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Theory and practice of cement concrete pavements in Hungary

In the late 1990's, various asphalt pavement alternatives did not present the
level of deformation resistance that would be sufficient to prevent early rutting
on the extremely heavily trafficked motorways in Hungary. This resulted in the

Prof. Laszl6 Gaspar, PhD. CE reinstatement of concrete pavements, which became once again a technological
KTI - Institute for Transport Science Non-Profit ~ choice in motorway construction. This paper presents the history of Hungarian
Ltd., Budapest concrete pavements, steps for their "revival’, technological challenges in the
Széchenyi Istvan University, Gyor preparation of test sections, and an ongoing research aimed at ensuring long-term
gaspar(@kti.hu preservation of favourable surface properties.
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Teorija i praksa u izvodenju betonskih kolnika u Madarskoj
Zsolt Bencze, MSc. CE U Madarskoj kasnih 90-ih godina proslog stoljeca razlicite varijante asfaltnih kolnickih
KTI - Institute for Transport Science Non-Profit ~ konstrukcija nisu imale dovoljnu otpornost na deformacije koja bi sprijecila ranu
Ltd., Budapest pojavu kolotraga na iznimno prometnim autocestama. To je uzrokovalo ponovno
Széchenyi Istvan University, Gyor vracanje betonskih kolnika kao tehnoloskog izbora. U ovom radu prikazana je povijest
bencze@kti.hu madarskih betonskih kolnika, postupci u njihovu "oZivljavanju", tehnoloski izazovi kod

izrade pokusnih dionica te tijek istraZivanja betonskih kolnika s ciljem dugorocnog
zadrzavanja povoljnih povrsinskih svojstava.
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Fachbericht
Laszl6 Gaspar, Zsolt Bencze

Theorie und Praxis der Ausfuhrung von Betonfahrbahnen in Ungarn

lIn Ungarn war Ende der 90er Jahre des letzten Jahrhunderts bei verschiedenen
Arten von Asphaltbelagen die Bestandigkeit gegen Verformungen, die einer
friihen Entwicklung von Spurrinnen auf den belebten ungarischen Autobahnen
entgegenwirken konnte, nicht ausreichend. Dies fuhrte zur erneuten Einflhrung
von Betonfahrbahnen in die Technologieauswahl fir Autobahnen. In dieser
Arbeit werden geschichtliche Aspekte ungarischer Betonfahrbahnen, Schritte
ihrer "Wiederbelebung", technologische Herausforderungen bei der Erstellung
von Teststrecken sowie der Forschungsablauf bezlglich langfristiger Erhaltung
glinstiger Oberflacheneigenschaften beschrieben.

Schlisselworter:
Betonfahrbahn, Teststrecken, Oberflacheneigenschaften von Fahrbahnen, Mikrotextur, Makrotextur,

Fahrbahnverhalten
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1. Introduction

The choice of pavement structure type in the national road
management practice is a highly important decision that has to
be taken by relevant decision makers, typically the transport-
related ministry. The most advantageous situation can be the one
when all commonly applied (flexible, semi-rigid, rigid, composite)
pavement structure types are on the list from which designers of
road construction or rehabilitation projects can select.

In 1976, following a Hungarian ministerial decision, the
construction of cement concrete pavements (rigid pavement
structures) was discontinued for a 25-year period — despite
former significant successes of cement-concrete techniques
used in Hungary. This action considerably limited the flexibility
of road management. The inability of most "deformation
resistant" asphalt pavement structures to withstand repeated
early rutting on the extremely heavily trafficked Hungarian
expressways made it necessary to reinstate concrete
pavements as a technological choice for our motorways.

This article summarizes the history of Hungarian cement
concrete pavements, the steps for their "revival" in the late
1990's and early 2000's, and technological challenges of
concrete test sections, while also outlining an ongoing research
on the skid resistance of cement concrete pavement surfaces.

2. History of Hungarian cement concrete
pavement before 1976

Concrete pavements have been tested in Hungary since 1911,
and constructed since 1927. The first sections had plain
concrete pavements 150 mm and later 200 m in thickness,
and were laid in two courses. In 1927, a 600 m long main road
section was constructed using the Rhoubenit concrete, with a
width of 6 m. Cement concrete pavements, mainly laid directly
on the sub-grade, were constructed in the total length of 103
km between 1926 and 1933 [1].

