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Abstract. In Lithuania, the efforts are made to ensure the conditions of safe, comfortable and fast passenger and freight
transportation on Lithuanian roads, satisfying geometric characteristics of their particular categories and the specified re-
quirements to their pavement. The considered characteristics of pavement include its roughness, strength and the admis-
sible rut depth and destruction level. Rest and Service Areas (RSAs) are usually set up at the roadside. The paper presents
a description of the conditions specified for the movement of motor vehicles on the major Lithuanian roads in the seasons
of warm weather and a Classification Model (CM) of the required conditions. It also provides the results of the evaluation
of actual Travel Conditions (TCs) on the main Lithuanian roads by using the developed model. The obtained results show
that in 2016 on the considered highways were good and very good, except for road A9, where the TCs were satisfactory. It
is demonstrated that the distances between RSAs comply with the recommended distances. It is also shown that roughness
of pavement and strength of the Structure of the Pavement (SP) depend on the destruction or damage level of pavement.
The values of such pavement parameters as roughness, rut depth and destruction level, which should not be exceeded be-
cause they help to ensure either comfortable or good TCs on Lithuanian highways, are given. The suggested model of road
TCs can be used for determining the quality of TCs on highways.

Keywords: motorways, travel conditions, structure of the pavement, pavement, rest and service areas, roadside landscape.

Introduction

In any country, roads are important routes for vehicles,
allowing people to move freely at a high speed in the
desired directions and to reach the place of destination.
The programme for maintenance and development of the
main (most important) motorways of Lithuanian Republic
for 2002...2015, as well as the programme developed for
the period until 2020, specify the requirement to largely
improve the reliability of road transport infrastructure.
The appropriate allocation of funds to road maintenance
ensures a reasonable service life of roads and their pave-
ments.

The regulations KPT SDK 07 (LAKD 2007) and KTR
1.01:2008 (LAKD 2008) clearly state and describe the con-
ditions for designing highways and roads of categories
1...5 and determine the strength (class/group) of Struc-
tures of the Pavement (SP). The width and other metric
parameters assigned to roads (according to their catego-

ries), which are given in Tables 1 and 2, guarantee the
specified design speed, vg”) [km/h].

The conditions of the pavement and the SP depend
on the strength of the SP, which is specified by regulation
KPT SDK 07 (LAKD 2007). However, the conditions of
road travel are not fully described by specifications. They
also depend on the safety of travel, its comfort, attractive-
ness and rate of movement, while the latter, in turn, de-
pend on the condition of pavement, road signs and road
surface marking, speed recording or decreasing devices
and other engineering equipment, as well as distribution
of rest and service areas (RSAs) and the attractiveness of
roadside landscape (Samuchoviené et al. 2013).

The effectiveness of transportation is also influenced
by the environmental and social factors, depending on the
quality of services provided in travel (Han, Do 2016). A
trip is comfortable, when roads and their surroundings are
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attractive and there are RSAs on the roadside (Wang, Easa
2016). In defining the conditions of the vehicle’s move-
ment along the road, the largest admissible distances be-
tween these areas are specified.

To ensure the described Travel Conditions (TCs),
the specified values of quality criteria of asphalt concrete
or other type of pavement should be satisfied. Thus, the
roughness of the pavement according to International
Roughness Index (IRI) Y. should satisfy the condition

Yipr < Yﬂﬁerm), the level of pavement destruction D should
be D<D,,,,, and pavement rutting index H should be
H<H,,, (where R, is the admissible index value)
(Petkevicius et al. 2006). The following road characteris-
tics, corresponding to its category, should be taken into
account: the width of the roadway b,, the width of the
pavement b, the width of the roadside (shoulder) b, the
road width b, the width of the road and its protected zone
B, etc. To implement the specified TCs for road transport,
visibility range of the road, corresponding to the road cat-
egory and importance as well as its protected zone should
be guaranteed. The parameters corresponding to the road
category, which are guaranteed, are as follows: the falling
gradients of longitudinal i; and transverse i; road profiles
and the lengths of the radii of the horizontal curves in the
plan R, as well as the convex R;; and the concave R;, curves
in the longitudinal profile (Samuchoviené et al. 2013).
Nonstructural factors, such as surface distresses and
ride quality, have been commonly used as the main indica-
tors of in-service pavement conditions. In the last decade,
the concept of implementing a structural condition index
in Pavement Management System (PMS) to complement
functional condition indices has become an important
goal for many highway agencies (Elbagalati et al. 2016).
In recent years, the intensity of road pavement destruc-
tion has been increasing and its service life has been de-
creasing because of the detrimental effect of the increasing
flow of Heavy Transport (HT) on the pavement. The study
of Lithuanian highways (Sivilevi¢ius, Vansauskas 2013)
has shown that the value of the rut depth on bituminous
concrete pavement H_ .. approached the limiting value
Hy, = 40 mm. Thus, H,, = 36.4 mm was determined
on the road Al, while H,, = 39.3 mm was found on the
road A2. When the rut depth is greater than allowable limit
the pavement are recycled (Vislavicius, Sivilevi¢ius 2013).
The objective characteristic of pavement is the level of
its destruction D (Petkevic¢ius 2008; Haas et al. 2006). The
factors causing pavement destruction are closely interre-
lated, which makes it difficult to determine the cause of
pavement destruction based on the type of damage and
factors strongly influencing the formation of defects and
their spread over the pavement (Mun 2014). The main
causes of defect (flaw) formation are as follows: a weak
SP, too strong destructive effect of HT on road pavement,
unfavourable climatic conditions of the area and sprin-
kling as well as sensitivity of the road bed soil to frost
(Petkevicius 2008; Yaromko 2008; Bertuliené et al. 2018).
The factors (criteria) determining the state of asphalt
pavement under various operating conditions have been

considered in many works (Mturi et al. 2014; Geng et al.
2014; Mallick et al. 2015; Mathew, Isaac 2014; Mubaraki
2014; Pratico 2015; Chamorro, Tighe 2015). Their analysis
has shown that the state (condition) of pavement depends
on the quality of the pavement material layer, its operating
conditions and time of operation. Pavement conditions
significantly influence the generation of nuisances that
influence the environment and increase the costs borne
by society. The Pavement Environmental Impact Model
(PEIM) is the first attempt to adapt the Impact Pathway
Approach (IPA) to assess the emission, dispersion, and
impact of noise, air pollution, and greenhouse gases so
that environmental impacts can be included in the eco-
nomic models of pavement management units (Pellecuer
et al. 2014).

