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FOREWORD

The 3rd International Conference on Road and Rail Infrastructure — CETRA 2014 was organi-
zed by the University of Zagreb - Faculty of Civil Engineering, Department for Transportation
Engineering. The Conference was held in Split, Croatia. Split is the largest city in Dalmatia
and the second largest city in Croatia, and it is also one of “Croatian Champions of Tourism”.
The 1st International Conference on Road and Rail Infrastructure (CETRA 2010) was held on
17-18 May 2010 in Opatija. The 2nd International Conference on Road and Rail Infrastructure
(CETRA 2012) was held on 7-9 May 2012 in Dubrovnik. A great interest of participants in topics
and themes from the field of road and rail infrastructure, as shown during the CETRA 2010
conference (140 papers from 29 countries) and CETRA 2012 conference (142 papers from 39
countries), justified the Department of Transportation Engineering's decision to organise once
again an international event of such great significance. Positive comments received from
participants in past conferences motivated the Department for Transportation Engineering
of the Faculty of Civil Engineering - University of Zagreb to continue with the organization of
this international event.

The ceTRA conference has established itself as a venue where scientific and professional
information from the field of road and rail infrastructure is exchanged. The idea on linking re-
search organisations and economic operators has been the guiding concept for the realisation
of this conference. Conferences of this kind are undoubtedly a proper place for bringing closer
together the economy and university operators, and for facilitating communication and esta-
blishing greater confidence that might result in cooperation on new projects, especially those
that contribute to greater competition. Lectures organized in the scope of the conference are
based on interesting technical solutions and on new knowledge from the field of transport
infrastructure as gained on already realised projects, projects currently at the planning stage,
and those now under construction, in all parts of the world. In addition to authors from the
academic community, lectures were also presented by practical authors, the idea being to
ensure the best possible synergy between the theory and practice. Because of a great interest
for the themes from the field of road and rail infrastructure, as shown during the past two
conferences (CETRA 2010 and CETRA 2012), the Department for Transportation Engineering of
the Faculty of Civil Engineering — Zagreb assumed the responsibility to organise the CETRA
conference in this year as well.

Our goal for the International Conference on Road and Rail Infrastructure — CETRA is to have
all published papers indexed in scientific databases in order to achieve greater recognition
for the conference itself, for published papers, and for their authors. As the serial publica-
tion entitled Road and Rail Infrastructure has been achieved with this third conference, the
precondition has been fulfilled to obtain the International Standard Serial Number (IssN),
which was the condition for starting procedure for registering this publication in scientific
databases. The procedure has already been initiated.

The third International Conference on Road and Rail Infrastructure — CETRA 2014 - is organi-
sed in this year in order to bring together scientists and experts from the fields of road and
railway engineering, and to present them with yet another opportunity to share results of their
research, findings and innovations, analyze problems encountered in everyday engineering
practice, and offer possible solutions for a more efficient planning, design, construction, and
maintenance of various transport infrastructure facilities and projects.

CETRA 2014 covers many areas: traffic planning and modelling, infrastructure projects, in-
frastructure management, road pavements, rail track superstructure, construction and



maintenance, transport geotechnics, tunnels and bridges, structural monitoring and mainte-
nance, computer techniques and simulations, noise and vibration, innovation and new tech-
nology, urban transport, integrated timetables on railways, rail traffic management systems,
vehicle dynamics, traffic safety, and bicycle traffic.

CETRA 2014 attracted a large number of papers and presentations from 35 countries and
47 universities. More than 146 papers were presented at the conference and are grouped
together in these proceedings entitled Road and Rail Infrastructure Ill. The papers are con-
veniently divided into twelve chapters: Rail Infrastructure Projects Design, Construction,
Maintenance and Management, Road Infrastructure Projects Construction, Maintenance and
Management, Road Traffic Planning and Modelling, Road Pavements, Rail Vehicle-Track Inte-
raction, Structural Monitoring and Maintenance, Transport Geotechnics, Integrated Timeta-
bles on Railways, Traffic Safety, Environmental Protection, Urban Transport and Passenger
services: baggage storage and boarding.

The organizers of the conference wish to express their thanks to all businesses and institu-
tions that provided their valuable support to this Conference. Special thanks are extended
to the University of Zagreb, Croatian Railways — HZ Infrastruktura, and Ministry of Maritime
Affairs, Transport and Infrastructure, for their assistance in organizing the workshop on Im-
plementation of European Rail Traffic Management System (ERTMS) in South and East Europe.
The Editor commends all authors for excellent papers contributed to these proceedings, and
wishes to thank members of the International Academic Scientific Committee, and numerous
experts who participated in the review process. The gratitude is also extended to all partici-
pants for deciding to come to Split and take part in CETRA 2014. We believe that these CETRA
2014 proceedings entitled Road and Rail Infrastructure Ill will be, just like the preceding two
proceedings from the CETRA cycle, highly interesting and useful to all experts exhibiting a
scientific and professional interest in road and rail infrastructure.

THE EDITOR
Prof. Stjepan LakuSic
April, 2014.
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Abstract

Climate change is leading to increased incidence of slope instability across the globe. As
well as causing a risk to human life, slope failures can cause severe disruption to transport
networks. Infrastructure managers who control road and rail networks need to manage risks
associated with earth slopes, many of which were built before the advent of modern design
and construction standards. This paper discusses two key steps in the slope management
process: (i) locating potential failures and (ii) rational analysis of slopes. Recent work comple-
ted in the EU FP7 SMARTRAIL project is described and a case study is presented demonstrating
how the potential damaging effects of rainfall can be considered in a rational framework.

Keywords: infrastructure, climate change, risk assessment, slope modelling
1 Introduction

EU transport policy provides the challenge to infrastructure managers (IMs) to increase the
productivity of existing transport networks, prioritise renewal and optimise new sections to
reduce bottlenecks, increase productivity and achieve a switch from freight transport by road
to rail. This needs to be achieved at a time when budgets are restricted, whilst improving
customer satisfaction and dealing with challenges from both natural hazards and extreme
weather events, which are affecting all of Europe, see Figure 1.

Whilst great strides in providing new motorways, designed and built to modern standards,
has been achieved using EU structural funds. Rail (IMs) are managing ageing rail infrastructu-
re with 95% of the network having been built before 1914. IMs across Europe are spending
a total in the region of €15 to 25 billion annually on railway infrastructure maintenance and
renewal (European Commission 2013). Much of the existing road and rail infrastructure thro-
ughout the EU was built before the advent of modern design and construction standards,
management of these assets presents a particular challenge.

The current response to infrastructure failure is reactive i.e. when failures occur they are fixed.
The location of the failure then becomes a hot-spot on the network. Forensic analyses of these
failures often reveal that indicators of distress were ignored due to a lack of understanding
or an absence of a proper framework for decision making. While asset management systems
and risk assessment frameworks are ubiquitous across Europe and the world, there is an
over reliance on visual assessment and subjective forms of risk rating. In addition important
information on asset performance over a long period tends to be stored either locally or even
with individuals. Loss of corporate memory has been identified as one of the key reasons
for the catastrophic failure of the Malahide Viaduct on the Irish TEN-T Network in 2009. Si-
gnificant research effort is being applied to improving the current management of transport
infrastructure.
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The FP7 project SMARTRAIL-Safe Maintenance Analysis and Remediation of rail Transport in-
frastructure (www.smartrail/ferhl.org) is an EU funded project. The objective of the research
project is to use the latest monitoring technology and IT networks to provide instantaneous
data on structural performance which can be used to undertake real-time assessments of
railway infrastructure such as embankments, bridges and tunnels. In parallel, effective and
cost efficient remediation techniques are being investigated. These engineering assessments
of current state will be used to design remediation strategies to prolong the life of existing in-
frastructure in a cost-effective manner with minimal environmental impact. Whilst the project
is wide ranging, in this paper we concentrate on the current methods of assessing risk along
transport networks. In particular, methods developed in SMARTRAIL forimproving monitoring
and assessment of rainfall induced slope failures is considered in this paper.

Figure1 Examples of infrastructure challenges in Europe

2 Risk assessment

While a number of risk assessment and management methods have been proposed, they all
follow a similar structure on a macro scale. Central to the meaningful performance of risk asse-
ssment at a local or network level is the performance of hazard assessments. In this instance
these deal with characterization of landslide events and the determination of the probability
of occurrence. Risk management, as an interdisciplinary infrastructure management tool, is
now a well-established field with National and European Guidance and procedures (e.g. PAS
55). Recent advances in GIS and other software have made it possible to implement risk ma-
nagement tools over large geographical areas for linear infrastructure networks, See Figure 2.
Thus making them a highly usable tool for infrastructure managers and stakeholders.
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Figure 2 Example of various dataset layers obtained through LiDAR survey

Whilst a variety of approaches can be adopted to determine the hazard assessment, e.g. fault
tree analysis, risk matrices etc. this central determination is predominantly based on data
collected from visual assessments. Whilst observation of the condition of an element of infra-
structure by a suitably qualified and experienced person is an important aspect of the overall
life-cycle management, the result of any inspection is by its nature subjective and qualitative.
The aim of the SMARTRAIL project is to move towards less subjective considerations using the
FACT principle (Find, Analyse, Classify and Treat). This paper describes recent research aimed
at improving how we find and monitor potential failures and having established the location
of problem areas, the procedures which should be followed in quantifying the level of risk.

2.1 Locating hot-spots

An important part of the process of management of infrastructure networks is prioritisation
of areas for maintenance and upgrading. The first step in this process is to identify at-risk
objects. Whilst visual assessment is a useful tool in the assessment of the condition of slo-
pes, it should not be the principal method for investigation as processes controlling slope
stability are often not evident (e.g. changes in moisture content or the presence weak zones/
lenses), and visual evidence of distress often occurs when it is too late to stop the process. An
example of the limitations of performing visual slope assessments on a 300 m embankment,
Inch embankment, at a site in South-East Ireland is described. The embankment in question
is between 5 m and 6 m high and has a relatively steep side slope of = 45°. The embankment
had suffered a failure during installation of a cable at the top of the slope about 10 years be-
fore the inspection described here. The section where the failure occurred was remediated by
regrading the slope using a geotextile reinforced berm, See Figure 3 (the berm is visible to the
left of the photo taken from a train passing over a bridge at the start of the embankment). Be-
cause of the past failure in the area, the section of the remaining embankment was classified
as a hot-spot, i.e. an area at high risk of failure. Because of the remedial work which had been
performed at the failure site, this area was not considered to be at risk and was excluded from
the walk-over visual survey. The visual inspection reported that the visual slope condition,
vegetation, adjoining land sections etc. were indistinguishable along the entire 300 m section
of the embankment and therefore the potential risk of failure for the remaining embankment
was high. A geophysical survey of the site was recommended. Within six months of the visual
assessment having been performed a slope failure occurred during a period of heavy rainfall
and the line was closed for a number of days to allow an investigation to be undertaken.
The failure occurred in the same area as the previous failure. To investigate the cause of the
failure a geophysical investigation which included Multichannel Analysis of Surface Waves
(MASW) and a geotechnical investigation was performed. Following interpretation the MASW
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technique allows a 1D profile of shear wave stiffness (Vs) to be derived and this can be used
to infer the small strain shear modulus of the soil (G)), Donoghue et al. (2003). The results of
this investigation (See Figure 3) revealed that the embankment fill used to construct the first
100 m section of the embankment had much lower stiffness magnitudes than the remaining
200 m section. This would suggest strongly that the material in the first section is significantly
weaker and given that the geometry of the embankment is similar along the entire length the
first section is at much higher risk of failure.

Figure 3 a) Photo of Inch Embankment, b) Shear Wave Velocity Measurements in m/s (scale on right)

The second failure considered was located in Enniscorthy, in the South-East of Ireland. The
railway embankment, which was built in 1850’s had a history of poor serviceability, with
regular re-ballasting required. Because of these on-going settlement issues coupled with
a requirement to increase the shoulder width at the top of the embankment, a plan to re-
model the embankment was implemented in late 2006. During the reconstruction of the
embankment a period of heavy rainfall was experienced and a large slope failure occurred.
The failure mode was rotational with the failure surface cutting into the natural ground on
the river-side of the embankment toe. An investigation was commissioned to determine the
cause of the failure. The first phase of this investigation consisted of drilling four, shell and
auger boreholes perpendicular to the failure surface (see Figure 4). The boreholes revealed
that the ballast thickness at the failure surface was greater than 1 m. The embankment fill
was comprised of soft to firm silty clay (e.g. with undrained strengths in the range 40 to 75
kPa based on correlations to SPT N). The soil at greater than 2 m below original ground level
was a glacial till which covers much of Ireland. This glacial soil was typically 2 m thick and
was described as stiff (undrained strength » 150 kPa) and overlaying Siltstone bedrock. BH
4 which was located at the river side of the embankment contained a 1 m thick layer of peat
between the upper silty clay and the lower glacial soil. The large depth of ballast evident at
the failure location was in keeping with observations of the local railway staff that the section
of track required constant re-ballasting and although the embankment height was relatively
constant, the failure location was at a low point on a vertical curve. There was some suspicion
therefore, that the thick ballast layer may have acted like a drain and funnelled water to the
location at which the failure occurred.

The authors initiated a geophysical investigation and additional sampling and laboratory
tests followed this. The range of geophysical techniques used, included Ground Penetrating
Radar (GPR), Electrical Resistivity Tomography (ERT) and Multichannel Analysis of Surface
Waves (MASW). The GPR was used specifically to check the ballast thickness approaching the
failure section from both directions along the track, the ERT was used to profile the underlying
strata, whilst the MASW was used to obtain stiffness data for the strata. The most recent
surficial ballast layer was shown to be approximately 0.5 to 0.6 m thick, and was generally
consistent throughout the length of the profile. Below this, an interesting feature in the GPR
profile occurred between 110 and 180m where the ballast layer appears to thicken conside-
rably over a very short distance to a depth of over 2 m. The presence of thicker ballast in this
area suggests a long-term settlement problem. The reason for this problem became apparent
when the ERT profile was interpreted.
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Figure 4 a) Boreholes taken across failure, b) Photo of Enniscorthy Embankment

A section ERT2 (See Figure 5) running along the track with the failure surface approximately
at the centre, shows the presence of extremely soft soils (low resistivity shown by red colour)
below the embankment, which most likely was part of an ancient river channel. The soft soil
layer was up to 8 m thick at the location of the failure. Sample of this soil were recovered for
laboratory testing. They revealed that the undrained strength, s, of the material was = 22
kPa. Construction of the remodelled embankment resulted in the application of an applied
stress of 88 kPa. Simple bearing capacity calculations (Donohue et al. 2010) suggested that
the shear strength of the underlying soil was marginal. However, odometer tests found that
significant and long-lasting creep strains could be expected under the applied load.

Figure 5 Resistivity measurements made along the track. The rail level is at 6 m, the base of the embankment
is at 2 m. The presence of deep soft deposits under the embankment at the failure location (48 m
along track) is evident

The above examples show that simple and low-cost geophysical techniques can provide very
clear indications of problems locations along linear transport networks. Many rail IM’s have
collected GPR data along their entire network as a quality assurance measure for ballast
maintenance. It is suggested that unusual variations in ballast thickness might be used as
means of detecting problem locations along the network that should be investigated further.
If a problem is identified one of the most useful means of managing the risk is to provide
structural health monitoring. The SMARTRAIL project (2013) reviewed and developed methods
for monitoring critical infrastructure considering; bridge scour, slope stability, bridge corrosi-
on, sun-soil and ballast assessments. Whilst these are not reviewed further in this paper, the
readeris directed to www.smartrail.ferhl.org for details. One of the benefits of collecting SHM
data along a network is that is can feed statistical data to a probabilistic based assessment
of infrastructure performance. A topic considered in the following section.
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3 Slope stability analysis

A large proportion of landslides that occur along transport networks occur during or shortly
after periods of heavy rain. In man-made embankments and cuttings where the water table
level is controlled, negative pore water pressure (suctions) develop in the near surface soils.
These suctions contribute significantly to the slopes overall stability. However, these suctions
are transient and during periods of rainfall, infiltration of water causes an increase in moistu-
re content and a reduction in suction. The near surface zone affected by water infiltration is
known as the wetting front (zone of decreased suction), see Figure 6. Fredlund and Rahardjo
(1993) and Fourie et al. (1999) note that decreased suction in this zone results in a reduction
of the total (or apparent) cohesion of the soil, and therefore it’s strength, whilst at the same
increasing the self-weight of the soil (and thus the destabilising force).
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Figure 6 Planar failure surface for rainfall induced landslides

3.1 Effect of suction

the Analysis of the stability of unsaturated slopes is a complex problem, however, simplified
limit equilibrium analyses have been developed. Fredlund et al. (1978) expanded the Mohr-
Coulomb model to incorporate negative pore pressure, suction effects:

7=+ (0, —u )tand’+(u, —u,)tane® Q)
Where:

shear strength;

effective (@apparent) cohesion’;

total normal strength on the failure plane;

pore-air pressure on the failure plane;

angle of internal friction associated with the net normal stress state variable o -u_;
pore-water pressure on the failure plane;

matric suction on the failure plane;

angle controlling the rate of increase in shear strength relative to the matric suction.

[T
T = e S -

o

=

o 6 < Q

T

The expression can be simplified to the conventional form of the Mohr-Coulomb Equation by
combining the effects of ¢’ and the contribution of matric suction (ua—uw) tan®® into a single
parameter (C).

T=C+(0, —u,) tan®’ 2
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Since in rainfall induced slope failures the failure plane forms parallel to the slope, Fourie et
al. (1999) suggest using an infinite slope model in which the soil strength is described by an
expression of the form given in Eq 3, to analyse this failure mechanism. The Factor of Safety
(F) is given by:

&+ (u, —u,)tang® +~hcos’ atany

F : G)
~hcosasina
Where:
~ unit weight of soil;
h wetting front depth;
«a slope angle.

Whilst the expression allows the factor of safety to be calculated in a deterministic analysis
many of the input parameters needed for these analyses are highly variable. The result of
any such analysis therefore is critically dependent on assumptions made by the designer.
Traditionally the designer assumes some constant (low) value for total cohesion and then by
varying the wetting front depth within a reasonable range, an estimate of the factor of safety
is determined.

3.2 Reliability analysis

in reality the parameters, such as wetting front depth, suction and rainfall intensity are highly
variable and lend themselves to probabilistic analyses. A number of workers, Hassan and
Wolff (1999), Chowdhury and Grivas (1982), Christian et al. (1994), Low (2003); Low and Tang
(1997), and others have proposed reliability based approaches to analyse slope stability
problems. However, primarily due to mathematical complexities which arise due to the non-
linear form of performance functions typically used in geotechnical design, many of these
are hybrid approaches which for example use deterministic methods to locate the critical
slip surface of a slope with fixed shear strength parameters and then expand the variables
probabilistically about this surface. Xue and Gavin (2007) and Gavin and Xue (2009) describe
a model which is capable of simultaneously locating the critical slip surface and determining
the reliability of a slope. By transforming the variables such as cohesion, wetting front depth
and slope geometry into polar coordinates the complexities associated with defining the
limit state function were overcome. In addition this minimisation problem was solved using
a powerful and efficient Genetic Algorithm approach which was shown to avoid the nume-
rical errors associated with the cosine directional approaches used by many workers which
tend to identify non-minimum reliability indices for non-linear functions. For mathematical
convenience the method developed by Xue and Gavin (2007) known as Genetic Algorithm for
Slope Stability Analysis (GASSA) assumed normal distributions for variables. For geotechnical
parameters where normal distributions are not always reasonable useful limits on parameter
values had to be imposed. Reale (2015) addressed this deficit by developing an updated
code which allowed a range of more realistic distributions to be considered in GASSA in work
funded through the SMART RAIL project.

4 Case study

4.1 Background

To investigate the effect of analysis type (deterministic versus probabilistic) on the predicted
safety of an embankment slope, a study of the effect of rainfall on the stability of a Victorian

era railway embankment was performed. The 7.5 m high embankment is located in Co. Meath,
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Ireland (See Figure 7). The embankment has a relatively steep slope angle of approxima-
tely 38° which is typical of Irish Railway embankments (Jennings and Mulddon 2003). It is
constructed from a glacial till, with low fines content (less than 20%). The natural moisture
content of samples taken from within the embankment and measurements of in-situ water
content measured over a five month period revealed moisture contents that ranged from
17.4% to 23.5%.

Figure7 a) Location of embankment shown by red dot, b) photo of embankment preparation for
instrumentation

A simple laboratory experiment was performed on the embankment fill to investigate the
effect of increasing moisture content on suctions(Reale et al 2012). Samples of the soil were
compacted into standard proctor moulds and were then ponded (i.e. a constant head of wa-
ter was applied to the top surface). A tensiometer, placed at the base of the mould, allowed
the variation in suction with time to be determined. The results of tests on two samples,
which were compacted at initial moisture contents of 15% and 20% respectively, are shown
in Figure 8. The initial suction varied from 20 kPa for the sample with the highest moisture
content to 40 kPa for the drier sample. As water infiltrated into the samples the suction de-
creased rapidly. The sample with the lowest initial water content, and higher initial suction
allowed water to infiltrate at a higher rate, and thus suctions reduced faster in this sample
initially. However, after approximately 12 hours of infiltration the suction in both samples
was equal. The suctions continued to decrease over the period of the test (40 to 50 hours)
and approached a residual value of between 3 and 4 kPa. Tensiometers placed in the slope
revealed that suctions monitored over a five-month period varied between 4 kPa and 9 kPa
(September 2013 to January 2014).

4.2 Deterministic Assessment

The factor of safety, F of the slope can be determined using Eq 3. Since the model assumes a
planar failure surface develops which is controlled by the wetting front depth, h this parame-
terwas varied in the analyses to quantify the effect of increasing wetting front depth during a
rainfall event. All other parameters were assigned the constant values shown in Table 1. The
soils unit weight and constant volume friction angle were measured in the laboratory. The
average suction measured during the five month monitoring period was used as the suction
value for design, whilst the ®b value was chosen based on guidance in Gan et al. (1988).
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Figure 8 Laboratory infiltration for the embankment fill

Table1 Deterministic parametervalues

Parameter Value
Cohesion (c’) 0
Soil suction (u_-u ) 7 kPa
Internal angle of friction 34°

Rate of increase in shear strength 24°
due to matric suction ®°

Slope angle 38°
Unit weight 17 kN/m?
Wetting front depth Varied from 0.1mto 2 m

By varying the wetting front depth from 0.1 m to 2 m the factor of safety reduced towards the
critical value of one, but did not reach it suggesting some reserve of strength. See Figure 9.
As the vast majority of shallow embankment failures in Ireland occur in the top 1.5 m of the

soil, this is a positive result.

Figure 9 Effect of wetting front depth on factor of safety from deterministic analysis
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It should be noted however that the use of average values might distort the analysis. Consi-
dering the histogram of suction values measured during the monitoring period (see Figure 10)
it can be seen that whilst the mean suction value was 7 kPa, there was substantial variation
with a coefficient of variation of approximately 0.2. As a result the factor of safety derived
from the mean suction value may be a poor indicator of actual stability. If the suction value
used for the analysis is reduced to 3 kPa (i.e. the residual value measured in the laboratory
experiment), failure is predicted at a wetting front depth of 1m. The time required to achieve
such a low suction over the entire wetting front depth of 1 m would be substantially longer
than that observed in the lab due to the much longer drainage path length. Given the rainfall
patterns experienced in Ireland and evidenced from the suction measurements on site, such
low values are unlikely in the near future.

4.3 Probabilistic analyses

The GASSA model was used to determine the reliability index, 3 with the performance func-
tion, g(x):

"+ (u, —u,, )tany” +~hcos’ atany’ 1
~hsinacosa

g(x) =" ()

The model requires all random variables to be transformed into a standard normal space
before calculating the reliability index (3. If the parameters are uncorrelated this can be easily
accomplished by the following equation.

X, —

xfiziui fori=1,2,...,n )

O;

X vector representing the entire set of random variables;
X reduced set of random variables in the normal space;
B, vector of the parameter means;

o vector of the parameter standard deviations.

Figure 10 Histogram of suction measurements taken from embankment over five month monitoring period
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If the parameters are non-normal they must be transformed into equivalent normal distributi-
ons first, using the Rackwitz-Fiessler (1978) two parameter equivalent normal transformation.
Once equivalent normal distributions are obtained the parameters can then be transformed
into the standard normal space using the equation outlined above. A normal distribution was
assumed for the angle of internal friction and the rate of increase of shear strength due to
matric suction. Lognormal distributions were assumed for soil suction and soil unit weight.
The glacial till soils used to form the majority of earthworks in Ireland have no natural cohe-
sion so a deterministic value of zero for ¢’ was assumed. After transforming the variables to
the standardised normal space the limit state function can be rewritten as:

8(X) = (X1 Xpe00rX,) 6
In this reduced variable space, the limit state surface (g(X) = 0) separates safe and unsafe

states, See Figure 11 and the reliability index (3) can be defined as the distance from the origin
to the most probable failure or design point. This distance can be described as:

B=minVyX'X forXe ¥ @
Where:
X vector representing the set of reduced random variables;
) failure region defined by (g(X) = 0).

The probability of failure P, can then be calculated by integrating the failure region.
P, =P[g(X)<0] ®
Where the notation g<0 denotes the failure region.

Xk
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|

2
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-
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Figure 11 Definition of failure surface in polar coordinates
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The design values assumed in the analysis are shown in Table 2. The variation in reliability
index as the wetting front depth increased from 0.1m to 2m is shown in Figure 12. Comparing
results of the reliability index with the deterministic analysis, it is clear that the reliability
index decreases at a much slower rate as the wetting front develops than the decrease in
sharp safety predicted by the FOS. This is a result of the relatively low variability of many of
the input parameters. As a result we can see that at a wetting front depth of 1 m we have a
reliability index of 2.75, which is substantially higher than the minimum (3 value of 2.2 required
by most infrastructure owners.

Table 2 Summary table of probabilistic inputs

Parameter Mean Value Distribution
Cohesion (c’) 0 -

Soil suction (u_-u ) 7 kPa Lognormal
Internal Angle of Friction 34° Normal
Rate of increase in shear strength  24° Normal

due to matric suction ®*

Slope angle 38° -

Unit weight 17 kN/m? Lognormal
Wetting front depth Varied from 0.1mto 2 m -

Figure 12 Results of probabilistic analysis

It is worth noting that the suction measurements shown in the histogram in Figure 10 are not
truly random variables. Rather, the suction varies in response to applied rainfall. The next
stage of the model development is to derive a method for predicting the wetting front depth
during given rainfall events, and the variation of wetting front depth due to the variation of
soil permeability. This will allow the designer to choose rational values of suction (or water
content) in the slope for a given climate condition. It is expected that fragility curves will be
developed to describe the slope response to a range of possible climate scenarios.
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5 Conclusions

Infrastructure managers across Europe are facing challenges in managing aging infrastructure
with reduced resources. Climate change effects are causing increased stress on many ele-
ments of infrastructure. This paper examined methods considered in the EU funded SMARTRA-
IL project of identifying where slope stability problems might occur along a transport network
and how the stability analyses should be performed.

Simple geophysical techniques were shown to provide large quantities of data on the in-situ
state of slopes. Whilst visual assessments will remain a central element of the management of
slopes, it should not be the primary method of determining risk ranking through some hazard
assessment framework. New developments in monitoring and assessment, being developed
in current EU funded projects, include remote structural health monitoring using either em-
bedded sensors or vehicle mounted methods. In addition the use of drones to collect data or
to undertake rapid and safe video capture of data, to allow for innovative assessment of rock
slope stability are being developed.

Probabilistic tools are extremely useful for extending the service life of existing infrastructure
as they give a more accurate representation of performance. Deterministic approaches which
assume constant values for parameters which vary temporally cannot provide an adequate
description of the performance of an asset. A mathematically rigorous approach for analysing
slopes is presented. The important soil parameters can be determined using simple labora-
tory tests. Consideration of the performance of a 150 year old railway slope showed that des-
pite having very steep side slopes the embankments is relatively stable and a very extreme
rainfall event would be required to trigger failure.
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OPTIMISATION OF RAILWAY OPERATION
BY APPLICATION OF KRONECKER ALGEBRA

Mark Volcic, Johann Blieberger, Andreas Schibel
Vienna University of Technology, Institute of Computer Aided Automation,
Treitlstraf3e 1-3, 1040 Vienna, Austria

Abstract

Kronecker Algebra consists of Kronecker Product and Kronecker Sum. This mathematical model
can be used to model systems consisting of a number of limited resources and several actors.
In particular, it can be used to model railway systems with trains, track sections and their rou-
tes. In this paperwe show several applications of Kronecker Algebra in the railway domain. We
consider deadlock prevention, travel time calculation, and energy analysis. The integration of
these three tasks within one single type of Kronecker-based analysis is rather simple and can
be carried out very efficiently. Due to the fact that Kronecker Algebra operations can be easily
parallelized, our implementation can take full advantages of today's multi-core computer ar-
chitecture. In addition our implementation shows that adding constrains for connections or
overtaking speeds up the calculation. In fact, a harder problem is easier to solve.

Keywords: Kronecker Algebra, railway systems, deadlock, travel time, energy analysis
1 Introduction

We present a graph-based method for analysis and optimization of railway networks on a
fine-grained level. The routes of trains within this network are modelled by graphs. Each route
consists of at least one track section and each track section may be part of several routes.
We assume that at the same time only one single train occupies a track section. Our model
employs semaphores [1] in the sense of computer science to guarantee that only one train
enters a track section. The semaphores are also modelled by graphs. Each graph can be repre-
sented by its adjacency matrix. Simple matrix operations can be used to model concurrency
and synchronization via semaphores. These matrix operations are known as Kronecker Sum
and Kronecker Product and are part of the so called Kronecker Algebra. By applying these
operations, we can get a matrix describing the whole railway system; in particular it contains
all movements of the trains within this network. The whole theoretical background, including
several examples of the applications of Kronecker Algebra, was published in previous papers
[2], [3], and [4].This paper contains some advanced examples.

2 Example

Figure 1shows a railway network with 9 track sections. Our example contains four trains which
have the following routes:

- Train 1 (T1): 1-5-7 (p5, V1, p7, V5, V7)

- Train 2 (T2): 2-4-5-6-9 (p4, v2, p5, V4, p6, V5, p9, v6, v9)

- Train 3 (T3): 3-4-5-6-8 (p4, v3, p5, V4, p6, V5, p8, v6, v8)

- Train 4 (T4): 8-6-5-1 (p6, v8, p5, v6, p1, V5, v1)
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Figure1 Railway system

Figure 2 Resulting graph (start node is the most left node)
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The resulting graph of this example is illustrated in Figure 2. It contains 802 nodes, including

yellow, red and green nodes, which have the following meaning:

- Red nodes denote deadlocks. These nodes are eliminated before the following calculations
because we are interested in avoiding deadlocks.

- Green nodes denote safe states. A state is safe if all trains can perform their actions wit-
hout having to take into account the moves of the other trains in the system, provided that
the track section which they are to enter is not occupied by another train. If a track section
is occupied by another train, the movement of the train wanting to enter may be delayed
(blocked) but no deadlock can occur.

- From yellow nodes both red and green nodes can be reached.

Due to the size of the resulting graph, the node-ids and the edge labels are removed for a clear
illustration. In general, each edge is labelled by the actions of the trains (cf. [2], [3], and [4]).
Ourimplementation of Kronecker Algebra is very efficient in space and time, because we use
a lazy implementation, where only the reachable parts of the matrix is calculated (cf. [3]). The
calculation of the resulting graph of our example takes about 30 ps. As we are interested in
the calculation of the worst-case travel time of each train within the railway network we define
the following travel times for the trains on the track sections (Table 1). The columns labelled
with “1” to “9” denote the track section.

Table1 Travel time values

Train 1 2 3 4 5 6 7 8 9
m 5 5 5

T2 2 3 5 3 2
T3 2 3 5 3 2

T4 3 3 2 1

ST A
e e SRR
i

Figure3 Reduced graph

Assuming that each train is independent from the others, the complete travel time is the
sum of the travel times of all track section of the train’s route. As there exist several common
used track sections, there is an influence of the travel time of the trains, which use the track
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sections. Furtherinformation about the synchronization between trains and the effect on their
travel time can be found in [3] and [4]. The resulting travel time of the trains can be found in
the second and third column of Table 2. The graph can be reduced to its relevant synchroni-
zing nodes. Due to space restriction, the reduction algorithm is not explained here in detail.
The reduced graph of our example, including the travel time values for the four trains at the
nodes and along the path between them can be found in Figure 3.

In our example we used track sections as commonly used resources. Our model can be exten-
ded to use other shared resources, for example available energy (cf. [5], [6], and [7]). The
available energy is quantised into standardised packages, e.g. 1 MWh. We can model a power
station or substation capable of producing e.g. 20 MW by using a counting semaphore of size
20 (cf. [5], [6], and [7]).

Now we extend our model. For each train itis known a priori, how much energy is needed on a
track section. This amount of energy is reserved before entering the track section and released
afterwards. Modelling available energy and required energy in this way ensures that a train
needing more energy than can be delivered by the power station is blocked. In particular, it
will stop its journey and can continue when enough energy is available (e.g. because another
train has released its energy needs or the station can provide a higher number of energy
packages). Table 2 shows the energy demand of the four trains within our railway system and
their needs of energy for each track section.

Table2 Energy demand

Train 1 2 3 4 5 6 8 9
T 2 2

T2 1 1 2 1 1
T3 1 1 2 1 1

T4 2 2 1 1

It is obvious, that the maximum amount of energy at a given time is eight. If the station can
deliver at least eight energy units, there is no effect on the travel time of the four trains (Table
3, fourth column). The size of the graph increases to 6443 nodes, because an additional co-
unting semaphore of size 8 is added to our calculations. The influence on the travel time can
be found in columns five, six, and seven of Table 3, if there are only six, four, or two energy
units available, respectively. Obviously, the travel time increases because some of the trains
will have to stop and wait until enough energy is available to continue their travel. The size of
the resulting graph decreases, because we specify the problem in more detail and thus the
number of possible train movements decreases which has an effect on the size of the graph.
By application of Kronecker Algebra, a harder problem is easier to solve. The last column of
Table 3 shows the result, if only one energy unit is available. As a consequence, no train can
finish its journey, because each of them will need at least two available energy units for par-
ticular track sections. The resulting graphs for two and one available energy units are given
in Figures 4 and 5.

Table3 Resulting travel time

Train Travel Time Worstcast Traveltime Traveltime Traveltime Traveltime Traveltime
traveltime E=8 E=6 E=4 E=2 E=1

T 15 25 25 30 30 30 oo

T2 13 36 36 41 49 52 oo

T3 15 38 38 43 51 54 oo

T4 9 28 28 33 39 39 oo

No. of nodes 802 802 6443 6053 3147 418 "
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Figure 4 Resulting graph (two energy units)

Figure 5 Resulting graph (one energy unit)

In Figure 5, it can be seen that each train can perform its first action, but then it deadlocks,
due to the lack of available energy. In our examples we have used integervalues for travel time
values. Extensions of our model, e.g. with decimal values or taking braking and acceleration
time into account in case of blocking are possible, but not discussed here.

RAIL INFRASTRUCTURE PROJECTS DESIGN, CONSTRUCTION, MAINTENANCE AND MANAGEMENT 41
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure



42

3 Conclusion

We have presented a practical example for the application of Kronecker Algebra, where we
model the movements of trains within a railway system and the access on a shared track
section. Afterwards the travel time of each train can be calculated. We extended the example
by the modelling of energy units, produced by a power station and analyzed the results, ba-
sed on the available amount of energy. Our approach can be used to model complex railway
systems including aspects of being deadlock-free, being conflict-free, and being minimal in
terms of energy demand. The theoretical background of Kronecker Algebra can be found in
some preliminary papers ([2], [3], [4]. [7])
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Abstract

Though construction of underground structure passing beneath the railroad or road has been
increasingly carried out using non-open cut excavation method, the study on ground behavior
and settlement/heaving of trackbed while jacking the steel pipe has yet to be put on track.
This study is intended to evaluate the displacement depending on top soil depth in a bid to
identify the ground behavior caused by pipe jacking based on a full scale test. As a result
of the test, heaving reached the peak when the top soil was shallow which then tended to
decrease in line with increasing top soil depth.

Keywords: full scale test, underground crossing structure, non-open cut method
1 Introduction

Construction method to pass beneath the railroad in operation has been commonly applied
to various sites. Non-open cut excavation method, among others, is designed to keep putting
the steel pipe or square pipe into the ground continuously while excavating and hauling the
soil [1] When the pipe is penetrated into the ground, heaving or settlement usually occurs at
upper level of the ground. Heaving occurs when jacking force is greater than the effect by face
releasing while settlement occurs when the effect by face releasing is greater than jacking
force. When settlement following the heaving occurs after encountering the obstacle, soil
erosion by running groundwater or face collapse occurs frequently [2].

According to Yoo, Chung-sik (2009), the factor which directly affects ground surface settle-
ment, among other factors such as ground level, consolidation degree and ground elastic
modulus, is top soil depth [3] Eum, Kee-young et al (2010) conducted the model test of un-
derground structure with various top soil depth and compaction degree [5].

According to “the study on construction of underground structure passing beneath the high
speed railroad and stability evaluation” non-open cut method to pass through beneath the
structure since 1999 totaled 56, indicating the increase recently [6] but except such cases,
the study on ground behavior and settlement/heaving of trackbed due to steel pipe jacking
has yet to be made in earnest.

Thus in this study, a full-scale lab test was planned to comprehensively analyze the behavior
beneath the trackbed while jacking the steel pipe into the ground. Basic property examination
was carried out and a full-scale ground was formed by banking the soil gradually. And ground
behavior and heaving/settlement when jacking the steel pipe used at the construction site
were analyzed as well as the effect depending on top soil dept.
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2 Afull-scale test
2.1 Test device

Figure 1shows the general trackbed test device, which was designed to reproduce actual filed
condition and rail load at lab so as to solve the problem that might occur at the site. This test
device comprises the chamber, loading device (MTS) and load reaction table reacting against
the load. Chamber used for the test was 5.0m wide, 22.0 m long and 3,0 m deep and has the
access ramp for the equipment.

Figure1 General trackbed tester Figure 2 Model chamber

2.2 Engineering characteristics of test ground

Trackbed was formed with natural soil with high bearing capacity, low compressibility with no
mud pumping. It’s also stable against vibration and rainfall and has the strength to bear the
train load. To identify the physical & dynamic properties of soil used as trackbed material,
following lab test was conducted.

As seen in Table 1, grain size distribution test of soil (KS F 2302) was conducted, and as a
result, a grain-size distribution curve as shown in Figure 3 was obtained and according to
grain size distribution test and unified soil classification system based on Atterberg limit
test in Table 2, sample soil was determined as SC. Maximum dry density and optimal water
content were obtained from water content — dry density curve as seen in Figure 4 which was
then used for compaction evaluation of trackbed for full-scale test. A direct shearing test (KS
F 2343) was conducted. As a result, adhesion C was 20.6 kPa and internal frictional angle @
was 33°. Figure 5 shows shear stress change depending on horizontal strain when vertical
load was 50 kPa, 100 kPa and 150 kPa and Figure 6 shows Mohr-Coulomb failure envelope.

Table1 Result of Size Distribution

Sieve #4 #10 #16 #40 #60 #100 #200
% 84.6 67.7 56.4 39.8 31.5 12.8 9.15

Table2 Resultof C,and C,

#200 (%) D C C

10 u 4

No.1 12.9 0.12 12.5 0.32
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Figure 3  Size distribution curve Figure 4 Compaction curve

Figure 5 Shear stress curve Figure 6 Failure envelop

2.3 Test condition and method

Pipe jacking method includes non-displacement method and auger screw method. When the
leading pipe is jacked into the ground, following pipe is connected and advanced into the
ground. Soil and advanced distance are dependent on type of leading pipe in this method but
250~600 mm is mostly used. Ground was formed according to the work sequence of corru-
gated plate and the test was conducted in following sequence to ensure the test accuracy is
maintained.

a) Install reaction wall b) Fill up c) Compact ground d) Measure

e) Install LVDT f) Install jacking device  g) Press pipe h) Dig in pipe

Figure 7 Pipe construction process

According to Kim, Young-ha et al (2013) and as a result of analysis of behavior of the structure
crossing under the ground through the scaled model test, top soil depth was the most influ-
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ential factor on ground behavior. Thus in this full-scale test, top soil depth was determined as
test condition and top soil depth was set three cases as 60 cm, 90 cm and 120 cm as shown
in Table 3 so that the top soil depth — pipe diameter ratio would be 1.0, 1.5 and 2.0

Table3 Experiment case

Soil depth  H/D

Case 1 60 cm 1.0
Case 2 90 cm 1.5
Case 3 120 cm 2.0

3 Ground surface displacement analysis
3.1 Measuring the point where maximum heaving occurred by steel pipe jacking

Steel pipe jacking in a full-scale test was carried out in a way of manual excavation after pre-
ssing the pipe into the ground. After putting the pipe 50 cm, manual excavation was followed
and total 10 to 15 cycles were repeated depending on top soil depth. Figure 8 shows the
symbols of measuring point.

Figure 8 Measurement point of surface

Figure 9 shows ground surface displacement caused by pipe jacking at H/D=1.0. At the test
with most shallow top soil, measuring point when a single pipe is jacked was ay fore-end
S1,S2 & S3. As seen in Fig, the greatest deformation was occurred at penetration point and
maximum heaving about 5.2 mm was occurred at 2m point, which was gradually reduced as
pipe passed and was reduced to 2.4 mm or by 60% at final excavation point at 5 m. Heaving
was reduced during excavation after jacking, which indicated settlement occurred due to face
releasing and the behavior by pipe jacking such as heaving and settlement was indirectly
verified to have varied by the influence around the face. Such behavior seemed to be same as
the result from scale model test and steel pipe face at the site was found to be very important
barometer to ground surface behavior. Given the heaving is dependent on jacking at top soil
depth (H/D=1.0), it shall be considered in planning the construction.