The period from 1933 to 1944 can be considered as the "golden
age" of cement concrete construction in Hungary (with 1088
km in total length of pavements laid). The pavements were
designed to the 30 kN wheel load. Their typical dimensions are:
130 mm in thickness, laid directly onto the sub-grade, 6 m in
width, longitudinal joints, transverse joints at 8-12 m intervals,
laid mainly in a single course. They performed fairly well; they
were improved with asphalt overlay courses n the 50's and 60's.
After World War I, the construction of roads with cement
concrete pavements played an important role in the
modernisation of the Hungarian main road system. Over 300
km of cement concrete pavements 180 mm in thickness, lying
on the sandy gravel base, and varying from 6.50 to 7.00 m in
width, were built in that period. The first Hungarian motorway
M7 (between Budapest and Lake Balaton), was built using a
rigid pavement structure, in the period starting in 1958. The
typical pavement structure constructed before 1972 was 200
mm in thickness, which was later increased to 240 mm. It was

a jointed plain cement concrete pavement on bituminous base,
with stabilization layers of various thicknesses.

The cement concrete pavement at Motorway M7 was typically
8.5 m in width, with a longitudinal joint. The transverse joint
spacing was 5.0 m, and no dowels were used in transverse
joints. As from 1972, an air-entraining agent was also applied
to withstand detrimental effects of de-icing agents.

The total length of cement concrete pavements in Hungary attained
1250 km in 1965 [1]. From that point on, the length has been
gradually decreasing due to rehabilitation with asphalt pavements.
Some sections of the M7 Motorway revealed signs of early
deterioration due to various construction failures. This was one
of the reasons why the Ministry of Transport decided to continue
with the motorway programme using exclusively asphalt
pavements as from 1976. As a consequence, the construction of
cement concrete pavements was also abandoned on other roads.
The material supply, the development of machinery, the training
of experts, and the research activities, also stopped in this area.

3. Preparation for "renaissance" after 1999

The southern section of the ring road MO around Budapest was
built in the 1980’s using a semi-rigid pavement structure, with
the polymer modified bitumen SMA wearing course. Due to an
extremely heavy traffic characterized by frequent accelerations
and decelerations, the pavement structure was frequently
affected by rutting, which caused excessive resurfacing costs, and
significant user delay costs during such rehabilitation activities.
Even the high modulus asphalt layers used in the pavement
structure were not sufficiently resistant to deformation. That
is why the Ministry of Transport decided to reinstate cement
concrete pavements, and to make such pavements once again an
option in the Hungarian road management practice, after more
than two decades of disuse.
In 1998, the institute KTI (Institute for Transport Sciences
Non-Profit Ltd.) from Budapest was commissioned to conduct
preparatory works relating to cement concrete trial sections. The
researchers first gathered latest foreign experience on the basic
materials, formulations, and machinery, design and construction
methods, with regard to cement concrete pavements. Several
formulations and technical solutions appropriate for Hungarian
climate and traffic conditions were selected. After analysis of
realistic possibilities, three alternatives were elaborated:
- jointed and dowelled cement concrete pavement,
- jointed and dowelled cement concrete pavement with
"exposed aggregate" surface,
- continuously reinforced cement concrete pavement (CRCP).

A PIARC-publication [2] on the design and construction
experience, and cement concrete pavement specifications
applied in several countries, were used in the selection of the
most appropriate formulations for three concrete options.
The KTI compressive strength test results, and PIARC
recommendations [3], are presented in Table 1.
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Table 1. KTl compressive test results vs. PIARC

recommendations

strength

28-day compressive strength (MPa)
Jointed Jointed cement Continuously
Source concrete with rein-forced
cement "
exposed cement
concrete N
aggregate" surface concrete
KTI test results 35,3 42,2 37,2
PIARC .
) 35,0-40,0 min 40,0
recommendations

The concrete types selected had to be resistant to the expected
trafficand environmental loads. That is why the W/C-ratios ranging
from 0.40 to 0.42 were chosen as a function of weather conditions
and the actual water content of the fine aggregate fraction.
The plasticiser and the air-entraining agent were added in the
proportion of 0.10 - 0.12 % and 0.04 - 0.08 % of water, respectively.
A heavily trafficked secondary road 7538 was selected as the site
for the experiment. Three cement concrete subsections (500 m
each) were built between KM 8+600 and KM 10+100, while the
control section with the modified bitumen asphalt pavement was
constructed between km 14+000 and km 15+000 on the road
7538.