The paper by Lee et al. (2015) focuses on the develop-
ment of the relationship between poor pavement condi-
tions and crash severity levels using a series of Bayesian
ordered logistic models for low/medium/high speed roads
and single/multiple collision cases. Solatifar et al. (2017)
presents a simple method to determine dynamic modu-
lus master curve of asphalt layers by conducting Falling
Weight Deflectometer (FWD) for use in mechanistic-
empirical rehabilitation. Results showed that proposed
method has several advantages over Mechanistic-Empiri-
cal Pavement Design Guide (MEPDG) including:

- simplicity in directly constructing in-situ dynamic

modulus master curve;

- developing in-situ master curve in the same trend

with the main predicted one;

- covering the large differences between in-situ and

predicted master curve in high frequencies;

- the value obtained for the in-situ dynamic modulus

is the same as the value measured by the FWD for a
corresponding frequency.

Qin et al. (2015) have recommended the evaluation
of the medical service provided in the case of the road
accident in rural locality. In other paper (Qin et al. 2016),
the scale for evaluating the roadside landscape based on
its aesthetic value has been given. The landscape of the
road, its pavement (and the adjacent area) has no clear
boundaries. The particular landscape elements are often
the constitutive parts of the road pavement.

Roadway safety involves the three components of the
rodway system: the people, the vehicle, and the roadway.
When the design corresponds to what the driver hopes to
find, the road is consistent; the most widely used methods
to evaluate design consistency are based on analysis of the
operating speed profil. When the roadway aligment does
not violate driver expectations, the possibility of drivers
making errors is reduced (DellAcqua 2015). According to
the study by Russo et al. (2014), based on the network ap-
proach for the allocation of economic resources and plan-
ning of road safety strategies, calibration of injury crash
rate prediction models for specific target collision type
important because of the range of harms that are caused
by different collision types.
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Trafic signs are important roadway assets that provide The aim of the present work is the development of a
critical guidance including regulations and safety-related Classification Model (CM) of the actual automobile TCs
information to road users (Ai, Tsai 2015). The effective- on Lithuanian roads in the warm weather seasons and its
ness of a traffic sign is collectively influenced by the sign’s applicability assessment, as well as the evaluation of TCs
understandability, legibility distance, glanclegibility, and on the highways A1, A2, A9 and A11 by using the devel-
learnability; however, understandability has been repeat- oped model.

edly identified as one the most important effectiveness

measures (Neill et al. 2016). 1. The object of research and the applied

The quality of road transport infrastructure was a sub- investigation methods
stantial impact on tourism development in the country.
The tourism industry has boomed recently, substantially The object of the present research is associated with
increasing tourists and product values, but its support in- TCs on the main highways of Lithuania specified for the
dustries (e.g. restaurants, hotels, transportation networks) ~ warm weather seasons, the use of the developed CM of
are responsible for heigh energy consumption rates, with ~ these conditions (Figure 1) and the ways of ensuring the
serious environmental impacts (Chu, Chung 2016; Lin, ~ specified TCs on the highways A1, A2, A9 and All. In
Goay 2016). the research, the criteria describing operating pavement
The specifications define and the investigations con- characteristics on the particular routes (Vilnius-Kau-
sider TCs on motor roads from various perspectives (by ~ nas-Klaipéda (A1), Vilnius-Ukmerge-Panevezys (A2),
assessing the road category and strength of its pavement, Panevézys—Radviligkis—Siauliai (A9), Siauliai-Kretinga—

the factors ensuring a good state of the road, the medical =~ Palanga (A11) and on Panevézys by-pass (A17)), such as
services provided by the roads, the aesthetic perception of ~ pavement roughness (based on IRI), Yjp; [m/km], its de-
roadside landscape by the travellers, etc.). However, TCs struction level based on D index [%)] (Petkevicius 2008)
have not been thoroughly investigated yet. and the developed defects based on the rut depth index

The specified TCs for road transport on Lithuanian highways |

The criteria describing a road satisfy the specified requirements The quality of roadside landscape and the provided services satisfy
the recommended conditions

The criteria of the road width satisfy the conditions: The criteria describing the aesthetic value and attractiveness of roadside
—| (perm) (perm) (perm)* (perm) cati iti = (rec)
B>B,,,» b> bperm, by2by " b, 2 by , b, >b; s be2by landscape A; satisfy the condition A; = A;
Other criteria of geometric parameters of the road satisfy the conditions: The criteria describing the quality of services, presenting the distances

x(gpe'm)’ Rig > R(PW”) i(mi") <i < ix(max)’ between various RSAs, Ly, Lag, Lgg, Lycs Lges Lees Laps Lyps

g o i
<i <™ Lepy» Lpp satisfy the condition L < 1)

|| R, zRE}’W), R¢ >R

igmin

S, . . .. perm) **
Visibility range on a road at overtaking satisfies the condition L, > LS, ) > The distances L, between RSAs of category A satisfy the condition
and along with other criteria of geometric parameters guarantees the design —

| rec
Laa < L(AA)

speed of vehicles: vy = vg,n)

The distances Lppbetween RSAs of category B and those of categories A
The criteria describing the conditions of pavement and strycture of the BB DELWS gory g

(perm) ] and B (L,p), Lyp =Ly, satisfy the conditions L, < L(Z;),

st >

- pavement K, Y, Hand D satisfy the condition: K, >K
(pevm) L. < L(rec) L(rec) _ L(n'c)
Yipr <Yy > HSH D<D BB = BB > “AB BB

perm> perm

The distances Lcc between RSAs of category C, between rest and service

areas of categories A and C (L) and between those of categories B

and C (Lye), Ly =Lpe = L, satisfy the conditions Ly < L,:ecc »

The system of signs, road surface marking and engineering devices ensures safe

continuous traffic of road transport at the actual speed v correspondingto the

significance of the road, and specified by traffic regulations, and satisfies the :
rec

(perm) Lpc SL(:;?)’ Lec < &, L(AC

7‘2[)
R < L~ N
condition v, <v; CcC

rec
)

4
7LCC

The distances Lpp between RSAs of category D, between rest and service
areas of categories B and D (Lg;,) and between those of categories C
and D (L¢p ), Lyp =Lgp = Lep = Lpp, satisfy the conditions

| rec rec rec rec
Lyp SL(AD » Lgp SL(BD » Lep SL(CD), Lpp SL(DD),

rec rec rec rec
L(AD) = L(BD) = L(cp) = L(DD)

Figure 1. A CM of the specified TCs for road transport on the major Lithuanian highways (with the provided symbols, the admissible
(perm)

o is the admissible

criteria values and the conditions of satisfying the requirements by the criteria defined in Tables 1 and 2); K
value of pavement strength criterion K; the values Kgf erm) of the criterion K, for highways and for the roads of categories 1...5 are
given in the work (Petkevi¢ius 2008); * the criteria b, and bgp ) are determined only for the roads of categories 1 and 2; ** the criteria

L, and L(ap ) are determined for the roads of the 2nd and lower categories
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H,,.x [mm], were analysed. The considered roads are the
major routes for travelling by road transport on Lithu-
anian territory from its capital Vilnius to the Baltic Sea.
The Annual Average Daily Traffic (AADT) volume N var-
ies on different road sections from the smallest amount
of vehicles N .. =8 thous. vehicles/day to the largest
amount N =45 thous. vehicles/day. In performing the
research, the problems given below were defined, analysed
and (or) assessed:

- rapid worsening of the operating conditions of pave-

ment described by the indices Yz, D and H;

- the requirements to the admissible values of pave-

ment indices: roughness Yl(grm), rut depth H,,,,,, and
destruction level D,,,,;

- the location of the rest areas with hotels, motels,
restaurants, cafes, petrol (gas) stations and with and
without sheds;

- the periods between the overhauls (repairs) of the
pavement of separate sections of the highways Al,
A2, A9 and All;

- the lengths [%] of the roads Al, A2, A9, A1l satisfy-
ing the specified TCs on Lithuanian highways given
in the CM (Figure 1), and the applicability of this
model.

