of the indicators for
assessment of a motor road section make it possible to fully
take into consideration the specifics of the road asset;

2) the performed decomposition of the model of estima-
tion of the quality state of a motor road by the hierarchy
methods made it possible to substantiate the indicators and
characteristics of a motor road, which will subsequently in-
fluence the reliability of monetary evaluation;

3) the developed concept of determining the weights of
parameters of road-transport assets is based on the rational
combination of methods, models and techniques, which as a
result can be proved by relatively low calculation error;

4) the constructed model of the weights of parameters of
road-transport assets makes it possible to increase substan-
tially the criterion of confidence of the qualimetric model for
monetary evaluation of a motor road, which in future will be
a criterion for making effective well-grounded managerial
decisions concerning road- transport assets based of the in-
formation and management system of monetary evaluation.

Traditional approaches to determining parameters of the
model of estimation of assets, unlike the proposed ones, do
not take into consideration the specificity of the assets of the
road-transport sector. The proposed model was developed
taking into consideration the specific features of the param-
eters and characteristics of road assets, and is also based on
the integrated approach to rational combination of methods
for determining and substantiation of the weights of param-
eters and characteristics. It makes it possible to obtain high
reliability of calculation, low error in results of application of
expert methods and coordinate the cost methods. The disad-
vantages of application of the developed model may include
conditional subjectivism, because a part of the weights is still
determined based on the opinion of experts, and the errors
in determining the levels and parameters of a qualimetric
model. The specified disadvantages can be neutralized, tak-
ing a rational number of experts in the group and evaluating
a model at the output using the methods of error estimation
and regressive analysis. Additionally, it is proposed to es-
tablish the level of competence of experts. When applying
a combination of cost methods, we propose to carry out
coordination of the results of analytical calculations. In the
study, we analyzed the adequacy of the proposed approach
using standard errors, determination coefficient and F-cri-
terion of Fisher. According to the results of the conducted
analysis, we can conclude that the model is adequate with
the standard error of 5 %. The significance of relationship by
F-criterion of Fisher was established with probability of 0.95
and has a divergence with the tabular value of 6 %, which
proves the validity of the model.
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15 %

Traffic intensity 30 %

Longitudinal grade of a road section
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of a motor road 15 %
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Fig. 13. Qualimetric model of the quality state of a motor road (using the example of a road of category lll)

The results of these scientific studies will be applied in

the development of the information and management system

7. Conclusions

of monetary evaluation of a road-transport complex, the goal

of operation of which is substantiation of rational manage-

ment decisions as for road assets.

1. The selection of parameters of physical and func-

tional wear of road assets using the example of a motor

road was performed, which made it possible to construct



a multilevel hierarchical system of indicators of the ob-
ject’s evaluation. The nomenclature of indicators of the
quality state of an object, which includes, respective-
ly, four and five levels of properties for functional and
physical wear of a motor road section was substantiated.
The indicators and parameters were selected according
to the modern regulatory requirements in road const-
ruction.

2. The groups of methods for determining weight factors
of indicators of the quality state of a motor road of the higher
technical category for the cost assessment were analyzed. It
was found that the most appropriate methods are the cost
method, the expert method and the method of equivalent
relationships, which were selected to appropriate properties.
The rational combination of these methods was determined
by the separation of the specific features of characteristics,

parameters and properties of structural elements of the eval-
uation object — a motor road section.

3.Based on the expert and analytical approaches, the
weight factors of the indicators of quality state of the model
for the roads of higher technical categories were determined.
A complete universal model that makes it possible to estimate
the quality state of an object by its physical and functional wear
was constructed. The adequacy of the proposed model is proved
by the standard error of 5 % and the significance of the relation-
ship by F-criterion of Fisher, which was established with proba-
bility of 0.95 and proves the reliability of the developed model.

The developed complete universal qualimetric model of
monetary evaluation of a motor road is the basic parameter
of the information and management system for monetary
evaluation with substantiation of managerial decisions re-
garding road- transport assets.
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