Narrow two-lane pavement sections, with a relatively weak
structure, were severely damaged due to an extremely high
truck traffic (above 1110 heavy vehicles/day). That is why the
decision was made to remove the entire pavement structure
before constructing the experimental structures. The following
pavement structure variants were subjected to testing (Figure 1).

Figure 1. Pavement structures for concrete trial sections and asphalt
reference section (road 7538)

The flexible pavement structure for the control section
was designed using asphalt layers with high resistance to
deformation, and it was considered that its bearing capacity
is nearly identical to that of the cement concrete variants. The
mix design for the upper asphalt layers was prepared using the

SUPERPAVE design method. The pavement width of the trial
sections (and the whole road 7538) amounts to 6.00 m. (This
width is typical for Hungarian secondary roads).
The construction of the experimental section was basically
influenced by the extremely rainy spring and summer of 1999.
The requirement was that only one of the traffic lanes could be
closed during reconstruction.
Due to frequent rainfalls, the design bearing capacity level of 50
MPa could not be ensured on the surface of the sandy gravel cap
layer. The decision was made to stabilise it with cement [4].
The 6 m wide cement concrete pavement was laid as a single layer
in two lanes 3 m in width. One of the jointed concrete subsections
had the "exposed aggregate" surface in order to decrease the
rolling noise and increase macro roughness. In fact, the exposed
aggregate concrete is characterised by a specific treatment of the
surface: When the concrete has been processed, a setting retarder
is applied onto the fresh concrete surface in order to prevent the
hydration of cement. After concrete hardening, the non-hydrated
mortar at the surface is removed with a high-pressure water jet,
so as to expose the coarse aggregate at the surface, and to fully
reveal its appearance and colour.
No continuously reinforced cement concrete pavement had
been built in Hungary before the experimental section was
made on road 7538. The pavement 170 mm in thickness, with
0.67 % of reinforcement, was constructed without transverse
joints, i.e. only construction joints were applied at the end of the
day’'s work. A relevant foreign literature [5-7] was used in the
design of the subsection (expansion joints, anchor to prevent
CRCP end movement, positioning of reinforcement, etc.). After
the first winter, a growing number of punch-outs originated
on the surface of the continuously reinforced cement concrete
pavement section. This “"punch-out" in the continuously
reinforced concrete pavement is the area enclosed by two
closely spaced transverse cracks, a short longitudinal crack, and
the edge of the pavement or longitudinal joint, when exhibiting
scaling, shattering, or faulting. The following main reasons
for the unexpected pavement failure were revealed during
subsequent examination:

- excessively thin pavement layer due to application of
the early literature data based on limited performance
experience (more recent literature suggests 220-250 mm
CRCP thickness expecting the benefit of the significantly
longer pavement life cycle, compared to that of unreinforced
jointed variants),

- narrow (3.0 m) traffic lanes causing overload in the
longitudinal joint area due to heavily loaded truck traffic
(design of wider traffic lanes on the test sections could have
been a serious traffic safety hazard due to the 3.0 m traffic
lane width of the road 7538 connecting sections),

- the load bearing capacity of the underlying sandy gravel
capping layer locally had an excessively low surface modulus
(much lower than the 50 MPa design value).

In the past decade, new motorway sections have already been
built using cement concrete pavements. Thus, the cement
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Table 2. Major features of Hungarian cement concrete pavement trial sections

Road No. Construction year Th;:]i(rr;?ss Surface type Initial t?::rl:ie depth Texture depth in 2013 [mm]
7538/1 1999 220 Combed 1,0 0,4
7538/Il 1999 220 Exposed 1.8 1.3
7538/1ll 1999 170 Combed 0,9 0,3
L4 2003 250 Combed 0,6 0,4
4 2004 250 Combed 0,6 0,4
5 (whitetopping) 2008 120 Combed 0,5 0,4
4602 Roundabout 2011 230 Combed 0,4 0,2

Whitetopping - is the covering of an existing asphalt pavement with a layer of cement concrete

concrete pavement was built for the new sections of ring road
MO, the most highly trafficked road sections in Hungary based
on both the present and predicted data. In addition, a concrete
pavement was also adopted for the newly built Motorway 31.
Table 2 presents major features of Hungarian cement concrete
trial sections, and provides information about the evolution of
mean surface texture on trial sections.