The total length of the considered highways Al, A2,
A9, Al11 and A17 is 682.0 km, which makes about 39% of
the total length of all Lithuanian roads, reaching 1750 km.

The methods used in the research are as follows:

- summarizing and modelling TCs for road transport
on Lithuanian motorways;

- observing the variation in the width of the motorway
elements (i.e. pavement width b, roadway width b,
and shoulder width b;) on the sections of each inves-
tigated road, where visual inspection could show a
reduction in the width of the road elements by com-
paring 30...40 width values and the width b, (n = 30
... 40 width values);

- determining the values of indices Y3, H and D,
showing the condition of road pavement along the
length of the road (on each investigated road sec-
tion with / = 20 m) by using the Mobile Laboratory
RST 28;

- determining the time periods between the repairs of
the pavement of the roads Al, A2, A9 and All;

- developing a model of the distribution of the RSAs
on the roadside of Lithuanian highways;

- determining the real places for creating the RSAs
along the roads Al, A2, A9, A1l and Al7 and the
aesthetic value of the roadside landscape A;;

- using the correlation and regression analyses of the
mathematical-statistical characteristics (such as the
mean values x and standard deviations s of the con-
sidered criteria).

The paper presents the results obtained in the research

into the distribution of the RSAs on the roadside of high-

ways performed in 2001, 2015 and 2016 and the data ob-
tained in the comparative analysis of the results for 2001
and 2016.

2. A model of the TCs on roads and its
application to the investigation of highways

In developing the CM of road TCs in warm weather sea-
sons (Figure 1), the authors used various criteria to de-
scribe them (Table 1).

The developed CM (Figure 1) shows that the specified
road TCs can be implemented only when the use of the
admissible (or recommended) values of all the criteria of
the road (Table 1) is guaranteed. The admissible and rec-
ommended values of the criteria describing TCs on high-
ways are given in Table 2.

The authors performed the study of quality character-
istics of roads Al, A2, A9 and A1l described by the re-
spective criteria by using a CM (Figure 1) and the admissi-
ble or recommended values of the considered criteria. The
algorithm of the CM (Figure 1) application to the analysis
is presented in Figure 2. It has been found, which road
sections expressed in parts of the road length [%] satisty
the TCs and which road sections fail to satisfy them. Only
the values of the criteria (Table 2), which could vary dur-
ing the service life of a road, i.e. the actual values of the
criteria b, b,, by, by, Yipp H, D, A; and the distances L ,,
Lup Lgp Lacs Lges Lo Laps Leps Leps Lpps as well as the
distribution density of the RSAs on the roadside of the
roads Al, A2, A17, A9 and Al1, have been determined.
The values of other criteria (Table 2), which do not change
with time, have not been considered. AADT volume N on
the roads was in the range of the admissible values, while
the speed v, values were restricted by the road signs, limit-
ing the speed of vehicles.

The concept of the roadside and native land landscape
is described in the work (Budritinas, Eringis 2000). The
native land landscape is perceived there as a complex
geoecological and cultural system consisting of the in-
terrelated natural and anthropogenic components, while
landscape is assumed to be the native land landscape in
the visibility range. B

In determining the mean values T; and standard de-
viations s of the time periods between pavement repairs
of the roads Al, A2, A9 and Al1l, the actual values of the
time periods between the pavement repairs of particular

road sections (from the Ist Tbgl) to the n-th Ttgn)) T, were
used:

T, =%~(T£l) - Tcgz) +ot

1) st LS 0
nia

1 &) =Y
ST:\/Z'Z‘(T;)_TJ : )
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Table 1. The criteria describing the specified TCs on major Lithuanian highways for road transport, their limiting values
and the conditions required for their satisfaction

The conditions

The criteria | The criteria describing TCs and their .Th? The limiting values of criteria, their needed for the
. criterion . O .
of the road units of measure symbol symbols and units of measure criteria to satisfy
Y the requirements
The road width (with the protected B The smallest admissible width value B>B
zone) [m] (and its protected zone) By, [m] perm
. The smallest admissible value of the road b>b
The road width [m] b width bperm [m] 2 Bperm
. The smallest admissible width value
The width of the roadway [m] b, of the roadway b‘(, perm) (] b, > b‘(, perm)
The width of the pavement (roadway, b The smallest admissible width value o (perm)
safety and stopping lanes) [m] 4 of the pavement b d‘D ) [m] by 2b;
The smallest admissible width value
The width of the wayside (should b (perm)
e width of the wayside (shoulder) [m] X of the wayside (shoulder) b]((perm) [m] b, 2 by
The Wi‘.ith of the reserved area The smallest admissible width of the
?Zﬁ T;e}t;?iilgﬁsja;f ;ﬁgircoggsthe road b, reserved area separating lanes of traffic on b, > bEP”’”)
of categories 1 and 2) [m] the road bﬁ"”’”) [m]
The length of the radius of the curves The smallest admissible value of the radius
of the roads in the plan (horizontal RP length of the curves of the roads in the plan Rp > RE) perm)
The criteria | curves) [m] (horizontal curves) RE,P erm) [m]
describing . The smallest admissible value of the radius
the road The 'length of the radius of the convex R.. length of the convex vertical curves of the | p > R(P”’”)
category and | vertical curves of the road [m] is (perm) 1o 2 Ry
significance road Ry [m]
The leneth of the rad i The smallest admissible value of the radius (perm)
e length of the radius of the concave . perm
vertical curves of the road [m] Ryg le(rﬁtz)of the concave vertical curves Rig > Rig
Riz [m]
The minimal il(mi") and the maximal ii(max) (min) (max)
Longitudinal slope of the road [%] i admissible values of the longitudinal slope | i ~ <i; <
of the road [%]
The minimal il(min) and the maximal il-(max) )
Cross slope of the road [%] i admissible values of the cross slope of the igmm) <i < zﬁm“‘)
road [%]
The range of visibility at overtaking L The smallest admissible value of the range L > flperm)
(only for roads of categories 2...5) [m] a of visibility at overtaking L(aPe””) [m] a="a
) ) The specified design speed of a vehicle (n)
The design speed of a vehicle [km/h] vy Vl(un) [km/h] V=V
'The actual admissible speed y The admissible speed of a vehicle (limited < (perm)
of a vehicle [km/h] r by the road signs) vgp erm) [km/h] V=V
The criteria of pavement, in decimal K The smallest admissible value thp erm) K. > K(perm)
h fractions (>1.0 or <1.0) ' | of SP strength K, [in decimal fractions] st = st
e criteria
d}fscribing IRI [m/km] Yirr The largest admissible value YI(,QDIEW) Y < Yl(g””)
the dit of IRI [m/km]
condition
of pavement | The level of pavement destruction [%] D The largest admissible value of pavement D<D
and SP destruction Dperm [%] perm
. The largest admissible value of pavement H<H
Pavement rutting (rut depth) [mm] H rut depth Hperm (mm] SH popy
The c.ri'Feria . . The recommended value of the criterion
describing | The aesthetic value of roadside A, | describing the aesthetics of roadside A4, = Alre)
roadside landscape [points] i i =4

