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REVIEW OF ROAD PAVEMENT PERFORMANCE
IN VARIOUS COUNTRIES

Abstract

Introduction. High quality and durable highway pavements are one of the preconditions for the
efficient road traffic in every country.

Problem Statement. The high-level and scientifical design, construction, maintenance, and
rehabilitation of pavement structures — pavement management — can be taken as an important task of road
owners — and in the case of state-owned roads, it is directly an obligation. An important subsystem of road
asset management comprises several technical tools as pavement management systems (PMSs). Pavement
performance models are an essential component of a PMS and have a direct impact on future pavement
condition. Pavement structural design is always a rather responsible and hard task since it is obvious that the
designer must forecast (predict) — using preferably scientifically based methodologies — the performance
of pavement structures to be built in the future. The reliability of this forecast, of course, mainly depends on
the accuracy of the design inputs applied. The complexity of the is-sue can already be characterized by the
fact that, at least, traffic, environmental, raw material, construction, maintenance-rehabilitation, operation-
related and financial parameters should be considered in the prediction of pavement performance (expected
lifetime) during the design (selection) of optimum pavement structural variant. (The interrelationship of
these influencing parameters just makes the situation even more complicated.

Purpose. The main aim of the article is to present various aspects of pavement performance in
Hungary and Albania.

Materials and Methods. The paper outlines the role (the significance) of pavement performance
models in the road asset management, especially in the scientifically based pavement structural design,
pointing out the related challenges. After giving a short worldwide review of the topic, the presentation of
the special theoretical and practical experiences on pavement performance models in two European countries
(Hungary and Albania) are summarized, as case studies.

Results. At the end of the article, some conclusions are drawn, and several proposals are made on the
creation and the utilization of pavement performance models including the high significance of a successful
road asset management on national economy level; the importance of a scientifically based PMS in
increasing the economy of road transport; the direct impact of pavement performance models on future
pavement condition, as a major influencing factor of road traffic efficiency; the supporting role of
Performance-based Maintenance and Safety Improvements to high volume roads performed in Albania can
significantly support to medium-term road management decisions.

Keywords: road pavement, pavement management system, pavement performance model, Hungarian
road management, Albanian road management.
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Introduction

Pavement structural design is always a rather responsible and hard task since it is obvious that the
designer must forecast (predict) — using preferably scientifically based methodologies — the performance
of pavement structures to be built in the future. The reliability of this forecast, of course, mainly depends on
the accuracy of the design inputs applied. The complexity of the issue can already be characterized by the
fact that, at least, traffic, environmental, raw material, construction, maintenance-rehabilitation, operation-
related and financial parameters should be considered in the prediction of pavement performance (expected
lifetime) during the design (selection) of optimum pavement structural variant. (The interrelationship of
these influencing parameters just makes the situation even more complicated). Of course, the actual
pavement design techniques are worldwide quite different from each other, there are some typical groups of
performance forecast: standardized structures (e.g., in Germany), computerized models, laboratory tests,
accelerated loading, road section monitoring. After country-wide co-ordination, this latter one — monitoring
— can result in the development of pavement performance models for the roads of the country in question,
the most reliable tool of pavement design [1].

The paper outlines the role — the significance — of pavement performance models in the road asset
management, especially in the scientifically based pavement structural design, pointing out the related
challenges. After giving a short worldwide review of the topic, the presentation of the special theoretical and
practical experiences on pavement performance models in two European countries are summarized, as case
studies. Finally, some conclusions are drawn, and several proposals are made on the creation and the
utilization of pavement performance models.

Role (use) of pavement performance models

As it is well-known pavement performance modelling constitutes an essential part of pavement
management system (PMS), since it aims at efficiently predicting the need for maintenance, rehabilitation, or
reconstruction of the road pavement, as well as its future deterioration process [2]. If the prediction accuracy
of the estimation methods was considerably enhanced, it would obviously result in a more productive
allocation of the financial resources, significant savings in costs, and improving the identification of different
maintenance techniques.

The present and the predicted future condition of the road, as well as the knowledge about the actual
condition improving effect of pavement maintenance treatments can be considered as important information
s of road management systems including pavement management system.

Pavement performance modelling or pavement deterioration modelling is the study of pavement
deterioration throughout its whole. The actual condition state of road pavement is assessed using various
performance indicators. Some of the most well-known performance indicators as Pavement Condition Index
(PCI), and Present Serviceability Index (PSI) are complex ones but single distresses such as unevenness
characterized by International Roughness Index (IRI), rutting or the extent of surface defects are also used.
Among the most frequently used methods for pavement performance modelling are mechanistic models,
mechanistic-empirical models, survival curves and Markov models. Recently, machine learning algorithms
have been used for this purpose as well.

The wide variety of methodologies suggested for the forecast of pavement performance measures can
be either deterministic or stochastic. These methods have different model development concept, model
formulation, and output format [3]. The deterministic approach in pavement performance modelling includes
mechanistic models, mechanistic-empirical models, and regression models [4].