There are two different types of documents in the Hungarian road
construction specification system: EN standards and Technical
Specifications for Roads (UME), which are in fact National
Application Documents for EN standards. There are important
differences between the two types of documents. One of them is
that the application of legal measures is obligatory, while the use of
standards is voluntary. Owing to the voluntary nature of standards,
they stimulate producers to adapt more up-to-date solutions
coming from their recent technical improvements, so that they
can be included in a new version of the standard, after approval
by an appropriate professional committee. The relevant Hungarian
standard [8] does not contain special regulations for cement
concrete pavements. It only presents some detailed criteria for
the environmental exposure class (abrasion and freeze-thaw
resistance). Just a few technical specifications for roads [9-11] are
actually used for the cement concrete construction in Hungary.

As a general conclusion based on some 15 years of experience
in the use of cement concrete pavements on the Hungarian
public road network, it can be stated that the pavement option
has proved to be durable and that its surface properties are
appropriate, provided that it is build to high quality standards.

4, Use in roundabout

The reappearance of the cement concrete pavements in the
Hungarian road management has spurred research on the
possibilities for using such pavements in various fields. One of
possible options is to use it as a roundabout pavement. In this
respect, a targeted research work was initiated at KTl-institute
aimed at evaluating resistance of the cement concrete pavement
surface to special traffic load due to relatively low radii of
roundabouts.

Just like in many countries worldwide, a lot of roundabouts
have been built in Hungary in recent decades. Traditionally,
they are constructed using asphalt-based flexible pavement
structures. The decision was made in 2010 to build a trial
roundabout with the cement concrete pavement in order to test
the applicability, performance, and efficiency of this pavement
type when subjected to special loads originating from traffic at
roundabouts. The monitoring of this section — concentrating
on its surface characteristics — was also planned to collect
information for a future reliable specification on this issue.

The long-term performance of concrete layers is directly
linked to its resistance to abrasion. In fact, the term "abrasion”
generally refers to dry attrition [12]). It has been reported that
a strong concrete has a higher resistance to abrasion than a
weak one [13]. The abrasion resistance is inter alia affected
by the aggregate type, mix proportion, workmanship, curing,
and surface finish or treatment. A hard aggregate is more
wear resistant than a soft one. Poor finishing practice can also
result in a relatively low abrasion resistance [14]. The abrasion
resistance of cement concrete surface basically influences the
speed of deterioration of skid resistance, as a consequence of
mechanical and environmental loads, as a major traffic safety
condition parameter.

Due to lack of relevant Hungarian specifications on roundabouts
with the cement concrete pavement, the specified skid
resistance values for cement concrete pavements were used.
The needed texture depth values are specified in relevant
technical specifications for roads [9], where specified values
depend on road categories. The texture depth values, measured
on the trial cement concrete pavement section constructed at
the secondary road 7538, were divided into 4 categories:

- below 0.5 mm,

- 0.5-0.75 mm,

- 0.75-1.00 mm,

- above 1.00 mm.

In the first category, the depth of pavement surface ,grooves"
producedby the"comb"techniqueisratherlow[15]. Consequently,
a relatively slow wear is expected, while deep "grooves” with the
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texture depth of more than 1.00 mm could result in a much higher
wear for the same concrete properties. Figure 1 shows the typical
texture depth deterioration curves based on the data time series
obtained on the road 7538. Besides the three curves with initial
values of 0.65 mm, 0.90 mm, and 1.15 mm, an average texture
depth deterioration curve was also introduced. Two conclusions
can be drawn from Figure 2:
- texture depth values measured after 2 million vehicle unit
passes were almost the same regardless of their initial values,
- above 10 million vehicle unit passes, the wear practically
discontinues.