Figure 10 shows the ground surface displacement pattern measured at the fore-end and center
when top soil depth H/D=1.5. As indicated in Figure, when top soil depth was 1.5 times or more
the diameter, heaving behavior was relatively smaller. Displacement even at the fore-end
was less than 2 mm and when comparing to the case of top soil depth H/D=1.0, reduction in
heaving was more than 3 times. Viewing such result, ground surface displacement was very
insignificant when top soil depth is H/D=1.5 or more.
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Figure 11 shows the surface displacement pattern measured at the fore-end and center with
top soil depth H/D=2. Under H/D=2, heaving while pipe jacking was very insignificant, unlike
previous test conditions while settlement behavior was dominant, which was attributable to
greater settlement behavior than heaving.

Increasing top soil weight constrained the heaving behavior and after pipe passed the mea-
suring point, settlement occurred by soil weight. That is, heaving behavior was constrained
by dead weight when the pipe reached the measuring point and settlement occurred due to
rearrangement of loosened ground after pipe passed the measuring point. Thus, when top soil
depth (H/D) is more than twice, settlement is dominant, whereas heaving is dominant when
top soil depth is smaller. In the event of penetrating the multiple pipes at top level, the effect
of secondary or additional pipes is expected depending on loosened territory by diameter of
initial pipe or diameter ratio, but the effect was monitored to be insignificant. But given the
heaving and settlement behavior would possibly be occurred simultaneously when jacking
the pipe due to ground material and density and face conditions or othervarious factors, face
releasing territory shall be enlarged at early stage of jacking when top soil depth is shallow
to deal with heaving behavior and when top soil is deep, settlement is dominant and thus
the measure to reduce the gap caused by rearrangement of loosened soil as well as ground
less shall be taken.
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Figure 10 Displacement by stage in case1 (H/D=1.5)
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Figure 11 Displacement by stage in case1 (H/D=2.0)

4 Conclusion

The study on ground behavior and settlement/heaving of trackbed while jacking the steel
pipe for underground structure using non-open cut excavation method has yet to developed
in earnest. In this study, ground surface behavior was monitored through a full-scale test to
review the ground behavior caused by pipe jacking and the conclusion was made as follows.

1

As a result of measuring ground surface deformation depending on top soil depth under
same ground conditions and steel jacking condition, heaving and settlement varied
significantly depending on top soil depth. In case of the test with most shallow top soil
H/D=1.0, maximum 5.2 mm heaving occurred when pipe was penetrated 2 m, which was
then gradually reduced to 2.4 mm or by 60% when pipe reached the final excavation
point. Heaving was reduced during excavation after jacking, which indicated settlement
was occurred due to face releasing and the behavior by pipe jacking such as heaving and
settlement was indirectly verified to have been varied by the conditions around the face.
Heaving behavior was very insignificant when top soil depth was H/D=1.5 or more.
Displacement even at the fore-end was less than 2mm and when comparing to the case
of top soil depth H/D=1.0, reduction in heaving was more than 3 times. Viewing such
result, ground surface displacement was very insignificant when top soil depth was H/
D=1.5 or more.

Settlement behavior became dominant over heaving as top soil became deeper and
heaving and settlement were greatly affected by the face conditions. When top soil depth
was more than 1.5 (H/D), effect by pipe diameter was very insignificant with very small
deformation rate less than 0.2%. Thus, if top soil depth ratio is more than 1.5 times the
pipe diameter, effect by top soil depth or pipe diameter would be insignificant.

Acknowledgement

This study was conducted by the financial support from the study on high speed railroad
infrastructure technical development general and interface technical development (IH13-T).

RAIL INFRASTRUCTURE PROJECTS DESIGN, CONSTRUCTION, MAINTENANCE AND MANAGEMENT
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure



References

1

[2]

i3]

[4]

5]

(6]

7]

Korea Railroad Research Institute: A Study on Underground Railroad Crossing Method Selection
Criteria, 1999

Eric Leca, Animateur,Barry New, General Reporter: Settlements induced by tunneling in Soft Ground,
Tunneling and Underground Space Technology 22, pp. 119-149, 2007

Yoo Chung-sik, Kim Ju-mi, Kim Seon-bin, Jeong Hye-yeong: GIS-ANN Based Urban Tunnel Design/
Construction Risk Assessment, Journal of Korea Society of Civil Engineers, Vol. 26, No. 1C, pp. 63-72,
2006

Yuk Jeong-hun, Kim Nak-yeong: Behavioral Characteristics according to Height of Soil Cover of
Corrugated Steel Pipe Underground Structures, Journal of Korea Geotechnical Society, Vol. 5, No. 1,
pp. 65-73, 2004

Eum Ki-young, Choi Chan-yong, Cheon Jeongyeon: Analysis of Scale Model Uplift and Settlement
Experiments according to Shape of Pipes in Non-Excavation Propulsion Method Journal of Korea
Geosynthetics Society, Vol. 9, No. 4, pp. 9-15, 2010

Korea Railroad Research Institute: Research on Safety Evaluation and Establishment of Standards for
Method of High- Speed Rail Underground Crossing Structures, 2010

Young-Ha Kim, Ki-Young Eum and Jae-Wang Kim: A Study on Behavioral Characteristics of Track
Roadbed according to Steel Pipe Press-in Excavation during Construction of Underground Railway
Crossing, International Journal of Railway, Vol.6, No.2, pp. 69-77, 2013

RAIL INFRASTRUCTURE PROJECTS DESIGN, CONSTRUCTION, MAINTENANCE AND MANAGEMENT
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure

49






CETRA?Z04 28-30 April 2014, Split, Croatia
31 International Conference on Road and Rail Infrastructure

DEVELOPMENT OF A HEATING SYSTEM FOR HOLLOW
SLEEPERS CONTAINING POINTS POSITIONING SYSTEMS
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Abstract

In winter, malfunctions of points on high speed routes can occur due to driving snow and
ice. Existing heating systems, used to increase the availability of points positioning systems
contained in hollow sleepers, cannot guarantee their operation under harsh environmental
conditions. An optimized heating system is drafted using computational and experimental
methods. The impacts of various designs of heating systems on the temperature profile at
a positioning system are assessed using the thermal network method. A thermal network of
the hollow sleeper and the positioning system equipped with an existing heating system is
compiled and verified with experiments. The experimental verification is required to minimi-
ze the uncertainty of computed temperature profiles resulting from the uncertainty of flow
and material parameters in the thermal network model. The efficiency of differently designed
heating systems is calculated from computed temperature profiles of the points positioning
system. A design with allocated heating elements is investigated experimentally in order to
verify the computational results of that design. The temperature rise achieved with the opti-
mized heating system is significantly higher than the one achieved with the original system,
while the admissible temperatures are not exceeded.

Keywords: heating system, points, hollow sleeper, thermal network method, heat transfer,
temperature rise

1 Introduction

Reliable carriage by rail requires a high availability of the infrastructure. In winter, malfuncti-
ons of points can occur due to snow and ice. On high speed routes, driving snow can ingress
into hollow sleepers containing the points positioning system and impair its mobility. The
preferred solution to increase the availability of points and in particular the availability of
the positioning system in hollow sleepers is to apply heating systems. At all times in ope-
ration and especially under moderate environmental conditions, the maximum admissible
temperature of the positioning system, which is determined by the hydraulic system, must
not be exceeded at any spotin the points positioning system. Hence, the power of the heating
system has to be limited in order to fulfil this task. Existing heating systems therefore cannot
guarantee the operation of the positioning system under harsh environmental conditions like
environmental temperatures as low as 20 °C in winter. Their capability of removing snow and
ice does not suffice. Hence, an optimized heating system is required, which inherently does
not exceed the admissible temperatures and provides an increased capability of removing
snow and ice from the positioning system.
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2 Thermal network method

The thermal network method [1] enables the investigation of temperature rise and tempera-
ture distribution within complex arrangements like points positioning systems contained in
hollow sleepers. Within a thermal network, the heat transfer processes are simulated with the
help of heat sources, temperature sources, thermal resistances and thermal capacities [2].
This method of computation is based on the analogy of the electric and the thermal flow field.
The temperature 9 of the thermal field is analogue to the electric potential ¢ of the electric
field and the heat flow P is analogue to the electrical current | (Table 1).

Table1 Analogy relations between the electric and thermal field

Electric field Thermal field

Magnitude Symbol Unit Magnitude Symbol Unit
Potential [0) \Y Temperature 9 °C
Potential difference A \% Temperature AY K
voltage u difference

Current | A Heat flow P w
Resistance R VA? Resistance R KW+

el th

The heat flow is fed into the thermal network by heat sources, that e. g. mimic a section of the
flat heating inside a hollow sleeper. The heat flow P is calculated with

P=FR, Q)

The heat transfer processes in thermal networks are simulated by thermal resis-tances, de-
fined as

R, = AOP )

The heat transfer processes of conduction, convection, thermal radiation and naturally driven
volumetric flow occur in the hollow sleeper. The conductively transferred heat flow is descri-
bed by FOURIER"s law of heat conduction [3], [4]:

P, =—X A grad? 3

X\ is the thermal conductivity, A is the area of the heat flow and grad$ is the gradient of the
temperature field. The convective heat transferis given by NEWTON'S law, with the convection
coefficient o, the surface area A_ and the temperature difference A8 between the surface
and the fluid:

P, =a, A, Ad (4)
The heat transfer coefficient o contains the physical flow processes and is determined by the
similarity theory with the Nusselt number Nu, the Rayleigh number Ra and the characteristic
length [ [2]:

g, =NuX,,P=cRa" X\ , 1} (5)

med ‘w

The parameters ¢, and n, are a function of the flow geometry and are given for basic assembli-
esin e. g. [2]. The radiation heat flow P_, between two bodies i and j is given by the STEFAN
BOLTZMANN Law:
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Pad = &ij G A {-I-Il‘ 71-14} (6

It contains the resulting emissivity ¢, , the radiation coefficient C, of the black body, the radia-
ting surface area A, and the absolute temperatures T,and T.

e; =f(e, 5, AL ALF) @)

The resulting emissivity ¢, . is a function of the emissivity e the surfaces areas A of the radiating
bodies and the view factor F [3] [4], [5]. The heat transfer P, via volumetric flow is a function
of the specific heat capauty c the fluid density &, the volumetrlc flow rate Vand the tempe-
rature difference 9, - 9 between the entering and exiting fluid.

P, = C 8, \./(1‘)T 71‘)1) ®)

The volumetric flow rate Vis a function of the buoyancy height h between the inlet and outlet
apertures, the coefficient of volumetric thermal expansion 3 and the flow resistances [2],
[4]. The determination of flow parameters is generally not trivial and subject to uncertainty.
Experimental verification is hence required.

3 Thermal network of positioning system in hollow sleeper
In this chapter the steps of modelling a points positioning system with the thermal network

method as well as the compilation, structure, parameters and experimental verification of
the model are described.

.u._-!
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Figure1 Thermal network model of the points positioning system

3.1 Classification of assemblies

The regarded points positioning system is a complex group of altogether 17 assemblies made
of several materials with differing thermal material properties and surface qualities. The
assemblies are: 9 different covers, 3 different rods, the hydraulic system, the rails, the point
lock, the hollow sleeperand the flat heating. The thermal network model is compiled for each
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assembly separately and the resulting assembly models interact via conduction, convection
and radiation heat transfer. Each assembly is modelled with several nodes (Figure 1), which
interact with each other via conduction and with the other assemblies and the environment
via convection and radiation. The radiative interaction between surfaces of several assem-
blies is a function of the geometry, temperature distribution and surface quality and it is
described using view factors [4], [5]. The number of required nodes perassembly results from
each assembly’s dimension and its spatial constant of temperature distribution [2]. The hea-
ting system is modelled with spatially distributed power sources. The model requires several
input parameters besides its structure to be defined. Input parameters are geometric (cross
sections A, surface areas A, distances and view factors F ), material and surface properties
[6] (thermal conductivity X\, emissivity €) and flow parameters [2].

3.2 Verification

The material and surface properties depend on the chemical composition of the used steel
alloys and their manufacturing procedure. An experimental verifica-tion of the thermal
network model is necessary to limit the uncertainty of the computational results caused by
the uncertainty of material and surface properties. The cover of the hollow sleeper exhibits
several apertures, which enable a naturally driven volumetric flow between the inner air of
the hollow sleeperand the environment. Flow parameters describing the volumetric flow and
the convective heat transfer are given for basic assemblies [2] but need to be verified experi-
mentally for complex assemblies. The verification process is performed in two steps in order
to separately investigate convection flow parameters together with material and surface pro-
perties on the one hand and volumetric flow parameters on the other hand. The flat heating
is operated with three different powers which are normalized with the power of the original
heating system. The apertures in the cover of the hollow sleeper are closed and proofed in
the experiments of the first step. A volumetric flow from the inside of the hollow sleeper to
the environment cannot occur in this case (Figure 2).

Figure 2 Experimental verification of thermal network with proofed apertures

In the experiments of the second step, the apertures are open and a volumetric flow from the
inside of the hollow sleeperto the environment can establish. Its parameters are derived from
the experimental results and complete the thermal network model of the entire positioning
system contained in the hollow sleeper (Figure 3).

RAIL INFRASTRUCTURE PROJECTS DESIGN, CONSTRUCTION, MAINTENANCE AND MANAGEMENT
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure



Figure 3 Experimental verification of thermal network with open apertures

4 Optimized designs of heating systems

As a result of the temperature rise tests (Figure 3) an uneven temperature distri-bution is
evident along the hydraulic system, the hollow sleeper, the rods, the covers, the point lock
and the flat heating. While the admissible temperature rise is exceeded at the flat heating,
the temperature rise is less than 20 Kin most of the positions. Therefore, high availability at
winter conditions with outside temperatures as low as -20 °C cannot be ensured. By optimi-
zing the heating system design, the temperature distribution in the entire hollow sleeper shall
be homogenized. Increasing the surface area of the flat heating would obviously increase
the heat transfer to the positioning system while reducing the surface temperature of the flat
heating. Nevertheless, a flat heating with increased dimensions cannot be mounted in the
hollow sleeper, as only limited room is available. Instead, the radiation heat transfer from
the flat heating could be intensified by varnishing the surfaces of the flat heating, the gears
and the inner surfaces of the hollow sleeper. Varnished surfaces have a higher emissivity of
thermal radiation than blank metal surfaces [2], [6]. The usage of several allocated heating
elements could homogenize the temperature distribution as well as directed heat transfer
via a radiant heater combined with varnished surfaces. Alternatively, warm air can be fanned
into the hollow sleeper. The impact of the introduced design alterations on the temperature
distribution is assessed computationally (Figure 4) using the compiled thermal network mo-
del. The computational model considers an environmental temperature of 5 °C, which is the
highest value to be expected in winter condition. Solar radiation is also taken into account
for assessing the admissible power of the heating system.

Table 2 Parameters of the computed temperature rise distribution

Design Mean value of temp. rise / K Coefficient of variation
Original design 25.3 0.58
Varnished surfaces 27.4 0.54
Allocated heating elements 33.9 0.51
Flat + radiant heater 28.1 0.51
Warm air fan 19.7 0.47
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The efficiency of the heating system designs is measured by the mean value of the tempe-
rature rise, while its homogeneity is measured by its coefficient of variation (Table 2). Only
the temperatures of the hydraulic system, the hollow sleeper, the heating elements, the rods
and the point lock are taken into account. The cover is not likely to impair the positioning
systems mobility and the rails are separately heated which is not considered in the present
investigation.

Figure 4 Computed temperature distribution for various designs of the heating system

The computational results only indicate a moderate effect of varnished surfaces on the tem-
perature distribution within the positioning system. Fanning warm air into the hollow sleeper
leads to a relatively homogenous temperature distribution but requires excessive power, be-
cause most of the heat is carried away by the warm air. Radiant heaters and allocated heating
elements result in higher temperature rise and more homogenous temperature profiles than
the original configuration.

Figure 5 Experimental temperature rise with several allocated heating elements
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The increase of the temperature profile homogeneity and temperature rise due to allocated
heating elements is approved by experimental investigations (Figure 5). The temperature pro-
file hardly depends on the position of the switch rails. The impact of the heating system opti-
mization therfore does not depend on the switch rail position either. The power consumption
of the optimized heating system with allocated heating elements is P , =121 % and slightly
higher compared to the original configuration. An increased effictivity of the optimized he-
ating system can strictly be approved only under the conditions of investigation (no wind,
no percipitation, environmental temperatur approximately 20 °C) and cannot be reasonned
directly for realistic operational conditions. This is due to the impact of the environmental
conditions, that has not been assessed experimentally. Wind increases the heat transfer to
the environment and percipitation lowers the temperatures at the hollow sleeper. Therefore,
atemperature rise of 20 Kunder laboratory conditions is only a necessary but not a sufficient
condition for operation at environmental temperatures as cold as -20 °C. Nevertheless, the
increase of mean temperature rise and the homogeneity of the temperature profile at least
indicates a better availabillity of the points positioning system in winter conditions. It is not
admissible to increase the power of the heating system in order to further increase its effecti-
vity, because the admissible temperatures may be exceeded. Either higher admissible tempe-
ratures or a controll system could create the possibility for a furtherincrease in heating power.

5 Conclusions

In order to assess the impact of various designs of heating systems on the tem-perature distri-
bution at a points positioning system contained in a hollow sleeper, a thermal network model
has been established and verified experimentally. Various modified designs of an existing
heating system have been investigated by computational and also experimental means. A
heating system composed of allocated heating elements provides for a relatively homogeno-
us temperature distribution, while the admissible temperatures determined by the hydraulic
system are not exceeded. In order to approve the effectivity of the drafted heating system,
tests under harsh outdoor conditions have to be performed.
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Abstract

Currently, there is an emphasis on upgrade of railway network in Croatia. This is especially
visible on railways that are a part of pan-european corridors (Vb: Rijeka-Zagreb-Budapest
and X: Salzburg-Ljubljana-Zagreb-Beograd-Ni3-Skopje-Veles-Thessaloniki). Design and con-
struction of these railway corridors is in large part funded by the European Union through
IPA programme, Priority axis 1 of IPA Component llla. Upgrade of railway M201 (State border
— Botovo — Koprivnica — Dugo Selo) is divided into 2 phases. Phase 1 (Dugo Selo-KriZevci) is
currently in final stages of design, and construction should start in 2014. Phase 2 (KriZevci-
Koprivnica-state border), which is the subject of this paper is in the first stages of design,
with obtaining of construction permit due in 2016, which will be followed by construction
that is supposed to be finished by year 2020. Upgrade of M201 on this 43.2 km long section
mostly consists of construction of second track parallel to the existing one, with modernisa-
tion of the control command and signalling subsystem, and reconstruction and upgrade of
existing stations, stops, road crossings and structures. Smaller parts of the existing railway
track will be reconstructed, or even abandoned to achieve design speed and station layout
requirements, all in accordance with the proposed traffic technology. This paper presents the
technical solutions of railway track alignment, road crossings and structures, that are a basis
forall other design work on this project. Also, current state of spatial planning documentation
regarding this project and influence of other big infrastructure projects, especially motorway
projects that intersect with the rail corridor will be shown.

Keywords: railway design, upgrade, EU funding, construction
1 Introduction

The project of the upgrade and construction of second track on railway line section KriZevci —
Koprivnica — National Border is defined in the Transport Operational Programme 2007-2013,
which forms the strategic basis for the absorption of funds from component Ill of IPA’s pro-
gramme in the transport sector. The project encompasses the reconstruction of the existing
track on the KriZevci — Koprivnica — National Border section for nominal speed of 160 km/h
and the construction of the second track alongside the reconstructed track of the railway line
M201 (State Border — Botovo — Dugo Selo). The Design Contract was signed on Dec 10% 2012 by
HZ Infrastruktura d.o.o. as the Contracting Authority and URS Polska Sp. z 0.0., in consortium
with URS Infrastructure and Environment UK Limited and IDOM Ingenieria y Consultoria S.A.,
as the Consultant. The total value of the design contract is EUR 5.3 million, of which 85% is
provided by the European Union and 15% by the Croatian Government. The deadline for the
completion of the design is 42 months from the contract signature date.
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Figure 1 Position of KriZevci-Koprivnica-SB section in Croatian rail network

The overall railway network corridor RH2 (State border Hungary/Croatia — Koprivnica — Dugo
Selo — Zagreb Main Station — Karlovac — Rijeka — State border Croatia/Slovenia), as well as
the railway transport corridor R**3 within the Republic of Croatia shall become a constituent
part of the future Trans-European conventional railway transport network. Considering the
geographical conditions, the characteristics of particular parts, the traffic-technological and
organizational conditions and the planned technical conditions, the future railway transport
corridor R**3 is divided into 4 sectors:

- Sector | State border Hungary/Croatia — Koprivnica — KriZevci — Dugo Selo
- Sector ll Zagreb railway node

- Sector lll Horvati — Karlovac — Skradnik — DreZnica — Krasica

- Sector IV - Rijeka railway node and Matulji — Borut — Pula/Ra3a/Slovenia

In all parts of the railway corridor RH2 it is necessary to conduct extensive works with an aim
toincrease the transport capacity, to reduce travel time and to align the condition and charac-
teristics of railway infrastructure with the conditions of existing European railways regulation
(Railway Safety Directive, Directive on the interoperability of the trans-European conventional
rail system, Technical Specifications on Interoperability of trans-European rail system).
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2 Existing state

The existing railway line M201 State border — Botovo — Dugo Selo on section KriZevci — Kopriv-
nica — State border partially passes through urbanized areas, and partially through uninhabi-
ted area. Although it partially passes through mountain area, according to its characteristics
is a predominantly lowland railway section, at which the longitudinal gradient is less than 8
mm/m. At subsection Vojakovacki KloStar — Lepavina there are horizontal curves of 460 up to
715 min radius which limit the designed speed at this subsection to 90 to 120 km/h, while on
the remaining part of the line the design speed is 140 up to 160 km/h. The maximum allowed
mass of trains on the entire railway section is 22,5 tons/axle and 8 tons/m’ (corresponding
to UIC line categorisation freight load model D4).

Figure 2 Existing railway near Mucna Reka

The usage condition is deteriorating year by year, even with recent renewal, thus the maximum
allowed speed at subsection KriZzevci — Mucna Reka is reduced to 60 km/h, and at subsection
Mucna Reka — Koprivnica — Botovo — State border at 80 km/h. The subsection KriZevci — Ko-
privnica has been renewed in 2012, and subsection Koprivnica — Botovo — State border in
1978. The entire section has been electrified with AC 25kV/50Hz system, and is ensured with
AB (automatic block), while relay devices are installed in stations. The traffic is operated in
blockintervals. The stations for planning traffic are Krizevci and Koprivnica, and the maximum
allowed train length, considering the usable main track length is 515/521 m. Limiting part of
the railway line is the KriZevci — Lepavina subsection, with average daily traffic of 46 trains in
2012. (31 passenger and 15 freight trains). Track capacity for Krizevci — Lepavina subsection is
69 trains total, according to 2012./13. Croatian railways time table.

Table1 Technical elements of the existing railway [1]

Minimum horizontal radius 452 m
Maximum longitudinal gradient (open track) 8.0 %o
Maximum longitudinal gradient (stations and stops) 4.8 %o
Minimum vertical radius 8000 m
Rails 49E1
Track formation width 6.5m
Transversal gradient 5.0 %o

The railway line is situated with its larger part on the embankment and with a smaller partin
the cutting. Embankments are mostly low, 2-3 m high, except on the mountainous part of the
track from Vojakovacki KloStar to Lepavina where the embankments are up to 15 m high. Ra-
ilway line passes partly through agricultural area and settlements, and partly through forests.
The embankments are sporadically narrow, low, and in some parts of inadequate width which
causes dispersal of the ballast. At particular places, the bad condition of the substructure of
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the track can be seen. In spring of 2013, heavy rain caused landslides that caused closure of
the railway line for extended periods of time. There are 6 stations and 4 stops on the KriZevci
— Koprivnica — state border section. Out of the 8 existing bridges, only Steel bridge “Drava-
Botovo” is significant, with length of 291 m. The rest of the bridges are single span structures
with length up to 24 m. There are multiple crossings with the existing road network, with 13
level crossings and 5 de-levelled ones (4 underpasses and 1 overpass).

3 Planned state

Design and construction of the KriZevci — Koprivnica — State border section is separated into
4 subsections:

- Il.a — KriZevci (excluded) — Carevdar (included)

- Il.b — Carevdar (excluded) — Lepavina (included)

- ll.c — Lepavina (excluded) — Koprivnica (included)

- 1l.d = Koprivnica (excluded) — State Border

3.1 Railway

Given the requirement that the future double track railway should be constructed for nominal
speed of 160 km/h, changes to the existing horizontal track geometry were necessary. Major
changes to track geometry were done on a 2.5 km long section directly after KriZevci station
exit, and on a 4.5 km long section between Carevdar and Lepavina. On the rest of the track,
only existing horizontal curves R <1700 m needed to be reconstructed.

LR A A S T
- L
S Ea T
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Figure 3 New track geometry between Carevdar and Lepavina

Maximum longitudinal gradient doesn’t exceed 10 %o on open track sections and 2.2 %o in
stations. On the whole length, the railway line is designed as a continuous welded track with
60E1 rails, with 4.5 m distance between tracks on open sections and 4.75 m in stations. The
rails are installed on prestressed concrete sleepers, 60 cm apart, which are set on crushed
stone ballast layer with minimum thickness of 40 cm. Rail and sleepers are connected using
elastic type fastening.

Existing Lepavina and Koprivnica stations will be reconstructed, Mu¢na Reka station will be
downgraded to stop, and Drnje station will be abandoned after the construction of a new sta-
tion Novo Drnje which is planned app. 1km in Botovo direction. In addition to existing stops,
a completely new stop will be constructed near Peteranec. After the reconstruction, maximum
allowed train length in stations will be 750 m for freight and 400 m for passenger trains.
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Table 2 Planned stations and stops after the reconstruction [2]

No. Name Status Km position Number of tracks
1 Majurec stop 485+454.85 2
2 Vojakovacki Klostar stop 480+961.07 2
3 Carevdar stop 491+750.00 2
4 Lepavina station 497+436.16 6
5 Sokolovac stop 499+580.64 2
6 Mucna Reka stop 504+123.63 2
7 Koprivnica station 510+668.89 14
8 Peteranec stop 515+948.27 2
9 Novo Drnje station 520+197.89 6
10 Botovo station 522+762.51 3

3.2 Structures

After inspection of existing railway structures on KriZevci — Koprivnica — State border section,
it was concluded that unfortunately most of them can’t satisfy current norms and regulations.
Because of this only existing road underpass in Koprivnica, and pedestrian underpasses in
Koprivnica station will be renewed and maintained. All other structures will be either demolis-
hed orabandoned, in regard to changes in horizontal track alignment. On Carevdar — Lepavina
section, construction of 2 new viaducts, 350 and 635 m long is planned. They will also be used
as animal passages. Also, 2 structures are planned as animal crossings, one under and the
other over the railway line.

Parallel to the existing one, a new double track bridge over Drava river will be constructed. The
new steel bridge is designed with a main span of 145.5 m, and 2 smaller spans of 72.25 m, on
on each side of the main span.

Figure 4 New Drava bridge

Given the demands of the new legislature that states all existing rail crossings with state or
county roads must be de-levelled in case of rail reconstruction, 8 new road overpasses and
one road underpass will be constructed.

3.3 Road crossings

Given the changes in horizontal track geometry at exit of KriZevci station and between Carev-
darand Lepavina, and planned construction of DC10 and Podravska motorways, there are 30
crossings with existing and planned roads (not calculating in field paths).

3.3.1 Existing roads

The reconstructed railway crosses a total of 26 existing roads. After construction, there will
be 9 overpasses, 3 underpasses and 2 passages under bridges or viaducts. 6 of the existing
level crossings with local or unclassified roads will be kept in level, with reconstruction of
access roads and security systems (signals, half-barriers). 6 of the crossings at the sections
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where the trackis setin a new corridor will be reconnected to the nearest de-levelled crossing.
In front of Lepavina station, new railway corridor crosses the existing DC41 state road at 2
positions, so two road overpasses (Lepavina 1 & 2) will be constructed. The fact that railway
and state road corridor are parallel on long stretches of the section, made technical solutions
of de-levelled crossings much more complex, especially for crossing of county road 2212 near
Krizevci and Pavelinska ulica in Koprivnica.

3.3.2 Planned roads

There is a total of four crossings with planned motorways, three of which are with future state
road DC10, former highway A12. The crossing near Majurec is a part of KriZevci-Klo3tar Voja-
kovacki section of the motorway. This section has a construction permit, and the crossing is
solved with a road viaduct. Rail reconstruction on this part was designed to use the predicted
free space in one of the spans. Two of the crossings with DC10 are on Klo3tar Vojakovacki-
Mucna Reka section of the motorway. Since there are no permits issued for this section,
railway design was done in coordination with Croatian Motorways and Croatian Roads to
keep the necessary future changes of motorway design to minimum. Near Peteranec, planned
Podravska freeway will cross the railway corridor on a road viaduct. Since that road is still in
the conceptual design stage, and only construction of second track is planned on that part of
the section, there were no major issues with this collision.

4 Spatial plans

Base for the design of this railway section was conceptual design made in 1998. Unfortuna-
tely, the rail corridor from that design was neverimplemented in the spatial plans. Because of
this, changes made to the DC10 motorway corridor in 2011 collided with the M201 conceptual
design. Also, new railway corridor proposed by in the conceptual design had big influence on
the existing Orthodox monastery near Lepavina.

Because of these issues, a new railway corridor between Carevdar and Lepavina was desi-
gned, taking into account proposed corridors in Sokolovac municipality spatial plan. This
corridor, as well as the new railway corridor at the beginning of the section which was a part
of KriZzevci spatial plan, were never implemented in the county spatial plan.

This meant that before the approval of the Environmental Impact Assesment and subsequent
request forissuing of Location permit, County spatial plan needed to be changed. This process
was started in June of 2013, and should be ended by May of 2014.

In addition to this, reconstruction of existing road crossings demanded the targeted changes
of lower level spatial plans in City of KriZevci and municipality of Sokolovac. Procedure was
started in December of 2013, and should be finished in time for Location permit extraction.
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TRAFFIC-CONSTRUCTIONAL ASPECTS FOR BUILDING
OF BYPASS AROUND NIS IN CORRIDOR X

Tatjana Simi¢, Tatjana Mikié
Cowil d.o.o., Serbia

Abstract

City of NiS is the crossroads of the most important Balkan and European traffic routes. The
territory of the City is intersected by mportant directions: Corridor X — road connect the
Balkan with Central and Western Europe, Main lines E70 and E85, and regional and local
traffic network of roads and railways. Nis urban and demographic development has not been
matched by investmentin road and railway infrastructure, consequently this network are over-
loaded. Unadjusted development of the city on already built of railway lines, led to the spatial
and functional conflicts and many negative effects. Building of bypass line includes the im-
plementation of Corridor X through node and unobstructed transit traffic on Corridor X. This
creates the conditions for the separation of passenger and freight transport and relieving of
freight traffic the central zone of the city of Nis. The construction of the railway bypass around
the City of NiS will allow implementation of EU standards for interoperability, will contribute
to the further development of the city and will also contribute achieving better conditions
for transport of passengers and freights thus helping divert international road traffic to the
railways with the consequent benefits in environmental terms. Aim of the author work is to
show traffic and civil aspects of the construction of the bypass, its interdependence and the
impact on traffic Ni$ junction. Optimal technical and spatial — urban solution can be realized
in phases to meet the needs of transport and development plans of City of Nis.

Keywords: railway bypass, traffic, infrastructure
1 Introduction

Disharmony of city development, traffic and transportation infrastructure leads to spatial
and functional conflict in the city area of NiS. Problem of railway traffic for the city can be
at one side — a limiting factor, and at the other — a stimulating factor of the development.
Functionality of railway transportation in the city should be subsumed under the needs and
requests of the citizens, but in the functioning of the railway transportation system in the
Serbia. Reduction of the collision points, city—railway should correspond to the previously
planned and defined strategy of the city development. It includes:

- priority of phase construction and modernization of the railway in the Nis;

- dynamic plan of activities;

- control of activities.

The problem of level crossings in the center of NiS is especially expressed and endangering
the safety of users and complicate realization of all transportation types. In the present state,
passing freight trains through the central zone of the city produces increased levels of pollu-
tion and noise, with an increased risk of environmental protection because of the passage of
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hazardous materials through the city. The general aims of railway bypass construction around

the city of Nis are:

- harmonization of transportation infrastructure development with the development of the city;

- harmonization of transportation infrastructure development with the development of the
airport of Nis;

- relocation of freight transportation from the city center;

- the development of railway systems without disrupting the transit transportation on Corridor
X with local work.

Settings to define the technical and technological parameters of railway bypass construction are:
- official planning documentations;

- spatial limitations and places of collision with existing and planned installations;

- spatial limitations and places of collision with existing and planned transportation;

- necessary capacities and facilities at the stations on the railway bypass;

- connection of new railway bypass with existing infrastructure capacities of the node;

- connection of new railway bypass with existing railway line Nis — Dimitrovgrad;

2 The current state of the transportation system of the Nis.
2.1 General features - location and system elements

NiS as a regional, administrative, cultural, educational, industrial and transportation centre
at the international network is a place of connection and separation of the two main interna-
tional directions E-85: Budapest—Athens and E-70: Paris—Sofia. In the transportation system
of NiS there are all forms of transportation, for the various types of passenger and freight
transport, what NiS makes an important connection in the link of passengers and goods flows.
From the aspect of the road traffic, NiS is the crossroad of international regional and local road
traffic. Backbone of bypass roads around Ni3 are sections of the international road E-75 (M-1)
and E-80 (M-1.12). In progress is construction of the highway E-80th. From Ni$ are separating
11 routes on which are organized bus transportation.

From the aspect of air traffic, city airport “Konstantin Veliki” is qualified for receiving medium
aircraft. “Konstantin Veliki” is the second category airport, and it is airport for regular and
charterflights forthe passengers of NiS and the region, and serves as an alternative airport for
Belgrade, Skopje and Sofia. Using of the runway is limited by the existing electrified railway.

2.2 Railway transportation diagrams

NiS railway junction is one of the most important and oldest junctions, created more than 100
years ago and has a very important role in the Serbian railway infrastructure, also has great
influence at the development of the city NiS. Railway infrastructure capacities in the junction
NiS were built and modernized in stages and gradually, and parts are:

- main lines: Beograd—NiS—PreSevo-border, Nis—-Dimitrovgrad—border;

- railway line of the first order (Ni3)—Crveni krst— ZajeCar—Prahovo Port;

- inside the junction connections are made over railway lines: Crveni Krst—Ni$ Marshalling
Yard, (Crveni Krst)—(Cele Kula), Trupale—Ni3 Marshalling—Medurovo and Ni§—Junction Brid-
ge—(Ni3 Marshalling);

- railway facilities in the junction: triangle Crveni Krst—Cele Kula.

Circular connection has multiple role because of the connecting station NiS Marshalling Yard
with the depot and industrial tracks in the station Crveni Krst, station Ni$ marshalling with
station Nis and Mechanical industry and station NiS with depot in the station Crveni Krst.
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All mentioned tracks are electrified, category D-4 and load 22.5 t/ax and 8.0 t/m’, except track
Nis-Dimitrovgrad—state border (D-3, 22.5t/axand 7.2 t/m’) and track (Ni§)—Crveni Krst—Zaje-
Car-Prahovo Port (B-2, 18.0 t/ax and 6.4 t/m’).

All railway sections are equipped with APB, except sections NiS—Crveni Krst and Crveni Krst—
Matejevac. Forinterstation distance NiS—Crveni Krst, railway is double track and it is equipped
with APB devices for two-way traffic. According to schedule for 2012/13 maximum allowed
speeds are between 30 km/h and 70 km/h.

Existing junction Ni$ (Figure 1) consist stations: Ni3, Ni§ Marshaling Yard, Crveni Krst, Trupale,
Medurovo, Matejevac, Cele Kula and Nika Banja. Other halts are: Palilulska Rampa, Vojna
bolnica, EI Ni$, Pantelej and Rasputnica Most. The main passenger station is the station Nis,
the main marshalling yard station is Ni$ Marshaling yard.

Figure1 Ni$junction

2.2.1 The organization of passenger transportation

All stations are opened for the reception and departure of passengers. At the station NiS all
categories of trains for passengertransport have stopping. Besides the transit trains all trains
for passengers are starting/ending ride in the station Ni3. Transportation flows are presen-
ted according to the schedule for 2012/13th year. Marching of trains for passenger transport
is shown in Figure 2. At the station NiS are performing necessary technological operations
(changing of locomotives, adding or removing a wagons, combining of train set and etc.),
and for relation Belgrade—-Dimitrovgrad at the station Ni$ are changing the traction type and
driving direction.
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2.2.2 The organization of freight transportation

The current intensity of freight transportation is relatively small, partly because of the lack of
adequate series of wagons and locomotives. All trains in the domestic traffic are starting or
ending driving in the Ni§ Marshaling Yard station. Traffic flows are presented according to the
schedule for 2012/13th year. Marching of freight trains is shown in Figure 3.

Figure 2 Passenger traffic Figure 3 Freight traffic

At the station Crveni Krst are performing change of locomotives and other necessary techno-
logical operations for trains for/from the direction of Dimitrovgrad. Local work with vehicle
goods is not concentrated in one place and its performing at the station and industrial tracks.
Transport of part-load cargo and luggage is minimal.

2.2.3 Organization of shunting works

Shunting work on the composition and decomposition of freight trains is performed at the
station NiS Marshalling Yard and work on forming of passenger wagons at the station NiS. In
the junction Nis is performing shunting work in order to service loading and unloading tracks,
industrial tracks, serving of stations, etc. Shunting works performs more difficult because of
the shunting locomotives lack.

2.3 The railway system infrastructure

NiS is the second largest city in Serbia, with all the functions of the regional center and its ge-
ographical position is located at the intersection of traditional transport corridors of Western
and Central Europe to Greece and Asia. Direction that made basis of today’s railroad junction
are north—south (Belgrade—Skopje) and west—east (Ni5—Sofia). The urban area of Ni3 is topo-
graphical located at river NiSava’s valley and spatially has developed along the NiS valley and
hence the first built big infrastructure objects: railway line Nis—Sofia and international road
NiS—Sofia. Accelerated process of industrialization and urbanization, there, has been spatial
expansion of settlements that has taken the functions of urban character, so that the railway
infrastructure at this moment is located in the very urban area of NiS. Main stations are:

- Nis;

- Ni$ Ranzirna / Ni$ Marshalling Yard;

- Crveni Krst.

2.3.1 Station Nis
The station Ni3 is the main passenger station, with five platforms for reception—-departure
tracks and one bypass track. Platform next to the station building and two island platforms
are connected with underpass and have awnings. The station NiS also performs technical
tasks of passenger station. The station serves for the passage of freight trains on the direction
NiS—Dimitrovgrad.
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2.3.2 Station Ni$ Marshalling Yard

The station is marshalling yard and sorting on the network YR, in the parks with parallel tracks,
turnout track and small marshalling yard hill.

Station tracks are classified into the group:

- Reception—departure group has 8 tracks;

- Marshalling yard—departure group has 18 tracks;

- Station track group has 8 tracks;

- Bypass tracks (3 tracks).

The total length of the station tracks is 25920 meters, with 90 single and 8 English switches.
Within the station NiS Marshalling Yard is located depot and wagon workshop. From the sta-
tion stands out industrial track “VP 3472.” It was designed for a former military airport in the
Nis.

2.3.3 Station Crveni Krst

The station Crveni Krst is interstation on the railway Belgrade—Skopje and it is connecting
station for railway Nis—Zajecar. Indirectly, through triangle, is connected with the railway Nis—
Dimitrovgrad. Over circular railway, Crveni Krst is connected with the stations Ni$ Marshalling
Yard and Nis.

On both sides of the station Crveni Krst is connected depot and from the depot is connection
with the Factory of switches, which is located on the right side of the tracks. On the left side
of the tracks from station stands out tracks for industrial zone of NiS. From the railway station
Crveni Krst stands out 12 industrial tracks that serve for loading and unloading of goods,
within of owners and users of industrial tracks.

For tasks that are performed by the station Crveni Krst there are 10 tracks. The total length of
the station tracks is 6415m, with 29 single and 7 English switches. Depot group of tracks have
about 6800m and 30 switches.

3 Spatial limitations for development of railway infrastructure in the Nis
3.1 Planning regulations

RS Spatial Plan 2010-2020 as a document of the highest importance envisages development
of railway infrastructure in the Republic of Serbia, and special significance is given to the
planning, construction, reconstruction and modernization of railway lines, as well as stations
and other facilities, for performing passenger and freight transportation on Corridor X.
Spatial plans of the Republic determines the concept of development, organization, protec-
tion and usage of the area covered by the plan. It is implemented by developing of planning
solutions and plans for special purpose of areas, spatial plans of local governments, urban
planning and other plans. In all relevant plans for the city of Ni$, as well as the general de-
velopment plans it is recommended the relocation of railway freight transportation from the
city center.

3.2 The functionality of transportation
Optimal technical-technological and spatial-urban planning solutions for railway bypass

can be realized in phases according to the requirements of transportation and development
plans of the Nis.
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Figure 4 Assumed flow of goods and passengers

Construction of the bypass is the first step of undisturbed passage of double-track railway

on Corridor X and undisturbed passage of transit traffic on Corridor X through the area of the

NiS. This creates the conditions for the separation of passenger and freight transportation and

relieving of the city central zone of freight transportation.