landscape

landscape A,-(m) [points]
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End of Table 1

The conditions
The

The criteria | The criteria describing TCs and their The limiting values of criteria, their needed for the

criterion

of the road units of measure 1 symbols and units of measure criteria to satisfy
symbo the requirements
. The largest recommended value of the
The distance between the RSAs [km] L distance between the RSAs 1) [km] L< L(”ff)
The distance between the RSAs Tpe largest recommended value of the ()
Ly, |distance between the RSAs of category A L, <L
The criteria | Of category A [km] L;f)n [km] AA=Laa
describing
the quality | The distance between the RSAs I Ejsialﬁzgel:z iﬁg;n?l:nﬁggsvglfiea?e f gﬁes A < ()
of services | of categories A and B [km] AB and B L(rec} & LapsLyp
AB

(km]

The largest recommended value of the

provided in
the roadside

The distance between the RSAs

(T@C)

areas . Lac distance between the RSAs of categories A | [, ac <Ly
of categories A and C [km] and C L(:CCS [km]
. The largest recommended value of the
;[?ia(z;stgzc:se ;e;vggeg t{}f{; l}SAS L,p |distance (tzeect)ween the RSAs of categories A | [, < L(Z;)
8 and D Ly [km]
Notes:

1) the criteria describing TCs, which are given in the table, have a direct influence on the quality of travel for vehicle drivers and
passengers;

2) the limiting values of the criteria given in the table are the values corresponding to the road category and complying with the re-
quirements of the code (LAKD 2008); the width of the protected zone of the road is defined by the law on the roads of Lithuanian
Republic. These values are also given in the work of (Samuchoviené et al. 2013);

3) the defined traffic safety measures (the provision of the required road signs, road surface marking, engineering equipment, etc.) are
guaranteed by the requirements of regulations, specifications and traffic rules for road transport;

4) The aesthetic value (attractiveness) of the roadside landscape is described by the criterion A; and expressed in points 1, 2 or 3, ac-

cording to the methodology suggested in (Budriiinas, Eringis 2000);
5) the largest recommended values of the distances between the RSAs (L 47,
6) the criteria indices of the condition of pavement Y and H are specified by (LAKD 2014), while the values D,

the values KS;D erm) of criterion Kj; are given in the work (Petkevi¢ius 2008).

The admissible values T;p erm) of the time periods be-
tween the pavement repairs differ, depending on the op-

erating conditions of pavement. The admissible values

Tagp erm) of the pavement criterion T; depend on the pe-

riod when the conditions of the compliance of pavement

criteria values with the specified values for various road
. (perm)
sections (Yip; <Yy s H SHperm, D SDperm

observed. When the actual value (YH{I), Hyor Df) of at least

) can be

a single road pavement criterion (Y, H or D) changes

so that it does not satisfy the condition YIR];) < Yl(lflerm),
H;<H,,, or D; <D, pavement should be repaired

because the actual time period Ttgf ) between pavement
() _plperm)

repairs T i of this road section has elapsed.

When other criteria values of road sections do not sat-
isfy the required values (Table 2, Figure 2), these road sec-
tions are repaired to meet the specified conditions, while
when the distances between the RSAs do not satisfy the
condition L < L") (Figure 1, Table 2), the lacking RSAs
are set up beside a road.

The values of the criteria A; describing the aesthetical
attractiveness of landscape are estimated against the scale
of 3 points (1, 2 and 3) according to the method suggested
in research by Budritinas, Eringis (2000). The value of the
most attractive landscape is A; = 3, the value of medium

perm

(rec) L(Z;), L(fcc), L(Z;)) are given in Table 2;

erm Of criterion D and

attractiveness is A; = 2, while the lowest landscape at-
tractiveness value is A; = 1. When this value is smaller

than A; rec) =3 (Table 2), unattractive areas are made at-

tractive by improving their relief and by planting more
trees, flowers, etc.

In the CM (Figure 1), the RSAs are divided into cat-
egories (A, B, C and D) according to the planned peri-
ods of rest (from the highest category, A, to the lowest
category, D). The longest rest period (=10 h) is provided
for vehicle drivers and passengers in RSAs of category
A, while for RSAs of category B this period is 21...2 h,
for RSAs of category C - 20.5...1.0 h and for RSAs of
category D - <0.5 h.

One or more parking lots are established for vehicles
in RSAs of any category. The number of parking places
matches the number of people that can be serviced at
the RSA.

RSAs are divided into categories according to their
most important structures (objects) determining the rest
duration of RSAs. RSA is awarded category A when it has
a hotel or motel, B when it has a restaurant, C when it has
a café and/or a gas station and D when it is an ordinary
ground for rest (with or without a shed) and has a table
(tables) and a bench (benches). RSAs of categories A, B
and C providing a variety of services are referred to as
rest and service complexes (RSCs).
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| The analysis of the criteria describing TCs for road transport, whose values can change with time |

'

| Determining the values of the criteria of motorways’ width (b, by, b,, by, b;) |

!

| Determining the values of the criteria K,

Yirr» H, D, describing the state of pavement and structure of the pavement (SP) |

!

| Determining the mean values Td of time periods between the pavement repairs T, and standard deviations sy |

!

| Determining the values A; of roadside landscape aesthetic attractiveness |

!

| Determining the actual values Ly,, Lag, Lpp> Lacs Lpc> Lecs Lap» Lpp» Leps Lpp of distances between the RSAs of A, B, C and D categories

!

| Comparing the actual values R of the examined criteria R with their admissible values R, given in Table 2 |

The actual value R ¢ of the criterion R
corresponds to the admissible value R
(Royin = Roax): Ry 2R

or R

<
'min =

perm
Rf <R

perm>

Rf <R

perm

‘max

or is within the limits of

Y

no The examined road (its section) does not satisfy
I
the specified TCs according to the actual value R '

of the criterion R

\

According to the actual value R ' of the criterion R,
the road (its section) satisfied the specified TCs

Performing the operations to change the actual value R '
that the road (or its section) would satisfy the required conditions or would be

within the admissible limits R(fn) >R

(1)

of the criterion R so

(1)

R <Ry R R(f")SRmax

> 5 in <
perm perm> “min =

!