14
- | =+= 05-075mm
o - ®- 075- 100 mm
E —— 1,00 = mm
A
E | —=— mean
o3 [ ] 1
2 BT
- - -k
w 06 L —
3 ﬁ-:‘ﬁl'w___
% 04 e e Jan—
= -
02
0
2 4 6 8 10 12 1% 1% 18

MNumbers of vehicle units passed [millions]

Figure 2. Texture depth deterioration on a cement concrete pavement
trial section as a function of vehicle unit passes

Deterioration curves can be approximated by polygons (Figure
3). Three different phases can be identified in the texture depth
deterioration due to uniform-speed vehicle movements at
straight sections:

- up to 2 million vehicle unit passes (),

- 2-6 million passes (1),

- above 6 million passes (Ill).
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Figure 3. Simplified texture depth deterioration curve

The mathematical equation describing the evolution of texture
depth is:

X =D - (e'P)/((AXF)M)

Where:

X - actual texture depth [mm]

D -initial texture depth [mm]

e' - extraloading factor from curved vehicle ride [mm/ axle unit]

P - number of axle units passed

A - wearing factor from abrasion resistance

F - wearing factor from frost-thaw resistance
M - wearing factor from mixture characteristics.

Relationship details are described in a conference paper [16].
5. Micro texture

The micro structure of a road pavement surface can be
characterised by several methods and related parameters. The
commonly used measuring methodologies are: laser techniques,
dynamic procedures for characterisation of road vehicle effects,
and static-type devices. The SRT (Skid Resistance Tester)
pendulum, the most widely applied measuring apparatus in
Hungary, was first investigated [17]. The SRT-value was used
as a condition parameter for the qualification of Hungarian new
road pavement surfaces, even if specified values were available
for expressways only [9].

The change of SRT-values at the pavement surface of two
Hungarian cement concrete test sections as a function of time
is shown in Figure 4. The typical daily heavy traffic volume at
the section of the secondary road 7538 amounts to 1110
heavy vehicle/day, while the similar traffic at the main road 44
amounts to 1420 heavy vehicle/day. The reason for the sudden
decline in the SRT-value for the road 7538 can be explained
by the fact that a "canalized" heavy traffic uses an excessively
narrow pavement, thus causing a quick loss in the initially rather
high macro texture, an element of skid resistance.
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Figure 4. Evolution of SRT-values at cement concrete test surfaces

The evolution of micro texture of a road pavement surface is
influenced by several factors. For example, the properties of sand in
cement mortar play an important role in this respect [18]. A simple
mathematical model can be developed to characterize evolution of
micro texture as a function of traffic load, since its mechanism is
quite similar to that of the macro texture. Tests were performed
to demonstrate the actual change, and the possibility for altering
micro roughness of cement concrete surfaces. The idea has
come from the rehabilitation of worn cement concrete pavement
surfaces when using various pavement milling techniques. The
aim is to provide a surface with a certain durable skid resistance
level, even though it will later lose its macro roughness due to the
wearing effect of highway traffic.

GRADEVINAR 67 (2015) 1, 43-50
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The first step of the experiment was to measure the micro
roughness of HPC (high performance concrete) surfaces before
and after milling. Then measurements were performed on
glass surfaces. There it was undoubtedly revealed that the
micro roughness, characterized by SRT-values and simulating
the actual skid resistance of a car, can be basically affected by
various surface designs.

Characterization of the change in the micro roughness values
of pavement wearing surfaces, because of mechanical and
environmental loads, can be considered as a rather complicated
task. The problem is shown on Figure 5 where it can be seen
that, during the life cycle of pavement, the road vehicle tyre is
in contact with various materials (S — sand, St — stone) and,
as a consequence, the wearing surface with the changing skid
features has to be taken into account..

Figure 5. Change of wearing surfaces under combined influence of
traffic and weather

So, the micro texture of the surface is the result of the effect
of several independent elements. These effects can be
summarised in the following simplified algorithm:

Xeer =(S+St)*p

Where:

S - SRT-value based on the ratio of sandy surfaces

St - SRT-value based on the ratio of stone surfaces

p -SRT-value correction factor as a function of the ratio
between aggregate tips and grooves at the skidding plane.

The change of micro texture as a function of time, just like that
of the macro texture, can be taken as an arbitrarily wearing and
scaling process of an initial surface with incidentally formed
features. The evolution of SRT-value can be determined
unambiguously as a stochastic phenomenon. The synergic
effect of the road-traffic wearing load, and the weather-
induced surface alterations, can raise further questions, already
investigated by researchers [19-20]. The description of these
changes can be explained by the simplified algorithm shown
before supposing that the mixture properties coming from the
constituents used in concrete recipe change as a function of
time. This change occurs in a way that can be predetermined, i.e.
the micro texture of the mortar consisting of sand and cement
is constant, while the polishing of the stone particles can be
predicted.