Organizational and functional solution of railway transportation is conceived with position of

the stations Nis and Ni$ Marshalling Yard within of Ni3 railway junction. Technological requi-

rements on which are based variants of solving railway bypass around NiS are:

- using of the existing railway corridors and land to the most possible extent;

- keeping the railway capacities on existing locations with modernization and integration into
a new solution, all in accordance with the spatial and urban plans;

- the separation of the freight and passenger transportation and the releasing of the city
central zone of the freight transportation;

- direct trains traffic for passenger transportation on main lines through the station Nis wit-
hout changing the direction of the ride and head of the train, as well as changes of the
traction type;

- the high level of efficiency and safety of railway transportation;

- functional and rational solution for railway bypass and stations as well as the connection of
a new bypass to the existing railway infrastructure facilities;

- providing the necessary capacities, passing capacity and transportation safety, fast passa-
ge of trains, passengers and goods through the junction, the maximum protection of the
environment and to minimize investment and exploitation costs, and all in accordance of
the city development and the economy;

- separate grade intersection of the railway with road traffic;

- retaining and improving railway connections with existing and planned industry;

- compatibility of railway, road and air transport in the city of Nis.

3.3 Construction feasibility

In accordance with technological requirements, spatial and planning restrictions is narrowed
the choice of alternative solutions of the route of a new railway bypass. Corridor of the route
with minimum variation is placed on the north of the city periphery. Beginning of the railway
bypass is on the output switch at the station NiS Marshalling Yard over existing halt Pantelej
and along the highway corridor, on the left side and connection to the existing alignment of
the railway NiS-Dimitrovgrad, to the station Sicevo.
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The basic elements of the route should be take into account the following:

- reconstruction and modernization of the railway double track bypass should follow the basic
settings according to the European Agreement on Main International Railway Lines (AGC),
European Agreement on main lines for combined transport (AGTC), and the composition of
the Trans—European railway network in mixed traffic and high speeds;

- technical standards for interoperability ECTS;

- railway transportation will be developed to a high level of service for the passenger, freight
and combined transport.

The goal is to define the long-term of optimal technological and spatial urban solutions that
can be implemented in stages and phases, in accordance with the geostrategic importance
of the national and European railway network and transportation requirements according to
European standards, and in accordance with the requirements and development plans of the
NiS as an important regional city by European standards.

4 Construction of the railway bypass around Nis and the effects of
construction

Bypass railway starts from the output switch of the station NiS Marshalling Yard. Part of the
railway track from station Ni§ Marshalling Yard to the station Crveni Krst will be relocated
and it will be built separate grade intersection (above or below) with the existing railway
Trupale—Crveni Krst. Bypass route continues on the corridor defined by the spatial plan, the
northern periphery of the city, to the connection of the existing railway line Nis—Dimitrovgrad
in the area of Prosek. Length of the new railway bypass is about 19 km. On railway bypass is
planned to build new stations: NiS North, Pantelej and VreZina.

Between stations Trupale and Crveni Krst, at bypass line, is planned to build the station Nis
North. The capacity of this station will be designed to satisfy the requirements of transport
and transportation, with the corresponding groups of tracks designed to receive and departu-
re of trains. From this station it is possible to make connection with the industrial tracks that
are in the station Crveni Krst. This location, because of the roads and airport proximity has
advantages for the eventual construction planning of goods—transport center. Neighboring
stations are Trupale, NiS Marshalling Yard, Crveni Krst and Pantele;j.

The new station Pantelej, at bypass, in the transportation meaning, it will be junction railway
station to Zajecar and it is designed for receive and departure of trains. The effect of its con-
struction is reflected in the separation of passenger and freight transportation. Neighboring
stations are Ni§, Crveni Krst and VreZina.

The new station VreZina is designed for receiving and departing of trains in all categories.
The effect of its construction is to increase passing capacity at new bypass line. Neighboring
stations are Prosek and Sicevo.

5 Conclusion

According to the adopted goals of reconstruction and modernization of railway lines in the
city area, taking into account of national and international importance of transportation in-
frastructure in the NiS, construction of the railway bypass around Nis is the first phase of
modernization. The construction of railway bypass can be performed out in stages. Phasing of
construction should not affect the continuity in the execution of the traffic flow. New stations
on the route of the railway bypass which will be formed in the first phase with minimal infra-
structure capacity in the next phases of development would allow railway transportation to
competitive advantage over the different types of transportation in the terms of safety, shorter
travel times, massive transportation, comfort, cost and cost-effectiveness.
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REHABILITATION OF RAILWAY LINES
SAMAC — SARAJEVO AND SARAJEVO — CAPLJINA

Sasa DZumhur, Amra Zvizdi¢
IPSA Institute, Bosnia and Herzegovina

Abstract

When warring parties signed the “General Framework Agreement for Peace in Bosnia and
Herzegovina” back in 1995, numerous railway bridges were destroyed, railway tracks mined,
station buildings demolished and most of the rolling stock and locomotives destroyed or
severely damaged. “The Study on the Transport Master Plan in Bosnia and Herzegovina” (JICA
for World Bank, 2000) estimated (aggregated) value of direct damages to the railway sectorin
the country at 1,000 million US$. Within the “Emergency Transport Reconstruction Program”,
major railway capacities were reconstructed / rehabilitated, enabling the re-establishment
of railway operations in Bosnia and Herzegovina. In the next stage, International Financial
Institutions strongly supported not only institutional capacity building but also the drafting of
relevant Studies with the primary objective of defining priority projects for the railway sector.
Two railway lines connecting Bosnia and Herzegovina’s capital, Sarajevo with the Croatian
port of PloCe in the south and the Hungarian Capital Budapest in the north are included in
the “5th Pan-European Transport Corridor” (branch ¢) and “SEETO Comprehensive Network”
as well. This paper focuses on railway lines in the 5th Pan-European Transport Corridor (Sa-
mac-Sarajevo and Sarajevo-Capljina) rehabilitation projects from 2005 onwards. Being active
participants in some of the projects, the authors had the opportunity to be involved in dis-
cussions with representatives of the Beneficiaries and the Banks, to conduct field surveys
and comprehensive desk research as well and some of their findings are represented herein.

Keywords: railways rehabilitation projects, Corridor Vc, analysis
1 Introduction

Bosnia and Herzegovina (hereinafter: BiH) is a middle-income country, with small-size eco-
nomy where approximately two thirds of the GDP has been created in the service sector, 25
percent in industry, and less than 10 percent in agriculture, hunting, fishing and forestry. It
is located in South-East Europe or more precisely in South-West Balkans (see Figure 1) where
the Dinaric Alps “cover” most of the land. Therefore, river valleys and mountain passes have
been the most used transport routes since the time of old Romans.

Such a specific configuration of landforms and a relatively good geostrategic position have
been the most influential factors in the development of transport systems in BiH. Moreover,
the historical development of railways in particular was strongly influenced by the political
and economic environment for mining and extraction of different ores (iron, coal, minerals)
and other natural resources (e.g. wood, salt etc.) of BiH.

The railways have played different roles in the country’s development during different historic
periods. Still, the two most significant periods occurred during the Austro-Hungarian reign
(expansion of the narrow gauge railway network) and when BIH was one of the six Social Re-
publics within the Socialist Federative Republic of Yugoslavia. Anyway, the first subheading of
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this Introduction provides more basic facts on the historical development of railways in BiH.
The railways today remain a significant economic asset of BIH’s economy and railway tran-
sport is still essential for operation of big industrial systems (e.g. power plants, steel factory,
aluminium factory etc.). In addition, the railway system is connected to the Port of Ploce in
Croatia in the south and the European railway network in the north, providing perspective for
all export oriented companies in the country. The second subheading gives a brief review of
BiH railways institutional setup.

Figure1 Map of Bosnia and Herzegovina

EU accession was declared as a strategic priority for BiH hence the two sides signed the
Stabilization and Association Agreement (SAA) — Interim Agreement, on 16th June 2008. Un-
fortunately, for BIH politicians’ acceptance of this priority was (to use “legal terms”) clearly
just declaratory as SAA has never been affirmed. That is why this Introduction ends with a
summary of common activities of the two sides (BiH and EU), having more or less the railways
in its focus.

1.1 A Brief History of Railways in Bosnia and Herzegovina

The first railway line in BiH was constructed in the XIX century, during the Ottoman Empire rei-
gn. Construction started in 1869 and was completed in December 1872, when a 101.6 km long
standard gauge railway line between Dobrljin and Banja Luka was put in operation. It should
have been a section of (the never completed) 2 500 km long railway line Istanbul — Wien.

From 1878 to 1918, BiH was a part of the Austro-Hungarian Empire. During the first two years
of this period, railway line Dobrljin-Banja Luka was rehabilitated and in 1882 (via Sisak) it was
linked with the rest of the Austro-Hungarian railway network. Moreover, Austro-Hungarian
Empire constructed 1611 km of narrow gauge lines (760 mm) all over the country (see Figure 2).
Between two World Wars, BiH was part of the Kingdom of Yugoslavia, and from 1918 to 1941
another 65 km of standard gauge lines (from Bihac to Bosanski Novi) were constructed as well
as another 90 km of narrow gauge lines (from Trebinje to Bileca and from Ustipraca to Foca).
From 1945 to 1992 BiH was one of the six federal units in SFRY and the BiH railways network
was managed by “ZTP Sarajevo” (one of ex Yugoslavia’s Railways Community units). During
that period, more than 850 km of standard gauge railway lines (including the 87 km long
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double track section Doboj-Zenica) were constructed, some of the narrow gauge lines were
upgraded to standard gauge (e.g. Sarajevo-Doboj), but the best part of narrow gauge lines
network was closed.

It was the time of contemporary railway technologies introduction (e.g. automatic block si-
gnalling, remote control of electric power consumption and so on) when 72% of the standard
gauge railways network in BiH was electrified (25 kV AC, 50 Hz) as well. Consequently, in 1985,
“7TP Sarajevo” recorded the best railway performance ever (19.1 million of passengers and
32.1 million tons of goods transported). Unfortunately, that was the end of a golden era for
railways in BiH.

KQUTEEEAKTS MER IIEIMDAISIER [CAMER Y RFR ATEankws

Figure 2 Map of Railway Network in BiH (1918)

In March 1992, BiH declared independence from SFRY. This act was followed by the beginning
of wartime activities in the country, which lasted until November 1995, when warring parties
signed the “General Framework Agreement for Peace in Bosnia and Herzegovina” (DPA). Du-
ring the wartime, most of the important railway bridges were destroyed, numerous railway
tracks were mined, buildings demolished, and major parts of rolling stocks were destroyed
or severely damaged. Essential facilities and equipment (signalling, telecommunications,
electric power supply etc.) were heavily damaged as well.

During the post-war period, within the “Emergency Transport Reconstruction Program”, (fi-
nancial support was provided by International Financial Institutions, the European Union,
and other bilateral donors), major railway capacities were partly rehabilitated, just enough to
re-establish railway operations in the country. In 2001, the Study on the Transport Master Plan
in Bosnia and Herzegovina estimated the aggregated value of direct damages to the railway
sector at 1,000 million US$.

Today, the BiH railway network is poorly developed as there are just over two km of railway line
per100 km? (See Figure 4). On the other hand, all industrial systems are linked to the railways
and most of BiH’s population lives in areas which railway lines traverse. Nevertheless, the
only sure thing is that there is a huge perspective for development of railways in the country.
However, this paper shall put focus on the improvement of key railway infrastructure in the co-
untry. Since 2000 when the “Phare Multi-Country Transport Programme” gave overall priority
to railway lines in branch c of the 5th Pan-European Transport Corridor (hereinafter: Corridor
5-¢), as numerous studies (e.g. TIRS, REBIS and so on) confirmed its importance not only for
BiH's economy but also for the regional transport system development.
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1.2 Institutional Framework

According to the DPA, the Inter-Entity Boundary Line divides BiH into two Entities: Federation
of Bosnia and Herzegovina (FBiH) and Republika Srpska (RS). In addition, in 1999, Brcko Dis-
trict of BiH was established as a single administrative unit of local self-government existing
under the sovereignty of BiH (and owned by two Entities).

The complex organizational structure of the country resulted with even more complex insti-
tutional establishment of railways: The owners of railway infrastructure in BiH are both entity
governments as well as the government of Brcko District (each on its territory). Therefore, the
railways in BiH are the “subject of interest” for three different ministries: At state level, there
is the Ministry of Communications and Transport (MoCT) and in addition both Entities have
Ministries of Transport.

Furthermore, there are two railway undertakings established by the Entities, which are at
the same time infrastructure managers and railway operators: Railways of Federation of BIH
(ZFBH) and Railways of Republic of Srpska (ZRS). Both companies are members of the “Uni-
on Internationale de Chemins de Fer” (UIC). Consequently, operations are regulated in legal
terms by the State and Entity Laws, but also by the specific railway regulations which elabo-
rate in detail each component of the railway transport system.

Finally, pursuant to Annex 9 of the DPA, the Entities founded a joint public corporation as an
inter-entity umbrella organization for all stakeholders. A Management Board (one general
manager and two deputies) and a Board of Directors (representatives from both Entities as
well as from both railway undertakings) were established in line with the Agreement on esta-
blishment of the Bosnia and Herzegovina Railways Public Corporation (hereinafter: BHRPC).
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Figure 3 Basic structure of railway sector in BiH (DB International, 2008)

According to the Agreement on establishment, BHRPC mission is to ensure institutional co-
operation (on inter-Entity level) and to act as an overall supervisory and regulatory organi-
zation by (i) allocating train paths for inter-Entity and international traffic (ii) setting railway
infrastructure investment and rehabilitation priorities (iii) examine the ways and means to
improve the level of service on the two main lines, (iv) harmonizing technical systems such
as signalling, safety and telecommunication, (v) harmonizing of fee structures and levels, (vi)
settling of accounts between the railway undertakings, and (vii) harmonizing regulations and
standards to EU and international organizations requirements.

Furthermore, the Agreement confirmed the responsibility of the State for international and
inter-entity transport and consolidates the role of the BHRPC as an agent for international
financial assistance and for communication with international organizations and the EU. Fi-
nally, the Agreement stipulates that BHRPC can act as common agent for all matters which will
contribute to the development of the railway sector in BiH. However, both the representative
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and the active role (in international activities) are subject to the approval of the Entities’
governments or the railway undertakings.

The state Railways Act stipulates the establishment of the Railways Regulatory Board (here-
inafter: RRB) in BiH as part of BiH MoCT financed from the state budget. RRB activities are
related to: (i) technical standards specification, (ii) railway sector monitoring and (iii) licen-
sing of safety certificates, inspection and railway accidents statistics. RRB is still not fully
operational, because a lot of functions have been delegated without adequate personnel
and financial support.

1.3 BiH and EU in context of Railway infrastructure rehabilitation

The Declaration on Special Relations of BiH and EU was adopted in 1998. In 2006, the BiH Di-
rectorate for EU integration drafted “EU Integration Strategy”, where “Parliamentary Assembly
adopted Conclusions which, inter alia, present the presence of a full political consensus that
EU membership is the highest possible priority for BiH.”

This act was followed by drafting of the “Transport Sector Policy and Strategy for BiH” (suppor-
ted by EBRD and WB) to the MoCT. Both documents were completed in 2007 and adopted
by the Council of Ministers (hereinafter: CoM) back in 2008. Unfortunately, the process of
its acceptance in the Parliament took more than five years and recently the documents were
returned to the CoM for its additional adjustment.

An integral part of the signed SAA is the “Protocol on Land Transport”, which should ensu-
re that land transport between and through the territories of BiH and EU is developed in a
coordinate manner. The Protocol includes a section titled “Rail and Combined Transport”
stipulating the adoption of coordinated measures by BiH and EU for the development and
promotion of rail and combined transport. In addition, this section of the Protocol also refers
to the readiness of EU to support the infrastructure development in BiH through its financial
institutions and lending instruments.

On June 11th, 2004 BIH was one of the countries to sign Memorandum of Understanding for
the development of the Core Regional Transport Network (SEETO Comprehensive Network).
This act established South East Europe Transport Observatory (SEETO) as regional transport
organization. One of the main SEETO objectives is to enhance local capacity for the imple-
mentation of investment programmes.

In the meantime BHRPC has implemented “Regional project Railways in BiH [” (63.5 million €
loans from EBRD & EIB and donations from Government of Canada and Government of Japan)
and “Regional project Railways in BiH lI” (173 million € from EBRD & EIB loans, grant EU and
from BiH budget). “Regional project Railways in BiH llI” announcement is expected soon.
Moreover, EU continuously provides technical assistance to railway authorities in BiH (e.g.
through IPA | Action Programmes).

One of the most important projects of railway sector institutional building in BiH, so far was
the harmonisation of regulations on maintenance of railway infrastructure and rolling stock
with the EU Directives (2001/16/EC on interoperability and 2004/49/EC on safety) and Tech-
nical Specifications for Interoperability (TSI). “Updated and harmonised railway regulations
concerning the railway infrastructure shall provide the regulatory basis for BHRPC for imple-
mentation of design, upgrade and construction activities concerning the railway infrastructure
in BiH.”

On the other hand, Infrastructure Projects' Facility of The Western Balkans Investment Fra-
mework (WBIF) has already provided technical assistance for two railway infrastructure re-
habilitation projects in BiH (TA2-BIH-TRA-02 and WB5-TRA-BIH-14). WBIF is a joint initiative
of the EU, International Financial Institutions, bilateral donors and the governments of the
Western Balkans countries. The range of technical assistance includes feasibility studies, as
well as economic and financial analyses, environmental and social impact assessments, and
design drawings.
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Figure 4 Railway lines in Corridor 5-c and BiH Core Transport Network

2 Railway lines Samac-Sarajevo and Sarajevo-Capljina

Backin 2004 The World Bank in “Bosnia and Herzegovina Infrastructure and Energy Strategy”
assessed that 70% of the railway network in BiH is in need of major rehabilitation. Ayear later,
EBRD recognized improvement of the railway infrastructure as a key priority in the country.
Due to poor condition of railway infrastructure and lack of signalling and telecommunications
systems maximal train speeds in BiH are limited to 70 km/h for passenger trains and 50 km/h
for freight trains.

Railway lines in Corridor 5-c are D4 category (fiche UIC-700) conventional rail system for mixed
traffic (yet dominantly used for freight transport) providing standard gauge — GB (fiche UIC-
506). Both railway lines are included in “SEETO Comprehensive Network”, so at some point it
will also be included in the Trans-European Transport Network as well. However, considering
the present condition of infrastructure it seems that some urgent measures should have been
applied a long time ago.

2.1 Railway line (km 21+748) — Samac — Sarajevo (km 257+097)

Construction of railway line Samac-Sarajevo in the valley of the Bosna River (maximal gradi-
ent is 8%) was completed in 1947. The railway line was significantly upgraded from 1968 to
1971 (railway line electrification, installation of automatic block signalling and electric power
supply remote control etc.). Construction of the second track from Doboj to Jelina (87 km) was
completed in 1978 and applied design parameters should have enabled train running speed
from 70 to 100 km/h. The railway line is constructed in densely inhabited areas. Railway sta-
tions Sarajevo and Zenica are located in city centres and there are many settlements along
most of the alignment. Consequently, one of the big issues is safety (e.g. between Sarajevo
and Zenica there are 39 level crossings).

2.2 Railway line Sarajevo - Capljina - (km 170+390)

Railway line Sarajevo-Capljina-Plo¢e was designed and constructed over mountain pass “lvan
sedlo” (narrow track tunnel “Ilvan” was reconstructed to provide standard track gauge) and
through the valley of the Neretva river. The electrified (25 kV AC, 50 Hz) single track railway
line was putin operation in December1966. The mountain railway line section Bradina-Konjic
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was designed and constructed with marginal technical standards (imax=25 %oandR_ =250 m).
The applied design standards allow maximum train speeds between 70 km/h (the mountain
section) and 100 km/h (southern from Mostar). The design included a lot of railway structures
so 98 tunnels as well as 70 bridges, viaducts and overpasses were constructed.

2.3 Railway lines in Corridor 5-c Rehabilitation Projects

2.3.1 “Railways I” Project

“A General Overhaul of the Single Track Railway Line Sarajevo-Capljina, (30 km long) Section
Bradina-Konjic-(Celebié¢i)” was completed in 2005. Project also included reconstruction of
border stations Capljina and Samac and railway station Doboj, as well as rehabilitation of
stations interlocking and level crossings.

2.3.2 “Railways II” Projects

Construction works on Track overhaul of 100 km long section Celebi¢i — Capljina were com-
pleted in 2011. Signalling system rehabilitation works started in July 2010 but hasn’t been
fully completed yet.

Track overhaul of the railways on Corridor Vc section Sarajevo-Bradina including tunnel “lvan”
rehabilitation is on pending (design for 41,5 km long section was completed in 2008 and
General Procurement notice was issued on 21t November 2013). Invitation to tenders shall
be issued soon.

“Reconstruction of track and signalling works on railway Samac — Doboj” is on pending as well
(design for 62,5 km long section was completed in 2008, but Feasibility Study is still missing).
Invitation to tenders for modernization signalling-telecommunication system along Railway
lines Banja Luka- Doboj and Sevarlije-Doboj-Samac was issued on 31t January 2014.

2.3.3 WBIF Projects

Technical Assistance for “Track Overhaul of Railway Section Podlugovi-Sarajevo on Corridor
Vc” (Feasibility Study and Design for overhaul of 25 km long single track section) was succe-
ssfully completed in 2013.

Technical Assistance for “Track Overhaul of the Railway Sections Doboj-Maglaj and Jelina-Ze-
nica on Corridor Vc” (Feasibility Study and Design for overhaul of 23,3 km long double track
section and 8,8 km long single track section) was successfully completed in 2014.

3 Lessons learned?

One of the main reasons why the railways in BiH are struggling to improve poor performances
lies in lacking strategic planning. EU transport policy concepts (e.g. sustainable mobility)
and projects (e.g. shift2rail) should be top priorities on the agenda of BiH politicians. The
Governments are aware that financial stability of infrastructure manager(s) is a pre-requisi-
te for implementation of priority railway projects, so restructuring of ZFBH and ZRS can be
expected rather soon.

Railway lines in Corridor 5-c are not only one of the most important transport systems in the
country but also in a wider regional context (e.g. essential for operation of Croatian port of
Ploce). Therefore, introduction of track maintenance planning based on Life Cycle Costing and
Asset Management System is a must!!!

It seems that the harmonization of railway standards and regulations and transposition of
EU legislation is the only bright spot of the railway sector in the country (confirmed with the
highest mark in new EBRD Strategy). Still, RRB and BHRPC are not fully operational and there
are a lot of railway regulations still pending.

Rehabilitation of railway lines in Corridor 5-c (including signalling, telecommunications and
electric power supply facilities and equipment) remain at the top of priorities. However, reha-
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bilitation of landslides and decontamination of mine fields prior to railway line rehabilitation
works is paramount.

In addition, even on sections where railway line rehabilitation works were recently completed
there is a lot of railway structures (tunnels, bridges, viaducts, masts etc.) in a poor condition,
therefore a railway asset management system should be introduced as soon as possible.
Modernization of signalling (including level crossings) and telecommunications of Railway
Lines in Corridor 5-c is a big issue and it seems the time has come to treat it accordingly. In
other words, the consolidated technologies and systems will be applied as described in TSI.

4 Conclusions

The rehabilitation of railway lines in Corridor 5-c is progressing, but the feeling that prevails
is that the pace has been too slow. It took ten years to complete (single) track overhaul works
between Bradina (km 41+084,54) and the Southern Border with the Republic of Croatia (km
170+390), which is roughly just a third of the total single track length. As there is also an 87
km long double track section, with this pace it would take at least another 20 years to com-
plete the overhaul.

Restructuring of railway companies in the country and full staffing of BHRPC and RRB are pre-
requisites for cost-effective railway infrastructure maintenance and development of feasible
projects as well. Moreover, the BiH governments and railway authorities should make harder
efforts to accept the European sustainable mobility concept and draft strategic papers promo-
ting comparative advantages of railway transport in the Comprehensive Transport Network.
Transposed European Norms together with new regulations stipulate the introduction of
modern technologies preparing the system for future integration into the Trans-European
Transport Network. Finally, as the International Financial Institutions are willing to continue
playing their role using reliable resources and tools for funding core transport infrastructure
development in the country, the main question is not if but when BiH will have a modern
conventional railway system.
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Abstract

In order to upgrade the track structure for train speed of up to 160 km/h, approximately 62 km
long section of railway line OStarije-Knin-Splitis in process of reconstruction. To complete the
reconstruction, noise protection and railway level crossings safety features need to be incor-
porated on the track. This paper presents the process of rail traffic noise protection project
creation. Project predicts both active and passive noise protection measures — construction of
noise protection walls and building isolation. Noise protection walls described in this paper
will be the first rail noise protection structures on Croatian railway network.

Keywords: rail traffic noise, environmental protection, concrete noise wall
1 Introduction

In order to upgrade the track structure for train speed of up to 160 km/h, approximately 62 km
long section of Lika railway, i.e. section from station Peru$ic to Gracac of railway line OStarije-
Knin-Split (shown in Fig. 1) is in process of reconstruction. As final part of the reconstruction
project, rail noise protection must be designed. This task has been entrusted to the Depar-
tment for Transportation Engineering of Faculty of Civil Engineering Zagreb.

According to [1], traffic noise from newly built and reconstructed transport infrastructure such
as railways, state or county roads, that adjoin orintersect the residential, business, vacation,
recovery and treatment areas should be designed and constructed in such a way that the noi-
se level atthe border of planned transport corridor does not exceed the equivalent noise level
of 65 dB (A) during the day and 50 dB (A) at night. According to [2], if predicted rail traffic noise
levels, calculated by “interim” noise computation method — Dutch National Method RMR-SRM
I, should exceed prescribed values, mitigation measures must be carried out.

Commonly used method of rail noise control both on existing and new railway lines is con-
struction of noise walls next to rail tracks, often in combination with building noise insulation.
Typical noise reductions after wall installation are up to 10-15 dB [3] depending on the wall
height, absorption and its distance to source and receiver. A survey conducted by UIC [4]
showed that, by the end of 2005, more than 1.000 km of noise walls were constructed and
more than 1.25 million Europeans have noise protection through insulated windows. An esti-
mated total of 150-200 million euros are spent annually in Europe on noise walls and insula-
ted windows. Same measures of noise protection will be used on this section of Lika railway.
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Figure1 Section from station Perusi¢ to Gracac of railway line OStarije-Knin-Split

Project assignment dictates design of noise protection exclusively for buildings near open

rail track sections, while areas around three rail stations (Perusi¢, Gracac and Gospic, Fig.

1) are excluded from consideration. The project of rail traffic noise protection is divided into

three parts:

- noise protection study which contains acoustic modelling of the observed area and results
in optimal definition of noise protection wall’s height and its placement in rail plan;

- noise protection wall main design which contains elaboration of its elements and positio-
ning in vertical plane and

- proof of proposed protective construction mechanical resistance and stability which conta-
ins calculation and dimensioning of noise protection wall elements.

Although the procedure of noise protection design and construction during (re)construction
of road infrastructure has become common and well known during the last years, as this is
the first case of noise protection application on Croatian railway network, during the project
development few challenges emerged. These challenges, as well the procedure of three-part
project creation will be briefly presented in the following sections.
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2 Creation and results of noise protection study

In order to perform the acoustic analysis and determine the optimized wall height and len-
gth, placement of wall in rail track cross section had to be established. To achieve optimal
performance of the noise wall, a general rule is to place it as close as possible to the source
or to the receiver.

Two challenges emerged while predicting the wall’s location in railway cross sections. The
first was non-existent national regulations regarding noise wall placement along the tracks
i.e. its minimum distance from track axis. Draft version of such a document states that the
distance between rail track and wall axis must be greater than 4 meters. This demand, altho-
ugh unofficial, created another problem.

According to project task, walls must be constructed on the rail reserve. The lack of free space
between the nearest rail and rail corridor boundary for wall structure placement, i.e. already
built drainage elements and telecommunication installations, in many track sections made
wall introduction impossible (Fig. 2). After considering specifications defined in Italian and
German national regulations, Investor decided to reduce the permissible minimum distance
to 3.6 meters (Fig. 2).

Finally, it was time to optimize the planned noise protection. Since the track section is under
reconstruction, rail traffic is carried on a reduced scale and with limited train operational
speed (Table 1), study predicts two phases of noise protection construction.

Phase | includes the noise protection measures (both passive and active) that must be im-
plemented immediately, even in these exceptional rail traffic conditions. The construction of
phase | noise protection walls and building isolation coincides with completion of rail level
crossings safety measures incorporation, i.e. marks the end of rail section reconstruction.
After planned protection in phase | is constructed, it will be necessary to conduct acoustic
field measurements in order to determine the effect of preformed protection measures.
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Figure 2 Typical cross-section of Lika railway from Perusic to Gracac
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Table1 Noise modelling input data regarding rail traffic in operation during reconstruction

Train category  Design speed Max speed Number of trains during
Day Evening Night
[km/h] [km/h] 07-19h 19-23h 23-07h
Passenger 100 100 5 0 4
Freight 80 80 7 2 3

Because the completion of track reconstruction implies an increase in rail traffic volume and
speed (Table 2), the study further predicts the necessity of the implementation of the phase
Il protection whose construction should start immediately after the completion of phase I.

Table 2 Noise modelling input data regarding rail traffic in operation after reconstruction

Train category  Design speed Max speed Number of trains during
Day Evening Night
[km/h] [km/h] 07-19h 19-23h 23-07h
Passenger —tilt 160 110-160 8 0 0
Passenger — 120 80-120 2 2 6
conventional
Freight 80 80 8 2 3

Table 3 shows the height, length and area of optimized noise protection walls of protection
phase | and Il.

Table 3 Dimensions of optimized noise protection walls — phase | and Il

Wall height Phase | Phase Il

Lenght Area Lenght Area
H [m] L [m] Am?] L [m] A[m?]
1.0 0 0 24 24
1.5 20 30 96 144
2.0 100 200 184 368
2.5 212 530 16 40
3.0 80 240 24 72
3.5 0 0 12 42
Total 412 1000 356 690

According to the investor’s decision, individual residential buildings located at a minimum
distance of 150 m from the adjacent buildings are not intended for protection by noise protec-
tion walls. Such facilities will be protected by passive noise protection measures. In addition,
the study showed that passive protection should be applied on objects close to the rail level
crossings. Noise modelling results showed that 19 residential buildings are in need of noise
insolation.

3 Creation and results of wall’s main design

While deciding about the type and materials of wall’s construction, factors such as limited
space in rail cross section, available construction technology, aging/corrosion, stone impact
and fire resistance were taken into account. Therefore, project predicts the construction of
the walls with steel columns, supported by concrete piles and fill slabs made out of precast
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concrete. In most countries, precast concrete is the most commonly used wall material, pro-

viding low cost, low maintenance and effective solutions to unwanted noise. This is because

concrete noise protection walls [5]:

- are durable, with a design life of at least 40 years;

- require minimal maintenance and low whole life costs;

- can act as safety walls, withstand elements, fires and vandalism;

- take up less space than earth mounds;

- are made from locally produced materials;

- can be designed for installation at a variety of angles — vertical, raked or mixed;

- move from being an exposed structure to acting as embankment stabilizers in a continuous
ribbon;

- are flexible in design — can have any profile, colour or size can and therefore provide ele-
ments of architectural interest;

- are plant friendly — they contain no preservatives and need no repeat treatment.

4 Creation and results of wall’s mechanical resistance and stability
calculations

While calculating the mechanical stability and resistance of wall structure the following three

effects were observed:

- structure dead load together with additional constant load (weight of the absorbing layer of
wall fill slabs) in the value of 1.9 kN/m?;

- wind pressure in its maximum value of 1.37 kN/m? (for construction located in wind zone
IIl and at an altitude of 560 meters above the sea level wind speeds are up to 35 m/s) [6];

- rail vehicle pressure — this is yet another challenge that needed to be solved, because,
again, there is no national legislation covering this topic. The answer was found in German
researches and practice. According to [7], the maximum value of pressure and suction for
train passing speed of 200 km/h is 0.35 kN/m?. This value is considerably lower than wind
pressure. Considering that the maximum train speed on reconstructed section of Lika ra-
ilway will be 160 km/h and that regulations require that wind and vehicle pressure are not
to be taken into calculation simultaneously, wind pressure was defined as the relevant load
for wall’s mechanical resistance and stability calculations.

Due to the possibility that the results of acoustic measurements preformed after the construc-
tion of the phase I walls will show a need to increase the overall height of the walls, all the cal-
culations and dimensioning of construction elements were performed for 0.5 m higher walls.
When calculating and dimensioning of piles, data on soil characteristics contained in the
geotechnical study [8] was applied. Calculations were done considering the characteristics
of the soil that is prevalent in a particular area. This is because the distances between the
investigation points described in the study were quite large. However, since it is possible that,
in some places, piles will enter the solid rock, two principles of calculating and dimensioning
were conducted:
- the pileis hovering in infinite half-space — calculations were conducted by the theories and
data of [9, 10, 11, 12];
- the pile iswedged into solid rock in depth of 1.2 meters — calculations were conducted using
the finite element method and Winkler soil model.

Calculations showed that the foundation construction of the noise protection walls must
consist of piles 0.6 meters in diameter and from 3.5 to 5.0 meters in length. At the top of the
pile there should be specially shaped patella for steel pillars in depth of 0.9 or 0.7 meters.
The thickness of the supporting layer of reinforced concrete fill slabs must be 0.12 meters.
Wall construction is shown in Fig. 3.
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Figure 3 Elements of noise protection wall construction

5 Conclusions

Project of rail traffic noise protection described in this paper had few challenges that were
gradually overcame by joint effort of Investor, project manager and designers. The biggest
issue to the project designers was relatively late inclusion of noise protection project in the
overall rail reconstruction project and lack of legislation to be followed in the design procedu-
re. It is therefore important to emphasize that, for the future projects, noise protection walls
design must be incorporated in early stages of the track (re)construction project, as they are
an important part of track substructure and not a mere railway equipment.

Based on the existing trends in urbanization, increase in the amount of cargo transportation
and environmental requirements, it can be said that the need for high quality railways in
Croatia is in constant growth. Such expectations are based on the specifics of railways, long-
term investment periods and the significant role of budget funding, especially in the area
of infrastructure investments. Due to the economic situation, the planned construction of
high-speed railway lines is now delayed and only rehabilitation of railway lines for speeds up
to 100 km/h are planned. Nevertheless, this is the gap that needs to be fulfilled with quality
noise protection structures construction legislation preparation.
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Abstract

This paper analysis a comparison of the current maintenance of railway tracks with the ma-
intenance based on an analysis of the life cycle costs in order to define a new model for the
maintenance of railway infrastructure. The model should generate a minimum total cost in
the life cycle of railway tracks for the required level of track quality. The current model of
corrective maintenance of track in use was analyzed, and an alternative model of preventive
maintenance during the extended life cycle of the track is proposed.

The model was defined using a chosen track section, which was analyzed and reduced to two
representative types of standard kilometer. Following these analyses, models for corrective
maintenance and preventive maintenance for standard kilometers | and Il were obtained,
also considering corresponding subtypes depending on the anticipated traffic load up to 1,
to 3 and to 5 million gross tons. Benefits for preventive maintenance are lower overall ma-
intenance costs with great effects and longer periods of preserved high quality of the track,
while deficiencies are increased maintenance costs at the beginning of the observed period
of the life cycle, the need for good preparation of maintenance with strong logistics and una-
vailability of track for longer periods of time.

Benefits of corrective maintenance are lower initial costs of maintenance due to its use, since
they are the only parts of the track where failures were found that are maintained, while the
disadvantages are total higher maintenance costs, faster reduction in the overall quality of
the track, small effects of maintenance and many short intervals of closed tracks due ma-
intenance with high costs disorders in train traffic. The research results favored preventive
maintenance with flexible quality maintenance limits during lifecycle of track.

Keywords: railway network, corrective maintenance, preventive maintenance, life cycle costs
1 Introduction

In the last few decades in Europe significant changes are occurring in the management of
railway infrastructure. In all EU member states, but also outside the EU, continuous work on
the restructuring of railways is taking place in order to separate the railway infrastructure ma-
nagement and transportation management. Infrastructure Managers (IM) today must ensure
the system of railway infrastructure that provides reliable transport of passengers and cargo
in a safe mannerand that should be as simple to maintain. The decision on choosing the type
of railway track is not only determined by the initial investment cost (“cost of acquisition”),
but also by the costs that will be generated through the operation and maintenance (“cost of
ownership”) in the lifetime of the railway track. In order to make this possible, manufacturers
and suppliers involved in the project of railway track construction are developing products
that are reliable and cost-attractive in order to optimize the cost of acquisition and cost of
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ownership. This optimization should normally begin immediately at the beginning of the life
cycle of the track, during concepts and definitions of the system, in order to anticipate all
expenses that will occur during the life cycle of the track. All decisions of the infrastructure
manager concerning the design, manufacture and construction of track components have an
impact on the performance of the track safety, reliability, maintainability and total life-cycle
costs. A key aspect of the railway track, as an essential part of the railway infrastructure, is its
long lifespan (30 years or more), because once the track is built, later is extremely expensive
and complicated to change its design. This means that decisions taken at the beginning of
the life cycle and dynamic decision-making over a period of maintenance have a long-term
impact on the lifetime of the track.

2 Maintenance of the railway infrastructure

The life cycle of the railway track system is a time period that encompasses the overall lifes-
pan from the initial concept of the track until its disposal. European norm EN 60300-3-3:2004
Life Cycle Costing [1] defines the life cycle cost of the general system and its application to
the track superstructure (Figure 1).

Figure1 Life cycle of railway track [1]

Due to the long lifespan of the track, operation and maintenance phase is significant for the
study of costs. During that phase periodic maintenance activities are performed that generate
cost, and its more or less successful effects significantly contribute to the total cost in the life-
time of the railway track. Good maintenance can affect the life cycle of a railway track in such
a way as to ensure the expected lifetime of the track, while flaws in maintenance activities
can significantly shorten the track lifespan early and cause a irrecoverable decrease quality of
the track, need for a subsequent increase in maintenance and therefore higher costs, as may
ultimately resultin earlier than expected renewal of the track. Rail infrastructure maintenance
is a combination of technical and administrative activities, including inspection activities,
which aim to preserve the railway track in operation or bring it to a state that can perform
the intended function — the circulation of railway traffic in a reliable and secure manner,
with a designed capacity and according to the defined requirements for speed limit and the
permitted axle load. To design optimal maintenance it is important to ensure the necessary
conditions [2] such as: Register of infrastructure as a first step maintenance management
system to structure a complete record of railway track and its correlation with quality (deter-
mined by measurements), maintenance activities and generated traffic load. These data are
mainly in possession of infrastructure manager, but in different databases and forms, which
are relatively difficult and complicated for maintenance purposes. Maintenance models that
determine methods to monitor the track degradation, frequency of maintenance activities
and definition of required maintenance activities. Cost analysis in the life cycle enables the
determination of the optimum between investment and maintenance, or comparison and se-
lection maintenance type with the lowest total cost while ensuring the required quality of the
track, using developed maintenance models, experiences in maintenance and expert asse-
ssment. Planning of maintenance and renewal of the track with the help of computer support
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facilitates the prioritization of maintenance activities, as well as identifying and planning
the necessary resources such as time intervals for maintenance, necessary labor, materials,
machinery and equipment for maintenance. Maintenance of the track is classified according
to EN 50126-1999 [3] (Figure 2).
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Figure 2 Types of maintenance of railway track [3]

The infrastructure manager during operation and maintenance of the track must make decisi-
ons that are aimed at preserving the balance between economic aspects (costs) and safety-
technical aspects (safety) of railway track. The aim of the infrastructure manager in terms of
maintenance is to find efficient and cost-effective models to optimize the operating hindran-
ces and reduce train speed restrictions which finally contribute to the increased availability
of the track in its lifetime.

3 Track maintenance models

On the trackin use were considered the costs of present type of maintenance in prolonged life
cycle of track and comparison with an alternative way of maintenance while maintaining the
required quality of the track. Considered track in operation is single track R202 Dalj-Varazdin,
section between Osijek and Nasice 48.159 km long. The section was built in 1974, category
of load is D4 (22.5 t/axle, 8 t/m1), maximum speed of trains is 80 km/h. Designed lifespan
of this section was 33 years which has been exceeded in 2007. This means the track section
has been completely depreciated, so there are considered just projected maintenance costs
in its estimated extended life cycle for a period of 12 years (2013.-2024). Superstructure of
the considered track is based with wooden sleepers for a length 19.916 km (Table 1) and with
concrete sleepers for a length of 28.243 km (Table 2). Based on the overall characteristics
of the track section Osijek — Nasice, types of standard kilometers (SK) are defined that best
describe the considered track section:

Table1 Standard kilometer |

R> 600 m single track, 38 years old
MGT/year rail/sleeper/track rail grade ballast bed substructure
1/3/5 49E1, wooden (K), CWR 200-220 crushed stone good

Table 2 Standard kilometer Il

R> 600 m single track, 38 years old
MGT/year rail/sleeper/track rail grade ballast bed substructure
1/3/5 49E1, concrete (K), CWR 200-220 crushed stone good

RAIL INFRASTRUCTURE PROJECTS DESIGN, CONSTRUCTION, MAINTENANCE AND MANAGEMENT
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure

91



92

For standard kilometers subtypes were developed (a, b, ¢), depending on the expected traffic
load on the track — to 1 (a), to 3 (b) and to 5 (c) millions gross tons per year (MBT). Standard
kilometers define the main types of maintenance (work cycles) for track section one kilometer
in length. In the following will be presented standard kilometer IIb for traffic load up to 3 MBT
and maintenance of the track with concrete sleepers type HZ-70, fastening type K or ZEL, rail
type 49E1in the ballast bed of crushed stone. Track is continuously welded (CWR).