The general form of deterministic models can be formulated as follows (3]:

PCS:=f(Po, ESALs;, Hc or SN, Mg, C, W, I), (1)
where PCS: — is the generalized pavement condition state (PCS) at year t;
Py — is the initial pavement condition state;
ESAL;; — is the accumulated equivalent single axle loads (ESAL; ) applications at age t;
H. — is the total equivalent granular thickness of the pavement structure;
SN — is the structural number index of total pavement thickness;
MR — is the subgrade soil resilient modulus;
W  — is the set of climatic or environmental effects;
I — is the interaction effects of the preceding effects, and C is the set of construction effects.
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The mechanistic models include the analysis of time-series pavement condition data, and consider
parameters such as surface deflection, stress, or strain in the pavement performance model.

Due to the combined effects of various factors such as materials, traffic load, and environment,
pavements generally deteriorate over time, which may affect road safety and cause additional user costs.
That is why timely and suitable maintenance and rehabilitation treatments are necessary to improve
pavement performance and extend its service life. As an essential component in pavement maintenance and
rehabilitation decision-making, pavement performance models can help pavement managers predict future
pavement conditions, select reasonable maintenance activities, and determine appropriate maintenance
timing. Thus, a reliable pavement performance model that can accurately predict pavement performance is
one of the preconditions for creating effective pavement management systems. Pavement performance
models mainly describe the relationship between pavement performance and its influencing factors and can
be used to explore the deterioration process and predict future pavement conditions. Generally, pavement
performance models can be divided into three basic types: mechanistic models, empirical models, and
mechanistic-empirical models [8]. Mechanistic models are usually based on mechanistic principles and
analyse pavement responses to stresses, strains, and deflections. Empirical models mainly rely on observed
data to explore the relationship between pavement performance and various influencing factors. Mechanistic-
empirical models combine mechanistic principles and empirical analysis to study the relationship between
response parameters and pavement performance. Empirical models are more commonly used in pavement
management than the other two groups [1].

The development and the features of pavement performance models have been identified worldwide as
a hot topic in the field of pavement management.

International survey in the field

Several pavement performance measures such as fatigue cracking, thermal (transverse) cracking,
and IRI, for flexible and rigid pavements are estimated using mechanistic theories, and guides are presented
in the Applied Research Associates Inc. [5]. For example, Saleh et al. [6] proposed a mechanistic
longitudinal unevenness (in the USA roughness) model relating this pavement condition parameter with the
asphalt layer thickness, number of load repetitions, and axle load. The model is based on the finite element
structural analysis and estimates the change of surface roughness for each load repetition. The model is
formulated as follows [6]:

IRI =—1.415 + 2.923VIRIo + 0.00129VESALs + 0.000113T — 5.485 - 10" °TVESALg +

+5.777 - 102PNESALs , )
where [RIy, — the initial roughness;
P — axle load;
T — asphalt thickness, and ESALs number of load repetitions.

The mechanistic-empirical models usually concentrate on the relationship between roughness,
cracking, and traffic loading. For example, Queiroz, in a study of flexible pavements [7], developed
mechanistic-empirical models based on linear elasticity as an important constitutive relationship for the
pavement materials investigated. Their results showed horizontal tensile stress, strain, and strain energy at
the bottom of the asphalt layer. George et al. [4] created empirical-mechanistic performance models for the
highways in an American state based on pavement condition data. These performance models were evaluated
based on the rational formulation, behaviour of the models, and statistical parameters. It was found that the
exponential and power functions of both concave and convex shapes happened to be the statistically
significant functions.

Linear and non-linear regression models consider the associations between performance parameters
such as riding comfort index, and the predictive parameters such as pavement thickness, material properties,
and traffic loading [3]. These models have been extensively used earlier to estimate factors influencing
pavement condition parameters (PCI, PSI, etc.). AASHO developed a model [8] for estimating the number of
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equivalent single axle loads applications; the independent variables in this model were subgrade strength,
material properties and thicknesses of pavement structural layer, as well as environmental factors. World
Bank experts [9] developed models to estimate roughness and distress (cracking, rutting, etc.) on flexible
pavements for The Highway Design and Maintenance Standards as a function of subgrade strength,
environmental factors, traffic load and time.

Nonlinear regression models (e.g., power function) have also been used for project design [10, 11].
Chan et al. [12] utilised data collected in an American state and used a regression model for the estimation of
a power curve of the PCR; it is based on the age of pavement. Experts of Nevada state [13] created nine
flexible pavement performance models, which modelled PSI as a function of material properties, traffic load
and environmental factors.

Indiana researchers [14] developed models for the simultaneously prediction of change in performance
and maintenance occurrence (i.e., decision to perform maintenance) as a function of traffic size and
pavement age. A two-stage modelling scheme was applied.

Prozzi et al. [15] selected multivariate regression to estimate pavement riding quality (as a function of
pavement longitudinal unevenness) utilizing mainly field data. Ramaswamy et al. [16] developed a model for
Present Serviceability Index and three maintenance parameters, as sand seal maintenance, crack filling and
chip sealing; besides, they also considered the issue of endogeneity. Madanat et al. [17] used probit models
for the prediction of the deterioration of various bridge decks; at the same time, they accounted for panel data
effect using random-effects model. It was shown that taking into consideration the heterogeneity coming
from the panel effect results in an improved estimation accuracy. Prozzi and Hong [18] used seemingly
unrelated regression estimation (SURE) model to estimate IRI and pavement rut depth while accounting for
the correlation between the two parameters.