6. Relationship between macro and micro
textures

Development of mathematical background of the theory is
followed by its validation. Based on the tests introduced in Figure
6, it can unequivocally be stated that there is a relationship
between micro and macro textures. At the same time, it can be
seen that the micro texture does not depend on the actual value
of macro texture, while macro roughness doesn't depend at
all on micro roughness. As a consequence, two interconnected
deterioration phenomena cannot be described by a simple
mathematical algorithm.
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Figure 6. SRT values measured at various distances between glass
and HPC surfaces with grooves

After having completed the first test series, the following
problem arose: every wearing surface has its own
configuration, as a basic property, and it is practically
impossible to create the same shape even in laboratory. That
is why SRT values are typically interpreted in ranges, since a
standard difference of 2.4-2.6 of the SRT value is permitted
on the same surface, independently of the temperature [8].
The change in SRT values as a function of temperature is
presented in Figure 7.
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Figure 7. Evolution of SRT values as a function of temperature
corrected in accordance with [8]
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Figure 8. Simulation of milled, worn and freeze-thaw scaled cement concrete pavement surfaces by LEGO® blocks

The simulation was first done on a glass plate because it permitted
a spectacular demonstration of the effect of macro texture. It was
revealed that the same surface can not be created even on glass
plates. After additional unsuccessful attempts with steel and
wooden elements, it was established that the best solution can
be obtained with plastic surfaces. That is why the well-known
LEGO® blocks were used for the simulation regardless of their
basic differences from the actual road pavement surfaces. The
commercially available constant-quality and moisture-resistant
LEGO® blocks enabled simulation of the cement concrete
pavement surfaces at various ages. The simulation of the
"smooth worn" and freeze-thaw scaled surface, as well as the
freeze-thaw scaled and milled surfaces, is presented in Figure 8.
The aim of this simulation was to identify the influence of various
surface ratios on the SRT values of the surface (Figure 9). Once
the needed ratios were obtained, the symmetric model could be
readily transformed to asymmetric surfaces that approach more
realistically the pavement surfaces.

Milled

100% 0% 0% 100%

0% 100 % 100% 0%
Freezing-thaw scaled ! Worn
50%
100% 0% 0% 100 %

Figure 9. SRT diagram for various proportions of milled, freeze-thaw
scaled and milled surfaces

The deterioration of cement concrete pavement surfaces
is a natural phenomenon that should also be considered at
the pavement design phase. The rehabilitation of a wearing
course is typically performed due to its poor macro texture.
However, this action "automatically" improves the micro
texture properties as well. A relevant example is that of the
groove-induced additional SRT value presented on Figure 5.
It is suggested that trial pavements should be built on an
untrafficked site without any surface roughening design. It
could help the road operator to determine the "initial SRT
value" and the realistic intervention level of skid resistance.
The macro roughness intervention level values given in
relevant Hungarian Technical Directives for Roads [9] are
generally considered as valid just for the moment of the
opening to traffic. However, they are valid for the whole
service life of the pavement since the responsibility of
the road operator is to provide continuously safe wearing
surface. At the same time, the specified micro texture
value is valid exclusively for motorways [9]. Thus even the
0 SRT value would theoretically be acceptable on main
and secondary roads included in the Hungarian national
highway system. Measurement results have shown that no
wearing course, even with an absolutely smooth surface,
can be produced with an SRT value below 20. Thus, the
widely accepted sand patch method for characterization
of the pavement surface macro texture is not acceptable
below the 0.2 mm texture depth, when some kind of outflow
methods should be used.

An American predictive degradation model of skid
resistance for in-service asphalt pavement surfaces, based
on laboratory polishing test results using asphalt polishing
machine, characteristics of aggregate gradation curve, and
average daily traffic, can be mentioned as a partly similar
effort [21].
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7. Conclusions

After recent "re-introduction" of cement concrete pavements
into the Hungarian road management practice, several research
activities were initiated in this field. Principal findings of the
research dealing with the long-term performance of the cement-
concrete pavement surface properties are briefly presented.
An algorithm was developed for the simplified mathematical
description of the change in the micro and macro surface
texture during the service life of cement-concrete pavements.
As a practical aid, this algorithm can assist road operators in
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