3.1 Corrective maintenance

The present method of track maintenance is mainly based on the principles of deferred correc-
tive maintenance based on track condition and detection of failures that require corrective
maintenance. Through review of the recorded data obtained by recording car for track geo-
metry, visual inspection of the track and elements of superstructure, maintenance activities
are executed only at places where failures are detected at the limit of intervention (category
0) [4] and within the available budget for maintenance. If determined condition of the track is
such that endangers traffic safety (exceeds intervention limit), it is necessary to immediately
take actions to ensure the safety of railway traffic and take immediate corrective maintenance
activities. The costs of such maintenance as compared to the effects achieved are relatively
high because, for example, machine tamping performed on the track so far was with a rela-
tively small number of machines and in short intervals between trains, resulting in repeated
operating hindrances, long slow orders and trains delayed due to maintenance activities.
Unavailability of track during maintenance often means expensive substitution of passenger
trains with buses and thus increased maintenance costs, and need for passenger operators
to provide additional sets of passenger trains.

A key working cycles with corrective and preventive maintenance are recognized through
following maintenance activities: tamping of track (leveling-lining-tamping — LLT), adding
crushed stone for ballast bed (necessary after LLT), exchange of sleepers, rail replacement,
exchange of synthetic rail pads, small spot repairs and chemical weed control. Taking into
account the data on the condition and quality of the track, available databases and available
experience in track maintenance enables creation of standard kilometers for corrective ma-
intenance and the traffic load up to 3 MBT/year (Table 3).

Table3 Standard kilometer Ilb — working cycles of corrective maintenance

Standard kilometer Ilb

R>600 single track
Milions GT/year rail/sleeper/track grade ballast bed substructure
upto3 49E1, concr. 220 crushed stone good
(K/ZEL),CWR
maintenance life span 12 1 2 3 4 5 6 7 8 9 10 n 12
renewal times in life span 0
leveling-lining-tamping  times in life span 4,1 0,35 03 03 03 035 035 0,4 04 04 04 0,4
additional ballast times in life span 0,18 0,03 0,03 0,04 0,04 0,04
rail exchange times in life span 0,03 0,03
sleeper exchange times in life span 0
rail pads exchange times in life span 0,1 0,1
small repairs times in life span 3 1 1 1
chemical weed control timesin life span 11 1 1 1 1 1 1 1 1 1 1 1

3.2 Preventive maintenance

An alternate way of track maintenance in the life cycle of railway track is based on planned pre-
ventive maintenance for multi-year periods. In this way, maintenance costs of operating hin-
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drances (costs of slow orders, substitutions of passenger trains with buses, delayed trains)
are reduced to a minimum in a way to ensure long enough intervals of track possessions for
maintenance (duration of min. 6 hours) with numerous and high quality machinery capable
for large work effects and maximum utilization of the available time periods for maintenance.
That allows execution of maintenance work with smaller total number periods of closed track
and overall shorter duration of slow orders with less operating hindrances in railway traffic.
Maintenance activities are planned through monitoring of the track quality index (TQIu) [4] in
away to maintain the overall quality of the track at the entire length of track section and up to
the maintenance limit and prevention exceeding of intervention limit and need for corrective
maintenance. Leveling-lining-tamping activities are executed in approved time intervals of
track possessions for maintenance at the entire track section and the quality of the whole
length of the track section is increased, as opposed to corrective maintenance where just a
parts of the track section are maintained at sections with low quality (Table 4).

Table 4 Standard kilometer llb— working cycles of preventive maintenance

Standard kilometer lllb

R>600 single track
Milions GT/year rail/sleeper/track grade ballast bed substructure
upto3 49E1, concr. 220 crushed stone good
(K/ZEL),CWR
maintenance life span 12 1 2 3 4 5 6 7 8 9 10 n 12
renewal times in life span 0
leveling-lining-tamping  timesin life span 4 1 1 1 1
additional ballast times in life span 0,16 0,04 0,04 0,04 0,04
rail exchange times in life span 0,03 0,03
sleeper exchange times in life span 0
rail pads exchange times in life span 0,1 0,1
small repairs times in life span 3 1 1 1

chemical weed control

times in life span

3.3 Comparison of maintenance costs

For each working cycle of standard kilometers and for all maintenance activities were calcu-
lated maintenance costs per kilometer of track, separately for corrective maintenance and
preventive maintenance. Maintenance costs were calculated on the basis of available data
of infrastructure manager (IM) HZ Infrastruktura, Zagreb (period from 2012 and 2013) about
costs of maintenance machinery, costs of superstructure materials, costs of labor and costs
of operating hindrances. In order to determine the present value of the maintenance costs in
expected life cycle of track, maintenance costs are discounted using a discount rate selected
at the beginning of the observation period. With summing up the annual costs of the opera-
tion and maintenance phase discounted at the beginning of the observation period, present
value of maintenance costs are determined in the observed life cycle of a railway track.

Table 5 Present values of corrective maintenance costs (CM) and preventive maintenance costs (PM) for
standard kilometer Ilb

Standard kilometer Ilb

MGT concr. year

upto3 total (kn) 1 2 3 4 5 6 7 8 9 10 1 12
Present 259004 12123 63460 41849 21074 9974 33901 9881 21039 8962 28611 8129 0
value (CM)

Present 228713 38405 41088 30868 33175 3534 12290 28658 3053 2907 32098 2637 0
value (PM)
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To compare the costs of current model of corrective maintenance for railway tracks with the
proposed model of preventive maintenance in the prolonged life cycle of 12 years, discount
factor of 5 % was chosen to calculate the present value of maintenance costs, while the impact
of inflation is not taken into account (Table 5). By comparing the value of the cost of correc-
tive maintenance in relation to the expected costs of preventive maintenance for standard
kilometer Il and traffic load up to 3 MBT, noticeable are the potential savings up to 11.69 %
for a given period of prolonged life cycle track in use for a period of 12 years [5]. Maintenance
costs for corrective and preventive maintenance in a standard kilometer Ilb can be shown in
relation to the expected traffic load in the period of extended lifecycle, after which the costs
of corrective and preventive maintenance are associated with the corresponding logarithmic
regression curve (Figure 3).

Croatian kunas [kn]

Figure 3 Comparison of corrective and preventive maintenance costs (present values) based on cumulative
traffic load for standard kilometer Ilb (7,5 kn = 1,0 EUR)

In the case under consideration, the comparison of corrective and preventive maintenance
of the standard kilometer IIb shows that the cost of preventive maintenance at the beginning
of the observed prolonged life cycle of 12 years are higher than the initial cost of corrective
maintenance. Benefits of corrective maintenance are greater flexibility and faster execution
of maintenance because it maintains only a portion of the track that requires maintenance,
and in the beginning of the life cycle maintenance costs are smaller because of latter start
with track maintenance and only on the sections where failures are detected. Disadvantages
of corrective maintenance are cumulatively higher costs and higher quality loss than for pre-
ventive maintenance, harder prolongation of life cycle without reducing the speed on the track
and more intervening corrective maintenance. Advantages of preventive maintenance are lon-
ger periods of high quality of the entire track in relation to corrective maintenance, total less
maintenance costs, less intervening corrective maintenance because of the high quality of the
track and a bigger potential for lifecycle extension of the track. Disadvantages of preventive
maintenance are initially higher costs than for corrective maintenance, comprehensive and
high-quality preparation to ensure necessary preconditions for the timely performance of
maintenance (timely procurement of necessary quantities and types of materials, services,
logistics and long enough time periods for maintenance works).
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4 Conclusion

Track maintenance should be based on preventive maintenance based on track condition,
overall quality of the track, resulting traffic load and past experiences of experts in main-
tenance. Through monitoring activities such as visual inspection of the track, inspection of
track with special equipment for measuring and testing individual elements, inspection of
track with locomotive of maintenance personal, analyzing the geometric diagram of the re-
cording car and track quality index provide a basis for planning of preventive maintenance.
Through inspections of track failures are observed regardless of their size, but according to
their seriousness the necessary emergency corrective maintenance should be performed,
and for the next period activities of delayed corrective or preventive maintenance should be
planned. The fact is that through planned maintenance activities and working cycles it is not
possible to achieve the level of quality that existed immediately after the track renewal [6],
but it is also the fact that maintenance activities can slow down decline of track quality and
ensure a certain lifecycle extension of the track. Preventive maintenance activities normally
should be planned years in advance and for the total expected lifecycle of the track, while the
potential number of failures for corrective maintenance activities is estimated based on past
data on the frequency of errors and their impact on the traffic disturbances. For a successful
preventive maintenance it is required to ensure quality computer support and development
of software solutions which will be based on collected detailed data on the condition of track
components, data on the changes of the quality of the track during operation in relation to
traffic load, data on the quality of completed maintenance activities and data about previous
maintenance costs. In that way it will be possible to successfully implement and realize the
maintenance of the track based on the lowest whole life costs through planned life cycle of
track.
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TRACK GEOMETRY MEASUREMENT
AS PREVENTIVE MAINTENANCE DATA SOURCE
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Abstract

Train or metro operating safety may be ensured only if the actual track geometry is known. This
requirement includes also knowledge of the horizontal and vertical rail head wear. Analysis
of this data is the source of cost effective and rational maintenance decisions. Moreover,
the earlier the necessary repair is done, the less expensive it will be, as one may . Therefore,
expenditures on measurement equipment are the most effective investment — saving costs of
possible accidents and costly repairs if they are made late. This is even more evident in case
of track network revitalization, as one has to decide where and what should be repaired first.
Any measurement method ortool without the objective data logging feature, makes it virtually
impossible to collect all data that would be necessary for the detailed diagnostic reasoning on
a line or railway network level, being useful only for direct measurement of some track para-
meterin a particular point. The principle of track geometry measuring trolley is described that
can record all aspects of track alignment and riding quality on plots and tabular reports, so
that maintenance service can locate efficiently the specific locations needing maintenance.

The measurement results obtained with the trolley — also of the rail head wear — are described
along with several track condition assessment methods.

Keywords: track geometry measurement, rail head wear measurement, turnout geometry
measurement, track condition assessment, track condition reporting

1 Introduction

Rail transport is one of the safest forms of surface transportation [1], yet railways, metro and
trams must carry out regularinspection and maintenance to minimise effect of the continuous
infrastructure deterioration which could disrupt freight operations and passenger services.
All such work has to be inspected, and the relevant measurement data has to be saved for
reference, for checking the infrastructure deterioration rate, or — in the worst case — in the
investigation procedures after the eventual accidents.
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Figure1 Track maintenance issues
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Rail wear, plastic flow, and rolling contact fatigue (RCF) become more and more important
issues for railways nowadays. They are the major factors of loss of rail head section and de-
velopment of surface cracks, depending on conditions like train speed, axle load, rail-wheel
materials type, size and profile, track construction, characteristics of bogie type, total load
carried (MGT), curvature, traffic type, corrosion, and environmental conditions [2], [3] (Figure 1).

1.1 Crucial role of correctness of rail head/turnout and wheel profiles

The track rails guide the conical, flanged, linked wheels, so the cars stay on track without any
active control both in the tangent track and in moderate curves (down to a radius of about
500 m). On sharper curves, the width of the wheel tread is not enough to maintain this effect,
and in addition, the wheel flange rests on the high rail side face. If the rail head is side-worn
orthe flange is worn, then flange climbing is likely and the wheelset may run outside the rail.
Tram cars are designed nowadays with low floor levels, so they are the exception as rail cars,
as their wheels are not linked, therefore, much benefit in vehicle guidance is lost. Because of
that, the tram tracks calls for as much attention as railway lines, even as the line speed is lower.
As maintaining the correct rail head/turnout profile is crucial for safety of train operation and
extending the track life, it is important to monitor the rail head/turnout profile and to compare
it with the desired profiles, usually using the templates specified in the pertinent regulations.
Rail profile grinding was initially developed by mining railroads of western Australia to control
wear on curves and a dramatic decrease in rail wear was observed with the increase in rail
life of up to 80% [4]. Therefore, the profile measurement systems are being needed more
and more nowadays to monitor the profile [5]. Efficiency of rail/turnout profile assessment
is significantly increased by use of the ‘virtual templates’ applied to profiles measured by a
special trolley [6], or track/turnout recording vehicles [7], [8].

All requirements concerning the correct rail head (also turnout) and wheel profiles, as well
as the track geometry quality, become even more complex in case of the Tram-Train concept
initially developed in Karlsruhe in Germany, which is now spreading rapidly through Europe
[9], [10]. The main idea has been to link a street tram network to the existing local passenger
rail network. In this case, the wheel-rail interface is a key to the vehicle’s safe operation and
controlling factor of the maintenance costs of such system.

1.2 Effect of track geometry on vehicle behaviour in the track

On curves, the outer rail is usually at a higher level than the inner rail (except the tram track),
unless the line speed is very low, of max about 15 km/h. However, a particular superelevation
may be most effective fora limited range of speeds only. Speed reduction below the lowervalue
of the speed range for the particular superelevation results in the excessive wear of the lower
rail head, so speed reductions in a poor quality track may even make its deterioration faster.
Yet another important factor affecting safety of rolling stock operation is the track twist. This
parameter should be carefully monitored as it may be a cause of the car wheel unloading,
which may lead to derailment. Such risk appears if the track cant varies considerably over
the vehicle wheelbase. This is effect is especially detrimental for vehicles with the suspen-
sion stiff in torsion. In addition, if cant irregularity is cyclic and its resultant effect on trains
travelling at a particular line speed corresponds to the natural frequency of some vehicles
passing there, there is a risk of resonant harmonic oscillation — cyclic roll — in these vehicles,
which may lead to their extremely improper movement.

Similarly, cyclic errors caused by changing vertical track unevenness can result in vehicles
lifting off the track, especially of the cars whose suspension is too stiff when they are empty.
In such case, the vehicle wheelsets become momentarily unloaded vertically, so the flanges
do not fulfil their function properly, or wheel tread contact is inadequate. It may also happen
that the track may be simply grossly distorted because of earthworks.
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1.3 Main causes of accidents

Statistical analyses examining the accident cause, type of track and derailment speed [11]
revealed that the main cause of derailments were broken rails or welds. Track geometry, exclu-
ding wide gauge, was the second cause of derailments on main lines — Table 1. However, for
the main track, wide gauge was also one of the most important causes of accidents (3.9%).

Table1 Main causes of accidents (based on [11])

Main track Siding track Yard track

Cause Frequency Cause Frequency Cause Frequency
Broken rails orwelds  15.3% Broken rails orwelds ~ 16.5% Broken rails orwelds  16.4%
Track geometry 7.3% Wide gauge 14.2% Wide gauge 13.5%

Train operation safety related issues require, therefore, measuring equipment for rail head
profile and track geometry, making it possible to enter and save annotations with visual in-
spection results (e.g., broken rails or welds), addressing this way the most important causes
of accidents [12], [13].

2 Design requirements for track geometry measurement devices

All issues discussed above have to be addressed with the relevant measurement devices,
which will provide objective data needed for diagnostics of track and turnouts geometry.
Measurement of wheel geometry is not discussed here, albeit the approach demonstrated in
this paper makes it possible to take wheel profile into consideration too. The decision was
made to develop equipment to be used by maintenance services, acting either based on
the information obtained from the periodic track and turnouts measurements of main lines
made with the track recording vehicles e.g. [7], or checking the side and yard track network.
Therefore, the general design requirements were selected as follows:
- Hardware features
- portable
- ruggedized
- resistant to adverse climatic conditions
- no calibration required before the measurement session
- easy to assemble and disassemble
- long operating time, best on hot swappable batteries
- Control system
- custom made, to be independent from closed architecture of commercially available products
- immediate access to functions needed most often
- capability to work at night — backlit display
- collection of visual inspection results has to be possible
- capability to collect and store measurement data for a number of measurement sessions
- measurement data file has to contain metadata describing its contents, measurement
date and time, operator data, and device ID
- collected measurement data has to be tamper-proof, protection from any corrections to
measurement results has to be ensured
- measurement data has to be transferred to the PC for analysis and archiving
- Software
- measurement data from different devices, providing the same type of information (e.g.,
track geometry, rail head profile, et.) has to be processed by common software system
- the user has to be able to specify tolerances
- routine analysis tasks have to be done using predefined functions

RAIL INFRASTRUCTURE PROJECTS DESIGN, CONSTRUCTION, MAINTENANCE AND MANAGEMENT
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure

99



100

3 Devices for track and turnout geometry measurement

According to maintenance issues discussed in Section 1the relevant devices were designed
meeting design requirements put forth in Section 2. Two field tested devices are presented
below:

- trolley for track geometry and rail head profile measurement — TEP [6]

- optical system for rail and turnouts profile measurement — Scorpio [8]

3.1 Track geometry and rail head profile trolley

The trolley (Figure 2) can measure track gauge, cant, horizontal and vertical unevenness, twist,
gradient, distance and rail head profile (non-contact laser vision system), including grooved
rails. It is possible to merge measurement data files to represent longer track segments than
measured in a single measurement session. This way, obtaining a complete information on
the track condition is possible as it contains — its geometry data along with the rail head
vertical- and horizontal wear.

Figure 2 Track geometry and rail head profile trolley

Test measurements shown in Figure 3 were taken in the tram track on the sharp curve. They
revealed that rail head profile data can be collected 15 times faster with the trolley than
with some other laser based reference device. Moreover, the developed trolley guarantees
synchronisation of rail head profile with track geometry data. As regards rail head profile
data processing (Figure 4), it was 30 times faster, and moreover, retains information about
location of the profiles.
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Figure 3 Exemplary track geometry and rail head measurement results

Figure 4 Rail head wear processing example

Several track geometry readings can be overlaid to reveal track deterioration proceeding fa-
ster at particular locations. Information about the track geometry is presented along with the
information about the defects and events in the track.

Rail head profile can be analysed to support rail grinding technology, providing information
about grinding indices, and analyses for the low and high rails separately in the curves. Eva-
luation and presentation of a number of track condition assessment results is available, e.g.
distribution of tolerance exceedings — Figure 5.
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Figure 5 Exemplary analysis of distribution of defect types in the track

3.2 Optical rail and turnouts profile measurement system

The device is composed from the rigid datum frame, movable laser measurement head and its
drive system. The measurement result is the 3D model of the measured object (e.g. turnout),
being the exact representation of the measured object both in the lateral and transverse direc-
tions. Merging of multiple measurements into one object, generating the arbitrarily selected
2D profiles, calculation of the longitudinal profiles, and generating measurement reports.

Figure 6 Optical system for track and turnout measurement
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4 Conclusions

Presented devices were designed to collect track and turnouts geometry data, as required for
ensuring train operation safety. Both devices were field tested, and verified using indepen-
dent measurement methods, outperforming them.
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Abstract

Making a company investment plan is a complex and difficult management issue. Project
selection and ranking are crucial steps for the company’s success in the market. Strategic
decisions, such as the development of a project investment plan, depend on many factors,
with different relevance usually changeable over time. Some relationships of the system’s
elements are functions of time. The subject of this paper is time dependent decision making
in transport project management. Several transport projects have been evaluated using Dyna-
mic Priorities in Multi-criteria decision making. Here we consider rail investment projects as
part of the Serbian railway network.

Keywords: project management, rail projects’ evaluation, dynamic priorities
1 Introduction

Making a company investment plan is a complex and difficult management task [1, 2, 3, 4].
Transport projects evaluation has been very often a crucial step in the transport company’s
success in the market. The decision making in investment planning is a very complicated
process because of many relevant factors, such as: stakeholders (owners, regulators, market,
politicians...), system boundaries, transparency, and heterogeneous criteria [5].

The author of [4] in his PhD Thesis emphasized that the modeling process should be seen
as a creative, dynamic and cyclic process. Decision makers are confronted with the difficult
problem of evaluating and choosing among various alternatives of transport projects. Tradi-
tionally, Cost-Benefit analysis, CBA, is used as a support in the decision making process in
transport projects planning. However, multi-criteria decision analysis has been promoted to
be used in the transport sector to overcome some of the shortcomings of CBA [1, 2, 3, 4]. In
this paper authors also suggest the usage of the multi-criteria decision making approaches
for transport projects’ evaluation.

Good decisions depend on the conditions in the future, and conditions vary over time, so
making good decisions require evaluation of what is more likely, or what is more desirable
during different time periods. This is the crucial reason for using the dynamic approach in
the decision making process. Dynamic judgments and the dynamic approach to transport
projects’ evaluation is the topic of this paper. Basic assumptions of the applied mathematical
computation are defined in the book [6]. There are situations in which changes occur in the
structure of the problem, some new criteria can be added or old ones removed. Sometimes
the judgments about the criteria change but the criteria remain the same. There are still
others in which the judgments about the criteria remain the same, but the judgments about
alternatives change over time. Finally, all these combinations are possible in practice [6].
The authors of [7] analyzed risks in megaprojects, after defining all relevant risks the special
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focus was on the dynamic relations in the model. The Systems dynamics methodology was
explained as a tool for better modeling and analyzing the behavior of complex systems. This
approach has been used by researchers and project managers to understand various social,
economic and environmental systems in a holistic view.

The authors of [8] suggested a new multicriteria analysis approach, with the following cha-
racteristics: unification of the criteria, differentiation of the project’s performance over time,
as a dynamic variable, and a new approach for the transformation of the physical scales to
artificial ones. The application of the proposed approach is demonstrated on the example of
the transportation infrastructure investments.

The aim of this paper is time dependent decision making in transport project management.
Numerous transport projects have been evaluated using Dynamic Priorities in Multi-criteria
decision making. This paper is organized as follows. After the Introduction, the second secti-
on, named applied methodology, contains basic assumptions of Analytical Hierarchy Process
(AHP). The third section, the model for railway investment planning, presents the developed
model with all system elements and their mutual relations. Results and discussion is the topic
of the fourth section. Finally, the last section is dedicated to concluding remarks.

2 Applied methodology

Analytical Hierarchy Process (AHP, developed by Thomas Saaty) is one of the most popular
approaches for Multi-criteria decision making. It is used in the analysis of decision-making
and decision-making to solve complex problems whose elements are the objectives, criteria,
sub-criteria and alternatives. AHP is one of the very popular approaches and because its
ability to identify and analyze the inconsistency of the decision makers in the process of
decompression and evaluation of the elements of the hierarchy. AHP in some way mitigates
this problem by measuring the level of inconsistency and informs decision-makers about that.
This is a static approach, which used fundamental Saaty scale to represent priorities. Expen-
ding the AHP approach it’s possible to cope with the time — dependent priorities. This new
approach is called Dynamic Hierarchy Process (DHP) [9]. Time-dependent decision-making,
i.e. dynamic decision-making is something that is often necessary. But these alternatives may
evolve over time, together with our preference for them, such as, for example, the actions of
the stock market whose prices are constantly changing over time. Dynamic decision making
is areality, nota complicated concept that can be ignored. It is necessary for the technical de-
sign problems in which the effects of several project factors change over time and must make
the compromise between them, to allow the system to react differently and continuously over
his work time. A typical form of the matrix in a dynamic form:

an(t) alz(t) aln(t)

a21(t) azz(t) aZn(t)

A(t) = Q)

anl(t) anz(t) ann(t)

aii>0,aii(t)=aij'1(t) in discrete situation, when A(t) is consistent, we have ai;(t)=Wi(t)/W;(t)-

It is preferable that you first obtain weights for different time moments numerically solving
the entire problem, and then these values approximate time-dependent curves. All relevant
equations are developed in [9].
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3 The model for railway investment planning

Developed model has the network structure, including four clusters (Figure 1). Each cluster
has a certain number of elements, which is explained in this section in detailes. Considered
sections (Rail Corridor X in Serbia) are presented in Table 1[1, 2, 3].
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Figure1 Considered model

Table1 The considered alternatives with the lengths

Section  Alternative Length of section [km] Number of tracks
A, Sid-Stara Pazova 16 Double-track
A, Subotica-Stara Pazova 153 Single-track
A, Resnik-Mladenovac-Velika Plana 70 Single-track
A, Velika Plana-Stala¢ 86 Double-track
A, Stala¢-bunis 17 Single-track
A Bunis-Trupale 40 Double-track
A, Ni3-PreSevo 173 Single-track
A, Nis-Dimitrovgrad 104 Single-track

All projects are already a part of the “Strategy for the development of railway, road, water, air
and intermodal transport in the Republic of Serbia from 2008 to 2015”. The purpose of the
modelin this paperis to rank rail investment projects, considering the financial and operating
aspects: C, — Cost-benefit ratio, C, — Criteria of speed restriction, C, — Criteria of rail infra-
structure capacity utilization, C, — Criteria of inconsistency with AGC & AGTC and C, — Criteria of
traffic volume [2]. Based on the explanation [2], all defined criteria for considered sections are
calculated. The values are given in Table 2. Using these data the pair-wise comparison matrices
are developed. The main idea is that alternative with which it can be achieved higher effect is
better ranked. The matrix of a criteria comparison is made by expert’s recommendation.

Table 2 The calculated values of considered criteria for all alternatives

Alternative C, [%] C, [train hours/km]  C, [%] C, [%] C, [train/day]
A 0.47 93 17/17 0.014 25
A, 0.45 24 75 0.084 48
A, 0.29 333 61 0.192 52
A, 0.07 31 23/23 0.048 40
A, 0.08 14 45 0.100 44
A 0.05 14 23/23 0.010 44
A, 1.66 9 34 0.285 23
A 2.84 12 36 0.267 16

od”
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The relevant external projects [1, 3] can be national or domestic, infrastructure, ecological or
social projects, etc. These projects has high importance in the model of transport projects
evaluation, having in mind that the transport network is very dependent of its surrounding
(including the transport system in the considered country but also neighboring countries). Cho-
osing the relevant external projects should be done by company management or by experts.
Suggested relevant external projects in this model are: X — Vidin-Calafat Bridge, Y — Rehabili-
tation of Corridor IV and Z — Privatization of Port “Bar”. Project X will take flows of goods and
passengers from Corridor X and make better service quality on Corridor IV. With project Y the
competitive Corridor IV becomes stronger comparing to Corridor X, and with the aim to keep
the same freight volume transport on Corridor X, the service quality should be improved.
Project Z would increase the volume of freight transport from Montenegro, through Serbia,
to Hungary.

We suggested using the dynamic approach for defining the priorities of relevant external
projects. Here is explanation for this proposal. One relevant external project has been already
realized, Vidin-Calafat Bridge, project X (opened 14. June 2013). The end of the second project,
the rehabilitation of Corridor IV is planned for 2020. Project Z, privatization of Port “Bar” will
be realized very soon, but its effects are going to be visible in next few years. We assume
that relevant time horizon for consideration is from 2014 to 2020 (at that moment all named
external projects will be finished).

4 Results and discussion

The model has two parts, static and dynamic. Static part means comparing projects by crite-
ria. This is done by using the Super Decisions software. The dynamic part presents projects
evaluation by the relevant external projects. Mathematical computation for this part is done
in Matlab. Table 3 presents the alternatives’ weights relative to the criteria. Calculations are
done in the software by using the well-known equations from the AHP approach.

The authors assumed that relative priorities of relevant external projects are time-dependent
values. Here are pair-wise comparison matrices for relevant external projects, Table 4. Based
on the data from Table 4, the functions for priorities are defined (Table 5).

Table 3 Alternatives’ weights relative to criteria

C, C, C, C, C, C, Weights
A 0.256 0.445 0.182 0.041 0.076

A 0.051 0.21 0.314 0.022 0.037 0.168
A, 0.237 0.113 0.132 0.044 0.097 0.144
A, 0.237 0.045 0.063 0.022 0.151 0.105
A, 0.051 0.075 0.021 0.083 0.220 0.070
A, 0.237 0.045 0.063 0.083 0.151 0.107
A 0.026 0.028 0.314 0.286 0.037 0.091
A, 0.019 0.045 0.063 0.286 0.020 0.050
A, 0.142 0.437 0.030 0.173 0.287 0.265
Sum 1 1 1 1 1 1
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Table 4 Pair-wise matrices for relevant external projects

2014 2017 2020
X Y z X Y z X Y z
X 1 3 5 1 1 4 1 1 1
0333 1 4 1 1 3 ] ] ]
z 0.2 0.25 1 0.25 0.333 1 1 1 1
Table 5 Dynamic priorities for relevant external projects
X Y z
X 1 2.875-0.643t 5.333-0.067t
1 4.167t-0.5t
V4 1
According the data from the table 5:
a,, =2.857—0.643t (R®=0.964) )
a,;, =5.333-0.067t (R*=0.92) )
a,, =4.167—0.5t (R®=0.964) (4)
where:
R? the R squared values, indicates how well data points fit a statistical model;
t time horizon: 2014 (t=1), 2017 (t=2) and 2020 (t=3).

Thereafter, using the following equations [9], the weights for relevant external projects can
be obtained. This calculation is made in Matlab.

1/ 1
Nnax = (a13 /auaza) 3 +(a12a23 /als)A +1 5)
A= a;,a,; + a13(>\max — 1) (6)
D= a;,a,; + a13(>\max - 1) + (>\max — 1)323 + (a13 / a,, ) —1+ (1 _ >\max )2 (7)
A
W, =— 8
“ D ®)
W, = (>\max _1)323 +(a13 /an) (9)
! D
— _ 2
. B G (10)
’ D
where:
W oW oW, are weights of relevant external projects, for X,Y,Z, t=1,3

The following graphs (Figure 2) are made by using the Matlab.
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Figure2 Weights W Weye and W, for relevant external projects X, Y and Z

The weights of alternatives relative to criteria, w_, are constantvalue (Table 3), but the weights
of alternatives relative to external projects, w, . are time dependent. We assume that the
criterion has the weight 0.7, and the relevant external projects 0.3 for the whole model. Final
weights of alternatives in the model should be calculated by following equation (Table 6):

W, =0.7w, +0.3w, , for i=18, t=13, j=15 )

Table 6 Alternatives’ weights relative to external projects and final obtained results of the whole model
through time horizons

2014 2017 2020

W, w,, W, W, w, W,
A, 0.164 0.168 0.169 0.168 0.200 0.178
A, 0.145 0.144 0.144 0.144 0.133 0.141
A3 0.145 0.117 0.144 0.117 0.133 0.113
A, 0.145 0.092 0.144 0.092 0.133 0.089
A, 0.145 0.118 0.144 0.118 0.133 0.115
A 0.145 0.107 0.144 0.107 0.133 0.104
A, 0.055 0.052 0.056 0.052 0.067 0.055
A 0.055 0.202 0.056 0.202 0.067 0.206

lod”

The final alternatives’ rank is presented in the Figure 3. The main conclusion is that the re-
lative importance of the alternatives is not changeable through the time, in this case study.
However, during the time, some alternatives become more (A1, A, and AS) or less (Az, AL A,
A, and A) dominant.
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Figure 3 Final alternatives weights through time horizons
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5 Conclusions

The model for decision making as a support system in decision making process should have
flexible structure, to be easy to change the model according the changes in its surrounding.
Decision makers sometimes need a model which take into account the changes of system’s
elements or changes in system’s surrounding. This model presents the results with all po-
ssible modifications and gives the suggestions for all of them. The developed model takes
into account changes in system’s surrounding, with consideration of the relevant external
projects, but also includes the changes of elements’ priorities over time horizons, giving the
final alternatives weights through time horizons. The analyzed case study was Rail Corridor
10 in Serbia. The main conclusion is that the relative importance of the alternatives in this
model is not changeable through the time. However, during the time, some alternatives be-
come more or less dominant. With respects to future studies, we recommend conducting the
relevant stakeholders and their influences on the decision making process. Very often, there
are dynamic stakeholders’ preferences, changeable over time.
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Abstract

Railways are one of the key modes of transport. The existing aging ballasted tracks play a criti-
calrole in rail transport infrastructure. In order to identify the challenges and problems faced
by railway infrastructure managers in European countries, a survey was conducted as part of
the EU FP7 SMART RAIL project.. The survey consisted of two parts: questionnaires were sent
to relevant specialists in various European countries; and a literature survey was undertaken.
Key findings include that: (a) rail transport are increasingly globally; (b) with technological
advances, rail trends are for faster, heavier and longer trains, as well as increased energy
effectiveness and greater reliability, whilst trying to reduce costs; (c) most of the railway tracks
in Europe have reached or exceeded their design service life; (d) ballasted tracks are the most
popular and economical track bed structure. One of the main challenges is how to enhance
these existing ballasted tracks in the context of the trends for increased use. Most countries
have their own standards in railway engineering and maintenance. Technical data were obta-
ined from seven countries, which should be useful for engineering design or evaluation. The
survey can be used as guidance or/and reference on railway track management and research
in particularly in European countries.

Keywords: existing railways, survey, aging, design service life
1 Introduction

Railways are one of the key modes of transport. Aged ballasted tracks play a critical role in Eu-
ropean rail transport infrastructure. To identify the challenges and problems faced by railway
infrastructure managers in Europe, a survey was conducted as part of the EU FP7 SMART RAIL
project [1]. The survey used two means of data collection: questionnaires were sent to rele-
vant specialists in various European countries; and a literature survey was undertaken. The
questionnaire was sent to all partners of this EU project SMARTRAIL and some network experts
outside the project through email. More than 50 experts were asked to answer the questi-
onnaire. These experts were from 14 countries in Europe: Austria, Croatia, Czech, Germany,
Greece, Ireland, Latvia, Poland, Russia, Sweden, Slovenia, Switzerland, The Netherlands, and
the United Kingdom. Eight responses to the questionnaire from seven different countries
were received, although in most cases the answer to at least one question was omitted. The
seven countries were: Croatia, Greece, Ireland, Russia, Slovenia, Switzerland and the United
Kingdom (UK).. These are referred to as the respondent countries (RCs). The questionnaire
survey mainly focused on track issues, including general issues, vehicles, rails, fastening
systems, sleepers, ballasts and sub-ballasts, placed soil and geosynthetics, subgrade, dra-
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inage systems, maintenance and the like. The literature survey included the railway market,
climate, train speeds and lengths, standards and technologies.

This paper presents the results of the questionnaire and literature survey, followed by a dis-
cussion of factors contributing to the European existing railway tracks and future demands.

2 Factors affecting tracks performance

A railway network is a complex system. system is quite a complicated system. First, operati-
ons and infrastructure influence each other in various ways. The quality of the rolling stock
influences the wear of the infrastructure and thus the amount of maintenance and renewal
needed. Secondly, infrastructure failures, but also planned interventions for maintenance,
influence the reliability of the operations. An important aspect of rail infrastructure is that the
assets or railways system components have long life spans and once installed it is very costly
and complicated to modify the initial design. Decisions in design and maintenance will thus
have a long-lasting impact. [2]

There are a number of factors affecting the performance of existing railway tracks. Their effects
are complex and often inter-connected. Figure 1 shows an Ishikawa diagram (fishbone dia-
gram) to present the key factors that contribute to the behaviour of existing European railway
tracks.

Figure1 Ishikawa diagram (or fishbone diagram) showing the key factors contributing to European existing railway
tracks.

3 Results of the survey process
3.1 Methodology of the survey

Figure 2 shows the methodology for the survey process. Two methods were applied to collect
data: a questionnaire and a literature survey, [2].

3.2 Results of the questionnaire survey

The age of the railway tracks currently operated in the RC’s is presented in Figure 3. It is possi-
ble that this question may have been interpreted differently by some respondents. Irish and
Swiss responses, who indicate their tracks are relatively new were related purely to railway
tracks ratherthan railway lines. In the case of others, they might have understood that railway
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lines or track systems were the focus of the question. The answer to the question “what is the
oldest railway track system still in service” was much more consistent. Figure 4 shows that
many track systems built in the first half of 19" century, are still in operation.
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Figure 3 The age of the majority of railway infrastructure in use.
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Figure 4 The oldest railway track system still in service.

When asked “what is the most frequent cause of failures on the railway track system”,
switches and crossings had the highest frequency of failure, followed by landslides and pro-
blems with transition zones. One railway operator specifically noted the correlation between
aged or infrastructure in poor condition and failure frequency. The weakest component was
generally seen to be related to the rail tracks.
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The frequency of performing preventive inspection and maintenance for the railway track
was very different across the RCs, from daily to weekly and half-year frequency. In Greece,
surveys are conducted twice a year by a track recording car and monthly and weekly by the
track agents; whilst in Slovenia, the respective rates are annualmaintenance and weekly —
preventive inspection. In Switzerland, visual inspection is carried out every fifteen days and
vehicle measurements are made twice a year.

The track stiffness adopted across Europe varied widley from 40 kN/mm to 200 kN/mm,
See Table 1, which includes data also on the maximum axle loads by Country. In Figure 5 an
overview of the current highest speed and expected future highest speed demand based on
the existing railway system is presented. The data shows that in the majority of countries the
current speed is between 120 km/h and 160 km/h. Most countries are planning for speeds in
the range 160 km/h to 200 km/h in the future.

Table1 Future evolutions in relation to vehicle load carrying capacity and high speed rail

Stiffness of the existing Max. axle load [t/axle]
railway tracks [kN/mm]

Croatia 150 - 200 22,5
Greece 50-75 22,5
Ireland - 18
Russia 100 - 150 30
Slovenia 60 - 100 30
Switzerland 100 - 200 22,5
UK 40 -100 25

Figure 5 Highest speed of the current and expected future rail transport

The most cost-efficient solution to the railway track is generally considered to be ballasted
track. The largest proportion of the RC’s maintenance budget is generally expended in relation
to ballast, renewal/replacement followed by rail tracks, and subgrade materials.

The average unit cost forthe maintenance of railway track was quite consistent in the surveyed
countries, and varied between 40 and 67 €/m. For example in Switzerland unit cost for mecha-
nized maintenance, which include ballast distribution, tamping, compaction and stabilization
is 67 €/m. Renewal of ballast, rails, sleepers without cleaning up of infrastructure is 1400
€/m, while renewal of ballast, rails, sleepers with cleaning up of infrastructure is 2500 €/m.
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3.3 Results of literature survey

The literature survey was focused on the issue what the future rail transport trends are. Figure
6 shows the population per km track in these countries in a number of European countries. [4]
It can be seen that surveyed countries (Croatia, Greece Ireland, Russia, Slovenia, Switzerland,
UK) are covering from average to very high population densities per km track.

Figure 6 Population per length of railway track in selected European countries (data source: [4])

Figure 8 shows statistical data from 1980 to 2009 for railway passenger journeys in four diffe-
rent countries, USA, China, Japan and the UK. It can be seen that for all the four countries,
railway passengers journeys and/orin length have been increasing annually. This implies that
rail transport markets are increasing rapidly both in established and emerging economies.
Since 1992, traffic on the Chinese railway network has increased by more than 110 percert
[5]. In 1990s, the network had a 2% average annual growth rate; while in 2000s, the growth
rate increased to 8% annually for both passenger and freight. This growth actually depends
upon a number of factors, for example, national economic and trade growth, market evolution
and demands, railway management competence and actions, national transport strategy and
funding, and the like [6].

a) b)

) d)

Figure 7 Statistical data from 1980 to 2009 for railway passenger journeys for four different countries:
a) United States of America, b) China, c) Japan and d) the UK, [7-10]
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From [4] historical data on train speeds has been collected and analysed. Before 1990, the
data adopted a linear proportional increase. After 1990, however, train speeds have increased
remarkably. With increasing rail market and advanced technologies, it is predicted that the
train speed will continue to increase.

After analysing the related data from selected countries, it could optimistically be concluded
that future railway demands will be increasing globally.

4 Conclusion

A survey on European existing railway tracks was carried out to identify challenges related to
current infrastructure. There is a strong demand for rail transport and continuous research and
development is being carried on to make railways faster, heavier, longer and greener. Most of
the existing railway tracks in Europe have reached their design service life; the main challenge
is how to enhance these existing ballasted tracks. Most countries have their own standards
in railway engineering and maintenance. Some typically technical data have been obtained
from seven countries which may be useful for engineering design or evaluation. The effects
of climate on track services are critically significant. There are a number of projects on R&D of
railways worldwide. There is a great deal of information on railways in various sources, e.g.,
journals and magazines, societies conferences, internet, etc. it would be helpful to obtain
sufficient literature search and review before starting a new research and development project.
Itis found that: (a) the markets for rail transport are increasingly global; (b) with technological
advances, rail transport trends are for faster, heavier and longer trains, as well as increased
cost and energy effectiveness and greater reliability; (c) most of the railway tracks have re-
ached or exceeded their design service life; (d) ballasted tracks are the most popular and
economical track bed structure but there are some challenges related to how to enhance
these infrastructure systems.
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Abstract

The paper deals with the problems of fulfilment of the new TEN-T infrastructure guidelines
in Slovenia on one hand and the financing of upgrading and construction works for the new
infrastructure on the other hand. The specific of our network is that the majority of our freight
traffic is in transit that means this freight has no origin or destination in Slovenia and serves
mainly to the foreign economy. The fact that the origin and/or destination of most of the
freight traveling on our tracks are not in Slovenia is not the problem for itself, the real pro-
blem is that the railway undertakers are not fully charged for the costs they produced to the
infrastructure as well as to the environment. This is the main reason why no major railway
project in Slovenia is financially proved although the traffic volume forecast are enormous.

With otherwords the Cost Benefits Analyses can not be positive enough because the costs are
Slovenian and benefits are from the countries which transported goods through our country.
New railway infrastructure can even not be proved by calculating of benefits by lowering of
environmental costs with shifting the freight from the road to the rail. This is why because
these environmental costs produced by the road traffic are actually also not ours, they are
forced to use since also the road freight transport is on our roads mainly in transit. The solu-
tion for countries like Slovenia lies in infrastructure fees which will cover full infrastructure
and environmental costs or the totally different scheme of co-financing on the European level.

Keywords: railway infrastructure, TEN-T network and guidelines, financing, transport
1 Introduction

It seems that the transport today is more and more an independent branch of economy, rather
than it’s support arm. You could say that it is becoming practically an end in itself, thereby
fatally affect the daily lives of people and policy, which is responsible for the development of
transport, energy, environment. Transportation is constantly increasing in spite of aging and
reducing the number of people in our part of the world. There are demands and the “need”
for new and new infrastructure. It is needed to put an end to the myth that continued growth
will never stop.