Other types of regression-based models used in pavement deterioration modelling include time series
regression [19] stochastic duration models [20, 21], joint discrete-continuous models [22], and nonlinear
mixed effects models [23, 24].

The deterministic approaches applied extensively have some limitations, since these models cannot
explain [3]:

a) randomness of traffic loads and environmental conditions;

b) the difficulties in quantifying the factors influencing substantially pavement deterioration;

¢) the measurement errors connected with pavement condition, and the bias coming from subjective
pavement condition evaluations.

The probability-based pavement performance models (e.g. Markov probabilistic modelling options)
can be considered as alternatives to the deterministic models, which do not provide probabilistic distributions
of the existing values.

Typically, a stochastic model of pavement performance curve is represented by the Markov transition
process, with full information about the “before” state of pavement, the Markov process predicts the “after”
state [3 — 4]. This model initially transforms the pavement condition ratings into discrete condition states.
Then, it defines a transition-probability matrix (TPM) to determine the probabilities that a pavement remains
in the current state or changes to another one in the future. In general, both historical data and engineering
judgments can be used to estimate the transition probabilities. For example, Wang et al. [25] developed the
Markov transition-probability matrices for the roads of an American state and Gaspar for the Hungarian
public highway network [26] by using a comprehensive set of measured pavement performance historical
data with various initial pavement condition states.

Markov transition method is extremely useful for highway network level applications where historical
databases and reliable regression equations are not available (for example [27, 28]). One of the main
advantages of Markov models is that they use different distributions for the expected value of the dependent
variable, which indicate the future performance on different sections and changes in performance regardless
of time. The most important disadvantage is that no guidance is given to the actual causes for the condition
deterioration of the road pavement in question, and that the transitional probabilities are not dependent on the
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actual age of the pavement [27]. This approach was applied first in the network-level maintenance,
rehabilitation, and reconstruction decision-making process. Some other examples of Markov chains and
Bayesian statistics in determining pavement condition measures can be found in Butt et al. [29] and Hong
and Prozzi [30].

Other stochastic models use the Bayesian decision model that combine prior knowledge and
information from actual historical data when predicting posterior pavement condition deterioration
estimates by investigating and evaluating the main statistical characteristic of the parameters considered. The
model parameters in this method were taken as random variables [19, 28]. The main advantage of this
approach over the traditional regression analysis is that no comprehensive historical database is required for
this methodology.

Chinese scientists reviewed a high number of empirical methods used to develop pavement
performance models [31]. Their paper classifies the empirical methods into traditional and adaptive
modelling methods presenting and evaluating their main characteristics, strengths, and weaknesses. It was
clearly shown by them that however traditional, comprehensive modelling methods generally can well
incorporate both temporal and spatial characteristics of pavement performance but their interpretation
capability based on machine learning techniques needs to be enhanced; the adaptive modelling methods can
characterise actual pavement performance deterioration in a more accurate way but it would be still
necessary to improve the setting of updating conditions and the evaluation of updating effects.

Justo-Silva et al. [32] showed a framework for the classification of pavement performance models: as
a function of their formulation types, pavement performance models can be divided into deterministic
models and probabilistic models; depending on the application levels of performance models, they can be
project-level and network-level performance models; besides, as a function of dependent variables types,
they can be global dependent variable models and parametric dependent variable models; if the types of
independent variables are taken into account, absolute independent variable models and relative independent
variable models could be distinguished. The bibliometric analysis in the field clearly shows that development
of pavement performance models has been identified as a hot topic related to pavement management [33].

A high number of research works have been conducted on establishing empirical pavement
performance models [34-36]. It is well-known that the deterioration of pavement performance deterioration
is a rather complex process with dynamic changes; hence, the regular updating of pavement performance
models is essential to incorporate interim changes. Due to the rapid development of science and technology,
several advanced data collection technologies [37-39] and analysis methodologies [39-42] have been
developed and introduced in pavement management of various countries. This process obviously enhances
pavement condition inspection techniques and provides opportunities for updating the existing performance
models. In addition to it, intelligent road management also puts forward requirements of adaptive updating of
empirical performance models.

Hungarian case study

In Hungary, some road and system engineers started to develop the first versions of pavement systems
in the early 1990°s [43 — 44]. However, the first PMSs related to the Hungarian public highway network of
some 32,000 km total length were based on Markov transition probability matrices, a concentrated and long-
term research initiated in 1990, drew attention to the usefulness of pavement performance models also at the
national level.

It is well-known that the pavement structural design is faced with the problem of which methods can
be used to predict the future performance of pavement structures with acceptable reliability. In principle,
there are five options in this field, as follows:

— standardised pavement structures;

— computer models;

— laboratory tests;

— accelerated loading;

— section monitoring.
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Table 1 presents the time required and accuracy (reliability) of each option mentioned before.