When it is found that actual values of some criteria describing road sections (RECI), RSCH), o R&i), wes Rgrﬂ)) do not comply with the specified values,

the operations are performed to change these values so that they would satisfy the requirements and TCs of the road would meet the specified TCs

Figure 2. The algorithm of the application of the CM (Figure 1) to the investigation of highways for correcting the inappropriate
road criteria values to satisfy the requirements (criterion b, applies only to highways and roads)

3. The experimental study of the criteria
describing the width of the motor road
elements and the quality of pavement

The performed study has shown that the width criteria
b,, by brand b, (on the total length of roads Al and A2
and on road A9 and All sections of 11.4 km and 17.4
km, respectively, where there is a reserved area separating
traffic lanes) of the elements of roads Al, A2, A17, A9
and A1l fully (100%) satisfied the requirements given in
Table 2. The values of pavement condition on the highway

Al satisfied 99.3% of the requirements: YI(}{I <2.0 m/km,
H; <12mm, D¢ <4.0%. 14.6...21.3% of the lengths of the
examined roads A2, A17, A9 and All did not satisfy the
pavement requirements (Table 3).

The results obtained (Table 3) show that the pavement
of the examined sections of highway Al was repaired in
time, while the repairs of other roads’ pavement were of-
ten made too late. Therefore, the examined road sections
satisfied the pavement conditions (Table 2) only partially

(78.7...85.4%). Under the conditions of insufficient pave-
ment repair funding, the pavement of the roads with
highly intense traffic is repaired first and only then the
pavement of other roads, which also needs renewing, is
repaired. This explains why 14.6...21.3% of the pavement
length of these roads was not repaired in time.

The authors performed the analysis of the period be-
tween pavement repairs for the roads A1, A2, A9 and A11.
The obtained results have shown that with the increase
in the requirements to the criteria values describing the
condition of pavement (Y, H and D) and the intensity
of road traffic, the periods between repairs T; were getting
shorter as follows: in 1987: T; = 14 years, in 2002: T;=9
years (Petkevi¢ius 2008) and in 2015: T; = 8 years (Ta-

ble 4). When the critical values Yl(grm > Hpery and Dy,
of the criteria Yjp;, H and D were reached for the roads Al
and A2, having the highest traffic intensity, their pavement
was usually repaired in time. This led to the shortening of

the periods between their pavement repairs to T;= 8 years.
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Table 2. The admissible and recommended values of the criteria describing TCs on Lithuanian highways in warm seasons

The symbol of the
admissible value The admissible value of the criterion
of the criterion
The criterion describing TCs, Road
its symbol and unit of measure oad category
mln{mal maximal AM 1 ) 2 3
(min) (max)
min | max | min | max | min | max | min | max | min | max
IRI Y, [m] yleem) 2.0 2.0 2.5 25 25
The level of pavement
D
destruction D [%)] perm 4.0 4.0 8.0 8.0 8.0
Pavement rutting H [mm] Hporm 12 12 20 20 20
The aesthetic value of roadside (rec)
landscape A; [points] A 3 3 3 3 3
The distance L4, between the (rec)
RSAs of category A [km] Laa 13 19 19 19 19
The distance L,z between the (rec)
RSAs of categories A and B [km] Lyp 14 14 14 14 14
The distance L, between the (rec)
RSAs of categories A and C [km] Lac 7 7 7 7 7
The distance L4, between the (rec)
RSAs of categories A and D [km] Lyp 5 5 5 5 5
Notes:

1) the values specified for other criteria describing road category and significance are given in regulations KTR 1.01:2008 (LAKD 2008)
and in the work (Samuchoviené et al. 2013);

erm
2) the criterion YI(I{} ) values for highways and 1st category roads correspond to the average maintenance level, while the values of

erm
criteria YI(}fl ) and H,,,, of road categories 2, 2* and 3 correspond to the low maintenance level;

3) the criterion D values D,,,,, specified for roads of categories 2, 2* and 3 are recommended in the work (Petkevicius 2008), while
the values of criteria D,,,, and H,,,,, for highways and roads of category 1 are such that satisty Yﬂg,erm =2.0 m/km (calculated
by the Equations (3) and (4));

4) the present study has determined the criteria value by surveying 1689 Lithuanian citizens and 249 foreigners. Taking into account
the opinions of 90% of people participating in the survey, the largest admissible values of the distances between the RSAs were

accepted as the recommended values L(z:), L(Z;), L(;ecc), L(Z;);
5) the limiting values and symbols of criteria are given in Table 1;

6) the value A; = 3 of the criterion A, is used for describing an aesthetically attractive land.

Table 3. Pavement criteria values for the sections of highways A1, A2, A17, A9 and All

Motor roads

The data on the condition of the examined motor roads and their pavement

Al A2 Al7 A9 All
Road length [km] 311.00 127.50 11.50 82.00 150.00
The length of the examined pavement [km] 293.00 117.50 10.50 67.00 146.85
The examined length of the roads [%] 94.21 92.16 91.30 81.71 97.90

The length of the motor road sections whose pavement condition criteria

f . . . 291.00 100.35 8.26 53.10 124.05
values (Ypz/ Hy and Df) satisfy the specified requirements (Table 2) [km]

The examined part of the length of the roads where criteria values of

pavement condition satisfy all specified requirements (Table 2) [%] 99.32 8540 78.67 79.25 84.47

The periods between pavement repairs on the roads A9 The examination of Lithuanian highways has shown
and A1l are still longer (Table 4), therefore, the imple- that, under the conditions of the increasing road traffic
mentation of the specified TCs on these roads (with old intensity and the percentage of HT on these roads, a close

and rough pavement) cannot be guaranteed. relationship between the pavement roughness Y ; [m/km]
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and the criteria D [%] and H [mm] remained unchanged:
(3)
(4)

It has been found that the mean values of the criteria D
[%], H [mm] and Y, [m/km] are related to their standard
deviations sp, sy and sy as follows:

Yppr =0.2765-D+1.09, R? =0.877;
Yprr =0.1464 - H +0.29, R =0.913.

sp =1.946-D0732, R2 =(.879; (5)
sy =0.464- H0867 R2 =0.898; (6)
sy =0.397 - Yyp;, R2=0.651. 7)

It has also been determined from Equations (3)—-(7)

that:

- to provide comfortable TCs on highways (when
Yip; €10 m/km), H<5mm and D=0% should
be ensured, while for reaching good TCs (when
Yipr £2.0 m/km ), H<12mm and D <4% should
be maintained;

- when Y, 1.0 m/km, the criterion sy is sy <
0.40 m/km; when Y, <20m/km and sy <
1.0 m/km, implying that when pavement roughness
is getting lower, the uniformity of pavement rough-
ness is decreasing even faster (e.g. when the index
Yir; is twice as large), the value of the criterion sy
increases by 2.5 times;

- to provide comfortable TCs, the pavement roughness
uniformity values s, <0.40 m/km and s;; <1.50 mm
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should be reached, while for providing good TCs,
these values should be as follows: sy <1.0 m/km
and sp, <5.0%, s;; <4.0 mm.