If you want to return transportation to the place it deserves in the transport chain, it is high
time to start charge the transport the full costs of the construction, maintenance and ma-
nagement of infrastructure and management of traffic on it, as well as all costs incurred to
the space and environment.
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2 TEN-Tinfrastructure guidelines and financial consequences

The standards for the core TEN-T railway network as adopted by the Regulation (EU) No

1315/2013[1] and which should be implemented by the year 2030 are for the railway infra-

structure for freight trains determined as follows:

1 full electrification of the line tracks and, as far as necessary for electric train operations,
sidings;

2 freight lines of the core network as indicated in Annex I: at least 22,5 t axle load, 100

km/h line speed and the possibility of running trains with a length of 740 m;

full deployment of ERTMS;

4 nominal track gauge for new railway lines: 1 435 mm except in cases where the new line
is an extension on a network the track gauge of which is different and detached from the
main rail lines in the Union.

w

If we compare the aforementioned requirements for the railway infrastructure with the existing
condition of the TEN-T network lines in Slovenia, we may draw the following conclusions,
presented in the Table 1.

The total TEN-T network of railway lines in Slovenia is 567.1 km long, 323.2 of them are double
track lines and 243.9 km are single track lines. All together 890.3 km of tracks perform the
TEN-T Slovenian railway core network.

206.9 km of double track lines (64.0 %) respectively 110.2 km of single track lines (45.2 %)
does not meet the requirement for the minimum speed of 2100 km/h. Or with other words,
317.1km of lines respectively 56.0 % of all Slovenian TEN-T network will need to be reconstruc-
ted or completely new build for achieving the desired speed of at least 100 km/h.

The first demand of TEN-T requirements, that is electrification, will be fulfilled till the year 2015,
since the electrification works are in progress on the last yet not electrified line Pragersko—
Hodo$ on the Slovenian-Hungarian connection of the new Mediterranean railway corridor.
The Slovenian TEN-T network and plans for the future development are shown at the Figure 1
below. For the time being this development plans are not yet confirmed by the government
and the Parliament, while the National Development Plan is still in the preparation phase and
will be published probably in autumn this year. It is the great possibility that the development
plan of the lines will stay the same but the final realisation will be postponed.

Table1 TEN-T lines in Slovenia

Line section Double track Single track V2100km/h V2100km/h V2100km/h V2100km/h
line [km] line [km] (2) [km] (1) [km] (2) [%] (1) [%]

Dobova-Zidani Most 50,8 33,7 66,3

Zidani Most-Ljubljana 63,7 24,9 39,1

Zidani Most-Maribor 91,9 38,2 41,6

Maribor-Sentilj-s.b. 16,5 3 18,2

Pragersko-Ormoz 41,2 38,4 93,2

OrmoZ-Hodo3 69,2 59,2 85,5

Ljubljana-SeZana-s.b. 116,8 19,5 16,7

Divaca-Koper freight st. 45,5 0 0

Ljubljana-Jesenice-s.b. 71,5 33,1 46,3

Total V=100km/h 323,2 243,9 116,3 133,7 36,0 54,8

Total V<100km/h 567,1 206,9 110,2 64,0 45,2
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Figure1 Slovenian TEN-T network

2.1 Needed investment money for realisation of TEN-T requirements

The question is how much money do we need for the fulfilment of TEN-T standards? The
biggest problems are the minimum speed of 100 km/h and the useable length of station
tracks of 750 m. With a rough estimation the investment costs would be between 5.5 and 7.5
billion EUR depending on the designing speed for open tracks (from 100 km/h to 160 km/h).
Before beginning of construction works the National Spatial Plan (NSP) must be prepared and
adopted by the government. These procedures take in average at least three years. This means
that before the beginning of the year 2017 no major project can start although the NSPs for the
Maribor-Sentilj and Ljubljana-Jesenice lines as well for the Pragersko station are already in
progress. 14 years would be available as the realisation time. Regarding the needed finances
and available time, between 390 and 530 million EUR per year should be invested into the
Public Railway Infrastructure (PRI) of Slovenia to upgrade the Slovenian TEN-T network to the
desired level.

3 Slovenia as a transit transport land

More than half, exactly 57.2 % of railway freight in tonnage in realised in transit transport on
the Slovenian railway network in the last year, what is shown in this Section 3. The statistics
is even more favourable for the transit if we take into account the NTKM. In later case the per-
centage is even 72.2 % (All together 4,289.8 million NTKM and in the transit together 3,095.7
million NTKM were realised).

3.1 Past freight railway traffic flows

Sloveniais a typical freight transit transport land what means that more than half of all forwar-
ded freight is realised as a land or a port transit. Figures related to the past, by railway tran-
sported goods, are shown in the following Table 2. The figures present the total amount of all
three freight Railway Undertakers (RU) operated in Slovenia.
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Table 2 Transported goods by railway (in “0oo tonnes)

Year 2007 2008 2009 2010 201 2012 2013
Dom. transport 1,853 1,915 1,634 1,870 1,474 1,369 1,550
-import 5,198 5,343 4,064 4,333 4,962 4,194 4,259
- export 2,260 2,089 1,861 1,994 2,018 2,063 2,391
- land transit 4,187 3,773 2,817 3,377 3,314 2,690 2,858
- port transit 5,751 5,894 5,051 6,433 6,817 7,215 8,129
Transit together 9,938 9,667 7,868 9,810 10,131 9,864 10,987
Int. transport 17,396 17,099 13,857 16,138 17,111 16,094 17,638
All together 19,249 19,014 15,491 18,008 18,585 17,463 19,188

From the Table 2 it is obvious that the domestic railway transport, i.e. the origin and destina-
tion of goods are in Slovenia, represents approximately 10 % of total transported goods till
the year 2010 and fell even to 8 % in the years 2011 to 2013. The reason for such result lies
probably in short transport distances in our country and the decline of the Slovenian industry
which input raw material and the output products were dedicated for the railway transport.
It is evident that the Port of Koper is the most important O/D source for the railway freight
transport on our railway network. Approximately 55 % of all loaded and unloaded freight co-
mes to and leaves the Port by the rail. In average 30 % of the total throughput in the port has
the Slovenian origin or destination and from this 30 % of Slovenian port freight about 66 %
were transported by the rail in the last three years. Just for the information the data regarding
the port throughput, this was in the last three years as follows: 18.0 million tonnes in the year
2013, 17.9 in the year 2012 respectively 17.0 million tonnes in the year 2011.

3.2 Future freight railway traffic flows

For the future traffic flows extensive analysis have been done in recent years. These analyses
show that we can count with enormous growth of freight traffic till the year 2030. It is suppo-
sed that freight throughput in the Port of Koper will rise from about 18 million tonnes to the
about 30 million tonnes. In general almost doubling of the existing railway freight transport
is expected in the next 17 years in the “do minimum” scenario.

With extensive upgrading of the “Mediterranean corridor” (the speed of 100 km/h for freight
trains and sufficient capacities of nodes and stations) the freight flow on the Divaca—Ljubljana
section could rise up to 35 million tonnes. In this case the capacity of existing double track
lines would not be sufficient any more. Forecasted figures for the railway freight transport can
be seen from the Table 3.

Table 3 Transported goods by railway (in “0oo tonnes)

Line sections year 2013 “do-minimum” 2030
Koper-Divaca 10,000 17,000
Divaca-Ljubljana 12,000 21,000
Ljubljana-Zidani Most 8,000 21,000
Ljubljana-Jesenice 5,000 9,000

3.3 Infrastructure users fees

In the Table 4 the amount of paid infrastructure users’ fee in the last three years are shown
separated by users. At the moment four RU have Slovenian Safety Certificate and are active
in the transport industry. Three of them are freight RU.
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The coverage of the PRI costs for the maintenance and traffic control and command (TC&C) leis
only between 8.5-9.5 %. The costs for renewals, upgrading and new construction of the PRI are
even not considered in the stated percentages. In the Republic of Slovenia the infrastructure
fee is obligated only for the freight trains and special passengers trains but not for the trains
running under public service obligations contract.

Table 4 Infrastructure users’ fees (in ooo EUR)

Railway Undertaker 20M 2012 2013

Rail Cargo Austria AG 447.748,13 € 628.657,26 € 685.983,61€
Slovenian railways, 8.515.154,64 € 7.604.156,50 € 8.117.812,12 €
Freight Transport, ltd.

Slovenian railways, 53.711,20 € 43.841,71€ 51.055,76 €
Passengers Transport, ltd.

Adria Transport, ltd. 112.841,23 € 169.604,07 € 273.407,49 €
Without V.A.T. 9.129.455,20 € 8.446.259,54 € 9.128.258,97 €
With VA.T. 7.607.879,33 € 7.038.549,61€ 7.540.713,31€

From the above percentage it is obvious that we are far away from the full coverage of the
costs which transport causes to the infrastructure and to the environment. Itis also true that
also road traffic is not paying the infrastructure costs caused to the Slovenian environment.

A simple comparison between EUR/NTKM paid by the freight railway transport and the road
tax paid foryearly registration of passengers cars in Slovenia shows firstly how small railway
fee actuallyis (3,78 millionNTKM realized in the year 2013 and 9.128 million EUR infrastructu-
re fee means 0.0024 EUR/NTKM) and secondly that even road tax for passengers cars are al-
most double as high as the infrastructure fee (road tax for average passengers car of 1350 cm?
and weight of 1tonne is 62 EUR; with in average 15,000 km/year it means 0.0041 EUR/NTKM).

Table 5 Maintenance and TC&C costs of PRI (in coo EUR with V. A.T.)

Year 2007 2008 2009 2010 20M 2012 2013
Maint. of PRI 69.370 73.801 67.717 60.928 71.589 68.039 63.787
TC&C 41.722 36.864 37.849 35.916 34.500 33.000 33.000

4 New EU infrastructure financing policy
4.1 What can we expect in the new financial perspective from 2014 till 2020?

Firstof all the old financial instrument TEN-T is replaced with the new scheme called “Connec-
ting Europe Facility” (CEF)[2], which will assure the financial means for the actual perspective
in the period from 2014 till 2020.

In the most radical overhaul of EU infrastructure policy since its inception in the 1980s, the
Commission has published new maps showing the nine major corridors which will act as a
backbone for transportation in Europe’s single market and revolutionise East—-West connec-
tions. For realising of this ambition, EU financing for transport infrastructure will triple the
finance to the 26 billion EUR from which about 11.3 billion EUR has been taken away from
the Cohesion found and will be dedicated only for the Cohesion Countries upon the public
tenders.

This new infrastructure policy will putin place a powerful European transport network across
28 Member States to promote growth and competitiveness. It will connect East with West and
replace today’s transport patchwork with a real European network.
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The new policy establishes, for the first time, a core transport network built on nine major
corridors: 2 North—South corridors, 3 East—West corridors; and 4 diagonal corridors. The core
network will transform East—West connections, remove bottlenecks, upgrade infrastructure
and streamline cross-border transport operations for passengers and businesses throughout
the EU. It willimprove connections between different modes of transport and contribute to the
EU’s climate change objectives. The core network is to be completed by 2030.

This EU funding will be tightly focused on the core transport network where there is most
EU added value. To prioritise the East—-West connections, almost half the total EC transport
infrastructure funding (€11.3 billion from the “Connecting Europe Facility”, or CEF) will be
ring-fenced only for cohesion countries, [3].

5 EU co-financing of the PRI in the Republic of Slovenia
5.1 Last financial perspective 2007-2013

In the last financial perspective Slovenia has got about 450 million EUR from the Cohesion
Found and some project design documentations co-financed from the TEN-T source. The total
amounts of money spent for the investments into the PRI, from the year 2009 to the year 2012,
are as follows (in 000): in the year 2009 — 100,115 EUR, in the year 2010 — 131,036 EUR, in the
year 2011 — 105,728 EUR, in the year 2012 — 71,559 EUR, in the year 2013 — 133,462 EUR and
for the year 2014 — 336,340 EUR is planned.

For the year 2015 approximately the average sum of last years will be needed to complete
all foreseen projects in time. All above presented figures are the sum of European Cohesion
founds and our own means.

5.2 New financial perspective 2014-2020 (railway sector)

Slovenia will probably get round 360 million EUR from the Cohesion envelope. From the speci-
al IPE quota for Cohesion countries Slovenia is entitled to an amount of 159 million EUR which
must be tied up till the end of 2016.

As it was said before for the IPE instrument public tenders will be launched. How much Slo-
venia will be able to get from the IPE will depend on the quality of the proposed projects sent
to the tenders launched by the EC.

At the moment no official figures regarding Slovenian forecast for the amount of money from
the IPE instrument are available. The unofficial information said that for the next legislative
period from 2014-2020 Slovenia plans to get from all European founds together (Cohesion
found, ERDF, IPE) and for the whole Traffic infrastructure in total about 1,065 million EUR. Our
own participation should be at least in the same value.

From the above money about 765 million EUR should be the investment money for the PRI.
Together with our participation it presents about 1,530 million EURs investment money for
the PRI.

From the above figure it is possible to calculate the average yearly capability of investment
many in Slovenia which lies between 200 and 250 million of EURs, what is far away from the
needed investment money calculated in the Section 2.1.

6 Conclusions

It is obvious that yearly paid infrastructure fees for using of the PRI in Slovenia are not high
especially in the comparison with the costs of the maintenance of the PRI and of the TC&C on
it, which are shown in the Table 5. The result of such low percentage of operator”s contribution
to the basic cost on the PRI are probably due to not paying of environmental costs at all and
in the too low infrastructure fees in the transport in general.
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It is simply not possible with such infrastructure users’ fees, for the countries like Slovenia,
to finance the appropriate renewal, upgrading and adaptation of the capacity needs to the
market demands anymore.

The transport charges and taxes must be restructured in the direction of wider application of
the ‘polluter-pays’ and ‘user-pays’ principle (at least for the freight transport and to cover the
real costs of the PRI and the TC&C on it). They should underpin the transport’s role in promo-
ting European competitiveness and cohesion objectives, while the overall burden for the sec-
tor should reflect the total costs of transport including infrastructure and external costs, [4].
Putting an end to the permanent changing of the European priority corridors, which are mostly
determined on the political level as a compromise and not necessarily correspond to the real
facts and needs. The infrastructure corridors should be developed on the European level
upon the real wider economic needs and not on the basis of single member state priorities.

Financing of the projects should be released of the unnecessary administration and numerous
controls, which take time and cost money. Project management should be involved instead
of administrating. Appropriate amount of investment money from the EU funds must be dedi-
cated to the single project upon the Feasibility Studies directly without the tendering. Totally
different scheme of co-financing on the European level are needed.

Decisive measures on the EU level will be needed to restrict the long haul road freight tran-
sport, because the soft measures proven didn’t bring the modal shift from road to rail. Alt-
hough the rail is amongst the most efficient and climate-friendly type of transport it currently
carries about only 10% of European cargo and 6% of passengers each year, [5].
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Abstract

ETCS (European Train Control System) is a unique European standard for controlling and ma-
naging a railway traffic. It was a result in a form of need for mutual railway abovestandard
in European countries which has a goal to adjust the existing systems of railway managing
and to create a unique European system of insurance which has a result to creat a unique
European railway network. Beside the mentioned reasons for introducing the ETCS system
other reasons are the increasing diversion of cargo flows from road to rail. To implement the
ETCS system on BH railways at Corridor Vc it is necessary to analyse present state of railway
infrastructure and to adjust and renew infrastructure so it would be prepared for installation
of ETCS system. In this paper a possibility of introducing of this security on BH railway at
Corridor Vc was presented. Implanting of ETCS security system was presented throughout
four project options. Project options allude implementation of ETCS separatly for each level
of that system. First project option refers to implementation and modernization of current
degree of insurance so that Corridor Vc could be lead to ETCS Level 0. 2nd, 3rd and 4th option
is concerning on ability of introducing higher levels of ETCS which are ETCS Level 1, ETCS Level
2 and ETCS Level 3. Whith evaluation of project options analysis it was concluded that each
design option is reasonable, cost-effective and profitable.

Keywords: ETCS, BH railways, Corridor Vc, ETCS Level
1 Introduction

The bestway to carry out modernization and standardization of infrastructure, is the introduc-
tion of ETCS security system. Strategy of introducing other ETCS on B&H’s railroads on Corridor
Vc in this paper is presented with four project options starting with ETCS level 0 up till level
3. Project options are divided by degree or level of ETCS insurance. The first project option
involves the reconstruction of infrastructure by bringing it to the national level of security that
meets ETCS Level 0. Second project option considers introducing of ETCS Level 1, while the
third and fourth project options consider the possibility of upgrading the existing ETCS Level
1to higher levels the ETCS Level 2 and Level 3.

1.1 Status line at Corridor Vc in Bosnia and Herzegovinia

Corridor Vc is setted from Budapest up tilland PloCe. At mostly it pasess through Bosnia and
Herzegovina (405 + 741 km). Corridor Vc enters Bosnia and Herzegovina in Bosanski Samac
where it is connected to the track line Bosanski Samac — Sarajevo. From Sarajevo it follows
the line Sarajevo — Capljina — state border.

Railroad line Bosanski Samac — Sarajevo was built from April 1th until November 15th 1947.
The total length of this line is 235 + 351 km. On this line there are 63 official locations, 20 of
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them are stations, two of them are main, Doboj (ZRS) and Sarajevo (ZFBH) On this line there
also are 33 train stops, 8 passing point, a junction and a state border.

Figure1 Route of Coridorr Vc through Bosnia and Herzegovina [1]

Line Sarajevo-Capljina, to be more accurate line Sarajevo — Capljina — state border — Ploce
began in construction in 1958 and its construction was completed in 1966. Total length of this
railway line is 170 + 390 km. On this line there are 41 official locations, of which are 16 stations
of which one is the main station named station Sarajevo. The railway also has 16 train stops,
7 passing point, one junction and one national border, [1].

1.2 ETCS development

As part of UIC’s projects for infrastructure, largest and most important project is — ERTMS
(European Rail Train Management System). Key projects, from a technical point of view, that
are incorporated into ERTMS are: European Train Control System — ETCS and Global System for
Mobile Communication — Railway — GSM-R. ETCS is formed with four levels, (Level 0, Level 1,
Level 2 and Level 3). Goals of ETCS system, according to [2]:

- centralize management and make it more intelligent;

- reduce the costs of operation and maintenance of stationary systems;

- increase the interoperability of heterogeneous railway systems;

- increase the capacity and speed.

Functions of ETCS system:

- monitoring of (local) maximum speed;

- monitoring the correct route of trains movement;

- monitoring the direction of movement;

- monitoring the implementation of special regulations.

2 ETCS Levels
2.1 ETCS Level 0

When the vehicle that supports ETCS is being used on a line that does not support ETCS, that
is Level O of ETCS.

2.2 ETCS Level1

ETCS Level 1 system is a signalling system that allows the integration of ETCS equipment on
existing national signalling security system that remains in operation. At this level on rail
tracks Eurobalise are being installed, those transmitters take on signals from the existing
track signalling via signal adapters and telegram coders (LEU - Lineside Electronics Unit)
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and pass them as data to train as data that gives authorization to move and contains infor-
mation on route and fixing points. Because of a point distribution of these transmitters, it
is necessary that train passes over this transmitter first in order to obtain information about
the next section. With cable connection of these transmitters, known as EuroLoop, constant
communication with the vehicle is being held. Euroloop system implies the installation of
power lines which transmit signals along the rails so that it achieves continuous coverage of
the driving path, which increases safety and reliability of traffic.

Figure 2 Schematic diagram of ETCS — Level 1[1]

2.3 ETCS Level 2

ETCS - Level 2 is a system oriented to the digital radio transmission signal and train protection
system. ETCS — Level 2 is a practical upgrade of ETCS — Level 1 with all the Level 1 elements
but with addition of GSM-R transmitter on the locomotive, the GSM-R receiver and Radio
Block Centre (RBC). Eurobalise transmitters are used at this level only as passive positional
elements or so-called Electronic milestones. Between the two positional elements train defi-
nes its position by sensors. This level system is based on radio. It uses the GSM-R system, in
order to continuously transferred speed limit information on the route to the vehicle. At this
level Eurobalise are used as passive positioning markers.

Figure 3 Schematic diagram of ETCS — Level 2 [1]

2.4 ETCS Level 3

Level 3 of ETCS system goes considerably beyond the simple signal-safety management and
navigation, because itis fullyimplemented in the radio control system distances between tra-
ins. Fixed rail signalling devices are no longer needed. Trains define its positions the same as
in Level 2 through sensors. As a participantin traffic here the train is given with the autonomy
of making decisions, therefore, attention must be given to maintaining a high level of reliabi-
lity. Level 3 is still under development and in Europe there are currently several experimental
and pilot projects in several railroad stocks. This level supports full radio signalization, [3].

Figure 4 Schematic diagram of ETCS — Level 3 [1]
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3 Strategy of ETCS implementation at Corridor Vc in B&H

3.1 Strategy of ETCS Level 0 implementation

This level of rail security will lead to increased safety and increased line capacity in facilita-
tion of rail traffic where this level was the basis for the introduction of ETCS Level 1ETCS as a
basic level of ETCS security. The costs of reconstruction and installation of complete SSand TT
security system at complete section of the Corridor Vc is estimated by former cost experience
at implementation of such security levels of insurance in relation to the length and charac-
teristics of the rail. December 30th 2009 ZFBH signed an agreement with German company
Thales Rail Signalling Solutions GmbH on support and installation of SS and TT equipment
for line Konjic — Capljina in value of €11,742,602,72 million. This section of rail is single-rai-
led with length of 96 + 466 km and it contains 22 official locations of which is 10 stations, 4
crossing and 8 train stops.

Table1 Economic analysis and project appraisal of ETCS implementation on B&H’s rails on Corridor Vc — Op-
tion 1 — ETCS Level o [1]

Year Eeconomic  Savingsin Savings Cost savingsin Savingsin Benefits of Benefits
costs of maintenance in staff travelingtime the costs introduction  and costs
investment  costs costs for passengers of train of ETCS flow
(€) (€) €) and goods (€) operation (€) Level 0 (€) (€)

1 -26.660.000 -26.660.000

2 -26.660.000 -26.660.000

3 -26.660.000 -26.660.000

4 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

5 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

6 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

7 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

8 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

9 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

10 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

n -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

12 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

13 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

14 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

15 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

16 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

17 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

18 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

19 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

20 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

21 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

22 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

23 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

24 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

25 -550.000 624.000 11.160.000 -1.499.712 2.571.072 9.734.288

Residual value 7.998.000 7.998.000

EIRR 9,73%

NPV (5%) 40.333.206
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According to this ratio deploy cost of insurance implementation and length of rail on which
the implementation is being done, it can be concluded that the total cost for implementation
ofthe SSand TTinsurance on complete length of the rail at Corridor Vc (405 + 741 km) through
Bosnia and Herzegovina is on average of € 50 — 60 million. Locomotive expenses or costs
of installation the ETCS equipment in locomotives are around €100.000 when it comes to
new locomotives. Railways in Bosnia and Herzegovina do not dispose with nither one new
locomotive, so the investment costs of ETCS equipment installation in existing engines are
significantly higher on average of €2.00.000 — 250.000 depending on the state of the loco-
motive. Considering the fact that these are relatively old locomotives costs of ETCS equipment
installation per locomotive is an average of around € 200.000. From this facts it can be
concluded that total cost of ETCS equipment installation for the entire locomotive fleet of 80
locomotives at Corridor Vc is around € 15-20 million. In this option, as this will be the case
in other options, costs of maintainance will be analyzed for 25 years from implementation
of ETCS system Level 0. So it can be concluded that the overall costs for implementation of
ETCS Level 0 insurance at Corridor Vc on Bosnia and Herzegovina’s rails on average is around
€70 to 80 million.

3.2 Strategy of ETCS Level 1implementation

Costs of ETCS Level 1 implementation are divided into costs that are related on equipment
installation and costs of infrastructure and equipment maintenance. The costs of preparing
tracks for installation of ETCS system Level 1, according to the the experience of countries in
which this level is installed (Austria), are around € 2.000 — 3.000 per mile of track. B&H’s
railways on Corridor Vc have a length of 405+741 km therefore the costs of preparing the route
for the introduction of ETCS Level 1is to about € 1.000.000. As the cost of installation and
deployment of ETCS rail security Level 1, are ranging up till € 30.000 — 300. 000 per km of
railways, itis important to note that these costs far exceed the upper limit of € 300 000 when
it comes to installation of the equipment in the station area, while costs on the open line are
considerably less than € 30 000 per km of track. According to empirical examples (Austria),
it can be assumed that costs of ETCS Level 1 equipment installation in large stations is a
around € 3-4 million. In smaller stations the empirical examples come to the figure of about
€ 1to 1.5 million per station, while the cost of ETCS equipment installation on train stops,
junctions, level crossings, passing points, and industrial gauges are around € 200.000 —
400.000 depending on the characteristics of train stops and level crossings. While the cost
of ETCS equipment installation on the open railroad on average does not exceed € 50. 000
—80.000 per track mile. Out of 36 stations at the Corridor Vc there is total of 6 large stations:
Bosanski Samac, Doboj, Zenica, Sarajevo, Mostar and Capljina station. This means that total
cost of ETCS Level 1 equipment installation at these stations is equal of € 20 million. Cost
of equipment installation at the remaining 30 stations are around € 30 million. Total cost of
ETCS Level 1 equipment installation in the stations at the Corridor Vc is amount of around €
50 million. Cost of ETCS Level 1equipmentinstallation at other 68 official locations, industrial
railtracks and a few dozens of level crossings are approximately around € 25 million. Total
costs of ETCS equipment installation at the official positions is roughly around € 75 million.
Finally, it can be concluded that the costs of ETCS Level 1implementation on the BH railroads
at Corridor Vc is a total of around € 100 to 120 million.
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Table 2 Economic analysis and evaluation project of implementation of ETCS safety on B&H’s rails at Coridorr
Vc - Option 2-ETCS Level 1 [1]

Year Eeconomic Savings in Savings Cost savingsin Savingsin Benefitsof  Benefits
costs of maintenance in staff traveling time  the costs introduction and costs
investment costs costs for passengers of train of ETCS flow
€) €) (€) and goods (€) operation (€) Level0(€) (€)

1 -40.000.000 -40.000.000

2 -40.000.000 -40.000.000

3 - 40.000.000 - 40.000.000

4 -1.800.000 1.560.000 24.180.000 -9.185.736 4.138.566 14.754.264

5 -1.800.000 1.560.000 24.180.000  -9.185.736 4.138.566  14.754.264

6 -1.800.000 1.560.000 24.180.000 -9.185.736 4.138.566 14.754.264

7 -1.800.000 1.560.000 24.180.000 -9.185.736 4.138.566 14.754.264

8 -1.800.000 1.560.000 24.180.000  -9.185.736 4.138.566  14.754.264

9 -1.800.000 1.560.000 24.180.000 -9.185.736 4.138.566 14.754.264

10 -1.800.000 1.560.000 24.180.000 -9.185.736 4.138.566 14.754.264

1 -1.800.000 1.560.000 24.180.000  -9.185.736 4.138.566  14.754.264

12 -1.800.000 1.560.000 24.180.000 -9.185.736 4.138.566 14.754.264

13 -1.800.000 1.560.000 24.180.000  -9.185.736 4.138.566  14.754.264

14 -1.800.000 1.560.000 24.180.000 -9.185.736 4.138.566 14.754.264

15 -1.800.000 1.560.000 24.180.000 -9.185.736 4.138.566 14.754.264

16 -1.800.000 1.560.000 24.180.000  -9.185.736 4.138.566  14.754.264

17 -1.800.000 1.560.000 24.180.000 -9.185.736 4.138.566 14.754.264

18 -1.800.000 1.560.000 24.180.000 -9.185.736 4.138.566 14.754.264

19 -1.800.000 1.560.000 24.180.000  -9.185.736 4.138.566  14.754.264

20 -1.800.000 1.560.000 24.180.000 -9.185.736 4.138.566 14.754.264

21 -1.800.000 1.560.000 24.180.000  -9.185.736 4.138.566  14.754.264

22 -1.800.000 1.560.000 24.180.000 -9.185.736 4.138.566 14.754.264

23 -1.800.000 1.560.000 24.180.000 -9.185.736 4.138.566 14.754.264

24 -1.800.000 1.560.000 24.180.000  -9.185.736 4.138.566  14.754.264

25 -1.800.000 1.560.000 24.180.000 -9.185.736 4.138.566 14.754.264

Residual value 12.000.000 12.000.000

EIRR 9,85%

NPV (5%) 62.211.226

3.3 Strategy of ETCS Level 2 implementation

Also implementation of ETCS Level 2 costs are presumably calculated over the empirical data.
For example, the costs of implementation of ETCS Level 2 system, which will be operated in
Hungary by the German Siemens at line Budapest — Kelenfold — Székesfehérvar, in a dis-
tance of 65 km, costs € 53 million. According to previous experiences of countries that have
implemented ETCS Level 2, on the roadlines at the Corridor Vc in Bosnia and Herzegovina at
least 5 radio block centers will be need, which are placed every 50-100 km depending on the
characteristics of lines and terrain on the route of the railroad. Construction and installation
of radio block equipment for one radio block center will cost tens € millions. Building up and
setting up the GSM-R antennas costing tens of € thousands per transmitter including signal
boosters and accessories. From what is stated it can be concluded that the total cost of ETCS
Level 2 implementation at the B&H’s railraods at Corridor Vc in a distance of 405 + 741 km
amounts to roughly € 300 million. Locomotive expenses are related to the installation of
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GSM-R receiver (antenna) in the locomotives. In our case, we consider the total fleet of 80
locomotives and from the empirical data, total cost of GSM-R equipment installation to the
locomotives is around € 2 million. Very expensive and high quality ETCS Level 2 equipment
maintenance costs are minimized as far as possible. Thus, the annual maintenance costs
should not exceed the figure of about € 2 million. Finally, ETCS Level 2 security on B&H’s rails
at the Corridor Vc implementation costs are total of around € 300 — 350 million.

Table3 Economic analysis and evaluation project of implementation of ETCS safety on B&H’s rails at Coridorr
Vc-Option 3- ETCS Level 2 [1]

Year Eeconomic Savings in Savings Cost savingsin Savingsin Benefitsof ~ Benefits
costs of maintenance in staff travelingtime the costs introduction and costs
investment costs costs for passengers of train of ETCS flow
(€) €) (€) and goods (€) operation (€) Level0(€) (€)

1 -110.000.000 -110.000.000

2 -110.000.000 -110.000.000

3 -110.000.000 -110.000.000

4 -2.450.000 3.120.000 43.524.000 - 8.248.416 9.598.896  35.945.584

5 -2.450.000 3.120.000 43.524.000 -8.248.416  9.598.896  35.945.584

6 -2.450.000 3.120.000 43.524.000 - 8.248.416 9.598.896  35.945.584

7 -2.450.000 3.120.000 43.524.000 - 8.248.416 9.598.896  35.945.584

8 -2.450.000 3.120.000 43.524.000 -8.248.416  9.598.896  35.945.584

9 -2.450.000 3.120.000 43.524.000 - 8.248.416 9.598.896  35.945.584

10 -2.450.000 3.120.000 43.524.000 - 8.248.416 9.598.896  35.945.584

n -2.450.000 3.120.000 43.524.000  -8.248.416  9.598.896  35.945.584

12 -2.450.000 3.120.000 43.524.000 - 8.248.416 9.598.896  35.945.584

13 -2.450.000 3.120.000 43.524.000  -8.248.416  9.598.896  35.945.584

14 -2.450.000 3.120.000 43.524.000 - 8.248.416 9.598.896  35.945.584

15 -2.450.000 3.120.000 43.524.000 - 8.248.416 9.598.896  35.945.584

16 -2.450.000 3.120.000 43.524.000  -8.248.416  9.598.896  35.945.584

17 -2.450.000 3.120.000 43.524.000 - 8.248.416 9.598.896  35.945.584

18 -2.450.000 3.120.000 43.524.000 - 8.248.416 9.598.896  35.945.584

19 -2.450.000 3.120.000 43.524.000  -8.248.416  9.598.896  35.945.584

20 -2.450.000 3.120.000 43.524.000 - 8.248.416 9.598.896  35.945.584

21 -2.450.000 3.120.000 43.524.000  -8.248.416  9.598.896  35.945.584

22 -2.450.000 3.120.000 43.524.000 - 8.248.416 9.598.896  35.945.584

23 -2.450.000 3.120.000 43.524.000 - 8.248.416 9.598.896  35.945.584

24 -2.450.000 3.120.000 43.524.000  -8.248.416  9.598.896  35.945.584

25 -2.450.000 3.120.000 43.524.000 - 8.248.416 9.598.896 35.945.584

Residual value 33.000.000 33.000.000

EIRR 8,46%

NPV (5%) 118.449.989

3.4 Strategy of ETCS Level 3 implementation

Level 3is stillunderdevelopmentand in Europe there are several experimental and pilot projects cu-
rrently in several railroad stocks. ETCS Level 3 solutions for reliable train control are very complexed
and not suitable fortransferand implementation to the older models of railway vehicles. As this level
is still in an experimental stage, it will at some European rails be implemented in future 20 years,
which tells us that the railroads in Bosnia and Herzegovina, will not take hold in the near future.
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Conclusions

Option 1, which includes reconstruction and an upgrade to the existing state of the railway
security with fully restored SS and TT devices that would lead rail to the ETCS Level Oand in-
dicates the real socio-economic benefits that are result of ETCS Level 0 implementation. This
project option demonstrates an acceptable net present value and economic internal rate of
return of 9.73% (EIRR = 9.73%). Also the cost-benefit ratio is larger than 1 which indicates
that the project is cost effective and profitable, and that its implementation needs to begin.
The second project option involves an upgrade from the existing national railway security
system and ETCS Level 1implementation. This is financially much larger project compariong
to the project of ETCS Level 0 implementation but in the end there are much greater benefits
from this project or from this ETCS level. This option also displays projects reasonable net
presentvalue and also an acceptable value of economic internal rate of return (EIRR = 9.85%).
The third project option requires substantially greater financial investment because ETCS Le-
vel 2 involves the usage of GSM-R system and with this level makes the European Rail Traffic
Management System (ERTMS). However, by analyzing the relation between costs and benefits
and the possibility of introduction of ETCS on the BH’s railways at Corridor Vc is reasonable
and shows a positive net present value and internal rate of return equal to 8.46% (EIRR =
8.46%).

The fourth design option involves the introduction of ETCS system Level 3, which represents
the highest possible level of ETCS security. Implementation of this system in the EU is not
expected before 2025. Finally, it can be concluded that the project of ETCS implementation
on BH’s railways at Corridor Vc is fully justified, effective and profitable.

References

[1 Markovi¢, I.: Analysis of the possibility of introducing ETCS insurance on BH Railways on Corridor Vc,
Master’s thesis, Faculty of Traffic and Communications Sarajevo, 2011.

[2] Jenkins, P.: Railway Communication System GSM-R/FTN, Network Rail GB 2006.

[3] http://www.ertms.com

RAIL INFRASTRUCTURE PROJECTS DESIGN, CONSTRUCTION, MAINTENANCE AND MANAGEMENT
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure



2 ROAD INFRASTRUCTURE PROJECTS
CONSTRUCTION, MAINTENANCE
AND MANAGEMENT






CETRA?Z04 28-30 April 2014, Split, Croatia
31 International Conference on Road and Rail Infrastructure

TOWARDS MAXIMIZATION OF THE ADDED VALUE
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Abstract

South East Europe (SEE) is a particular region of Europe regarding transport infrastructure
development and international transport operations, due to the fact that the region includes
an interrupting zone of the Trans-European Transport Networks (TEN-T), namely the Western
Balkans (WB) countries. Concerning strategic transport infrastructures development, sub-
stantial investments have been made during the last decades or are underway. In the current
period of economic recession, the TEN-T programme and the programme for the development
of the SEE Comprehensive Transport Network still promote large infrastructure projects, but
seek to ensure maximum return of investments. Major obstacle for the maximisation of the
benefits and return of investments, but also for increased accessibility and mobility, is the
existence of borders along the main international routes crossing SEE. In mid-2013 Croatia
accessed European Union and the same is foreseen for the rest of the WB countries, but with
it is unknown when this will be realised. Therefore, borders will remain for long time ahead
and continue to impede international transport. In the framework of “Accessibility improved
at border CROSsings for the integration of SEE” project (ACROSSEE) a large survey campaign
has been performed, in order to register the current situation at several Border Crossing Points
(BCPs) of the region. Specifically, questionnaire-based and field surveys have been perfor-
med at 30 Road and 29 Rail BCPs, which comprised observations of border procedures, regi-
stration of waiting and procedural times, interviews of BCPs authorities and truck drivers, etc.
This paper presents the surveys’ methodology and preliminary results, targeting at defining
short term measures and recommendations for the facilitation of trade and transport in SEE.

Keywords: transport infrastructure, border crossings, international transport and trade
facilitation, South East Europe, ACROSSEE

1 Introduction

SEE region is still a discontinuity zone of the TEN-T. The authors in the recent past [1] discu-
ssed about the planning experience and the perspectives for strategic transport infrastructure
development in the region in the context of European Transport Policy, based inter alia on
the SEE Transport Axis Cooperation (SEETAC) project [2]. SEETAC (a project also co-funded by
the SEE Programme), elaborated while the TEN-T new regulation was still under preparation,
concluded to priority transport infrastructure projects, but moreover to the ascertainment that
large scale infrastructure projects implementation in a period of scarcity of funds should be
very carefully planned, considering that capacity limitations are rare in the region and that it
isvery important to tackle the problems of interconnectivity of the SEE network with the TEN-T
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and the problems at border crossings. In otherwords, why spend millions in large infrastructu-
res that have long preparation period under the current circumstances just to save minutes
in travel time and why not reduce times at borders from hours just by half in the short term?
While for the first time the TEN-T guidelines [3] include indicative maps of the TEN-T extensions
in SEE and indicating the important interconnecting points, the ACROSSEE project, co-funded
by the SEE Transnational Cooperation Programme [4], had set an ambitious goal to survey
and identify the problems for international transport, with special focus on border crossings.
The project’s technical activities are divided in three main pillars: a) the establishment of an
institutional platform and enhanced administrative cooperation for transport development
and facilitation of movement of passengers and goods in the region, b) the development and
use of atransport model to assess the existing and future bottlenecks and the needs for short
term improvements and c) the analysis of border crossings in order to identify problems and
measures to ease up international traffic.

This paper presents the methodology and preliminary findings of the cross border surveys
and analysis in the framework of ACROSSEE.

2 Methodology for the surveys

The surveys in the framework of ACROSSEE had been planned to serve both the needs of the
analysis of border crossings and the transport model development. Especially for the latter,
itis quite common that the border authorities and national agencies provide traffic data that
most of the times differ. Therefore, it was decided to perform two-day traffic counts at Road
BCPs and five-day traffic counts at Rail BCPs, to capture the rail traffic irregularities during a
working week.

These traffic surveys have been only part of an extensive field survey, which was finally con-
ducted by the project partners in each country at selected BCPs along the main international
transport corridors in the region, in the periods May — June and September — October 2013,
i.e. excluding the summer season. The surveys’ part regarding BCPs operation comprised
autopsies and questionnaire-based surveys addressed to the authorities present at each
BCP and to truck drivers. In parallel, questionnaire-based survey addressed to the National
Customs Agencies and the ministries responsible for borders and Customs of the involved co-
untries was conducted (this way they were informed also about the BCPs surveys and on-site
visits). Other relevant questionnaire-based surveys also performed concerned the different
stakeholders, transport operators and enterprises active in SEE.

2.1 Field of survey

A majorissue to confront during the planning of the surveys was the different statuses of the
various SEE countries (EU member state, Schengen Treaty country, non EU member state).
As a result different approaches were followed in each case: In the case of two bordering
Schengen countries only traffic flows data could be performed, since stops are not obligatory
and no controls are performed at those border points. In all other cases, of two neighbouring
non-Schengen countries, of an EU country or a Schengen country with a non-EU country the
entire set of surveys had been planned to be implemented.

As a result, the surveys had been planned to be performed at 35 Road BCPs and 30 Rail
BCPs, as listed in Table 1 and presented in Figure 1. However, the BCPs actually surveyed
are less, mainly due to the fact that in specific cases the surveys couldn’t be performed due
to unforeseen circumstances, misspecification of the BCPs names or actual operation (e.g.
Vidin — Calafat Danube Bridge Il was not yet operational, another BCP was dedicated only to
passenger vehicles, etc.).
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Table1 BCPs selected to be surveyed in the framework of ACROSSEE

No Country/ Bordering Country Rail BCPs Road BCPs

1 SI/ HR Dobova/ Savski Marof Obrezje/ Bregana

2 HR/RS Tovarnik/ Sid Lipovac/ Batrovci

3 RS/ fYRoM Ristovac Presevo

4 AL/ ME Bajza Hani | Hotit

5  EL/ FYROM Idomeni Evzonoi

6 EL/BG Promachonas/ Kulata Promachonas/ Kulata
7 EL/AL - Krystallopigi/ Kapshticé
8 EL/AL - Kakavia/ Kakavijé

9 RS/BG Dimtrovgrad/ Dragoman Gradina/ Kalotina
10 BG/RO Vidin/ Calafat (not operational)  Vidin/ Calafat

11 RO/ BG Giurgu/ Ruse Giurgu/ Ruse

12 RO/ MD Holboca Vama Albita

13 HU/UA Zahony Zahony

14 RO/ HU Curtici/ L6kdshaza Oradea-Bors/ Artand
15 HR/HU Koprivnica/ Gyékényes Gorican/ Letenye

16 HR/BA Slavonski Samac Zupanja

17 RS/ HU Subotica/ Kelebia Horgo3/ Roszke

18 RS/ BA Brasina Trbusnica

19 RS/ ME Koprovat Vrbnica

20 RS/RO Vatin/ Stamora Moravita Vatin/ Moravita

21 BG/TR Svilengrad Kapetan Andreevo
22 UA/RO Dornesti Siret

23 AL/XK - Morine

Figure1 BCPs surveyed in the framework of ACROSSEE
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2.2 Tools used

The questionnaires were developed on the basis of those used in relevant surveys performed
in the past by the same team at the Road and Rail BCPs along the Pan — European Corridor
X [5], and thus their effectiveness had been successfully tested. These questionnaires were
furtherimproved, in order to cover the scope of the surveys; for example they included a part
referring to the “mirror” BCPs, to cover the cases that they were not surveyed because not all
SEE countries are represented in ACROSSEE project.