Table 1
Some features of pavement design methodologies
Design option Time required Accuracy (reliability)
Standardised structure minutes minimal
Computer model days limited
Laboratory tests weeks still acceptable
Accelerated loading months high
Road section monitoring decades very high

Lifetime engineering is an emerging science originally developed for buildings, bridges, and industrial
infrastructures in Finland in the late 1980°s [45]. Since its principles proved to be useful for the project types
mentioned before, an attempt was made in several countries to use (adapt) these principles to highways,
actually to road asset management. In Hungary, the adaptation of lifetime engineering principles to road
network started already in the 1990°s [46]. The lifetime engineering takes for granted the reliability of the
future performance forecast of the facilities concerned (e.g., road pavements). For this purpose, it was
obvious for the road experts that scientifically based pavement performance models must be developed.
That is why, the yearly monitoring of 60 trial sections of 500 m length chosen of the national highway
network started already in 1991 [47]. The major goal of trial section monitoring is the development of
pavement performance models, the average (typical) deterioration curves in a road category (“road section
class”) of specified “pavement structure type — traffic volume — subgrade strength” combination. The
performance models of the road categories can be attained by putting regression curves on the points
representing condition parameter levels as a function of time. (Similar curves are determined as a function of
the traffic passed).

To evaluate the reliability of the performance models an alternative method was also initiated. The
pavement structure of a representative — altogether 3000 km long — part of the Hungarian national
highway network was identified using geo-radar technique by more than 1,600 sections. Since then,
condition parameters (including unevenness, rut depth, load bearing capacity and surface defects) of these
pavement sections (representing 10 % of the total network length) have been yearly evaluated. The map
(Figure 1) shows the location of the 1,600 representative sections as well as the 60 trial road sections on the
national road network [48].

National Highway Network

e test sections

N representative sections

Figure 1 — The location of the Hungarian representative and trial sections
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Based on the information coming from Hungarian National Road Data Bank, 14 road section
classes were identified, which are typical for a considerable share of the 32,000 km-long Hungarian national
highway network for its pavement structure, traffic size and subgrade soil strength [43]. Semi rigid,
flexible and super-flexible (unbound base) pavement structure categories, three traffic categories
(max 1500 pcu/day, 1501-3000 pcu/day, min 3001 pcu/day) and three environmental (subgrade soil strength)
classes were considered. The realistic variants (combinations) of the parameters mentioned were represented
by 3-5 trial sections to identify and to exclude the eventual outliers that cannot be considered at all as a
representative of its road section class. (Box and Whiskers Plot [49] was applied to select and to exclude the
outliers of the data series analysed). A point of a pavement performance model was calculated as the mean
value of the 3-5 trial sections. A model point relates to a selected pavement condition parameter (e.g., rut
depth) of a given road section class at a pavement age or traffic volume passed.

The more than two decades long data time series of the following condition parameters serve as the
basis of the pavement performance models of 14 road section classes:

o unevenness (laser Road Survey Tester, RST);

e rut depth (laser RST);

e Dbearing capacity (KUAB Falling Weight Deflectometer);

e macro texture (laser RST);

e micro texture (laser RST);

o surface defects (Roadmaster, visually aided by a keyboard-type device).

The pavement performance models for each condition parameter have been developed as a function of
traffic passed (in vehicle units) and pavement age (in years).

As an example, Table 2 presents the performance models of a road section class. The function types
applied in the development of the HDM-III model organised by the World Bank [46] were selected here for
the condition parameters. (Exponential functions were chosen for unevenness and rut depth, while linear
functions for the other condition parameters monitored). Age means the time passed after construction or
past major maintenance and expressed in years. “Age” means in Table 2 the time passed after construction
or past major maintenance and expressed in years.

Table 2
Performance models of a road section class (certain pavement type,
traffic volume and sub-grade strength) [45]
.. Performance model as a function of
Condition parameter -
time traffic

Bearing capacity E=529-10 AGE E =481 -8TRA
Unevenness IRI=exp (1.76 + 0.16 AGE) IRI =exp (1.88 +0.15 TRA)
Rut depth RD =exp (4.13 +0.03 AGE) RD =exp (4.25 +0.06 TRA)
Micro texture MI =0.22 - 0.004 AGE MI =0.24 - 0.005 TRA
Macro texture MA =0.39 - 0.02 AGE MA =0.44 - 0.02 TRA
Surface defects SD =2.46 +0.06 AGE SD =2.42 +0.05 TRA

As it was already mentioned, these pavement performance models were changed (finetuned)
every year during the monitoring period between 1991 and 2018 as a consequence of the inclusion of latest
measuring results in the calculation. Table 3 presents the yearly updating of a pavement performance
model of a selected pavement condition parameter (this time, longitudinal unevenness, the American
roughness) highlighting the ‘“successive approximation” methodology of the Hungarian pavement
performance modelling.
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Table 3

Yearly pavement performance model updating of a condition parameter (example)

S;I;?;:g; Year Model (age) Model (traffic)
1996 IRI = 0,52.exp (0,002 KOR) IRI = 0,47.exp (0,008 FORG)