4. Determining aesthetic attractiveness
of roadside landscape

Visual inspection of roadside landscape of the roads Al
(E85), A2, A17, A9 and A1l (E272) has shown that the
landscape of countryside and wasteland is attractive. Its
criterion A; value was A; = 3. The landscape of the ur-
ban and suburban areas (Samuchoviené et al. 2013) was
of medium attractiveness and the value of its evaluation
criterion was A; = 2. The examined section of road A17
(11.5 km) is in the suburban landscape zone. The roadside
landscape of the total length of the road (11.5 km) was
evaluated to be A; = 2. The results obtained in the study
are presented in Table 5.

The results of the performed experimental study (Ta-
ble 5) have shown that roadside landscape of roads A1 and
A2 is most attractive, while the landscape of the road A17
is least attractive.

5. The examination of the distribution of the
RSAs along the roads and their schematic models

The performed experimental research (Table 6) has shown
that RSAs were distributed along the roads A1, A2, A9 and
A1l in a particular order.

Table 4. The statistical characteristics (2015) of the time periods between pavement repairs T, of the motor roads A1, A2, A9, All

Statistical characteristics of time periods Ty The number of the
The name of the road (route No) the arithmetic mean | standard deviation | variation coefficient examlped road
T, [years] sy [years] Vo [%] sections n
Vilnius-Kaunas-Klaipéda highway (A1) 7.71 2.52 32.68 26
Vilnius-Panevézys highway (A2) 8.40 221 26.31 25
Highways Al and A2 8.05 2.37 29.48 51
Panevézys—Radviliskis-Siauliai road (A9) 9.80 2.60 26.53 24
Siauliai-Kretinga-Palanga road (A11) 9.60 2.50 26.04 28
Roads A9 and All 9.70 2.55 26.29 52

Table 5. The results of the study of roadside landscape for highways A1 (E85), A2, A17, A9 and A1l (E272)

Motor roads

The parameters of highways and description of their roadside landscape

Al A2 Al7 A9 All
Road length [km] 3110 |127.5(135.5)| 115 82.0 150.0
The length of the road section with the criterion value A; = 3 [km] 259.0 117.5 0 58.5 118.0
The length of the road section with the criterion value A; = 3 [%] 83.3 92.2 (86.7) 0 71.3 78.7
The length of the road section with the criterion value A; = 2 [km] 52.0 10.0 (18.0) 11.5 23.5 32.0
The length of the road section with the criterion value A; = 2 [%] 16.7 7.8 (13.3) 100 28.7 21.3

Notes:

1) the section of the road A2, which is also the route of the road A8, belongs to Panevézys and its suburb; the length of the road A2
is 135.5 km; the route of the road A2 of 127.5 km belongs to the European road E272;
2) the data on the total length of the road A2 (135.5 km) are given in brackets.
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Table 6. The statistical characteristics (2001) of the distances between RSAs of categories A, B, C

and D along the roads Al, A2, A9 and All

The statistical characteristics of the categories of the RSAs (the number of individual values n, mean values of the distances
between RSAs L [km] and their standard deviations s; [km]
Category A Category B Category C Category D
n | Ly, | SAA n | Lyg | SAB n | Lac | Sac n | Lap | SAD
The Vilnius-Kaunas highway (A1)
14 | 1722 | 2040 | 22 | 391 | 585 | 11 | 216 | 404 | 6 | 239 | 170
The Kaunas-Klaipéda highway (A1)
13 | 2588 | 2254 | 36 | 884 | 845 | 12 [ 433 | 301 | e | 288 | 291
The Vilnius-Kaunas-Klaipéda highway (A1)
27 | 2139 | 2049 | 58 | 697 | 746 | 23 | 377 [ 35 | 131 | 263 | 237
The Vilnius-Panevézys highway (A2)
2 | 3278 [ 3157 | 11 | 1540 | 1061 | 3 | 963 | 354 | 34 [ 410 | 286
The roads Al and A2
29 | 2190 | 2136 | 69 | 831 | 797 | 26 | 445 | 351 | 165 | 294 [ 240
The Panevézys-Radviliskis-Siauliai highway (A9)
5 | 1734 | e4s | 5 | 924 | 906 | 6 | 38 | 198 | 81 [ 180 | 099
The Siauliai-Kretinga-Palanga highway (A11)
4 | 5840 | 6866 | 13 [ 1176 | 702 | 5 | 635 | ss0 | 127 | 209 | 112
The roads A9 and A1l
9 | 3559 | 4603 | 18 | 1106 | 764 | 11 | 497 | 611 | 208 | 198 | 107
The roads A2, A9 and Al1
11 | 3508 | 3324 | 29 [ 1271 | 873 | 14 | 597 | 475 | 242 | 228 | 132
All investigated roads (A1, A2, A9 and All)
38 | 2535 | 2416 | 87 | 888 | 789 | 37 | 460 | 398 | 373 | 240 | 166
Notes:

1) The highway Al (Vilnius-Kaunas-Klaipéda) obtained the status of the European road E85 in 1998; the section of the Vilnius-Kau-
nas highway Al satisfied the requirements to the road of category 1 in 2001;
2) The roads A2, A9 and Al11 (the route Vilnius-Panevézys—Radviliskis-Siauliai-Kretinga-Palanga) comprise the European road E272

since 1998; the road A17 did not exist in 2001.

On the examined roads, the distance between RSAs
of category A (L, , =25.4km ) was 2.85 times larger than
the distance between the RSAs of categories A and B L,
( EAB = fBB =89km; ZAA /ZAB =2.85). The distance
L,p was larger than the distance L, between RSAs of
categories A and C (L, =Lpe = Lo =4.6km ) by 1.93
times (L, /L, =1.93); The distance L, was larger
than the distance L, between RSAs of categories A
and C (ZAD :ZBD :ZCD :ZDD =2.4km) by 1.92 times
(L ac! L 4p =1.92). The study has shown that the distance
L4, between RSAs of category A was about 3 times the
distance L, between RSAs of categories A and B. This
is clearly shown by the particular distribution pattern of
RSAs along these highways in the schematic model (Fig-
ure 3a).