2.2.1 BCPs’ Authorities questionnaires

The questionnaires addressed to the authorities of the BCPs were obviously different for the
Road and Rail BCPs, following however a similar structure, in parts with thematically more or
less common requested information:

The first part of the questionnaires concerned the general description of the station’s infra-
structure (available lanes/ tracks and their distribution, buildings, power and water supply,
lighting), facilities (banks, restaurants, coffee-shops, duty free shops, etc.) and equipment
(X-Rays machines, weighbridges, telephone and internet connections, tracing means, service
lines and storage areas); including an assessment of their condition.

The second part referred to the operation of the station. Specifically, itincluded details about
the agencies present (Customs, Border Police, Veterinary and Phyto-sanitary services), about
their working hours and their sufficiency (in terms of number of staff, level of knowledge of
computer and English).

Moreover, this second partincorporated questions in tabular form, concerning the minimum,
average and maximum waiting and procedural times per type of vehicle/ train and the times.
Italsoincluded questions regarding the foreseen procedures and their sequence, and details
such as if some of the procedures are performed simultaneously or at separate areas. Further-
more, information concerning the cooperation and communication of the BCP authorities with
those of the neighbouring BCP were also enquired.

The third part contained statistics requirements concerning traffic flows of the previous years
(on annual basis), traffic characteristics (e.g. peak periods during day/week/month/year),
percentage of transits, percentage of empty trucks, percentage of traffic requiring phyto-sani-
tary or veterinary controls, etc.). Finally, a request for estimation of the BCP’s capacity usage
by the authorities was included.

The fourth and last part of the questionnaires was specifically dedicated to the level of coope-
ration with the adjacent BCPs and the identification of any problems occurred at the station
from the performance of the neighbouring BCP. Additionally, the authorities were asked to
state the main problems of the BCP and about future development plans.

2.2.2 National Customs Agencies questionnaires

The questionnaire addressed to the National Custom Agencies has been developed in order
to obtain information on the legislation under which the BCPs perform, the policies adopted
and applied (including implementation of Integrated Border Management strategies) and
finally the best practices application on issues concerning the BCPs spatial and internal or-
ganization and operation.

2.2.3 Truck drivers questionnaire

Finally, the questionnaire for truck drivers included questions about the type and weight of
transported commodities, the origin and destination points and the route followed for the
specific trip but also for other trips of the same driver, the waiting time and the time needed
for the procedures to be performed and the problems perceived by the driver at the specific
BCP as well as other BCPs along the route.

ROAD INFRASTRUCTURE PROJECTS CONSTRUCTION, MAINTENANCE AND MANAGEMENT
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure



2.3 Application of the tools

It has been planned from the beginning that the surveys at BCPs should be combined with the
traffic counts and therefore, in order that the BCPs authorities would have prepare the stati-
stics data requested, the questionnaires addressed to the BCPs and the National Customs
Agencies had been sent out initially and then the field surveys (traffic counts, autopsies,
interviews) followed.

All data collected by the various partners have been submitted in appropriate templates
and an integrated database for all BCPs has been developed for the analysis. The analysis,
especially of the data concerning waiting times, procedural times and the main problems of
the BCPs, included comparison of the data collected by the BCPs authorities with the respec-
tive data collected from the National Custom Agencies and other sources (e.g. enterprises,
transport operators and associations) and — especially for the cases of Road BCPs — from
the drivers of commercial vehicles crossing the BCPs. Most important results of the on-going
analysis are presented in the following paragraphs.

3 Data analysis

The results of the analysis are presented in the series of figures below and refer to the pairs
of Road and Rail BCPs as presented in Table 1and Figure 1. Figure 2 illustrates the evaluation
of the level of equipment and installations for 29 Rail BCPs and 29 Road BCPs (where relevant
data have been obtained). The majority of the Road BCPs are experiencing lack of equipment
of phyto-sanitary controls. Moreover, the existence of the necessary tracing means at Road
BCPs increase the time for the controls. The equipment and installations of Rail BCPs overall
are in good level, except the equipment of phyto-sanitary controls, which do not exist.

Figure 2 Aggregation of Road (right) and Rail (left) BCPs self-evaluation on the level of existing infrastructure
and equipment
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Figure 3 presents the Road and Rail BCPs evaluation of capacity usage (%) on daily basis,
as assessed and estimated by the BCPs authorities. Overall, many Rail BCPs have higher
unexploited capacity due to the low traffic and many Road BCPs cannot serve more traffic
(even it is low) due to the existing problems, mainly regarding understaffing and lack of
equipment.

Figure 3 Single BCPs self-evaluation of daily capacity usage (%)

In Figure 4 are presented the total time for crossing a pair of BCPs as the average of the times
required to do this in both directions. Where data refer to only one BCP (and not a pair) this
is indicated by an asterisk (*), while if no data exist for a BCP the value appearing in the
diagramme is zero.

Figure 4 Total (waiting and procedural) transit times for crossing each pair of Road and Rail BCPs (average in
both directions, in minutes)
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As expected, commercial vehicles and freight trains face the most significant problems in
terms of waiting and procedural times required. The reason for this is the inexistence of
appropriate equipment and the insufficiency of working staff (in terms of number and not
effectiveness). At Rail BCPs the main reason of delays is the change of locomotive and the
unavailability of locomotives in the neighboring country, which usually is not ensured for
hours. The following figures present the comparison of data obtained from the BCPs users.
Figure 5 presents the average transit times reported by rail operators for five BCPs with the
values reported by the respective Rail BCPs authorities. Times reported by operators are much
higher than those reported by BCPs authorities (this does not apply only at one BCP).

Figure 5 Comparison of total (waiting and procedural) transit times reported by users and BCPs authorities at
5 single Rail BCPs (average in both directions, in minutes)

Figure 6 presents a comparison of the transit times reported by BPCs authorities with the
respective reported by truck drivers. It clearly shows the difference on how the users and BCPs
authorities perceive the times spent at borders, even though users could exaggerate. Howe-
ver, there are several cases, for which the total transit times reported by the BCPs authorities
oversubscribed the respective time reported by the truck drivers. Only two are the cases for
which the times reported both by the BCPs authorities and the truck drivers were similar. The
reasons for these differences in the times reported in order to be fully understood must be
linked with the problems reported at each BCP both by the authorities and the truck drivers
(in the majority of the cases they both have the same perception in this issue) and be fully
analysed case by case, which exceeds the purpose of the current paper.

Figure 6 Comparison of total (waiting and procedural) transit times reported by truck drivers and BCPs
authorities (average in both directions, in minutes)
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Figure 7 presents a comparison of the transit times required at some BCPs according to the
ACROSSEE survey with times reported by truck drivers and have been extracted from dia-
grammes of the International Road Transport Union (IRU) during various periods in the past,
and thus the comparison is indicative. However, it clearly presents the difference on how the
users and BCPs authorities perceive the times spent at borders, even though users could
exaggerate.

Figure 7 Comparison of total (waiting and procedural) transit times reported by truck drivers to IRU and by
BCPs authorities at 11 single Road BCPs (average in both directions, both for TIR / non-TIR trucks, in
minutes)

4 Conclusions

As experience shows from previous similar surveys, many problems could emerge, mainly
due to a) the nature of the subject, i.e. regarding sensitivity of data related to borders that
lead to unwillingness of some BCPs authorities to provide data or actual information and b)
the large geographical coverage and the simultaneous performance of the surveys that make
the supervision a very hard task, if not impossible (at least for the developer of the surveys’
methodology).

The BCPs surveyed (presented in bold in Table 1) might not represent all the BCPs of the regi-
on, but certainly represent the majority of them along the mostimportantinternational routes.
Moreover, the biggest part of the surveys were conducted before the accession of Croatia in
the EU, and thus the effects on BCPs operation, due to the displacement of the EU external
borders, are not reflected in this analysis.

The knowledge of the current situation and the identification of the problems are the corner-
stone for providing solutions. This applies also to the specific case of BCPs in the framework
of ACROSSEE. Even having to face specific difficulties due to the particularities of the subject
and — mainly — due to its sensitivity that additionally hampers data collection, the volume and
quality of the data collected are considered satisfactory for the scope of the project.

More thorough analysis of the BCPs and, after the transport model is established, the repre-
sentation of the main international transport corridors in time-distance diagrammes with the
presentation of all bottlenecks at BCPs, other nodes or links of the road and rail networks
(also in terms of capacity shortage) are expected to highlight the importance of the time lost
at each BCP.

The results of the surveys, despite any weaknesses, can present the problem of border cro-
ssings atits real dimension, and could be a mean for highlighting the importance of measures
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at BCPs, versus large-scale infrastructural investments, which require substantial maturity,
financing and implementation time. These measures could bring equal or more benefits in
terms of travel time reduction, minimal risks for environmental degradation, within shorter
period of time and with submultiple investment costs.

ACROSSEE results in general could affect decision making, by enhancing the argumentation
of the permanently affected and potentially benefited communities (importers, exporters,
transport operators, chambers, etc.) against the politically driven large-scale projects, which
are differentiated many times according to the switching of persons in the governments and
Ministries of the various countries.

The facilitation of transport of persons and goods should be a permanent point of national
agendas. The framework offered by the EU to its member states, as well as the efforts of
the non-EU countries towards the integrated border management according to international
best practices that are promoted by the international organisations, comprise a promising
framework, which is anticipated to be further enhanced very soon, with the establishment of
the Transport Community Treaty in South East Europe (between the EU and Western Balkan
countries).
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ANDELI INTERCHANGE ON MATULJI
— UCKA SECTION OF ADRIATIC HIGWAY (B8)
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Abstract

Matulji — Lupoglav section of the Adriatic highway was opened in 1981. and after 30 yearsiitis
in dire need of upgrade. Currently, construction of the second carriageway on this section is
in design stage, but there were also upgrades on the existing section done, especially in the
last couple of years. This was necessary because of the increase of traffic, but also because
of large increase in residential construction on the outskirts of the highway corridor, and so-
metimes even in the corridor. In 2006, BINA Istra as the concessionaire of the Istrian Y, which
Matulji-Ucka is a part of, decided on three main points of upgrade on the existing section.
These were construction of the merging lanes on the existing Veprinac interchange (Phase 1),
construction of the new Andeli interchange (Phase 2) and construction of the 2km long slow
vehicles lane from Francici viaduct to Andeli viaduct (Phase 3). After conceptual design of the
proposed upgrades, which explored multiple variants and options, final decision was made
by the concessionaire that on Veprinac interchange merging lanes for vehicles connecting
onto the highway in both Uc¢ka and Matulji direction should be designed, new Andeli inter-
section will be designed to increase traffic safety and slow vehicles lane will be designed on
the mountain side of the existing carriageway to allow for retaining of traffic throughout the
construction period. This paper will focus on the design and construction of the new Andeli
interchange, from the conceptual design that included multiple variant options in 2006 to
finalization of the project and opening of the interchange for use in the summer of 2012.

Keywords: infrastructure, road design, highway, interchange design, upgrade
1 Introduction

Even after construction of slow vehicles lane on the 1.5 km stretch of B8 in front of “Ucka”
tunnel entrance at the Kvarner side, ther were still issues with traffic congestion, especially
in the summer months. Also, existing emergency stop areas near “Andeli” viaduct were used
by the locals as an illegal road entry point, and existing Veprinac interchange was built with
direct exits from county road 5048 towards Ucka and Matulji, without any merge lanes. Be-
cause of that, this part of the B8 was considered lacking in traffic safety, and it was decided
to improve the existing state even before the construction of the second carriageway.

Conceptual design of existing section improvements along with solutions for construction
of additional 1.8km long slow vehicles lane and merge lanes in Veprinac interchange, pro-
duced multiple variants of the future “Andeli” interchange. Finally, 5 different variants were
proposed to the Investor, which differed in layout disposition of the interchange, and in type
(semi-interchange with only turn-out lane from Matulji and merge lane towards Matulji, or a
full interchange). After revising the proposed variants, the Investor decided that a full inter-
change should be designed, with two design constraints. First was that the existing frame
structure that served as a road passage under the B8 highway must be kept, so traffic can be
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maintained throughout the construction period, and the second was keeping of the existing
water reservoir in the future interchange.
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Figure1 Matulji-Ucka section of Adriatic highway (B8)

2 Design stage
2.1 Interchange

Andeli junction is serving primarily as a connection to settlements of Kolaviéi and Zatka, but
in the future, city of Opatija plans to build a local road network that it is an essential part of.
Given the terrain configuration, the interchange was designed as a half-clover stretched overa
long section of main road, but in a narrow corridor, to minimize the earthworks. Steep terrain
slopes also imposed usage of minimum design elements.

ROAD INFRASTRUCTURE PROJECTS CONSTRUCTION, MAINTENANCE AND MANAGEMENT
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure



Figure 2 “Andeli” interchange

Technical elements of the interchange allow for design vehicle speed of 30 km/h on ramps,
while the speed on the main road is limited to 80 km/h. Also, because the existing road
underpass has inadequate width of only 4 meters, alternate traffic will be kept until the con-
struction of second highway carriageway.

Table1 Technical elements used for interchange design

minimum horizontal radius 25m
maximum slope level (ramps) 10 %
maximum slope level (other) 12 %

lane width (traffic/emergency) 3.25/2.5m
shoulder width 2.0/1.5m
crossfall (straight/curve) 2.5/max.7.0 %

minimum vertical radius (crest/sag)  250/200 m

Connection to the existing road to Kolaviéi was reconstructed and moved to surpass the level
difference in excess of 12m at an acceptable longitudinal slope of 10.8%. Also, because of
the level differences, design of retaining walls was necessary. Total of 5 retaining walls were
designed, 2 on the northern side to protect the Slatina flood stream, and 3 on the southern
side for protection of the existing water reservoir / cutoff chamber “Kolavici”. Since the geo-
technicalinvestigation works showed that terrain consists mostly of rock, cuts were designed
with slopes between 1:1 and 2:1, with maintenance shoulders on cuts higher that 8m. Fill
embankment slopes were designed at 1:1.5. Since the merge lane towards Matulji required the
demolition of existing emergency stop area, it was moved app. 240m in direction of Matulji.
Because of this, emergency phones installation and optic fibre cables in highway shoulders
were also moved.

2.2 Viaduct

Since the existing road underpass, which is a concrete frame structure, couldn’t be recon-
structed, the new structure that serves the merge lane in Ucka direction was designed sepa-
rate from it in every way. To accomplish this, the new structure has pile foundations, to also
minimize influence on existing B8 embankments. In constructive sense, viaduct is a single
span slab propped on head beams with variable height — a monolithic structure.
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Table 2 Viaduct technical elements

span 12.8m
width 7.0 m
beam height 1.50-4.65m
pile diameter 0.8m

Structure was calculated in SOFiSTiK software, with finite elements method, as a spatial con-
struction elastically propped on the ground. Dimensioning was carried out for Ultimate limit
state (ULS), and checked for Serviceability limit state (SLS).
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Figure3 “Andeli” viaduct longitudinal profile

2.3 Permits obtaining procedure

Long period of time needed for finalization of this project was in no small part a direct con-
sequence of prolonged legal procedures. Preliminary design was started in October of 2008,
and in July of 2009 the request for Location permit was submitted. It wasn’t until May of 2011
that the Location permit became valid. In the 2 years that passed, procedure was delayed by
many factors, including transfer of jurisdiction, land owner appeals and bureaucracy issues.
This was cause for subsequent postponing of slow vehicles lane construction since financing
for that part of the project was terminated because of the delays.

Fortunately, construction permit obtaining procedure was much faster and without big pro-
blems. This meant that construction permit was issued in November of 2011, which allowed
the construction to start in early 2012.
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3 Construction

Construction of the interchange started in February of 2012, as soon as weather conditions
allowed. Deadline for opening of the new interchange was set for the beginning of the tourist
season. It was carried out by Bouygues TP as a main contractor, and Cesta Pula and other
local companies as subcontractors. The new road viaduct construction works were carried
out by Viadukt.

3.1 Changes in original design during construction

In the process of construction preparation, it became obvious that the company that manages
local water and drainage has no need for the existing water reservoir / cutoff chamber “Kola-
vi¢i”. This information didn’t emerge in the design stage because of jurisdiction issues. Since
it became clear that the reservoir can be demolished, two of the five designed retaining walls
lost their purpose and were substituted with embankments. Instead of the existing reservoir,
pressure reduction station was built along with a new pipeline. Also, after negotiations with
Croatian waters agency, which is responsible for all waterways in Croatia, two retaining walls
designed to protect the Slatina flood stream were substituted with a series of concrete culver-
ts. This meant that only the retaining wall on the connection road to Kolaviéi was constructed,
and main and construction designs were updated accordingly.
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Figure 4 Slatina flood stream bed and culvert entrance

During the construction, design of cuts was changed to accommodate wider maintenance
paths with access on both beginning and end of the cut. This required changes in the plot
division reports, which was done according to as built documentation and survey.

ROAD INFRASTRUCTURE PROJECTS CONSTRUCTION, MAINTENANCE AND MANAGEMENT
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure

151



152

3.2 Construction finalization and interchange opening

Construction of the interchange was finished in a predicted timetable, with only mild obstruc-
tions to ongoing traffic. Beginning of July 2012, internal technical audit was performed by the
Ministry of Internal Affairs and Ministry of Maritime Affairs, Transport and Infrastructure. This
allowed for opening of the interchange even before the official technical audit. The official
audit was performed in late July, and with it, construction of the new Andeli interchange was
officially over after six years of design and construction.

In 18 months after the interchange opening, there was only one significant accident, caused
by a driver who performed an illegal U-turn at the emergency stop area position. Fortunately,
there were no fatalities, only material damages. This proves that the reasons for construction
of “Andeli” interchange were valid.

Currently, local population is requesting that City of Opatija continues with improvements to
road network that are a part of the local spatial plans. Construction of the “Andeli” interchan-
ge allowed the planned connections to Bencinici and Slavici to move from wishful thinking
into possible projects. Time will show if this is just the beginning of improvements or a lonely
exception.
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Abstract

Nowadays the main transport project in Montenegro is Bar-Boljare motorway, the new infra-
structure project. The 1770km new motorway will connect Serbia to the north of Montenegro,
and further south to the Adriatic Coast, and with the Port of Bar, as a major port in the Adriatic.
This motorway will be part of Bar-Belgrade-Budapest European Corridor, linking Montenegro
to Central Europe, and presenting the transport project with very high national and regional
priority. After the main sections of the motorway have been defined the Montenegrin go-
vernment should make final investment plans for realization in the future. The authors de-
veloped the multicriteria model using the Analytic Network Process — ANP, as a solution for
analysing and ranking 5 sections of the Bar-Boljare motorway. The network structure of the
problem leads to the application of the ANP.

Keywords: investment plan, transport projects, analytic network process
1 Introduction

Project Bar-Boljare motorway is a key element in the strategy of the Montenegro Government
of accession to the European Union, as it will allow Montenegro to be fully integrated within
Europe. The project is also very important for the unification of the country as it will allow the
north-east regions to be connected to the coast through our capital. Finally, the project will
allow our key port of Bar to be fully connected to the rest of the European corridors and better
serve Serbia and Kosovo, further facilitating the unlocking of this part of the Western Balkans
and contributing to economic and political stability in the region.

Motorway toll-road proposed for linking the Adriatic coast at Bar via the capital Podgorica to
the Serbian border at Boljare. Planned to connect Montenegro with Republic of Serbia through
PoZega — Belgrade and further link on the TEN-T corridor X, and hence to Romania and Central
Europe. It would also connect with routes to the regional capital cities of Sarajevo in Bosnia
and Herzegovina, Tirana in Albania and Skopje in Macedonia, therefore Bar-Boljare motorway
has a clear strategic role to play in the region. The approximate length of this link is of about
170 km. Since the size of Montenegrin economy and the estimated total investment value of
Bar-Boljare motorway project, which exceeds 2 billion, it’s evident that this motorway corridor
has to be divided into sections, which all together form an entity, from a technological point of
view. After defining the five relevant sections of this motorway corridor, the program of their
mutually synchronization in time and space should be set up. In accordance with that, the
topic of this paper is defining the final rank of considered sections of the motorway corridor
in Montenegro, considering the relevant set of criteria, subcriteria and interest groups.

The authors suggest using the multicriteria decision making approach, the Analytic Network
Process, to define the investment plan for Bar-Boljare motorway.

This paper is organized as follows. After the Introduction, the following section is dedicated
to the model description. All system’s elements: alternatives, criteria, subcriteria and stake-
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holders are named. The third section, the brief description of the ANP approach, shows the
main steps of the applied multicriteria approach. The next section is Results and discussion,
presenting the final obtained results of the model. Finally, the last section contains conclu-
ding remarks and future researches.

2 Model description

Following the main concept of the ANP approach, to have different clusters, mutually connec-
ted, with or without feedbacks, etc. The developed model has 6 clusters: alternatives, 4 gro-
ups of criteria with subcriteria and stakeholders.

All system’s elements are presented in the figure 1.

Figure1 The developed model

2.1 Alternatives

In the existing planning and project documentation, motorway Bar-Boljare corridor is defined
as follows: Bar — Djurmani — Sozina tunnel — Virpazar — Tanki Rt — Farmaci (Podgorica) - Smo-
kovac (Podgorica) — MateSevo — Andrijevica — Berane — Boljare (border with Serbia). This was
the base for defining the five considered sections, table 1.

Table1 Sections of the considered motorway

Section Length
A1 Bar (Djurmani) — Virpazar 11.7 km
A2 Virpazar — Smokovac 38.2 km
A3 Smokovac — MateSevo 43.5 km
A4 MateSevo — Berane 34.3 km
A5 Berane — Boljare 41.3 km
TOTAL: 169 km

In corridor Bar-Boljare motorway, section Djurmani — Sozina tunnel - Virpazar, approximately
of 10 km of semi-motorway has been constructed, within 4,2 km of Sozina tunnel, as well as
temporary linkages with existing roads in Sutomore and Virpazar. It is proposed that the Bar-
Boljare motorway and planned Adriatic-lonian motorway have a common alignment in zone
of capital Podgorica, in the length of approx. 10 km. Proposed motorway sections have been
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coded as dual-2 links (2 lane in each direction). Within the model, the motorway has been
given the following characteristics:

- lane in each direction;

- design speed of 100 kilometers per hour;

- capacity of 30 000 vehicles per day per direction.

Based on experts’ opinion relevant criteria and subcriteria for the model are defined (table 2).
Some of them are mutually connected. Forinstance, the criterion “Increasing the enterprises’
competitiveness” is in relation with the criterion “Contribution to the regional development”,
etc.

Table 2 Criteria and subcriteria of the model

Criteria Subcriteria Description
C1 Costs T Construction costs
C12 Maintenance costs
Cc13 Operating vehicle costs
C14 The economic rate of return EIRR
C15 Period of construction
C2 Traffic 21 Number of accidents
€22 Traffic volume
C23 Alternative routes
C24 Forecasted traffic volume
C25 Changes of traffic flows
C26 Infrastructure capacity utilization
C3 Environmental impacts C31 Environmental protection
€32 External influences
33 Demographic changes
C4 Benefits 41 Travel time savings
C42 Attractiveness of investment
C43 Contribution to the regional development
C44 Increasing of the security
C45 The impact to the regional significance
C46 Valorization of the potential
C47 Tourism development
C48 Easier access to market
C49 Area development
C410 Increasing the enterprises’ competitiveness

2.2 Stakeholders

As the relevant stakeholders, following six interest groups are considered:
- S1- Government;

- S2 — Local authorities;

- S3 - Construction sector;

- S4 - Tourist sector;

- S5 — Private sector;

- S6 — International financial institutions.
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Their relative importance is defined, so the final rank among them is: Government, Inter-
national financial institutions, Construction sector, Tourist sector, Private sector and Local
authorities, respectively.

3 Brief description of the ANP approach

The ANP approach has been widely used for developing the model as a support system in the
decision making process. The model with network structure is very good for presenting the
nature of the problem in practice. The first step in this approach is developing the pairwise
comparison matrices, presenting the priority among elements, using the fundamental Saaty
scale [7] (table 3).

Table3 Fundamental Saaty scale

The importance  Definition
Equal
Intermediate

Moderate importance

Intermediate

Strong importance

Intermediate

Very strong importance

Intermediate

V| o |([N|lon|vx|lWI|IN =

Extreme importance

The matrix “A” shows a comparison among elements a,, representing the experts’ priority
of one element over the others. The matrix “M” is normalized matrix “A” with elements a’ii.

A1 A2 e Ai e An
Al 1 alZ ali aln
AZ aZl 1 aZn
A— ’ aji = 1/aij (1)
A lay A 1 aj,
An anl an2 ani 1
all a12 aln
ay n
M= 3 =25/ )3 @
v i=1
e aij v
an1 ann1

The vector of priorities, “W”, is an eigenvector of the matrix “A”. The factor X _, wherenisa
number of criteria, is used for calculation of the consistency index of a matrix of comparisons,
Cl. This is the main advantage of the eigenvector method.
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After the consistency index is calculated, the consistency ratio, CR, can be considered as a

relation of the consistency index and the random index, RI. For CR» 0.1, the degree of consi-
stency is satisfactory. Otherwise, the judgment of a decision maker should be revised.

CR=CI/RI (6
Table 4 The values of RI
n 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

For calculating the final rank of alternatives, the normalized super matrix and the limit matrix
should be developed. These calculations can be done in the software Super Decisions (www.
superdecisions.com).

4 Results and discussion

Afterapplying the developed model for ranking the sections of the Bar-Boljare motorway, the
obtained results are presented in the following table.

Table 5 Final rank of considered projects

Section Rank
A3 Smokovac — MateSevo 1

A1 Bar (Djurmani) — Virpazar

2
A2 Virpazar - Smokovac 3
A4 MateSevo — Berane 4
A5 Berane — Boljare 5

The section A3, Smokovac-MateSevo, will make better links between the north and south of
the country. With a better appreciation of the potential in the field of economy and tourism
development in the northern region, it will increase the accessibility to the hardly accessible
regions, increase mobility, change market conditions and increase competitiveness of enter-
prises. Also, this project will increase employment and change the structure of employment,
with involvement of local constructions firms, equipment, materials and labor in the construc-
tion phase, which will have its multiplier effect on indirect benefits, it will bring significant
benefits that go far beyond the economic and financial benefits.
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Southern sections A1, Bar-Virpazar, and A2, Virpazar-Smokovac, are highly ranked related to
economic and social benefits, especially considering traffic demand. These sections have the
highest value of traffic demand.

Section A4, MateSevo-Berane, with constructed section A3, Smokovac-MateSevo, leads to
even better valorization of the potential of the northern region, better connection to the main
road, regional and local roads, increasing benefits related to the travel time savings, vehicle
operating costs, increasing the level of security, etc.

Section A5, Berane-Boljare, is the border section of the Republic of Serbia, which attractive-
ness could become even higher due to the fact that some sections of the Belgrade-PoZega
have been already designed and built.

5 Conclusions

The main transport infrastructure project in Montenegro is Bar-Boljare motorway, as a part of
Bar-Belgrade-Budapest European Corridor. This road is divided into 5 sections, which sho-
uld be ranked for investment in the future. This paper presents the model for ranking these
sections using the Analytic Network Process, the multi-criteria approach. The model has al-
ternatives, criteria and subcriteria, as well as stakeholders, all together make the network
with mutual links and relations. The final obtained rank is as follows: Smokovac-Mate3evo,
Bar-Virpazar, Virpazar-Smokovac, MateSevo-Berane and Berane-Boljare.

References

[1] Caliskan, N.: A decision support approach for the evaluation of transport investment alternatives,
European Journal of Operational Research, vol. 175, issue 3, pp. 1696-1704, 2006.

[2] Dikmen, I., Birgonul, M. T. and Ozorhon, B.: Project appraisal and selection using the analytic network
process, Canadian Journal of Civil Engineering, 34, pp. 786-792, 2007.

[3] Ivanovi, I., Grujicic, D., Macura, D., Jovic, ., Bojovi¢, N.: One approach for road transport project
selection, Transport Policy, Vol. 25, No. 6, pp. 22-29, 2013.

[4] Macura, D., Bojovié, N., NuhodZi¢, R., Selmié, M., Boskovi¢, B.: Evaluation of transport projects using
multi-criteria decision making method, International Conference on Traffic and Transport Engineering
ICTTTE, Belgrade, November 29th to 30th, 2012.

[5] Macura, D., Boskovi¢, B., Bojovi¢, N., Milenkovic, M.: A model for prioritization of rail infrastructure
projects using ANP, International Journal of Transport Economics, Vol. XXXVIII, No. 3, pp. 265-289,
2011.

[6] Macura, D., Nuhodzic, R., Bojovié, N., KneZevi¢, N.: One model for rail infrastructure projects
selection, 2" International Conference on Road and Rail Infrastructure — CETRA 2012, 7-9 May 2012,
Dubrovnik, Croatia, pp. 533-538, 2012.

[7]1 Saaty T.: Decision Making with Dependence and Feedback: The Analytic Network Process, RWS
Publications, 1996.

[8] Saaty, T.: Fundamentals of Decision Making and Priority Theory with the Analytic Hierarchy Process,
RWS Publications, 2007.

[9] Tsamboulas, D., Yiotis, G. and Panou, K. D.: Use of a multicriteria methods forassessment of transport
projects, Journal of Transportation Engineering, 125 (5), pp. 407-414,1999.

[10] Tsamboulas, D., Yiotis, G. and Mikroudis, G.: A method for multi-criteria analysis in transportation
infrastructure investments, International Journal of Transport Economics, Vol. 1, 2007.

[11] Tudela, A., Akiki, N. and Cisternas, R.: Comparing the output of cost-benefit and multi-criteria analysis
— An application to urban transport investments, Transportation Research Part A, 40, pp. 414-423,
2006.

ROAD INFRASTRUCTURE PROJECTS CONSTRUCTION, MAINTENANCE AND MANAGEMENT
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure



CETRA?Z04 28-30 April 2014, Split, Croatia
31 International Conference on Road and Rail Infrastructure

PROBLEMS TRACING BYPASS CORRIDOR
IN SMALL CITY IN THE EXAMPLE OF DRNIS

Ana Rigo, Zeljko Stepan, Igor Majstorovié
University of Zagreb, Faculty of Civil Engineering,
Department for Transportation Engineering, Croatia

Abstract

Experience analysis in developing concept bypass of small cities shows that the implemen-
tation of new transport infrastructure projects of high rank is associated with significant pro-
blems that result in the extension of the deadlines of the projects. This paper describes the
issues of regional plans as a basis for designing roads. It points to the lack of an accurate
analysis of the planned corridor. Also the insufficient number of current data and information
in spatial planning documents that the designer used during the execution of the project is
discussed. The need to create additional solutions for corridors in order to create the optimum
balance between benefits, costs and impacts based on the evaluation of the traffic model and
the spatial position solutions is emphasized. This paper shows a way of finding solutions for
corridor bypass in small cities enabling sustainable development of these cities in the future.

Keywords: road design, spatial planning, transport planning, evaluation
and selection of solutions

1 Introduction

To create design solutions tracing corridors of major infrastructure facilities, collaboration
of road designers, spatial planners, environmental experts and local government, is very
important from the beginning of the design. This type of collaboration in recent practice was
not commonly applied.
Problems tracing corridor bypass in small towns is shown in the example of the bypass of Drnis.
The position of the city of DrniS in the existing road network is shown in Figure 1. In dynamics
of development and integration of the Sibensko-kninska County, in coast-hinterland relation,
the need for the construction of the Drni$ bypass became obvious. This need was already ob-
served already when developing technical documentation study to build a fast road Sibenik
— Drni3 — Knin — BiH border (BC). The existing transport network of Drni3 is made of old roads
with bed technical elements, which are not suitable to support traffic that would be directed
between the planned high-speed road through the intersection “Drni$” and state roads D33
and D56. The route of the planned Drni$ bypass starts in the area of the village Siveri¢ on the
state road D33, before crossing the railroad Knin-Sibenik, and it finishes as an extension of
the connecting road of intersection “Drnis“ and highways in the intersection “Drni3” in BC.
Planned road network of DrniS bypass consists of two corridors, one of which is provided un-
der the spatial planning documents, and the other is evaluated through “Study to determine
the optimum solutions of DrniS Bypass”, and can be described as follows:
- CORRIDOR | - BC Tromilja-BH (ZC6246) — St. John Cemetery — Badanj — D33;
- CORRIDOR Il = BC Tromilja-BH (ZC6246) — St. John Cemetery — passage under an industrial
platform-planned bond D33 and D56.
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Figure1 Position of the city of Drnis in the existing road network

2 Project background
2.1 Spatial planning documentation

Until recently, spatial plans were made without detailed analysis of theirimpact on the surro-

unding area and the environment, and taken that the planned activities are often several

decades old, and that the area and its content has changed, the result is very often a need

to plan a route out of the planned corridor. The result is a growing number of modifications

of the route that leads to the alteration of spatial plans, which is a time-consuming process.

This way of designing and collaboration requires great effort and significantly extends the

deadlines given by investors, and is a common situation with facilities of line infrastructure

that spatial plans wait for optimized design solutions. The project background for designing

the corridor of DrniS Bypass consists of the following documentation:

- Spatial Plan of the Sibensko-kninska County, modification and addition, August 2012;

- Physical Plan DrniS- modification and addition, Urbing d.o.o., April 2006;

- Urban development plan of DrniS — modification and addition, Urbing d.o.0., 2009;

- Conceptual design of a fast road Sibenik-Knin-Drnis-BiH border, shares Tromilja-BiH border,
Faculty of Civil Engineering, Zagreb, November 2009;

- A study to determine the optimum solution of building a fast road Tromilja-DrniS-Knin-Str-
mica, Faculty of Civil Engineering, Zagreb, in December 2010;

- A study to determine the optimum solutions Bypass Drni3, Faculty of Civil Engineering, Za-
greb, December 2012.

The Conceptual design of the bypass DrniS under the current spatial planning documentation
is designed in CORRIDOR I. The plan from spatial planning documentation to build the corridor
was abandoned in the way so that the bypass could continue to the connecting road of inter-
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section “Drni” of fast road Sibenik-Knin-Drni3-BiH border, which prevented the construction
of another bridge over the Cikola river. Modification and addition of spatial plan of Sibensko-
kninska County in August 2012 have fully accepted the general design of the CORRIDOR |, on
the basis that the spatial planning documents of a lower rank needs to be updated.

In the process of environmental impact of DrniS Bypass, during the public consultation the
proposed Conceptual design of CORRIDOR | was rated as unacceptable by the citizens of Drnis.
The citizens of DrniS expressed their disagreement with constructing the bypass route in the
area of State Road D33 to St. John Cemetery, where the planned route of bypass divides the
Badanj village in two parts.

Newly designed bypass route (CORRIDOR II) takes over the existing network traffic from
the state road (D33) which passes through the southern part of the city and opens up new
approaches to the town from the north. The northern area of the city was planned to be a
commercial and residential zone. UDP DrniS is in the process of modification, and through this
procedure itis necessary to implement the redevelopment of area. The bypass contributes to
the development of the planned zone and allows heavy freight traffic access without loading
the town (street) network. Diverting transit traffic on the bypass unloads the approach roads
to the town, and in the east the road traffic no longer intersects the railway traffic. Figure 2
shows an overview of variants of the previously described corridors of DrniS bypass in one of
the existing spatial planning documents.

Figure 2 Urban development plan of Drnis with a preliminary ruling bypass

2.2 Geodetic background

In order to develop technical solutions of road systems a common procedure was performed
by creating a digital elevation model for the project, as follows:

- scan HOK 1:5 000;

- vectorization of contour plan, height and structure characteristics;

- calculation of triangulation.

For the project the following documents were obtained: TK100, TK25 and digital orthophoto

plans that were used for technical solutions and their spatial valuation.
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3 The methodological approach

The methodology for selection of optimal variants consists of the following basic steps:
- analysis of spatial planning documents;

- development of technical solutions planned road network;

- development of transport models;

- definition of network scenarios;

- calculation of costs and valuation scenarios.

3.1 Traffic modelling

The traffic model is the basis for determining the traffic impacts of specific scenario which
is analysed in the following section of the study. For the purposes of the preliminary design
of the DrniS bypass a traffic model is made for road traffic in 2011 and in 2030, for narrower
and wider areas in which the traffic impacts of road transport without investment and traffic
impacts with the investment are calculated. The calculation of the effects of traffic is made
for the following components:

- operating cost;

- travel times;

- accidental cost;

- pollutant volume;

- CO2 volume.

The existing transport network is shown in Figure 3. Statistical data on migration shows that
the active population mostly perform their work (60%) within the settlement they live in,
while 20% travel between settlements of DrniS. 20% of the active population commute to
work out of town. Data obtained by counting the number of transactions that are carried out
at several locations in the city, as well as data on counting traffic on national roads were used
for calibration and evaluation of models. Projected traffic in the year 2030 was conducted with
traffic growth of 2%. Figure 4 shows review of the planned traffic network load in 2030.

Figure 3 The existing traffic network of Drni$
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Figure 4 Planned network traffic load in 2030.god.

3.2 Description of segments and presentation of technical solutions

The bypass of Drnis is intended as a road with a pavement with two traffic lanes and the de-
sign speed of 80 km/h. Drni$ bypass road segments are shown in Figure 5. Road network of
the Drni3 Bypass is divided into seven (7) road segments:

- a — IDR] bypass DrniS — June 2011, CORRIDOR I;

- e — BC Tromilja-BiH (ZC6246) — connecting road for Drnig;

- f — connecting road for Drni§ — D33;

- g — D33 - D33 planned bond and D56;

- h — planned connection D33 and D56;

- i —planned connection D33 and DrniS bypass;

- j —connecting road for Drnis.

Figure 5 Overview of road segments
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3.3 The calculation of costs and evaluating scenarios

By the combination of road segments for the planned network developed five (5) scenarios.
For each scenario construction costs and traffic impacts are calculated. Review of scenarios,
their calculated costs and economic indicators, is given in Table 1. Basic construction costs
are calculated for all road segments as follows:

- route;

- objects;

- drainage.

Economic indicators are calculated for total costs (investment and maintenance) and tran-
sport effects, as follows:

- savings;

- Net Present Value — NPV;

- Benefit / costratio— B / C;

- Internal Rate of Return — IRR.

Net present value is calculated for the period of operation of 20 years with a discount rate
of 5%.

4 Selection of optimal solutions and evaluation of variant

Economic efficiency is based on a comparison of costs and benefits (cost — benefit analysis)
actions taken in the transport system (planned event — to do something) with the costs if the
planned action is not taken (maintaining the status quo — do the minimum). Based on the
basic parameters of the economic efficiency of the net present value (NPV), cost-benefit factor
(B/C) and internal rate of return (IRR) acceptability of all proposed scenarios in road network
system of Drnis is evident. Table 1 which provides an overview of the costs and economic in-
dicators show that all scenarios offer positive values, which is an indication that all scenarios
are thoroughly acceptable.

Table1 Overview of costs and economic indicators
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By comparing scenario 1, which represents DrniS Bypass in CORRIDOR | and scenario 5 repre-
senting the DrniS Bypass in CORRIDOR I, it is evident that bypass scenario in CORRIDOR Il
has better economic indicators.
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Scenarios 2 and 3 represent parts of the DrniS Bypass, while Scenario 4 is an addition to
the network in terms of defining the entire road system of the City of DrniS that makes Drni3
bypass and connection of existing D33 and D56. Economic indicators of previously described
scenarios also show the acceptability of these solutions, and the actual construction of the
Bypass in CORRIDOR Il proved to be very flexible solution.

Scenario 5 as the solution of the Bypass in CORRIDOR Il according to criterion of savings, NPV,
B/Cand IRR is in the second place, right after the scenario 4 that represents its supplement
on connection of D33 and D56. If you consider the ratio of investment per kilometre scenario
5 is the most cost-effective scenario of the DrniS Bypass. In conclusion, it is determined that
scenario 5 as the solution of the bypass in CORRIDOR II, if we compare all the technical and
economic indicators, is the optimal solution for the bypass.

5 Conclusion

The analysis of practice experiences shows the importance of cooperation between all stake-
holders (including representatives of regional and local communities) from the start of design
services. Spatial planning documentation that provides a starting point for road designing
generally is not precise enough and does not contain all current data and information that
designers need to consider when creating conceptual designs. This often results in smaller or
larger deviations of finally designed route from the corridor outlined in the spatial planning
documentations. Therefore, we can expect more frequent occurrence of the physical plans
to adopt design solutions verified through the traffic, economic and spatial aspect, whose
analysis should be carried out in the earlier stages of the strategic development of transport
infrastructure projects. In this way the significant and increasingly frequent prolonging the
period of completion of design and study activities would be avoided.
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Abstract

During construction work on individual road network sections it is necessary, for shorter or
longer period of time, to close for traffic some small part or even the entire length of the
section. At the same time, unobstructed traffic should be ensured redirecting to the nearby
road routes or, if no such routes exist, constructing temporary (or permanent) road sections
and intersections is needed. Traffic redirection during the construction or reconstruction of
high priority roads, with heavy traffic volume, is a problem which is additionally enhanced in
cases of main city routes.

An example of such problem is the South Osijek Bypass, a part of the D2 Croatian state road.
With traffic load of 18,500 vehicles/day AADT (Average Annual Daily Traffic), this is one of the
busiest roads in Croatia. The role of South Osijek Bypass is traffic redirection outside the city
and connection of major roads to Nasice (D2) and Valpovo (D36) to the west, Vukovar (D2) and
Erdut (D213) to the east, Beli Manastir (D7) in the north and Pakovo (D7) and Vinkovci (D518)
to the south. Northern pavement of South Osijek Bypass was built between 1973 and 1989
year with two traffic lanes intended for two-way traffic while the southern pavement extensi-
on was postponed because of, at that point, insufficient traffic volume. Southern pavement
construction started in year 2011, during which extension of four intersections and building
of a whole one new intersection was needed. Given that the old, northern pavement was
constantly under heavy traffic, the solution of temporary traffic regulation during the works
was a particular challenge for the designer.