1997 IRI = 1,55.exp (0,01 KOR) IRI = 1,56.exp (0,01 FORG)

1998 IRI = 1,54.exp (0,01 KOR) IRI = 1,55.exp (0,015 FORG)
Longitudinal 1999 IRI = 1,53.exp (0,01 KOR) IRI = 1,58.exp (0,017 FORG)
unevenness 2000 IRI = 1,48.exp (0,015 KOR) IRI = 1,51.exp (0,018 FORG)
(roughness) 2001 IRI = 1.53.exp (0,016 KOR) IRI = 1,52.exp (0,021 FORG)
2002 IRI = 1,89.exp (0,025 KOR) IRI = 1,56.exp (0,039 FORG)
2003 IRI = 1,94.exp (0,023 KOR) IRI = 1,55.exp (0,036 FORG)
2004 IRI = 1,97.exp (0,024 KOR) IRI = 1,68.exp (0,031 FORG)
2005 IRI = 1,98.exp (0,026 KOR) IRI = 1,69.exp (0,030 FORG)
Longitudinal 2006 IRI = 1,78.exp (0,028 KOR) IRI = 1,97.exp (0,034 FORG)
Fr‘éig;‘f:s; 2007 IRI = 1,89.exp (0,028 KOR) IRI = 1,93.exp (0,032 FORG)
2008 IRI = 1,97. exp (0,029 KOR) IRI = 1,81.exp (0,035 FORG)

The trial section monitoring in Hungary has been performed since 1991. During this rather long
monitoring period, a considerable share of the sections deteriorated to such an extent that surface dressing,
resurfacing by thin asphalt layer or pavement strengthening was needed. Then, the question arose, whether
their pavement condition monitoring should be discontinued or not. It was decided to go on with the regular
condition evaluation since the additional survey could provide other kinds of useful information. The
condition parameter levels in the years before and after the intervention can be utilised for identifying of
various pavement condition parameter levels, which could be considered as the “realistic” intervention level
in Hungary. In addition to it, the determination of the actual condition improving effect of various major
maintenance techniques in the present Hungarian road practice can also provide helpful information to road
managers. Furthermore, the continuation of trial section monitoring for several more years can provide
information about the deterioration trends after the intervention which can be compared to the tendencies
during the former life cycle.

The deterioration curves of the trial sections before and after strengthening were also determined for
IRI and rut depth. Based on the analysis of a high number of curves, the following generalised remarks could
be made [51]:

— the unevenness during the period investigated generally changed only somewhat proving that this
condition parameter is not critical among present Hungarian conditions (it means that usually level of
another pavement condition parameter — for example, surface defects — worsens to its intervention level);

— in the case of overlaying of a section with rather uneven pavement surface is overlayed, the
improving effect in longitudinal unevenness is much more pronounced, however, in most cases, a quick
deterioration is to be expected;

— the trends of rutting process can be very different for various pavement sections depending on the
different features of pavement structures;

— the typical rut depth values before condition improving intervention is in the range of 6 — 10 mm,
2 — 4 mm rut depth values can be expected most probably after pavement strengthening;

— the unevenness (roughness in the USA) and the rut depth data series (deterioration tendencies)
obtained during the condition monitoring period do not show yet any sign of basically different life cycle
trend from preceding one.

As another example, the influence of building a new thin asphalt layer resurfacing
(thickness <40 mm) is presented on Table 4 using some of their statistical parameters.
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Table 4
Effect of thin asphalt layer resurfacing to visual pavement condition state note [46]

.. Visual condition state note
Statistical parameter :
before after changing
Mean value 4.05 1.61 —-2.44
Maximum 5 2 -3
Minimum 1 1 0
Standard deviation 1.10 1.45 +0.35

0D C T O ey ey sty Y e OaE a0 o booof Bosos danadiis oo of Glococuc oo o - I R b R L S Surf.def.
2 ?....t..--.i- * * E] g 295 3 D {note)
B : : : : Kevoomoosr® x 5  |boooc RI
- : : : : . = 8 (m/km)
= : ' : ) : B - Rut deptl
o P T T T S S T S T T T S SO T S S SO N S ST S T S (mm)
1992 1994 1996 1998 2000 2002 2004 20086

Figure 2— Pavement performance models with thin layer resurfacing in 1999

Fig. 2 shows an example of the pavement performance model of a road section class on longitudinal
unevenness (IRI, m/km), rut depth (mm) and surface defect (5-grade notes). The effect of the thin layer
resurfacing in 1999 to the actual level of the condition parameters investigated can be clearly seen. Fig. 3
introduces the pavement performance models of another road section class on the same 3 condition
parameters; this case, the influence of pavement resurfacing on the actual pavement condition parameter
levels can be highlighted.

Road No. 44 km 70+500 - 71+000
16

ZT“{ \‘

v b
|

-
«

S N b~ N ®

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Figure 3 — Pavement performance models with strengthening in 1999
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Besides, the traffic parameters of, and the eventual major maintenance actions on every
trial section have been collected during the whole pavement condition monitoring period between 1991
and 2018 [50, 51].

The pavement bearing capacity basically differs from the other three condition parameters tested
(longitudinal unevenness, rut depth and surface defects) by its eventual improvement as a consequence of
environmental parameters, and it is true not only for the well-known seasonal changes (e.g. lower spring
bearing capacity for most subgrade soil types due to the high moisture content compared to the bearing
capacity in other seasons).