The investigation has revealed some specific spacing
patterns of RSAs of categories A and B and B, C and D.
Thus, the distance between RSAs of a higher category was
two times as large as that between RSAs of a lower cat-
egory. This is clearly shown by the schematic model of
their location (Figure 3b).

The study has also shown that in 2001 RSAs were dis-
tributed at the roadside of Lithuanian highways according
to a uniform system.

The research results for 2016 (Table 7) show some
changes in the distribution pattern of RSAs because the dis-
tance between RSAs of category A has become smaller by
2.14 times (Tables 6 and 7): EAA /I_J(/Q =25.35/11.86 =2.14.
The distances between RSAs of categories B, C and D have

not changed considerably: Ly, /I_J(Bllg =8.88/6.97=1.27;
Lo /T =460/405=1.14L, 1 I\!) =2.40/2.27=1.06
(where I is an average distance between RSAs in
2016). In 2016, the average distance between RSAs of
various categories was decreasing, depending on the de-
crease in the RSA category as follows: EAA /LAIB =1.70;
fAB /Ij(;g =1.72; ZAC /Ii(/fl)) =1.78 (i.e. it decreased by two
times).

The data of investigations (Tables 6 and 7) have shown
that in 2016 a system of RSAs distribution differed from
that observed in 2001 because the distances between RSAs
became shorter. In this system, a certain similarity of L 4 4,
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a) b)
A B B A A(B) D C D
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Figure 3. A model of the specific distribution of RSAs of categories A and B: a - L 44 = L is the distance between RSAs
of category A; b — a model of the specific distribution of RSAs of categories A and B and B, C, D; 1 - is a motor road
and RSAs located in the roadside areas (in 2001)

Table 7. The largest L, and the shortest L ; distances between RSAs of categories A, B, C and D located by the roads Al, A2,
A17, A9 and A11 and their statistical characteristics (2016)

The statistical characteristics of RSAs categories and the distances between them (the number of individual values #,
the largest L, ,, and the smallest L, distances [km], the mean values L [km] and standard deviations s; [km])

Category A Category B Category C Category D
n max min)| T n max min)| T n max min)| T n max min)| T
L(AA )L(AA )| Laa SAA L(AB ) L(AB )| Las SAB L(AC ) L(AC )| Lac Sac L(AD ) L(AD) Lap | s4p

The Vilnius-Kaunas-Klaipéda highway (A1): 311.0 km
37 | 511] 01 [673]952] 134 [ 221 ] 01 [360 | 425
The Vilnius-Ukmergé-Panevézys highway (A2): 127.5 km
14 [ 255 05 [836675] 29 |255] 0.5 [547[498] 6
The highways Al and A2, 438.5 km
51 [ 511 ] 01 [7.17 881|163 [255] 01 [3.94 | 443 |
The PanevéZys-Radviliskis—Siauliai road (A9): 82.0 km

46 |59.1| 0.4 |12.52|14.97| 30 | 4.8 | 0.1 |2.31 | 1.40

11 |38.5| 0.5 |12.14|10.81| | 5.5 | 1.1 |2.76 | 1.48

57 |59.1| 0.4 |12.45|14.17| 36 | 55 | 0.1 |2.38 | 1.40

9 |31.9| 0.5 |9.11 | 10.0| 8 |11.15| 0.9 |5.25 | 3.77 | 21 | 11.2 | 0.1 |3.68 | 3.18 | 11 | 5.5 | 0.3 |2.45 | 1.96
The Siauliai-Kretinga—Palanga road (A11): 150.0 km
12 [ 443 ] 01 [1225[1525] 11 [440 | 03 [7.57 [1333] 27 [150 | 0.2 531 [454] 17 [3.05] 07 | 1.88 | 0.79
The roads A9 and A11: 232.0 km
21 [443 ] 01 [1090(13.06] 19 [440 | 03 [659 [1028] 48 [150 | 0.1 [438 |3.82] 28 [ 55 [ 03 |2.11 137
The roads A2, A17, A9 and A11 (E272): 371.0 km
34 [443 ] 01 [1097]11.88] 35 [440 ] 03 |723[862] 79 [255] 01 |4.80 [424] 36 | 55 | 03 [224 135

The roads A1, A2, A17, A9 and A11: 682.0 km
80 |59.1 | 0.1 |11.86|13.68| 72 |51.1 | 0.1 |6.97 | 9.03 | 213 |25,5| 0.1 |4.05 |4.28| 66

| 55 | 0.1 |2.27 | 1.37

Notes:

1) the Al highway is the European road E85; after the reconstruction of this section (Vilnius-Kaunas), it was referred to highways;

2) the southern part of the road A17 (11.5 km) makes a part of the European road E272; the roads A2, A17, A9 and A1l make the
European road E272.

L 5 and Lggvalues could be observed in some cases, when
either RSAs of category A or B or RSAs of category B or C
were closer to each other. In 2016, the distances between
RSAs of all categories satisfied the recommended values
(Table 2).

For larger distances L between RSAs higher stand-
ard deviations s; have been found. The overage values of
L and standard deviations s; of the above distances in-
creased appropriately (Figures 4 and 5).

The results, given in Tables 6 and 7 and Figures 4
and 5, show that the lower the category of RSA, the short-
er the distances between RSAs and the more uniform their
distribution.

The data on the density of RSAs distribution along
highways (Table 8) show that RSAs of category C are most
densely distributed, while RSAs of category A are distrib-
uted 1.73 times as densely, RSAs of category B are distrib-
uted 2.48 times less densely and RSAs of category D are the
least densely distributed (by 4.03 times less densely) RSAs.

In 2001-2016, a considerable number of RSAs having
petrol (gas) stations (category C) were established. The
number of RSAs of category D decreased because some
of them established gas stations and became RSAs of cat-
egory C. Some of B category RSAs were modernized and
became RSCs of category A, while some of D category
RSAs were eliminated.
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Figure 4. The relationship among the average distances L
between RSAs and their standard deviations s; (the data for 2001)

The recommended distance between RSAs of category
A in 1975 was L,, =110km , in 2001 EAA (Table 6) was
equal to 25.35 km, while in 2016 L,, (Table 7) was equal
to 11.86 km. These results have shown that a decrease in
L, could be attributed to the time factor. In recent years,
the distance L 44 has become more uniform, therefore,
it is not likely to change considerably in the near future.
The distances between RSAs of categories A, B, C and D
stabilized in the period of 2001...2016 (Tables 6 and 7).

The analysis of the results has shown that using the
suggested CM (Figure 1) and the developed algorithm
(Figure 2) in the research allows for obtaining the objec-
tive values of the criteria describing TCs on highways. TCs
on the examined road sections satisfied the specified TCs
on their length sections: A1 - 83.3%, A2 - 85.4%, A9 -
71.3% and A1l - 78.7%. To describe TCs, the evaluation
scale given below is offered (Table 9).