The paper describes traffic solutions for unobstructed traffic flow during construction works
on the southern pavement extension of South Osijek Bypass with special emphasis on the
importance of quality traffic flows diverting.

Keywords: temporary traffic regulation, reconstruction of road, South Osijek Bypass,
heavy traffic volume, traffic flow regulation

1 Introduction

During construction or reconstruction of roads, special attention should be paid on unin-
terrupted traffic flow throughout the whole construction period. The uninterrupted flow of
traffic can be secured by placing the appropriate traffic signs (a simpler way, in normal traffic
conditions) or special, particular regulation of traffic (more complex manner, in particular
traffic conditions) [1].

Particular traffic regulations, by their definition, represents all the measures to ensure the
uninterrupted traffic flow at some stretch of the road. Particular traffic regulation is necessary
in cases of complex construction; such as work at intersections, construction of the half-width
of the road, in the course of alternating one-way traffic, etc.
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Sometimes is necessary, for shorter or longer period of time, to close for transport small
stretch of road or even the entire length of the road. With simultaneous progress of the con-
struction, road users should allow an uninterrupted ride on nearby roads or, if no such direc-
tions, performing a temporary (or permanent) road sections and intersections. About all the
measures for traffic regulation, itis necessary to inform promptly all road users about the new
traffic regulation in a given period.

1.1 Legal and technical regulations

The obligations of investors and contractors before and during the execution of works and the
mode of organisation of temporary traffic regulation during the construction or reconstruction
of roads are determined by the legal and technical regulations [2-6].

Act of Roads [2], defines the obligations of the legal entity that manages roads during con-
struction works. According to Art.62, Act requires establishment of appropriate temporary
traffic regulation during construction. Traffic regulation must be established for ensures safe
traffic flow and unhindered performance of work or other activities.

Act of Road Traffic Safety [3] defines a mode of marking construction works and obstacles on
the road. Art.10 requires visible marking of road (or part of road) where works are carried out.
Marking must ensure road users safety. Part of the road is marked by setting the appropriate
traffic signs [4], and the safety of traffic participants is provided by placing bumpers.
According to the General Technical Requirements for Road Works, Volume I, [5], the contractor
is required to set up and maintain traffic signs on construction site and in all prescribed pla-
ces in the required number, form and technical characteristics in accordance with the work
progress and the requirements of legally relevant institutions. The Contractor shall procure
and maintain temporary lighting for the road, which must provide the same level of light as
public lighting, which it replaces.

Temporary traffic diversion, according to GTR [5], will be performed in areas where buildings
or construction site intersects existing roads, intersections, pedestrian and bicycle paths,
or parts thereof, and because of the safety or scope of work it is not possible to establish a
satisfactory traffic flow.

In the case of buildings affecting the traffic flow in the wider region and a number of associa-
ted existing roads, as well as in the case of national roads, the investor is required to ensure
project development of temporary traffic regulations and to obtain all necessary approvals
from the relevant institutions.

The contractor is required for quality solution of roads for temporarily traffic. Solution has to
be in accordance with the category of roads and with the application of relevant standards.
The contractor has to ensure safe traffic during the construction works. Upon completion of
the works the contractor shall remove the temporary roads [5].

Regulation of justified cases and the procedure of closing a public road [6] prescribes the
events in which public road can be closed and the closing procedure. Under the public road
closure, it is considered the establishment of banning or restricting traffic for all or certain
types of vehicles on certain public road or part of a public road on certain days or for a spe-
cified period.

Reasonable cases for the closure of a public road, according to the Regulation [6], is perfor-
ming of routine and periodic maintenance works and reconstruction of public roads, as well
as otherworks oractivities on a public road that affect traffic safety or can not be done without
closing the public road.

It is necessary to establish the conditions under which a public road will be closed, such
as determining the optimal time of closure of public roads, determining of a public road on
which traffic can be redirect, determining the conditions for the establishment of temporary
traffic regulation; determining the time at which the road must be opened and brought to the
original state and determining the mode of informing the public.
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2 Temporary traffic regulation during construction of South Osijek Bypass
2.1 Importance of South Osijek Bypass for City of Osijek and the surrounding region

Traffic redirection during the construction or reconstruction of high priority roads with heavy
traffic volume is a problem which is additionally enhanced in cases of main city routes. An
example of such problem is the South Osijek Bypass, a part of the D2 Croatian state road.
With traffic load of 18,500 vehicles/day AADT (Average Annual Daily Traffic), this is one of the
busiest roads in Croatia. The role of South Osijek Bypass is traffic redirection outside the city
and connection of major roads to NaSice (D2) and Valpovo (D36) to the west, Vukovar (D2)
and Erdut (D213) to the east, Beli Manastir (D7) to the north and Dakovo (D7) and Vinkovci
(D518) to the south.

Figure1 South Osijek Bypass, a part of the D2 Croatian state road [7]

Northern pavement of South Osijek Bypass was built between 1973 and 1989 year with two
traffic lanes intended for two-way traffic while the southern pavement extension was postpo-
ned because of, at that point, insufficient traffic volume. Southern pavement construction
started in year 2011, during which extension of four intersections and build of a whole one new
intersection was needed. Considering that the old, northern pavement was constantly under
heavy traffic, the solution of temporary traffic regulation during the works was a particular
challenge for design engineers.

2.2 Description of project solution: road section between intersections Vinkovacka and
Cepinska

The length of the four-lane section Southern bypass of Osijek city is 12.1 km long. It was
planned to upgrade five existing intersections and the construction of a new intersection -
“Vinkovacka”. The task of the new intersection “Vinkovacka” was to relieve traffic between in-
tersections “Cepinska” and “Trpimirova” also between streets Drinska and Divaltova. Project
solution of road section between streets Vinkovacka and Cepinska (Figure 2), including the
new project solution intersection “Vinkovacka” were represented the very challenging task on
the route of the Southern Bypass. On the mentioned road section there are three structures:
1 Underpass “Filipovica”, length L=41,6 m (new object (two objects) demolition of the
existing embankment below the northern pavement);
2 Overpass “Bosutsko” over railroads, length L=127,50 m (a new object with the existing);
3 Underpass “Vinkovacka”, length L=44,20 m (four-lane city roads, demolition of existing
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and construction of new structure, partial demolition of the existing embankment below
the northern pavement, construction of two objects).

Figure 2 Part of layout drawing Southern bypass of Osijek: road section between intersections Vinkovacka
and Cepinska [8]

2.3 Different variants selection of traffic regulation

Works on the embankment below the south pavement have led to problems with the unin-

terrupted flow of traffic. It was necessary to make a decision: will traffic on the north pavement

during the constructions be stopped? Investor (Croatian Roads) and the Designer analyzed
two variants:

1 Traffic to the northern pavement will not be interrupted during construction works. The
existing embankment below the northern pavement would ensure with the planks in the
length of 600 meters, installation of cement-gravel-clay piles (jet grouting), and with
construction of AB diaphragm behind objects with a length of about 100 m. Estimated
cost of this variant was 16.5 million HRK (2.1 million euros).

2 Trafficto the northern pavement will be stopped during the construction work and redirect
to the bypass line of the existing road nearby to the agricultural economy “Ankin Dvor”
(Fig.3.). Estimated cost of this variant, redirected traffic to the bypass line, amounted to
about 6 million HRK (0.78 million euros).

Decision about the traffic conduction was analyzed as follows:

- costs of both variants;

- any unforeseen circumstances and constructions work that can further occur during the
execution of works;

- possible traffic accidents and casualties passengers on the northern pavement due to open site.

Investor (company “Croatian Roads”), team of design engineers and representatives of the
City of Osijek, made the decision to accept variant Il as cost effective and safer traffic variant.
With this variant all work on road section will be uninterrupted, without any potential traffic
accidents, traffic jams, delays in operation at the site and without unforeseen works (and
without additional financial resources) for the implementation of the most demanding part
of the route South bypass of Osijek.
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Figure 3 Final variant (Il) of traffic regulation: bypass route of existing road [8]

In the main design [8] was planned closure of traffic on the northern pavement between
intersections “Cepinska” and “Vinkovacka” with the traffic possibility by branches of the
intersections loop. Diverting traffic from the north pavement between mentioned intersecti-
ons was defined by the alternate route: bypass line of the existing road near by agricultural
economy “Ankin dvor”.

The bypass route (Fig. 3). is 4.5 km length and passes through the existing transport infra-
structure of the city of Osijek. The route begins at the intersection “Cepinska” using ramp of
intersection. After that, the traffic diverted to city road street St. L. B. Mandic in the direction
of the roundabout at the entrance to the industrial zone. Further traffic passing industrial zone
(Jablanova street) and cross the railroad tracks in the level and connects to the street Zapadno
predgrade. Then bypass route passes economy “Ankin dvor” and after crossing the railroad
tracks at the level connects to Vinkovacka street to Vinkovacka intersection. Node “Vinkovac-
ka” provides a connection of bypass traffic flow to the existing pavement of southern bypass
and represents the end of the bypass route.

End of bypass route represented the biggest problem because it had to provide a crossing
of two relatively strong traffic flow direction: one way the direction of the bypass route, and
another direction from the city center. This is the busiest intersection during rush hour and,
realistically, at this intersection was expected increase in traffic congestion.

Proposed problem solution and finally accepted, was roundabout (Fig.4). This solution, as
the most rational and the safest, ultimately was derived. Traffic equipment and signaling on
the road was organized to allow uninterrupted traffic on the bypass route. Velocity of traffic
is regulated at 50 km/h.

Figure 4 Roundabout as solution for good connection of few traffic flows [9]
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2.4 Traffic regulation in phased

Complete traffic regulation during construction works is made through two phases:

- Phase | —included upgrade of the existing road near by “Ankin dvor” in a length of 1.22 km.
The existing road was 5-6 meters width, with surface of crashed stone, thickness of 50cm,
in very poor condition. The existing road was upgraded from crushed stone material and a
asphalt pavement.

- Phase Il —included the construction of the northern and southern branches of nodes “ Vin-
kovacka “ (in accordance with existing project documentation [8]), the preparation of project
documentation for the bypass route [9], and construction of controlled railway crossing with
semi-barriers, light and sound.

The performance of first phase of bypass construction started end of January 2012 and during
2013. started final, second phase.

3 Conclusion

Before making the final decision about stopping and traffic diversion due to road construction
should be analyzed the overall picture of traffic flow in the city and surroundings. The final
solution can not be an overnight solution and should be approached from several directions,
taking into considering all users in traffic flow. The contribution of the described traffic regula-
tion, specially for community that lives along the road, is manifold: this solution is provided a
safe traffic flow without congestion, construction works on the South bypass route will be uno-
bstructed, according to the timetable, the local community got a new road as an alternative
road and this solution is created the basic conditions for further development of the observed
part of the city of Osijek. Finally, the leading idea, with selection of technical characteristic
or economic optimization of road route, should be traffic safety. From the date of opening
for traffic on the bypass direction weren’t no major traffic accidents or delayed traffic flow.

Figure 5 The construction site on Southern bypass of Osijek: overpass “Bosutsko”
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Abstract

Finland is testing a new model for Performance Based Maintenance Contracting (PBMC) for
roads in 2014. In Finland, PBMC have been used for about thirteen years and the market is
very competitive, driven by lower costs, and quality needs improvement. Continued pressure
towards efficiency and reduced costs are approaching the limits and a new model is needed
to increase the quality and provide incentives for contractors. An internal road agency stee-
ring group was assigned the task to develop a new model for maintenance that would be
appropriate for Finland. The “alliance model” has been tested in some countries, but there
are limited results and the alliance model may not be appropriate for Finland. This new model
is titled “Program Managed Performance-Based Maintenance Contracts” and has similarities
to the alliance model, but is much simpler. Since the model is presently under development,
the objective of the paperis to discuss the development, procurement, and preliminary fin-
dings. The tendering of this model is in early 2014 and details are not known at the time of
the writing this abstract, but preliminary finding will be available for the conference. The new
model introduces possibilities for improved quality, services, and provides a better oppor-
tunity for risk sharing.

Keywords: Performance Based Maintenance Contracts (PBMC), outsourcing, maintenance
and contracting

1 Background Information

The Finnish Transport Agency (FTA) began operations at the beginning of 2010, where three
important modes of transport, such as, road, rail and waterways were restructured into one
transport agency. Previously, the road administration client was known as the Finnish Road
Administration (Finnra), which managed the state public road network, but now FTA includes
road, rail and waterways. FTA is responsible for maintaining and developing the transport
systems as a whole in cooperation with other key stakeholders and its goal is to promote
productivity and innovations in the transport sector. FTA is also responsible mobility of the
transport system’s network, environmental stewardship and responsible for operational stee-
ring of nine Centres for Economic Development, Transport and the Environment (known as
the ELY Centres).

The Centres for Economic Development, Transport and the Environment were partially com-
posed from the nine Finnish Road Administration regional offices that were also created du-
ring the reorganization of FTA in 2010. These nine ELY Centers have transport responsibility,
which includes road transport mobility and safety functions on behalf of FTA’s steering goals.
In addition, the ELY Centers are responsible for maintenance and functionality of the road
transport assets, systems, and promote safety and mobility of the road network. These ELY
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Centers basically act as the “road manager” on behalf of FTA and is responsible for the procu-
rement of capital investment projects and all outsourced maintenance contracts.

1.1 FTA and ELY-Centres routine maintenance contracts

In Finland, safety, mobility and availability of the road network is assured through meticulous
maintenance. Road maintenance services are publicly tendered in the form of area-based
contracts and currently there are 81area-based contracts using the Performance Based Main-
tenance Contracts (PBMC) concept. The contractors preforming the road maintenance services
are responsible to maintain the services according to the client’s Levels of Service (LOS) for
their respective road classification. In Finland, winter maintenance operations include snow
plowing, prevention of slippery conditions or deicing of roads, repairing unevenness of the
road surfaces, and ensuring the visibility of traffic control equipment, such as signs and road
markings. In the summertime, the main duties include maintaining the gravel roads, traffic
signs, vegetation control, grass and brush cutting, repairing and patching pavement defects,
like potholes, and any other surface defects that may cause risks to traffic safety. The con-
tractors are also responsible for continuous monitoring of the road system, availability to
on-site tasks, reporting and tracking defects, and assisting authorities/officials when there
are emergencies. The present maintenance contracts are shown in Figure 1and also includes
the location of the new pilot project that is being tested in Espoo.

Figure1 Area Maintenance Contracts in Finland.
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2 Program Managed PBMC

The Finnish Transport Agency (FTA) initiated a feasibility study to evaluate the “Program Ma-
naged PBMC” model during the end of 2012. An internal working group with the assistance
of experts from the infrastructure industry decided and recommended to pilot test the new
model. After the feasibility study and preliminary development of the tender documentation,
FTA and ELY Centre Uusimaa decided to continue the development of this new model in the fall
0f2013. The new model is based upon principles and guidelines from the project management
of maintenance contracts, alliance model, traditional routine and periodic maintenance con-
tracts. The new model is termed “Program Managed PBMC” because the routine maintenance
services significantly deviate from traditional project manager concepts and maintenance
management concepts. A custom-made approach was necessary to achieve many new goals
and desires of the client organization. At issue is a totally different management concept,
where the procurement contracts are actually tendered and managed by the “contractor”.
However, the intent and spirit of the public procurement requirements should be observed
and honored.

2.1 Client’s goals

The new model is more appropriate for demanding and very demanding type maintenance
contracts, where flexibility and allowance for variations are prominent, compared with tra-
ditional contracts. The model allows for flexibility during the contract period, client change
orders can be included in the contract, and the potential for innovations and development.
The main goal is to provide services from a road users’ perspective and provide flexibility for
implementation of these services. The model attempts to balance the risk and promote better
teamwork and cooperation between the client and the contractor. The model is quite stra-
ightforward and is aligned with the present area maintenance contract models, which have
the potential to be adaptable. The result should be less management and quality inspection.

2.2 Structure of the Program Managed PBMC

The provider/contractor (herein called the program coordinator) is responsible for the ma-
intenance services for the area based maintenance contract according to the client’s road
classification and service levels. The service requirements of the program coordinator include
many of the typical routine maintenance services, management and administration services
and all related procurement duties.

The program coordinator offers professional and quality services on behalf of the client so
that both parties have a common interest and focus for the maintenance services. The pro-
gram coordinator together with the client should provide an effective implementation met-
hod and a cooperative management method that leads the entire maintenance processin a
cooperative and open manner. The program coordinator is responsible for the maintenance
planning process that needs to be approved and continually modified in a cooperative effort
with the client. All purchases (product deliverables, performance, service requisitions and
subcontracting) will be competitively tendered regardless of the number of bidders and even
those that have provided alternative bidding prices. Maintenance activities are supported in
the maintenance plans according to the procurement plans that are done in the name of the
program coordinator. The client will nevertheless make final decision and approval.

2.3 Espoo Pilot Project

The area maintenance contract for Espoo is scheduled from 2014-2019 and is chosen as the
pilot project for this new model. The new model is procured by Pirkanmaa ELY-Centre on behalf
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of Uusimaa ELY-Centre and is categorized as a very demanding maintenance contract, which
includes the roads in the cities of Espoo, Kauniainen, Kirkkonummi, and outlined parts of
Helsinki. The contract includes about 850 km of roads and 150 km of pedestrian and bicycle
pathways. Winter road classification for this contract comprises about 130 km of dual lane
roads of class 1S and about 200 km of single lane 1S, which includes ramps. The remaining
road network is comprised of roads classified as Il and Ill. The Espoo contract area is a highly
travelled and often congested road network that is susceptible to disturbances throughout
most of the day. Performing maintenance activities on the road network is challenging for the
safety of both workers and road users, which requires significant attention and well planned
activities and services. Another challenge for the maintenance contractoris the location along
the coastal area, because the weather may change rapidly and temperatures fluctuate above
and below the freezing point.

3 Procurement process

The procurement process for the pilot project is done in two stages. During the first stage,
the official invitation for “expression of interest” was issued during the fall of 2013. The can-
didates expressing their interest in the project were required to have a turnover of at least
€12 million and had previous experience in maintenance works or construction/project ma-
nagement. In addition, they were required to have two of their own staff that had a minimum
of two year experience as project managers in routine or periodic maintenance contracts,
providing their education, training and experience met the requirements. Also, there was a
prequalification limit of five tenders.

All prequalified bidders were sent a preliminary proposal in the beginning of October 2013
and only the preliminary quality portion of the bidding documents were submitted to the
client by the end of October 2013. Next, the client explained the initial contract proposal
documentation through private individual negotiations for deliberation. These bilateral nego-
tiations were intended to develop the invitation to tender documents, versus official contract
negotiations.

The second stage of the procurement process was to gather lessons learned from the bilateral
negotiations, finalize the invitation to tender documents and conclude when there is a signed
agreement with the winning bidder.

The finalized invitation to tender documents was sent to those offers’ participating in the
negotiations at the end of January 2014. The proposal due date is planned for April 1, 2014 and
the tenders are expected to be evaluated within a week, so that the client can have a signed
contract with the award winner by the middle of May 2014.

3.1 Tender Evaluation procedure

The tender evaluation selection criteria established in this pilot project is using a competitive,
negotiated method. The main focus of the award is one that is the most overall economically
beneficial. The most overall economic beneficial tenderis the one receiving the highest score
from amongst the bidders. The procedure uses a 1000 point maximum scoring scale and is de-
termined by the following weights of 20% for quality, 10% of key personnel and 70% for price.
The quality assessment category is evaluated by four different selection factors that are com-
posed of the quality plans, program coordinator’s procurement expertise, winter maintenance
responsiveness, and the program coordinator’s training and development. The scores from
these four selection factors are multiplied by the appropriate weighting factors to determine
the sub-category score and then summed to receive the quality category score.

The key personnel category is determined by the service and organization capability and by
the examinations of key personnel. The evaluation includes the service and organizational
capabilities and skill levels. The examinations seek to evaluate all the program coordinators,
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various key personnel expertise, and capabilities relating to the wide range of tasks and wor-
king requirements. The scoring of points is accomplished by averaging the total points scored
form the tests. The scores from these two selection factors are multiplied by the appropriate
weighting factors to determine the sub-category score and then summed to receive the key
personnel’s category score.

Figure 2 Components of the Target Price

The bid price is the “Target Price”, which consists of all procurement related costs and acqui-
sitions, management and administration, as well as the management service fee. The tender
with the lowest target price will receive 10 points. The other bidders target price is compa-
red with the lowest bidders target price. The price scores are multiplied by the appropriate
weighting factor to determine the price score.

Table1 Evaluation Scoring System

Category Selection Factors Max. poss. Weighting Weighted
score Factor Score
Al. A.1.1 Evaluation of management plans, 10 9 90

Quality of the functional descriptions and initial quality points,

Maintenance and depot locations, inventory of accessories

Management A 1.2 program coordinator’s 10 6 60
Plans procurement and philosophy

A.1.3 Program coordinator’s responsiveness 10 2 20
and commitments, as well as management
to the weather conditions

A.1.4 Program coordinator’s personnel 10 3 30

training and development

Subtotal of A.1 20 200
A2. A.2.1Service and organizational capacities 10 5 50
Key Personnel a5 5 Key Personnel Exams 10 5 50

Subtotal of A.2 10 100
B. B. Target Price 10 70 700
Bidders Price g ptotal of B 70 700
Total Score 100 1000

The fixed management fee includes the program coordinator’s general overhead costs, risks
and profit margin. Contract management and administrative costs portion includes among
other things; contract management and administrative costs, fulfillment of their duties, as
well as office and information technology costs. The procurement costs include all related
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purchases to fulfill the outcomes of the project requirements and includes; equipment pur-
chases, all related sub-contracting, service contracts, construction and maintenance services
and materials, temporary traffic devices and systems, and other related purchases, which are
notincluded in the management or administrative cost portion.

The total score is calculated by a summation of all the points scored for all the sub-categories
and the highest score is declared as the winner of the tender. Table 1 shows the details of the
scoring system, categories, selection factors and the weights. Figure 2 shows the components
that are included of the “Target Price”.

3.2 Program Coordinator’s Payment Mechanism

The annualtarget price includes all actual costs defined in the contract, such as management
and administration costs, as well as the cost of purchasing. If the cost exceeds the target pri-
ce, the client will pay the program coordinator 70% of the all costs exceeding the target price
up to the guaranteed maximum price.

The guaranteed maximum price is fixed at 10% above the target price and can only be modi-
fied during the contract period through client ordered additional work, changes in the con-
struction/maintenance index, external influences that exceed the guaranteed maximum price
that are agreed by the client, or changes in the quality service levels. Otherwise, the program
coordinator will be responsible for all costs exceeding the guaranteed maximum price.

The program coordinator has the option to transfer the costs exceeding the guaranteed maxi-
mum to the following year’s procurement cost, providing that the client provides approval.
The program coordinator is fully responsible for the prices in the last year of the contract for
any costs exceeding the guaranteed maximum price.

Similarly, if the costs are below the target price the client pays the program coordinator an
incentive of 30% of the amount below the target price up to a maximum of 250000 euros, in
each contract year. If the incentive is exceeded in one year, the amount greater than 250000
euros can be transferred to the following years purchase price reduction. Figure 3 shows an
example scenario of the payment mechanism.

Figure 3 Example of payment possibilities

3.3 Additional potential incentives

There are four additional schemes or possibilities to receive incentives in this model, pro-
viding that the target price is not exceeded by the program coordinator. The first possible
incentive is from the road user satisfaction and innovation. Traditional PBMC already include
this incentive, so that is not new. The results from; the road user satisfaction survey during
winter, a special evaluation team for measuring the performance during winter, improved
summer services and innovations may receive a maximum incentive of 2% based upon the
annual winter maintenance costs.
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The other three incentive models have not been used in routine and periodic maintenance

contracts. These three incentives are contract related, workers’ and road user safety, and ob-

servations contributing to safety accidents. In second incentive scheme, the program coordi-

nator may possibly receive an incentive of €15000 every year for providing good maintenance

services, providing the program coordinator does not exceed the amount of penalty pointsin

that year. If the program coordinator receives greater than 100 penalty points, then there is

no incentive. Penalty points and the incentive calculations are shown below:

- written warning -+ 20 penalty points;

- A-Group Disincentive -+ 50 penalty points;

- B-Group Disincentive -+ 80 penalty points;

- B-Group Disincentive for not performing entire work on class 1 roads during winter -+ 100
penalty points;

- disincentive for not performing according to work plan #7 -+ 100 penalty points;

- dDisincentive for not performing according to the quality plans, follow-up reporting, and

- quantity of non-conformance report reminders are over 50% or equivalent errors in A-Group

disincentives -+ 100 penalty points.

The incentive scoring structure:

- maximum incentive is 15000 euros, if there are no penalty points;

- 50 penalty points -+ incentive of 7500 euros;

- 100 penalty points or more - no incentive;

- intermediate values for the incentive is calculated using the formula: Incentive = 15000 x
(1-b/100), where b is the period accumulated penalty points. The program coordinator is
entitled to an incentive, if b <100.

The third incentive scheme consists of the program coordinator’s observations of workers’
and traffic safety hazards, deficiencies, problems in the contract area, and deficiencies from
otheroperating companies maintaining other roads. The program coordinator may be entitled
to a maximum incentive of €15000 by reporting observations, follow-up activities, new ideas
for improvement work, and improved traffic safety measures. The incentive calculations are
shown below:

- reporting 100 observations or ideas per year -+ an incentive of 15000 euros;

- reporting 50 observations or ideas peryear -+ an incentive of 5000 euros;

- reporting under 50 observations or ideas per year -+ no incentive;
- intermediate values are calculated by linear interpolation.

The final incentive scheme is that the program coordinator may receive an annual maximum
incentive of €20000 euros if road traffic accidents in the area contract are explained or re-
solved in greater than 60% of the occurrences. The incentive calculations are shown below:
- if greater than 60% of traffic accidents are explained -+ an incentive of €20000;

- if 30-59% of traffic accidents are explained -+ an incentive of €10000;

- if under 30% of traffic accidents are explained -+ no incentive;

- intermediate values are calculated by linear interpolation.

4 Discussion and remarks

The tendering phase is presently in process and there are a maximum of five bidders that are
preparing their respective tender offers. The Espoo “Program Managed PBMC” pilot project
is expected to be awarded in mid-May 2014, after the tenders are evaluated, and it appears
that the way forward is proceeding satisfactorily.

ROAD INFRASTRUCTURE PROJECTS CONSTRUCTION, MAINTENANCE AND MANAGEMENT
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure

181



182

The winning contract is expected to be determined in about two months and if all related pro-
curement procedures can be completed in time, the contract can then commence on October
1, 2014. It is hopeful that the procurement model will work in practice, as well as, how the
model appears from the development group members’ perspective.

5 Conclusions

This paper presents a new model for the maintenance contract development in Finland and
offers a potential model for others to consider. The Programed Managed PBMC is a totally
new maintenance model that attempts to balance the risks and seeks to improve the quality,
compared to the previous Finnish maintenance contracts. Since the procurement process is
underway there are no actual results to date and the test of time will reveal if the results from
this new model are acceptable. In theory, it appears to be adequate and until there are actual
results can there be any valid conclusions.
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Abstract

In the preparatory phase of new construction, rehabilitation and construction technologies
there are several options to apply. The decision support can rely on computerised design pro-
grammes, laboratory test series, accelerated loading tests, monitoring of experimental (test)
sections (and their eventual combination). These decision support means basically differ
from each other from the view-point of time need and accuracy. This paper concentrates on
the role and risks of experimental sections generally and in the Hungarian road management,
highlighting some case studies. Sophisticated (professional) design, very careful constructi-
on, timely maintenance, as well as regular monitoring with expedient processing of condition
data time series are all needed for the real success of an experimental section. If any of these
preconditions is lacking, there is a real danger that misleading conclusions are (can be) drawn
from the actual performance of the experimental section for the expected performance of the
new construction or maintenance technology to be implemented. The Hungarian case studies
to be outlined are connected with cement concrete pavements. Every case study is evaluated
forits level of success; the eventual mistakes made there are also highlighted. Some general
conclusions are drawn to provide information for the less experienced road sector stakehol-
ders who plan to build trial section before implementing a promising new road technology
in the near future.

Keywords: experimental section, road management, cement concrete pavement,
continuously reinforced cement concrete pavement, whitetopping

1 Previous investigation of the suitability of innovation

It is evident that the continuous development and implementation of innovative materials
and technologies can be considered as a must in every national economy sector. This sta-
tement is valid also for road engineering since the up-to-date road construction and ma-
intenance techniques using innovative, high-performance materials are badly needed for
meeting the challenges coming from the combined, synergic effect of ever increasing traffic
and environmental load. However, the planned wide use of new materials and/or methods
presupposes the proving of expected good performance as a reason for introducing the inno-
vative material ortechnique instead of (or at least in addition to) the traditional “old” one. The
typical investigation types for getting previous evidence about the suitability of the innovative
procedure are: computerized performance models, laboratory test series, accelerated loading
tests and trial (experimental) section monitoring [1].
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1.1 Computerized performance models

Special computerized (e.g. finite element) models are available worldwide to forecast the
performance of various pavement structure compositions. The expected deterioration of se-
lected — eventually critical — condition parameters (stresses, strains, deformation etc.) as
a result of the cumulative, synergic effect of mechanical and environmental loads can be
obtained after relatively short running time as the output of the model. The real challenge for
the engineer is the realistic selection of the programme inputs, the mechanical properties
(e.g. E-modulus) of the pavement structural material in question. Similarly, it is a hard task
to choose each characteristic deterioration mode to be considered in the calculation. This
approach does not take much time but the level of accuracy in its results is rather limited due
to the generalization and simplification of the inputs considered.

1.2 Laboratory test series

Another methodology for the forecast of the performance of an innovative material or techno-
logy is producing test specimens and carrying out special laboratory investigations. Typically,
not only the samples made by innovative technologies are tested but also reference speci-
mens are investigated in order to compare the performances. Even if the planned material
composition is used in the laboratory test series, it is important to select the investigation
methods which are more or less able to simulate the characteristic deterioration modes of the
structure in question. The limitations of this relatively quick methodology are, among others,
as follows: environmental loads cannot be considered at all or at least not realistically; the
relatively small size of the laboratory samples tested results in different performance from
that of the relevant built road element.

1.3 Accelerated laboratory tests

A lot of countries operate accelerated loading testing (ALT) facilities (circular tracks, linear
tracks with load moving to and fro, etc.) which are usually open-air but a couple of them were
made in buildings. In some cases, the artificial, (almost) continuous loading is performed by
multi-axle, heavy trucks; however, it is more wide-spread that continuously moving, highly
loaded wheels or axles are used for this purpose. Several technological variants — inclu-
ding reference one(s) — can be loaded simultaneously allowing a direct comparison of their
performances. Another positive feature of this performance prediction procedure is that no
previous “speculation” on the expected pavement deterioration modes is needed; the actual,
experienced changing in the initial condition parameter levels provides information about the
critical mode(s). However, some 10-year highway traffic load can be performed in ALTs in a
month or two; the repeated environmental load of a highway section under “normal” traffic
cannot be simulated when using accelerated loading facilities. (The ALTs in buildings can
have the possibility to change air temperature, relative humidity, sub-grade moisture content,
etc., but it does not allow realistic simulation). It is worthwhile to mention that building and
operating accelerated loading facilities are rather expensive.

1.4 Trial (experimental) section monitoring

Itis obvious that the construction and monitoring experimental (trial) sections can provide the
most reliable forecast (prediction) about the performance of a new material or technology if,
among others, the following important preconditions are met: careful selection of the location
and sufficient length of experimental section(s); the Client’s detailed disposition including
the need for reference section; professional and thorough pavement design; well-equipped
contractor motivated to innovation; effective quality management including continuous and
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tight independent quality control; careful planning of the monitoring of the trial and referen-
ce sections including the condition parameters investigated, measuring techniques (devi-
ces) to be used, durable marking of point-like measuring spots if any (in case of the use of
non-continuous measuring techniques); selection of measuring frequency (typically every
year); sophisticated evaluation of the condition data time series obtained for comparing the
performances of innovative and traditional variants. Even if every precondition listed before
are satisfied, and so, reliable performance prediction can be expected, the time-consuming
nature of the methodology cannot be ignored.

2 Case studies of Hungarian road experimental sections

The long-term monitoring results of experimental sections (preferably together with neighbou-
ring reference sections) can provide more certain and more reliable information about the
appropriateness of the new material or technology than the other approaches.

Next two Hungarian case studies will be shown for road experimental sections pointing out
their goals (the new technology to be demonstrated), the (eventual) reference sections, the
frequency and period of monitoring, condition parameters to be monitored, measuring tech-
niques applied, evaluation of the results and discussion of the actual level of success to have
used the experimental section for assessing the performance of the innovative material or
technology.

2.1 Case study on various cement concrete technologies

However, the first trials with cement concrete pavements were carried out in Hungary alre-
ady in 1911, and a lot of them were constructed since, Ministry for Transportation decided
to continue motorway construction programme using exclusively asphalt pavements from
1976 on. As a rather negative consequence, building of cement concrete pavements ceased
on other — non-expressway — roads, as well. It was just in 1998 — following a 22-year break —
that a ministry decision initiated the preparatory activities for restarting the cement concrete
pavement construction in Hungary. KTl Institute for Transport Sciences, Budapest was commi-
ssioned to the preparatory activities [2]. The latest relevant foreign experience was gathered.
The following three alternative technological variants were chosen for detailed investigation
and the comparison of their actual performances:

- jointed and dowelled cement concrete pavement;

- jointed and dowelled cement concrete pavement with “exposed aggregate” surface;

- continuously reinforced cement concrete pavement.

After having evaluated the results of a detailed laboratory test series, the mix recipes were
developed for the experimental sections. 35 to 42 MPa compressive strength range was se-
lected with 0.40 to 0.42 w/c-ratios for each concrete mixture variant. (Plastificator was added
in 0.10 to 0.12% of weight of water, and air-entraining agent in 0.04 to 0.08%).

As a site of the trial sections, a heavily trafficked — above 1100 heavy vehicle/day — secondary
road (road 7538) close to the Slovenian state border was chosen. (In accordance with the
Hungarian ministerial orders in 1999 — when trial sections were designed and constructed
- no experiment was allowed to make on a main national public road). The road needed a
complete pavement structure reconstruction due to its total failure. In addition to the three
cement concrete experimental subsections with a length of 500m each, a neighbouring re-
ference (control) subsection of 500m was also built using high modulus asphalt pavement
with modified binder.
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The pavement structure variants were as follows:
- experimental subsection 1:
- 220 mm jointed and dowelled cement concrete pavement;
- 150 mm mixed-in-plant cement stabilisation base course;
- 100 mm mixed-in-place cement stabilisation sub-base.
- experimental subsection 2:
- 220 mm jointed and dowelled cement concrete pavement with exposed aggregate
surface;
- 150 mm mixed-in-plant cement stabilisation base course;
- 100 mm mixed-in-place cement stabilisation sub-base.
- experimental subsection 3:
- 170 mm continuously reinforced cement concrete pavement (CRCP);
- 150 mm mixed-in-plant cement stabilisation base course;
- 100 mm mixed-in-place cement stabilisation sub-base.
- reference subsection:
- 30 mm stone mastic asphalt with modified binder;
- 80 mm asphalt binder course with modified binder;
- 90 mm asphalt base course with modified binder;
- 150 mm mixed-in-plant cement stabilisation base course;
- 100 mm mixed-in-place cement stabilisation sub-base.

The construction of the trial sections was basically influenced by the extremely rainy spring
and summer of 1999. That is why the design bearing capacity of 50 MPa at the surface of
sandy gravel capping layer could not be reached, its stabilisation with cement was decided
by the Client.

The trial subsections were built with 6m pavement width following the width of the secondary
road. Just one of the traffic lanes was allowed to be closed during the construction. No con-
tinuously reinforced cement concrete pavement (CRCP) had been built in Hungary before the
experimental section on road 7538. The relevant foreign literature was utilized in the design
(thickness, dilatation structure, anchoring to prevent the horizontal end movement of CRCP,
positioning of reinforcement etc.).

The principal goal of the experiment was to evaluate and to compare the performances of the
four pavement structure types under “canalised” heavy traffic load. (The lorries run in very
narrow wheel paths due to the 3 m traffic lane width).

The monitoring of the trial subsections was done first with a frequency of 6 months and later
12 months. The condition evaluation methodology all pavement condition parameters related
to every possible failure type. Table 1 presents the failure types and condition parameters
considered.

Table1 Possible distress types and condition parameters measured on various subsections

Failure type Condition Pavement Spacing of evaluation

parameter Asphalt  Concrete
Longitudinal deformation unevenness X continuous
Slab faulting unevenness X continuous
Rutting transverse profile X 3 fixed cross sections/subsection
Loss of skid resistance skid resistance X X 50 min alternate traffic lanes
Wear of aggregate grains macro roughness X X 50 m in alternate traffic lanes
Surface defects visual evaluation X X continuous
Poor bearing capacity bearing capacity X X 3 fixed cross sections/subsection
Pavement edge distress pavement width X X 100 m
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The location of measuring points was marked by durable painting on the pavement surface.

The visual pavement survey resulted in a distress map with the location, type and severity of

each surface defect detected. The first condition survey was performed in November 1999 to

fix the initial (0) condition of the experimental section. The regular monitoring of the trial and
reference sections has made it possible to identify the deterioration process of each condition
parameter. Just some of the results are identified:

- already at the end of the first year, several punch-outs presented themselves on the conti-
nuously reinforced concrete trial part section; their further deterioration made it necessary
to patch them using asphalt mixture to prevent the accidents coming from the sudden une-
venness of the pavement surface; the subsequent investigation of the reasons of the very
early deterioration has revealed the poor design (too thin pavement layer, too narrow pave-
ment etc) as a decisive parameter;

- the tendency of surface roughness deterioration characterized by macro roughness and skid
resistance (actually the combination of macro and micro texture of pavement surface) can be
divided into 3 phases; in the first 2 years, an intensive deterioration is observed, the speed
of this deterioration is significantly slows down in the period of 3-10 years of pavement age,
while practically unchanged roughness values can be detected when the age of pavement
exceeds 10 years; as an example, Table 2 presents some statistical parameters of the macro
roughness and skid resistance values measured on the surface of jointed, dowelled cement
concrete pavement with “traditional” surface at the age of 0, 2, 8 and 13 years (the pavement
ages were selected of the almost continuous data time series for representing the three
deterioration phases mentioned before). After 13 years of traffic load, both the texture depth
and SRT-values deteriorate to nearly the same levels independently on the pavement and
surface type selected, at the same time the standard deviations of the measuring data ma-
sses are much lower after high number of vehicle repetition number than immediately after
the opening to traffic of the road with new pavement. The SRT-values of 50-55 and the texture
depth ranges of 0.30-0.50 mm measured on the test cement concrete pavement surfaces
after 13 years of traffic load with high heavy vehicle share are still appropriate (safe) values.

Table2 Some statistical parameters of macro and micro roughness (measured using sand patch method and Brit-
ish pendulum) obtained at different ages of cement concrete pavement surface (test section road 7538)

Statistical parameters Texture depth [mm] SRT-value

at pavement age [year]

0 2 8 13 0 2 8 13
Mean value 0,99 0,67 0,52 0,40 79,4 63,4 60,7 51,9
Minimal value 0,70 0,42 0,37 0,31 66 53 58 50
Maximal value 1,27 1,16 0,72 0,51 90 72 65 54
Range 0,57 0,74 0,35 0,20 24 19 7 4
Standard deviation 0,17 0,17 0,08 0,07 6,55 4,56 1,78 1,29

2.2 Case study on whitetopping technologies

Laying thin cement concrete courses on asphalt pavements with repeatedly deformed surfa-

ces is considered as a possible rehabilitation technique. When designing the first Hungarian

whitetopping experimental section, the following technological features were considered:

- the thin cement concrete layers have 120-150 mm thickness, while the ultrathin ones are
50-120 mm thick;

- 20 years of life time can be expected on any old — asphalt or cement concrete — pavement
if various technological preconditions are met;
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- old pavement should have sufficient, homogeneous bearing capacity without fatigue cracks,
rutting cannot exceed wearing course;

- concrete slabs are square;

- layers should be bonded to decrease bending stress in the structure;

- min. 75 mm remaining asphalt layer(s) thickness in the old pavement structure before using
whitetopping is required;

- old pavement surface has to be sufficiently rough and clean for ensuring effective bond with
thin cement concrete course;

- properties of whitetopping recipe: fibre dosage, high early strength;

- the layer is built without dowels and joint sealing;

- effective curing is a must.

Ahighly trafficked main road no.5 (daily 2750 heavy vehicles) at the outskirt of the city Szeged
was selected as a site of the first Hungarian whitetopping experimental section [3]. The top
layers of an extremely rutted, 7,0 m wide asphalt pavement section of 85 m length were milled,
and thin cement concrete course was laid. The main elements of cement concrete recipe are:
- aggregate 1,832 kg/m3 - cement 420 kg/m?; - water 168 kg/m3;
- plastic fibre  1kg/m?; (CEM142.5N) - plastificator 6,3 kg/m?>.

Compressive strength amounts to 27.2 N/mm? after 1day, 39.3 N/mm? after 2 days and 43.1N/

mm? after 28 days. After 10 months of traffic load, 1.2 mm texture depth and 68 SRT-value were

the average roughness values. The number of cracked slabs of 1.75 m x 1.75 m size reached

41, that is, almost 22 % of the 188 concrete slabs by 2013. Most of the cracks can be found

in the outer lane, close to the two ends of the test section. Two of the worst slabs had to be

replaced; otherwise local asphalt patching was performed. The reasons for the unexpectedly

high percentage of early cracks are as follows:

- the actual heavy traffic load of the section was much higher than expected, among others, due to
the many permissions given by Highway Authority for passing overloaded vehicles on the section;

- at the end of the experimental section, the heavy lorries reaching the first whitetopping
slabs traveling from the connecting rutted asphalt pavement surface exerted high load cau-
sing their quick failure;

- at the other end of the section, a lot of multi-axle heavy road vehicles have to decelerate
and stop because of the signal-controlled junction;

- manual laying resulted in the relatively low homogeneity of slab quality.