An earlier Hungarian research work [52] revealed that the bearing capacity of a pavement structure
can considerably fluctuate during the consecutive years because of the basically different weathers during
winter. In a country of continental climate like Hungary, the winter can be rather mild with few
precipitations when the bearing capacity of roads with cohesive or intermediate subgrade soil can be
considerably higher than in the preceding or penultimate spring after severe winters with rather low
temperature and a lot of snow). The authors of the research mentioned [52] suggested the use of a so-called
“yearly bearing capacity modifying factor” in addition to the traditional and widely applied “seasonal
bearing capacity modifying factor”.

Considering the forementioned considerations, it was investigated in which years took place the
unexpected bearing capacity improvements looking for the eventual more frequent occurrence in one or
more years. The numbers and shares of unexpected improvements in various years were investigated. The
trial section with non-granular subgrade soil were investigated separately. It has been revealed that the
improvements in bearing capacity between year 2 and 3 represented 70-80 % share proving that the
improvements then can be (actually are) explained by environmental reasons.

Albanian case study

The project based on Performance-based Maintenance and Safety Improvements to high volume roads
within the national network were taken place in Albania in 2014 to 2019. The Project Roads comprise the
share of the national road network, classified as primary (P) and Primary-Secondary (PS) roads. The project
will maintain 1,053 km of P roads, and 282 km of PS roads. The roads to be maintained are summarized in
Tables S below.

Table 5
Contract Costs of various Packages
Network Length (km) Pavement Capital Works
Contract
P PS S Total (km) (%)
A 216 73 0 289 139 48 %
B 242 58 0 300 119 40 %
C 282 94 0 376 103 27 %
D 314 57 0 371 193 52 %
Total 1,053 282 0 1,335 554 41 %
Table 6
Mean IRI performances, NPVs and Economic Internal Rate of Returns of Contract Packages
Roughess (IRI)
Contract 2014 2019 NPV (M EUR) EIRR (%)
A 5.0 5.0 90 85 %
B 4.8 5.7 214 95 %
C 3.6 4.1 135 168 %
D 4.2 3.5 401 177 %
Total 4.3 4.5 840 135 %
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Traditionally, the success of a regional road administration is measured by the degree of achievement
of the objectives that have been set for them by top authorities, also by the quality of their products
and services offered. Nowadays, the satisfaction of customers has been given more emphasis.
A satisfied customer whose expectations have been fulfilled indicates efficient and high-quality performance
of road service.
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Figure 4 — Project road elements on the Albanian national and secondary road network
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Performance Indicators for the road sector at Albanian Road Authority were developed as a
descriptive conceptual model for the road transport system and for the road administration’s overall
performance.

A methodology was worked out to put the model into practice through field testing and to allow
comparison of the 15 performance indicators used in different countries. The final results are expressed as
conclusions, recommendations and “best practice” methods.

The key issues facing road transport system and road administrations include:
lower road budgets;
the need for greater transparency in road administration performance;
the road production and administration roles should be separated;
the focus of customer has been changed, so expert should be aware of their best attitude;
looking for greater efficiency in road performance management;
demand for better results and quality;
dmand for more co-ordination and co-operation in transport sector;
demand for acquiring more data and performing more efficient data management.

Table 7 and Figure 5 show the Net Present Values (NPV) and other economic indicators together
with mean IRI values at the end of the contract (5 years) and of the reference period (20 years) on the
network of project roads. (Financial costs given here are the sums of the financial costs during the 5 and 20-

year periods).
Impact of capital expenditure on the network's average roughness per years 2015-2019
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Figure 5 — Evolution of mean IRI on the project roads for different budget scenarios in the contract
period 2015-2019 [53]

Table 7
Economic Indicators and IRI values in various budget scenarios [53]
Capital Financial Discounted
Exp. Financial Cost | NPV (M€) NPV / Cost IRR (%) IRI (m /km)
. Years | Cost (mln €) In€
Budget Scenario lto5 (mln €)
(pavements only) Mé€
( 5120 5 20 | 5| 20 | s 20 5020 5 | 20
yI;Z;) years | years | years | years |years| years | years | years | years | years | years | years
Scenario 1|UnConstrained Averagel »yg 1544 31219.55 | 385.85 |252.6 |4,452.6| 34,85 | 34,850 | 62.3 | 82.1 | 2.22 | 2.73
Scenario 45
Scenario 2| 30 mln €/year | 30 |141.8|504.8|179.15| 373.49 |131.7(4,200.9| 34,85 | 2,967 | 63.3 | 89.5 | 4.54 | 3.52
Scenario 3| 20 mln €/year | 20 97.8 |1394.1| 88.11 | 255.02 |130.3|4,124.4| 34,85 | 43,720 | 64.8 | 90.7 | 4.91 | 3.49
Scenario 4| 15 mln €/year | 15 71.5 {294.4| 64.42 | 184.59 |115.7]4,073.0| 14,75 | 2,9670 | 62.0 | 89.7 | 5.34 | 3.49
Scenario 5| 5 mln €/year 5 21.2 {290.8| 19.12 | 164.10 | 93.3 |3,692.3| 43,15 | 43,150 | 58.40 | 85.5 | 6.23 | 3.53
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Impact of capital expenditure on a network’s average roughness per years 2015-2034
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Figure 6 — The average value of IRI under different budget scenarios in short and long term [53]

On Figure 6, the short- and long-term longitudinal unevenness (roughness) data time series —
expressed in IRI — are shown in the case of various budget scenarios.