Based on the evaluation scale (Table 9), the authors de-
termined TCs on the examined roads in 2016: A1 - good
(R =83.3% ), A2 — very good ( Ry =85.4% ), A9 - suf-
ficient ( Ry =71.3% ) and A1l - good (Rp =78.7% ).

Conclusions

TCs depend on travel safety, comfort, attractiveness and
speed, while the latter depend on the state of pavement,
road signs and road marking, as well as on using vehicles’
radar speed signs and other devices, the location of RSAs
along the roads and roadside landscape attractiveness. The
operating conditions of pavement have an influence on
the pavement condition, while the operating conditions
of pavement and SP, as well as their service life, depend
on the loads of HT facilities and their types, the climatic
conditions and weather in the area, the materials of the
pavement structural layers and soil and other factors (e.g.
ground water level, sprinkling conditions and the roadbed
condition (of road embankment or depression).

The research works and regulations specifying the TCs
for road transport on motor roads do not always rely on
a complex approach, which results in the situations when
the designed and constructed roads do not appropriately
perform the intended function. Therefore, the need arose
for developing a model of the specified TCs on the roads
by evaluating the criteria determining TCs from various
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Figure 5. The relationship among the average distances L
between RSAs and their standard deviations s; (the data for 2016)

Table 8. The density of RSAs distribution along the highways

(the data for 2016)
Distribution density of RSAs
along the highways in 2016
Road number [RSAs/100 km]
A B C D

Al 10.77 6.11 18.33 3.22
A2 9.41 8.63 13.73 2.75
Al and A2 10.38 6.84 16.99 2.96
A9 12.20 8.54 24.39 10.98
All 8.84 6.12 17.69 5.44
A9 and All 10.04 6.99 20.09 7.42
A2, Al17, A9, All 10.22 8.31 17.98 5.59
All highways
(AL, A2, A17, A9, All) 10.47 7.30 18.14 4.50

Table 9. The scale for evaluating TCs on highways

The values The complex criterion
TCs of TCs of the compliance degree
[points] of the planned TCs with the
p specified TCs Ry [%]
Excellent 10 >95
Very good 9 85...95
Good 8 75...85
Sufficient 7 65...75
Satisfactory 6 55...65
Critical 5 50...55
Unsatisfactory 4 <50

Note: the values of the criterion Ry presented in Table 9 show
on which road length L section L, [%] the conditions of travel
comply with the specified TCs: Ry =100-L, /L [%] (L is
the total road length [km]; L, is the road length section [km]
satisfying the specified TCs).

perspectives. This model is offered in the present work
(Figure 1).

The TCs on motor roads based on the suggested CM
(Figure 1) can be achieved by ensuring the specified width
of the roads and their protected zones, as well as the width
of the road pavement, roadway and shoulders, road pave-
ment roughness and the admissible rutting and pavement
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destruction level. The criteria describing the road category
and geometric parameters (i.e. length of the radii of the
vertical, convex and concave curves and cross slopes of
pavement and shoulders), as well as the average distances
between the RSAs, not exceeding the distances recom-
mended by the authors and the value of the roadside land-
scape aesthetic attractiveness criterion A; equal to A; = 3,
should be also guaranteed.

The geometric criteria of the examined roads com-
pletely (100%) satisfied the requirements of regulations
in 2016. The TCs of 99.3% of the section length of high-
way Al pavement satisfied the requirements, while on the
remaining roads only 78.7...85.4% of these requirements
were satisfied. On the highways Al and A2, Yl(grm), Hyerm
and D,,,,, admissible values of their condition criteria
Y;rp H and D can be guaranteed if their pavement is re-
paired in time. The time periods between pavement re-
pairs on these roads were reduced from T; = 14 years (in
1987) to T; = 8 years (in 2015). These periods are longer
for highways A9 and A11, and their admissible pavement
condition values are not always guaranteed.

The examination of the pavement condition on the
highways A1 and A2 has shown that under the conditions
of the increasing road traffic intensity and the percentage
of HT on these roads, close relationship between the pave-
ment roughness Y;p; and the criteria D and H remains un-
changed. The critical values of the criteria Y, D and H,
ensuring comfort of travel, as well as good TCs on these
roads, have been determined.

The examination of aesthetic attractiveness of road-
side landscape described by the criterion A; allowed the
authors to state that for 71.3...92.2% of the roads” length
the value of this criteria was rather high (A; = 3). For the
remaining sections of the roads and for the examined
section (of 11.5 km), the lower landscape attractiveness
(A; = 2) was found.

In the schematic model (Figure 3), the RSAs are di-
vided into categories based on the planned time of rest as
follows: from category A (the rest time t>10h) to cat-
egory D (t<0.5h ). The investigations (2001) show that
the RSAs of categories A and B were distributed along the
highways according to one particular schematic model
(Figure 3a), while the RSAs of categories B, C and D were
distributed according to another model (Figure 3b).

The authors have found that, in 2016, the RSAs of cat-
egory C, having cafes or gas stations, were most closely
spaced along the examined roads, while the RSAs of cat-
egory D were rarely distributed in this manner. When traf-
fic intensity increased, a large number of the RSAs having
gas stations emerged, while some of RSAs of category D
established gas stations and became RSAs of category C.
The distances between RSAs of all categories (A, B, C and
D) complied with the recommended distances (Table 2).
It has been found that in 2016, with raising the RSAs cat-
egory from D to A, the distances L between the consid-
ered RSAs also increased by about 2 times (similar to the
condition described in the schematic model) (Figure 3b).
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The larger the distances L, the larger the standard devia-
tions s; of the distances between RSAs. The decrease in the
distances between RSAs of category A, L, in 1975..2016
can be attributed to the time factor.

The analysis of the obtained results has shown that the
developed model (Figure 1) allows for objective determi-
nation of the real TCs on highways. Using the evaluation
scale (Table 9), the authors have determined the quality
of TCs on the examined motor roads in warm seasons in
2016. They were as follows: Al - good, A2 - very good,
A9 - sufficient and A1l - good.

It can be recommended to use the developed model
(Figure 1) and the applied algorithm (Figure 2) for check-
ing the highways, which had not been examined yet, and
for determining the quality of TCs on these roads, based
on the values of the criterion Ry (Table 9). When TCs
are unsatisfactory, the criterion Ry value does not reach
Ry >65%. Therefore, it is recommended to renew road
sections (in the priority order), whose one or more cri-
terion values of TCs (Table 1) do not comply with their
specified values (Table 2), so that they would satisfy the
requirements. In modernizing particular road sections, it
should be sought that the values of the criterion Ryc on
the renewed road sections would be Ry >65%.
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