Based on the outputs of data collection, a statistical analysis on the entire national road network
wasperformed to characterise the network’s current pavement condition, traffic volumes, geometrical
features (rise & fall and curvature). As a first step, a suitable classification system (Table 8).

Table 8
Rutting and IRI classification [54]
. Rutting
Scale of evaluation frequency (%) depth (mm) IRI (m/km)
Very Good F<5 D<10 IRI<2,5
Good F<10 D <25 2.5<IRI<45
Fair F>10 10<D <25 45<IRI<7,0
Poor F<10 D>25 7,0<IRI<10,0
Very Poor F>10 D>25 IRI>10,0

At the end of this stage, it was possible to set up a reliable picture of the current statistics of the road
network in terms of road condition, geometrical features and traffic sizes. The current pavement condition of
the network is summarized below. Pavement condition is characterised by the values of IRI (International
Roughness Index). Fit was also shown that the initial HDM-4 evaluation covering the entire network
identifies that in case of an unconstrained budget scenario, the capital preservation expenditures and the fully
elimination of the periodic maintenance backlog during the 2015-2019 period amounts to 230 million EUR,
of which 54 percent is allocated to the P and PS networks. Under this scenario, the average network
roughness decreases from the initial 5.5 IRI to 2.2 IRI in 2019, yielding a NPV of 4,453 million EUR.
The evaluation also considered budget constraint scenarios of 30, 20, 15 and 5 million EUR per year for
2015-2019. Figure 7 presents the overall network NPV and the average network roughness (IRI) in 2019 as
a function of the budget constraint scenarios investigated.

Based on the analyses the results obtained, conducted that there is a significant improvement in service
life when strict enforcement of legal axle limits is done. The various benefits arising from strict enforcement
of legal limits are as given below:
reduction in maintenance and rehabilitation cost of roads;
more funds would be available for upkeep of pavements;
the road pavements can be maintained at desired serviceability levels.
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Figure 7 — National Network Net Present Value and Average Network Roughness in 2019 after 25,
75, 100, 150 and 235 million (unconstrained) EUR expenditures in the preceding 5 years

Based on the limited work results available, it would be still premature to quantify the savings in road
pavement maintenance coming from load restrictions. However, the savings in maintenance costs could be
roughly estimated at least in the order of 20 — 25 % of the present expenditures if legal road vehicle axle
limits are enforced and no vehicle is allowed to carry loads beyond the permissible one. Savings of such
magnitude would certainly help road organisations in providing better roads to the users.

Concluding remarks

After having presented some general facts and some country specific experiences on road pavement
management the following main conclusions can be drawn:

=  The successful road asset management has high significance on national economy level.

= The scientifically based PMS, as an essential element of road asset management, has a prominent
role in increasing the economy of road transport.

= Development of pavement performance models are an essential component of a PMS and have a
direct impact on future pavement condition, as a major influencing factor of road traffic efficiency.

= These statements are supported by the Hungarian and Albanian, pavement management related
experiences presented before.

= The long-term monitoring of carefully selected trial section as a source of sophisticated pavement
performance models can be highlighted.

= The project based on Performance-based Maintenance and Safety Improvements to high volume
roads performed in Albania can significantly support the medium-term road management decisions.
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orjsaa XAPAKTEPUCTUKH JOPOKHBOI'O MTOKPUTTS
B PI3BHUX KPATHAX

Anomauisn

Beryn. BucokosikicHi Ta JTOBrOBIYHI JIOPOXKHI TOKPUTTS € OJHIEID 3 MEPeayMOB e(EKTUBHOTO
JOPOXKHBOTO PYyXy B KOXKHil KpaiHi.

IocranoBka npobaemMu. HaykoBuii MpoOEKT BUCOKOTO PiBHS, OYAiBHUITBO, TEXHIYHE 0OCIYrOBYBaHHS

Ta BiJHOBJICHHS KOHCTPYKLIH JOPOXXHBOTO HOKPUTTSI — yNpPaBiHHA TPOTyapaMu — MOKHA PO3TILIIATH K
BaYXJIMBE 3aBJAHHS BIIACHUKIB JIOPIT, @ y BUMAAKY JOOPIT AEp)KaBHOI BIACHOCTI 1€ € MPAMUM OOOB’SI3KOM.
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CONSTRUCTION AND CIVIL ENGINEERING

Baxxnmpa migcrcTema ynpaBiiHHS JOPOXKHIM MaifHOM CKJIQIAEThCA 3 KITBKOX TEXHIYHHUX 3aC00iB, TAKUX 5K
CHCTEMH YMpaBIIHHSA JOPOXHIM MOKpUTTAM (PMS). Mojeni XapakTepHCTHK JOPOKHBOTO TOKPUTTSA €
BXJIMBUM KOMIIOHEHTOM PMS 1 MaioTp mpsMuil BIUIMB Ha MailOyTHiH cTaH TpoTyapy. llpoexTyBaHHS
KOHCTPYKITii JTOPOXXHHOTO TTOKPUTTS 3aBXAW € JOCUTHh BIMIMOBITAIBHUM 1 BaXKAM 3aBIaHHSM, OCKIIBKH
OUYEBHUIIHO, IO TMPOEKTYBAILHHK MOBHHEH CIPOTHO3YBAaTH (MlepeadauyuTH) — BUKOPHCTOBYIOUH OakKaHO
HAYKOBO OOTPYHTOBaHI METOJOJIOTIT — XapaKTEPUCTHKH KOHCTPYKIIH TPOTyapiB, siki OyIyTh MO0y I0BaHI B
ManOyTHhOMYy. HamiliHicTh ITHOTO TIPOTHO3Y, 3BHYANHO, TOJOBHHUM YHHOM 3aJCKHATh BIl TOYHOCTI
3aCTOCOBAaHMX MPOCKTHUX BXiAHWUX MaHuX. CKIaAHICTh MPOOJIEMH BKE MOXKHA OXapaKTepuU3yBaTH THM
¢akToM, 0, MpUHANMHI, TPAaHCIOPTHI, €KOJIOTiYHI, CHPOBHHHI, OyHiBelbHi, TEXHIYHO-BiJTHOBIIOBAIBHI,
eKCIUTyaTaniiHi Ta piHaHCOBI MapaMeTPH CIiJI BpaXOBYBAaTH IPH NMPOTHO3YBAHHI €peKTUBHOCTI JOPOKHBOTO
MOKPUTTS (OUiKyBaHUH TEpMiH CITy>KOM) IiJ yac MPOEKTyBaHHS (BUOOPY) ONTHMANBEHOTO KOHCTPYKTHBHOTO
BapiaHTy MOKPUTTS. B3aeM03B’sI30K MHUX MapaMeTpiB, MO BILIMBAIOTH, TITBKH POOUTH CHUTYAIlIIO III¢ OLIBII
CKJIAJTHOIO.

Meta. OCHOBHOI0O METOIO CTAaTTi € MPEACTaBICHHA PI3HMX AacleKTiB e(EeKTUBHOCTI IOPOKHBOTO
MTOKPHUTTS B YTOpIIKHI Ta AOaHii.

Martepianu Ta MeTomu. Y CTaTTi OMHCAHO POJIb (3HAYYIIICTh) MOJeNeH e(heKTUBHOCTI JOPOKHBOTO
NOKPUTTS B YNPAaBIiHHI JOPOXXHIM MaiHOM, OCOOJMBO B HAyKOBO OOIPYHTOBAaHOMY CTPYKTypHOMY
MMPOCKTYBaHHI JOPOXKHHOTO TOKPHUTTS, BKa3yloUM HA TOB’s3aHi 3 muM mpobiemu. I[licias KopoTkoro
BCECBITHBOTO OISy TEMH, MPE3CHTAllis CIHEIiaAIbHOTO TEOPETHYHOTO Ta MPAKTUYHOTO JOCBILYy IIOJO0
Mojiesel e(peKTHBHOCTI TPOTyapiB y JBOX €BpOIMeiichbkux KpaiHax (YropmmHa Ta AnbaHis) MiACyMOBY€ETHCS
K TEMaTU4HI JTOCIIIIKEHHS.

Pesynpratn. Hampukinmi crtarti 3po0jeHo Jeski BUCHOBKM Ta HaJaHO KiIbKa MPOMO3MLIN MO0
CTBOPECHHSI Ta BHMKOPHUCTaHHS Mozened e(EeKTUBHOCTI JOPOXKHBOTO IIOKPHUTTS, BKJIIOYAIOYM BHCOKY
BYUIMBICTh YCHIIIHOTO YIPAaBIiHHS JOPOXKHIM MaiHOM Ha pIiBHI HAI[lOHAJIBHOI €KOHOMIKH; 3HAYCHHS
HayKoBO 0OrpyHTOBaHOi PMS y migBUIIEHHI €KOHOMIYHOCTI aBTOMOOIUIBHOTO TPAHCHOPTY; NPSMUA BIUIMB
MOJIEJICH XapaKTEPUCTHK JOPOKHBOIO IMOKPHUTTS Ha MalOyTHIM CTaH JOPOKHBOTO MOKPHUTTS, SIK OCHOBHOTO
¢axTopa BIUIMBY Ha e(EKTHBHICTh JIOPOKHBOTO PYXY; JOMOMIKHA POJIb TEXHIYHOTO OOCITYrOBYBaHHs Ha
OCHOBI €()EeKTHBHOCTI Ta IMOKpAIIeHHS Oe3MEeKH IOPIr BEIUKOTO 00CATY, sIKi BUKOHYIOThCS B AOaHii, Moxe
3HAYHO MIATPUMATH PIlICHHS MO0 YIPABIIHHS JOPOTaMH B CEPEIHBOCTPOKOBIN MEPCIIEKTHBI.

Knwouoei cnoea: NOpoXXHE TOKPHUTTS, MOIENIb €(PEKTHBHOCTI IMOKPUTTSA, CHUCTEMa YIPaBIiHHS
JTIOPO’KHIM TIOKPUTTSIM, YIIPaBIiHHS AoporamMu Aj0aHii, ynpaBIiHHSI 10poraMu Y TOPIIHHH.
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