3 Concluding remarks

Experimental sections have a major role in the validation of new technologies and mate-
rials. However, they can provide reliable and useful data just if their design, construction,
maintenance and operation are performed properly. Two Hungarian case studies are shown
highlighting also the reasons of eventual improper performance. It could be concluded that
the synergic effect of careful design, high-level construction (with competent and innovation
devoted contractor) and the efficient independent quality control can be considered as im-
portant prediction for the success of road experimental sections.
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Abstract

In the economic and financial conditions of our time the cost of infrastructure works is often
the main factor upon which decide to whether or not to make an investment in the South
— Eastern Europe. Another important factor to be taken into account in the development of
infrastructure investments is the environmental impact of construction. Thus, since the de-
sign phase is focused on using new technologies, performing to ensure two objectives: low
cost and low environmental impact. This paper aims to draw up possibilities to reduce costs
by using new technologies both to the foundation layers and layers of asphalt mixtures. The
focus is on the use of new materials and technologies that have a positive environmental
impact by reducing both transportation and production costs. Since the design phase, based
on laboratory studies, itis proposed the use of hydraulic binders for execution of road founda-
tion layers, the use of asphalt mixtures with high stiffness modulus and warm mix technology.

Keywords: roads infrastructure, management, optimization, road structure design,
asphalt mixture stiffness, fatigue

1 Introduction

In our days it can be seen a general increase in traffic flow and higher axle loads of trucks on
Romanian roads which have steadily increased the demand for stronger and more durable
road pavements. The increase in traffic flow also means that traffic interruption for mainte-
nance becomes less desirable for roads user, since almost 60% of total amount of passangers
and goods use roads network. The need to increase the service life of pavement submitted
to traffic of growing magnitude imposes the use of asphalt mixtures with high performance.
A solution that has been adopted in the last decades is the modification of conventional
bitumen through the incorporation of polymers, enhancing fatigue resistance and reducing
permanent deformations. With the purpose of extending pavement life, new technologies
like high modulus asphalt mixes (MAMR), called “enrobé & module élevé” (EME), developed
in France, have been developed.

A relatively new processes and products in Romania use various mechanical and chemical
means to reduce the shearresistance of the mix at construction temperatures while reportedly
maintaining orimproving pavement performance. Warm-mix tehcnology is distinguished from
other asphalt mixtures technologies by the temperature regimes at which they are produced
and the strength and durability of the final product. Cold asphalt mixtures are manufactu-
red at ambient temperatures, on the order of 20° to 50°C, while hot-mix asphalt is typically
produced in the range of 150° to 180°C. Warm mixes are produced in the temperature range
of 120° to 140°C. Hot-mix asphalt has higher stability and durability than cold-mix asphalt,
which is why cold mix is used in the lower pavement layers of low-volume roadways. The goal
with warm mix is to obtain a level of strength and durability that is equivalent to or better
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than hot-mix asphalt. By conducting laboratory tests, the goal of this study is to highlight
the properties of asphalt mixtures made with respect of these two technologies and to use
laboratory datas (as stiffness modulus) in pavement design process. When it is about to de-
sign a pavement structure, there are few important factors to care about: initial cost, rate of
degradation, effects of roads work by user delay cost and accident costs, environmental costs
and state agency costs by maintenance cost and traffic management costs.

2 Benefits and problems associated with new technologies
2.1 Warm mix technology benefits

Warm mix technology has great benefits regarding the environmental protection and the im-
provement of paving operations. These benefits are described below.

Energy savings reported on WMA trials ranged from 20 to 35 % at the plant depending on
the WMA system, moisture content of the aggregate and the type/efficiency of the plant. The
energy savings may be equivalent to approximately 1.5 to 2.0 liters of fuel per tone of material.
Lowering the mixing and placement temperatures of bituminous mixes provides enormous
gains in reduction of asphalt fumes. Visual observations of WMA during placement clearly
show reduction in asphalt fumes and reports indicate reduction in the magnitude of 30 %
while other more optimistic studies are indicating reductions of up to 90 % behind the paver.
Warm mix asphalt technologies facilitate compaction. Certain systems have been described
as “Flow Improvers” to improve “compatibility” of bituminous mixes even in adverse windy
and cold weather conditions. The objective of WMA systems is to modify the temperature/
viscosity relationship in a manner such that, suitable mixing and compaction viscosities are
achieved at lower temperatures, while adequate viscosity is maintained at service tempera-
tures.

Warm mix asphalt facilitates transportation. Transportation constraints/distances may con-
sist in a problem for placement of conventional HMA mixes. In a sense, transportation time
consumes some of the HMA compaction time. This may become a major constructability issue
when mixing and placement temperatures are relatively close. Increasing mixing temperature
to compensate for long transportation is not viable as increased mixing temperature will li-
kely damage the binder. Warm mix asphalt provides more flexibility; it is possible to increase
mixing temperature above the “WMA mixing temperature” (but below the HMA mixing tem-
perature) with limited binder damage.

With most WMA systems the temperature of the bituminous material at the end of compaction
is lower than with HMA, and also closer to service temperature. Accordingly, the usage of WMA
allows quick return to traffic. For the same reasons, multiple lifts of WMA may be place on top
of one another within a short period of time. This is a net advantage whenever, deep fill of
bituminous materials is required to be placed in a trench in a short period of time.

2.2 Warm mix technology possible problems

There is a general concern for WMA rutting performance that is connected with the decrea-
sed mixing temperature which may lead to incomplete drying of aggregates and insufficient
coating with bitumen. Another aspect that may influence decreased resistance to permanent
deformations is the decreased oxidative hardening of bitumen due to the lower production
and compaction temperature. These problems might be treated with adding active adhesion
agents orinitially choosing harder bitumen grade [1].

Potential rutting problems require careful evaluation of asphaltin laboratory. Testing samples
should be prepared carefully, because there might be a necessity for mixture aging before
compaction to ensure proper correlation with actual production process. The choice of the
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right compaction method might also be a problem, because some methods might not be
sensitive enough to temperature changes.

Due to low mixing temperatures, moisture contained in the aggregate may not completely
evaporate during mixing and the retained water in the aggregates could lead to increased
susceptibility to moisture damage. Because of residual moisture left behind by the microsco-
pic foaming process, this is even more critical for WMA technologies that involve foaming as
a binderviscosity lowering action. These problems, if they occur, may be successfully treated
with active adhesion agents.

WMA is reported to have better compaction potential due to decreased viscosity and less
bitumen ageing in the production process. This can allow saving compaction energy and
reducing the time necessary for compaction which may be especially important in low tem-
perature paving. The reduced compaction risks, if realized, cause the cost that can far exceed
additional costs for WMA production. However, if wax technologies are used, they require
additional attention regarding the temperature conditions for rolling. The compaction must
be finished before the wax starts to crystallize; after this temperature the wax forms lattice
structure in the asphalt that may be damaged if the compaction is continued. This means that
compaction window is shorter than for HMA and additional rollers may be required to reach
the necessary density in the given time window [2].

2.3 High modulus asphalt mixtures technology benefits

Introduction of this concept is not new, it appears in 1980’s, and, gradually, have prooved to
main advantages. Improvement of asphalt mixture layers performances by a stiffer behavior,
a better fatigue behaviour and a higher rutting resistance combined with a better durabi-
lity — moisture resistance. Its properties conduct to a use of thia asphalt mixture on heavily
trafficked roads, especially where traffic is slow and with heavy loads — truck routes, container
terminals. It has excellent load-spreading properties due to its high elastic stiffness, which
is mainly achieved by using low penetration grade binders, often polymer modiffied binders
used. The high resistance to permanent deformation of high modulus asphalt mixtures makes
itan ideal base layer for thin wearing courses in areas of high risk of rutting — combined with
SMA (Stone Mastic Asphalt) as a wearing layer.

Another great advantage is from economical point of view, because this type of mixture allows
thinner layers and it has a better responses to the increase of traffic loads and intensity. All
these cames with savings of aggregates, maintenance and traffic interruptions.

The places where it should be used includes construction sites where a greater degree of
responsibility has been passed onto the contractor, for example in the type of contract under
which the contractor will design, build, finance and operate roads in return for payments
related to vehicle usage.

2.4 High modulus asphalt mixtures technology problems

There are two important aspects regarding at problems raised by this technology. First, it is
about the implementation of this new concept in a country with its own norms, design met-
hods and not always comparable tests methods. Another aspect is related by the ability of
local asphalt contractors to manufacture and lay the new material, including storage facilities
for binder, maintenance of appropriate asphalt temperatures and appropriate compaction
equipment — high modulus asphalt mixtures needs a higher compaction temperature (becau-
se of polymer modiffied bitumen) and heavy compactors for rolling. The main aspects that
need to be considered during construction are:

- Ensuring that there is good bonding between subsequent layers (the application of a opti-

mum tack coat is essential);
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- Ensuring that the mixing temperature is between 160 and 180°C and that the compaction
temperature never drops below 140°C;

- Ensuring that the support layer is sufficiently stiff so as to enable high modulus asphalt
mixtures to be compacted to the required density;

- Ensuring that the average thicknesses are met, and particularly the minimum thicknesses;

3 Laboratory studies

Experimental study aimed that through laboratory results to highlight high modulus asphalt
mixture performance when WMA technology is used. This study was carried out on two types
of high modulus asphalt mixtures designed according to French Norms: an asphalt mixture
- noted by “MAMR16 — HMA” and an asphalt mixture produced with “WARM MIX — L”, an
organic additive (WMA type) — noted by “MAMR16 — WMA”. The materials (aggregates, fibber
and bitumen) used to prepare the asphalt mixtures and the asphalt mixtures recipes are the
following: crushed rock from Turcoaia (8/16 — 36%, 4/8 — 30%, 0/4 — 24% by mix), filler from
Holcim — 10 % by mix, polymer modiffied bitumen OMV 25/55-65 STAR FALT — 4.12% by mix
and organic additive (WARM MIX-L) — 0.5% by bitumen — used for WMA mix.

The organic additive used is a liquid additive mixed in bitumen, dissolving easy when bitu-
men is hot, without any special mixing equipment.

To highlight the performance of both new tecnologies, in Roads Laboratory of Faculty of Ra-
ilways, Roads and Bridges (Technical University of Civil Engineering of Bucharest) were con-
ducted tests for stiffness, Marshall characteristics, fatigue and permanent deformation tests.
Each value is a mean value of a specified tests numbers according with european norms. In
table 1are summarized temperatures used for preparing and compacting of asphalt mixtures
in laboratory. Two temperatures were used for warm mix compaction — 160°C and 145°C to
highlight the influence of warm mix additive on asphalt mixture behaviour.

In figures 1 and 2, 3 are presented the results obtained for high modulus asphalt mixture
using hot technolgy.

Table1 Temperatures used at preparing and compacting of asphalt mixtures

Technology Aggregates Bitumen Mixing Compaction
Temperature °C
“warm mix” 150 160 160 & 145 160 & 145
“hot mix” 180 175 180 175
Figure1 Changing of OMV 25/55-65 bitumen Figure 2 Asphalt mixture modulus
characteristics when additive is used with test type
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Table 2 Physical - mechanical characteristics

Characteristic Asphalt mixture type

HMA WMA1 WMA2

Compaction temperatures

175 °C 160 °C 145 °C
Density, kg/m? 2496 2479 2465
Water sensivity, % 63 70 78
Marshall stability (S), kN 16.80 17.22 15.42
Marshall flow (1), mm 3.87 4.9 4.82
Marshall index (S/1), kN/mm 4.34 3.51 3.20

4 Pavement design depending on asphalt mix stiffness

Starting from idea that flexible pavement design based on elastic multistrat theory it must
be took on consideration the values obtained in laboratory for stiffness modulus, authors
propose a road structure to do case studies, according with romanian norm for pavement
design (table 3).

Table 3 Road structure proposed for calculation

Road layer Layer thickness [cm]  Stiffness modulus [MPa] Poisson number
Asphalt mixture in wearing course 4 E, 0.35

Asphalt mixture in binder course 5

Asphalt mixture in base course 6

Foundation of crushed rock 20 500 0.27

Ballast foundation 30 260 0.27

Soil type P1 100 0.27

Using the program ALIZE5 (based on Burmister theory) it was establish stress and strain state
in road structure under action of standard 115 kN axle. So, it could be determined the fatigue
damage ratio based on horizontal tension strain (g) at the bottom of asphalt layers, and ver-
tical strain (52) at subgrade level. For calculation it was considered a 2 m.o.s. (m.o.s. means
million of standard 115 kN axle) values of traffic volume Nc for a perspective period of 15 years.
First case used stiffness modulus stipulated on romanian norm for pavement design (PD 177)
- E_=3895MPa - and the second case used the stiffness modulus obtained in laboratory —
E_=7607 MPa. The medium stiffness was calculated using formula:

E, =[S(E"’x h)/Sh] ()
Results obtained from pavement design are presented in table 4.

Table 4 Results obtained from pavement design

Mixture stiffness  horizontal tension  vertical strain[e] RDO vertical admissible
strain [g ] at subgrade level  (fatigue damage ratio) strain g, adm

Laboratory 117.6 237 0.72 272.84

Design norm 150.1 271.4 2.05 272.84

ROAD INFRASTRUCTURE PROJECTS CONSTRUCTION, MAINTENANCE AND MANAGEMENT
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure

193



194

As it can see from Table 4, the structure with stiffness values from laboratory fullfil the requi-
rements for specified traffic volum, whilst the structure with stiffness values from design norm
fail the fatigue damage ratio criteria, which should be lower then 0,85.

Raising the value of traffic volume it can be find out that the structure with stiffness values
from laboratory can acomodate a traffic value of 3.5 m.o.s., which correspond to a higher
traffic class, according romanian norms. In this case, it can be taken in consideration lowering
the thickness of asphalt layer, by taking out the binder course, without negative effects on
bearing capacity of pavement structure.

5 Conclusions

Warm-mix asphalt presents an opportunity for the asphalt industry to improve its product
performance, construction efficiency, and environmental stewardship. The challenge is to
thoroughly research and implement this new technology in the least restrictive manner possi-
ble in order to encourage innovation and competition. Using this type of additive contribute
to a slight increasing of penetraion at 25°C and a decreasing of ring and ball point, all these
caming with a improvement of bitumen adhesion at aggregate, for a better durability.
Because of the additive which decrease bitumen viscosity, it can be seen a small decrease of
Marshall stability for temperature of 145°C. For 160°C values are close to hot mix technology,
which cand lead at conclusion that using this additive assure a longer time for asphalt mixture
transportation and compaction.

The potential increase in pavement life from the combined technologies will result in signifi-
cantreductions in emissions and energy costs, which is expected to outweigh the energy cost
required to produce the desired additives and good quality aggregates.

High modulus asphalt mixture can assure — with a small extra cost, using high quality materi-
als —an up to 35% reduction of asphalt layer thickness. Adding warm mix technology for this
mixture, the economical and envinronmental savings are even bigger.

Although the laboratory results appear to indicate some small changes in the performance
of the mixtures, they do not consider aging effects and the performance functions are based
on conventional mixture data, and therefore need to be validated by field data before further
conclusions can be drawn.
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Abstract

Road network management is a systematic process of effective maintenance, improving and
exploitation of constructed roads, combining engineering principles with sound business
practices and cost effectiveness. Thus, creating the conditions for more organized and flexible
approach to decision-making processes in order to meet current and future customer needs
is needed.

Public roads management in the Republic of Croatia is based on strategic documents, Act on
Roads and planning documents. Act on Roads (Official Gazette 84/11) is the basic document
governing the classification of roads, planning, construction, reconstruction, maintenance,
measures to protect the traffic and roads, concessions, management, financing and super-
vision of the road system. Although the total road network is a unique road system due to
technical, traffic and economic characteristics, there are two main subsystems in Croatia: the
highways (and semi-highways) and the primary road network. Primary road network consists
of state, county and local roads. Public roads management is entrusted to the County Road
Administration and the City of Zagreb (for county and local roads), Croatian Roads (for state
roads), Croatian highways and concession companies (Rijeka-Zagreb highway, Zagreb-Macelj
highway, Binalstra) for management of highway network. Rational and quality management
of the road network is a real challenge nowadays, which must meet high traffic demands
with available financial resources. Such an approach necessarily requires modern database,
system for monitoring the condition of roads and facilities, the unique reference marking
system of roads, preventive maintenance approach, adequate laws and regulations and the
appropriate organization of road administrations and financing.

In this paper, besides the description of the road network management in the Republic of
Croatia, road network classification will be described, modes of management in different
European countries (such as Germany, Poland, Slovenia, Hungary, Austria, Belgium, etc.) and
comparison of experiences from given countries and Croatia will be shown.

Keywords: road network, management, European countries, (road) users
1 Road network in Croatia — The legal framework

Transport sector plays an important role in Croatian economic development, with a share of
around 4.7% of GDP and employee 5.2% of the working population — 58.635 employees [1].
The importance of transport infrastructure development is considered essential for economic
and social development and promotion of inter-regional exchange.

The road network in the Republic of Croatia includes public roads and unclassified roads.
Croatia now has in total 26.963,90 kilometers of public (categorized) roads. Decree on the
Public Road Classification [2] classifies public roads as: motorways (total length 1.413,10 km),
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state roads (total length 6.867,70 km), county roads (9.703,40 km) and local roads (total len-
gth 8.979,70 km). All public roads are under the authority of the Minister of Maritime Affairs,
Transport and Infrastructure. This method of roads classification in the state, county and local
roads express the roads transport functions (clearly defined in the Decree on Standards of the
Public Road Classification) [3] following the state constitution in a similar manner as in other
European countries. Management, construction and maintenance of public roads in the Repu-
blic of Croatia are entrusted to several companies according to the Act on roads (Official Ga-
zette 84/11) and concession agreements. Croatian Motorways Ltd. is a company for operation,
construction and maintenance of motorways. Croatian Roads Ltd. is a company for managing,
constructing and maintaining of state roads. Rijeka-Zagreb Motorway Joint Stock Company is
a company for managing, constructing and maintaining of motorway Rijeka-Zagreb (part of
A1, A6 and A7). These companies are 100% owned by the Republic of Croatia. Zagreb-Macelj
Motorway Ltd. is a company for financing, construction, operation and maintenance of the Za-
greb — Macelj motorway (A2) based on concession agreement from 2003. Bina-Istra Motorway
Joint Stock Company is a company for construction, maintenance and operation of motorway
Istrian Epsilon (A8 and A9) based on concession agreement since 1998.

Table1 Key documents and planning period

Planning period Document Government body Planning period
long-term National Transport Croatian Parliament adopted in 1999
Development Strategy
middle-term Programme for construction ~ Government of the Republic of Croatia 4 years
and maintenance of on proposal by Ministry of Maritime
state road network affairs, Transport and Infrastructure
short-term Construction and Croatian Motorways 1year
maintenance plan Croatian Roads

County governments and an administrative body in the City of Zagreb are responsible for
construction, operation, maintenance and protection of county and local roads. Strategy for
the development of public roads, four-year programs related to construction and maintenance
of roads and an annual implementation plans are key documents that define the access to
road construction and maintenance (Table 1). Funds for the construction and maintenance
of public roads are planned in the planning periods according to the Law on roads [4]. The
basic regulation is complemented by other relevant matters — motorway designation, traffic
safety, transportation in road traffic, transportation of hazardous cargo, tool tariff levels and
toll collection system on motorways, calculationg the comnensation fees for the use of road
land and provision of motorway services, exceptional transportation, extensive use of public
roads.

2 Sources of funding

Main sources of funding for construction and maintenance activities on public roads are de-

fined by the Law on roads [4]:

- fee of fuel, tolls paid for the use of highways and other charges related to the use of highways;

- toll to be paid for the use of highways under concession;

- charges from fuel and other charges related to the use of state roads;

- annual road charges to be paid upon registration of motor vehicles, and other fees related
to the use of regional and local roads.
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Since the January 1%t 2014 fee charged on fuel has been redistributed: amount of from HRK
0.60 to HRK 0.20 in favor of Croatian Motorways and from HRK 0.60 to HRK 0.80 in favor of
Croatian Roads expressing the investments policy in the next four-year period (Table 2).

Table 2 Plan and structure of investments according to Programs of constructing and maintaining the state
road network for the period of 2009 to 2016 (in 000 HRK) [5, 6]

Description Motorways State roads County and Local roads
plan plan plan
2013-2016 construction 6.896.761 5.959.880 125.680
investment maintenance 790.125 3.194.877 1.435.299
regular maintenance 1.034.873 1.740.000 1.955.108
2009-2012 construction 9.271.141 4.589.570 769.985
investment maintenance 1.167.288 1.676.000 1.335.808
regular maintenance 1.276.102 1.200.000 1.937.350

3 Road network management in the European countries

The density of the road network of high quality service in Croatia is several times higher com-
pared with other transition countries, while in comparison with the countries of the European
Union is at about at the same level.

3.1 Denmark

Denmark is a relatively small country of 42.916 km?2 including more than 400 islands. A well
connected transport system in Denmark is therefore dependent on several types of infra-
structure solutions in order to achieve a high level of mobility that integrates all regions.
Total Danish road network includes motorways, main or national roads, secondary or regional
roads and all other roads in a country. According to data from the Ministry of Transport [7],
the Danish road network is length 73.574 km, of which 1.143 km are motorways, 379 km dual
carriageways and 72.065 km all other roads. Approximately 5% of all roads are state roads
while the remaining 95% are owned primarily by local municipalities. The vast majority of
Danish roads and bridges are free of charge for the individual user; however, there are a few
exceptions: the Great Belt Bridge joining Zealand and Funen and the @resund Bridge linking
Copenhagen to Malomo in Sweden. Several bridges connect the various islands with the Da-
nish mainland. These bridges are essential to an integrated Danish transport system, as well
as they link Scandinavia together with Continental Europe. Road Administration Structure in
Denmark exists in three levels: State (1), Counties (16) and Municipalities (271). The Danish
Road Directorate (Vejdirektoratet) [8] constructs, operates and maintains the state-owned
road network, which comprises motorways, a number of main roads and many of the country’s
bridges — approximately 4.000 km.

3.2 Sweden

Sweden with area of 450.295 kmz2 is divided into 21 counties. The length of the road network
is 423.055 km and density decreases from the south to the north of Sweden [9]. Sweden has
a fairly limited system of motorways. The motorways’ primary purpose is connecting major
cities to their surrounding areas. There are also a number of semi-motorways — roads with
only 2 or 3 lanes but to which the same conditions apply as to motorways (i.e. grade-sepa-
rated crossings, no slow traffic). The Swedish road numbering scheme does not distinguish
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between motorways and other types of roads. Sweden like, Denmark, has integrated the
E-road numbers into their networks, meaning that the roads usually have no other national
number. Swedish road network consist from national roads and county roads. National roads
are roads of high quality and sometimes pass through several counties. Roads with lower
numbers are in southern Sweden, and roads with higher numbers are in northern Sweden.
The network of national roads covers all of Sweden, and has a total length of 8.769 km (not
including E-roads). The national roads are public roads owned by the Government of Sweden
and administered by the Swedish Transport Administration. They get a high priority for snow
plowing during the winter. As of February 2008, Sweden has 59 national roads. The county
roads are divided into primary, secondary and tertiary roads, of which the primary roads have
the most important transport function. The Swedish Transport Administration (Trafikverket)
is the Government agency responsible for the long-term planning of the transport system for
road traffic and responsible for construction, operation and maintenance of the state road
network and national railway network. Since 1990 the National Road Administration has been
responsible for road maintenance on trunk roads and some primary county roads, including
those that pass through towns. Previously it was the municipalities that were responsible for
these parts of road.

3.3 Belgium

Since 1962, infrastructure construction in Belgium has been divided into three distinct zones:
Flanders, Wallonia, and Brussels. Each region has different standards and construction met-
hods when constructing roads and bridges. The road network in Belgium is made of highways,
national (or regional) roads (the secondary network) and communal roads (or streets).There
are also a number of orbital roads in Belgium around major cities. According data from 2010,
total road network in Belgium is 154.012 km, among which there are 1.747 km of highways
(both Flanders and Wallonia have approximately 900 km of highway each), 13.892 km of
national (regional) roads and rest of other roads. Belgium road network has A-roads, B-
roads, R-roads, N-roads, T-roads, and secondary N-roads or Provincial Routes. A-roads are
motorways which connect major cities and international destinations. These are not always
built as limited access facilities, and may include traffic lights and grade crossings. B-roads
usually are expressway quality, and are short link routes between other points. R-roads are
rings around major cities, the most famous of which being the RO Brussels Ring. N-roads can
have motorway characteristics and grade-separated interchanges but for the most part are 2
lane roads connecting secondary cities and towns. Provincial Routes are very rarely signpo-
sted, and connect smaller towns and villages [10]. The road network in Belgium is managed
by regional authorities, meaning that a road section in Flanders is managed by the Flemish
Government, a road section in Brussels by the Brussels government and a road section in
Wallonia by the Walloon Government. Communal roads are managed at the municipal level.

3.4 France

Transportation in France relies on one of the densest networks in the world with 146 km of
road and per 100 km?, there are 1,000.960 km of roads. The French highway network consists
largely of toll roads, except around large cities and in parts of the north. It is a network totaling
11.392 km of highways [11], operated by different private companies. French highway network
is seventh largest highway network in the world, and, after Spain and Germany, third network
in Europe. France currently counts 30.500 km of major trunk roads (routes nationales) and
state-owned motorways. The county roads (routes départementales) cover a total distance of
365.000 km. The main trunk road network reflects the centralizing tradition of France: the ma-
jority of them leave the gates of Paris; trunk roads begin on the parish of Notre-Dame of Paris at
Kilometer Zero. To ensure an effective road network, new roads not serving Paris were created.
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3.5 Slovenia

The Republic of Slovenia a total area of 20.273 km?, is located on the transport route linking
Central Europe and the Adriatic Sea. It has a network of roads and railways that are recently
renovated with the help of the European Union. The total length of the public road network of
the Republic of Slovenia is more than 38.900 km. The entire road network of the Republic of
Slovenia includes national roads that are owned by the Republic of Slovenia and local roads
which are owned by the municipality. The total length of national roads is approximately 6.500
km. State roads include motorways, expressways, main roads (first and second rows), and
regional roads (I, Il and Ill of the order). The categorization of public roads was based on the
criteria for categorization of public roads [14]. Categorization of state roads is established
by the Regulation on the classification of state roads. Management, maintenance and deve-
lopment of the national road network — regional and main roads authorized by the Board of
the Republic of Slovenia for Roads. This body conducts vocational — technical, developmen-
tal, organizational and administrative tasks for the construction, maintenance and protection
of main and regional roads. Management includes several sectors. Management Division has
the establishment of regional offices in major cities, while the sector headquarters in Ljublja-
na. Management, maintenance and development of motorways and expressways are respon-
sible Motorway Company of the Republic of Slovenia, Inc. (DARS). DARS is a company whose
founder and owner is the Republic of Slovenia. In 1995 Slovenia passed the first planning
document — the National Programme of highway construction in the Republic of Slovenia,
which determines the strategic, organizational and financial basis for the realization of the
construction of a highway which is part of the European road network.

3.6 Poland

The Republic of Poland as a Central European country with total area of 312.679 km?, has a
well-developed network of roads, waterways, railways and air transport. As a country in the
“crossroads” of Europe developing economies, Poland is becoming a modern network of
transport infrastructure. Public transportation is available in most cities across the country.
The national road network is adapted to the administrative division of the country, covering
£412.035 km of roads and is divided into the following categories: state road, a distance of
19.182 km, the regional roads with a length of 28.423 km, the county road, a distance of
125.779 km and local roads with a length of 238.651 km. Parts of the national road network
are the highways and motorways. National roads are owned by the state, while the regional,
county and local roads owned by regional, county and local governments. Directorate General
of state roads and highways (GDDKiA — General Dyrekcja Drog Krajowych and Autostrade) is
the central government body set up to manage the national roads in Poland. In addition to
managing the state roads, GDDKIA collect data and information on the public road network,
road works with other governments and international organizations, is working with local go-
vernments in developing and maintaining road infrastructure. GDDKiA consists of 16 regional
subsidiaries that manage the roads in their area. Headquarters GDDKiA is in Warsaw.

3.7 Germany

As a densely populated country Germany has a modern transport infrastructure. High-speed
traffic has a long tradition in Germany. Germany has about 650.000 km of roads. Road network
consists 12,800 km of motorways (Bundesautobahnen), 39.637 km of federal roads (Bunde-
sstraien), 86.474 km of state roads (Landestraen), 91.710 km of district roads (KreisstraBen)
and 458.000 km of municipal/local roads (GemeindestraBen). Federal roads, like motorways,
are maintained by the federal agency of the Transport Ministry. In the German highway system
they are ranked below motorways, but above the LandesstrafSen and Kreissstrasen maintained
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by the federal states and the districts respectively. A Bundesstraf3e is often referred to as “B”
followed by its number. More important routes have lower numbers. Odd numbers are usually
applied to north-south oriented roads, and even numbers for east-west routes. The federal
roads alone handle 30% of the total traffic load, although their share of the road network is only
2%. State roads are roads that are the responsibility of the respective federal state. They cross
the boundary of a rural or urban district (Landkreis or Kreisfreie Stradt). District roads or county
roads (KreisstraRen) carry traffic between the towns and villages within a district or between
two neighboring districts. District roads are usually dual-lane roads but, in a few cases, can be
built as limited-access dual carriageways in densely populated areas. County roads entrusted
to the counties. Local roads are the responsibility of the municipality, parish or town. District
roads are usually the responsibility of the respective rural district or urban district. Local roads
are roads that are the responsibility of the municipality or of the town to build and/or maintain.

3.8 Czech Republic

Road and rail infrastructure in the Czech Republic is well branched across the country, while the
motorway network expands and develops. National road network of the Czech Republic under
the road communications includes the following categories: highways, roads, local roads and
special communications. Highways are marked with the letter “D”. In the Czech Republic there
are six highways. The total length of highways is 738.40 km. The oldest and most important
highway that connects is the D1 Brno and Prague. According to the purpose and importance
of road transport in the Czech Republic is divided into: a) Class | roads — roads designed for
long-distance and international transport and those involving the so-called fast road. Fast road
used for quick interstate and international transport. Marked with the letter “R”, and the total
length of them, is 439.10 km b) Class Il roads — roads intended for transport between districts
o) class lll roads — roads that provide connections between individual towns or villages. Roads
Il and Il grades are indicated by the letter “S”. Local roads are used for local transportation
within the municipality. Highways and roads and grades (including highways) are state-owned,
while the roads were second and third grade in the property of a particular region [14]. Local
roads are owned by the municipality. Highways and roads and grades managed by the roads
and highways of the Czech Republic (RSD). Roads and highways is an organization established
by the Ministry of Transport and Communications. RSD is currently managed with 726.90 km of
motorways and express roads 391.20 km. RSD operates highways and roads and grades, coope-
rating with state authorities, is responsible for the maintenance of roads under its jurisdiction
including facilities, participates in the development of technical regulations and road maps.

4 Conclusion

In most European countries different public organizations manage different road networks.
State road authorities manage the state road network. State road network consists of corri-
dors that connect the national administrative, economic and cultural centers of the country.
Usually the state roads run through several provinces. The county road authority manages
the county road network. The roads of the county road network usually connect the admini-
strative, economic and cultural centers of the counties. It usually also connects and make
use of some national roads. The local authorities are responsible for the local road network.
This road network connects the administrative, economic and cultural centers in the county.
Local roads usually run within the municipal borders. This method of roads classification in
the state, county and local roads express the roads transport functions following the state
constitution in European countries. Such strong vertical structuring is important in addressing
the coordination of activities in the different layers and assures that all functions care of the
widest interests of the population and the economy development.
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LONG TERM PERFORMANCE OF ROAD MARKINGS ON RURAL
ROADS: GUIDE—LINES FOR MAINTENANCE MANAGEMENT
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Abstract

A lot of data has been collected concerning road marking properties deterioration in order to
develop performance prediction models for correct infrastructure management. In Italy, two
types of road markings are mainly used, paint or thermoplastic, based on several components
(thermoplastic binder systems, paint, epoxy, methyl-methacrylate, polyester, polyurea, wa-
terborne paint, modified urethane). Vehicle tyres are abrasive and remove paint and thermo-
plastic markings, but these have different service life, due to their different surface adhesion
and skid resistance properties. In the last years, the budget for transport infrastructure has
been heavily cut and this has led to a decrease in monitoring and maintenance activities.
Thus, road markings have been left in place longer than scheduled.

Monitoring of the long-term performance of horizontal markings began in 2008, on behalf of
some Italian road authorities, with the aim of focusing on wearing course surface deteriorati-
on, carriageway perception and road marking visibility. The project initially included a limited
number of sections but has been increased over time (there are now 36 sections). Collected
data demonstrated that thermoplastic markings present some advantages in comparison with
paint, although they are slightly more expensive. According to the results, guidelines were
developed for maintenance management.

Keywords: road markings, service life, maintenance, road management, retro-reflectivity
1 Introduction

The study of the photometric characteristics of road markings is a delicate sector of road rese-
arch. This is because it involves the knowledge and expertise of different engineering sectors
and produces results that often clash with economic and maintenance requirements. All the
research developed so far, both in Italy and abroad, has recognized the importance of mar-
kings in lowering the accident rate and reducing fatalities [1][2]. An investment in the quality
of road markings therefore produces economic benefits on safety and driving conditions both
immediately and in the future [3].

On extraurban, non-motorway, roads a wide variety of applications and materials are used,
with not always entirely satisfactory results. However, two predominate: liquid paints and
thermoplastic materials, applied hot (180-200 °C). The paints, generally water-based, are
low cost and have an average service life of between 6 and 18 months; thermoplastics have
a higher overall cost (on average 3 or 4 times that of a paint) and a service life that, under
the same stress conditions, varies between 2 and 4 years. The problem that has to be tackled
is not that of just quality, which is now checked throughout the productive process, from
production of the materials to the application on site, but rather that of performance. The
visibility is a fundamental requirement on which savings cannot be made, because it must
be constantly guaranteed over the entire route, 24 hours a day, every day of the year, and in
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any environmental condition that does not preclude use of the road. If anything, the problem
is how to translate the concept of visibility into measurable performances, whose values
are linked both to the quality of the markings and quality of the result during the service
life. A major step forward in this has been taken in recent years, since the transition began
from prescriptive technical standards to performance technical standards. Today markings
are defined by parameters, known as “performance characteristics”, specified in standard
EN 1436 [4], to be measured directly on the applied markings with suitable instruments, at
any time during the service life. These characteristics include: the Coefficient of Luminance in
conditions of diffuse light, to represent daytime conditions; the Coefficient of Retro-reflected
Luminance — for the nighttime; Skid Resistance — for the adhesion between tyre and road
surface; the Luminance Factor of an emitting surface.

There are various studies in the literature that aim to determine the hierarchy of the factors
that dominate the deterioration of the performances of road markings, with the objective of
guiding the choices of inspection and maintenance times [5][6][7]. In general, they are limited
by the simplification of the stresses due to traffic, climate or ageing of the materials. In these
studies, simple models are extrapolated, in which no reference is made to the real effect on
the performance of the transit of the individual tyre. Curves of deterioration of a general na-
ture are therefore constructed, which depend on variables of the type: aggregate, time since
application, Annual Average Daily Traffic (AADT) [5]. Taking these considerations into account
and the limitations due to the lack of transparency in the transmission of information by the
road management authorities [8], the authors have developed a study that directs attention
on the connection between the initial performances and those in proximity to the end of the
declared service life. The main aim is to demonstrate that the most delicate moment in the
failure of road markings on rural roads is not so much, or only, that linked to wear and tear,
but rather that of the application and the first months of service [8].

2 Methods

The performance measured in this study is the retro-reflection (R). This is the light reflected
by the markings in the direction of the driver, when they are illuminated by the vehicle he-
adlights. The study refers to dry markings; although the environmental characteristics at the
time of measurement cannot be controlled, the moisture level of the air, by day and night, and
the temperature could be monitored. The results obtained regard 36 sites, of varying lengths
(for a total of 606,650 m). Each site is indicated by a geographical identifier, a work package
number (W.P.), and a lot number (1-36, Fig. 1) to distinguish stretches of the same road with
different markings.

Figure1 Work packages, speed (red) and measured markings distance (blue)
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The measurements were made directly on the road with a suitably equipped and calibrated
vehicle, in the presence of constant traffic in both directions; the driving speed was constra-
ined by the conditions and therefore varied. It should be specified that most of the roads in
this study are single carriageway with two lanes, one in each direction of travel (Fig. 2). The
measurements of the retro-reflection of the central line were therefore interrupted when ve-
hicles travelling in the opposite direction to that of the test were met and crossed.

Figure 2 Road layout example and survey system

The results refer to the lines along the edge of the carriageway. All measurements were made
in twice: within the first 3 weeks after the application (T=0) and within the first 6 months
(T=6). During the project it was possible to follow the evolution of the damage to the pave-
ment and markings for 3 consecutive years in 12 sites [8].

The retro-reflection characteristics were acquired with a widely-used portable instrument: the
Zehntner TI® ZDR 6020 Dynamic Retro-reflectometer (ZDR, Fig. 2). The device is equipped with
a rigid support for installation on a vehicle, on the right or left hand side; a measuring box,
equipped with sensors for measuring the photometric characteristics; an odometer connec-
ted to a wheel, which calculates the driving speed and distance travelled; moisture and tem-
perature sensors [9]. The rotation of the odometer is continuously controlled while travelling,
thus, if the vehicle is stationary or too slow, acquisition of the R values is interrupted. The
system measures the performances on 16 sensors; unsatisfactory values are indicated and
eliminated: the points in which there is no marking and those where it is worn to the point
that it offers values comparable to the road pavement. The surveyed points are spaced in
order to take a value of the performance every 5 metres and an average value every 50 m, for
which the GPS reference, air temperature and moisture content, average speed of the vehicle
are known and a photo is taken from the vehicle dashboard.

3 Materials

The choice of investigated sites was made taking into account the available finances and
prompt notification of the application: all sites for which the application date is not known
have been excluded. The lack of a control on the materials used should also be taken into
account, because this is not included in the inspection procedures of the markings; the pa-
ints are distinguished from the thermoplastics on the basis of a simple check of the retro-
reflection values. From the results obtained and the direct surveys 14 sites can be identified
where a thermoplastic product was used (5-9-12-15-19-20-21-22-23-25-26-29-34-36) and 22
sites where paint was applied.
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4 Results

In agreement with previous studies [5, 10], it was decided to utilize an instrument mounted on
a vehicle, because this allows measurements to be taken without the need to close the road
to traffic [11, 12]. The data, both punctual and the averages extracted from the elaboration, are
reported on diagrams of the performances, with the varying of the distance travelled indicated
by the odometer (Fig. 3, No. 34). In these diagrams it is possible to note most of the problems
linked to the survey and performance. In the example reported in Fig. 3, it can be observed
that the performance measured a few days after the application (site 34) is extremely variable
in both directions of travel and that it is possible to find even long stretches of unsatisfactory
markings, as occurs on the right hand line between kilometres 7+450 and 9+300. This varia-
bility, which was found on the majority of investigated sites, justifies the decision to represent
the performance with the statistics calculated on a 50 metres basis.

Figure 3 Retro reflection values. Stored measurements and mobile average

Fig. 4 reports the results obtained from the tests conducted in the first weeks of opening to
traffic (T=0), together with the limits proposed by the classification in the standard (EN 1436).
The first significant result regards the existence of values below the acceptance limits for new
applications (100 mcd m? lux”). Although the average value of the performance is always
above the limits (dashed line), the values are always above the minimum threshold on the
entire lot only in 7 cases (nos: 1-2-4-11-12-27-28). Moreover, numerous points were observed
with excellent values, above 300 mcd m2 lux?, in class R5. Of these, only one was applied with
paint (no: 32) and seven with thermoplastic material (nos: 12-15-19-20-21-22-23).
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Figure 4 Retro reflection values. Statistics of all work packages (T=0)
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Another important result occurs in the other sites where thermoplastic was applied (nos.
5-9-25-26-29-34-36): although there are stretches of excellent markings, in class R5, the ave-
rage of the values of the initial performance is intermediate between classes R2 and R4. In
site no. 5, the thermoplastic guarantees performances slightly above the threshold limit for
acceptance, in class R1-2, i.e. below most of the paints (Fig. 4). The distributions of the retro-
reflection values are not Gaussian and, for this reason, the indexes of dispersion, like the
variance, lose statistical consistency. Despite this, if the intervals defined by the standard
deviation around the average value are represented, it is possible to quantify the magnitude
of the initial deficiency of the markings with greater detail. The sites with greatest problems
have thermoplastic material applied (25-34 and 36): on average, more than 10% of the points
surveyed are not acceptable.
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Figure 5 Retro reflection values. Statistics of performance failure (T=6)

For the surveys conducted within the first 6 months a premise should be made: the scarcity
of robust and homogeneous information on traffic volumes and environmental conditions
does not allow any speculation on the models of deterioration identified in the literature. The
results of the elaborations demonstrate a general reduction of the performances, especially
of the maximum values. Contemporarily, the number of not acceptable sections has dimi-
nished (nos. 16-17-29-30). Figure 5, while it represents the summary values of the statistics
calculated on the surveys, shows that it is not simple to make a prediction that fits all the
situations. There are anomalous values, both positive and negative. The distributions of the
values are not symmetrical, or Gaussian, and the best results are again those offered by the
thermoplastic materials. It is worth highlighting that the worst sites do not, in general, suffer
an appreciable deterioration and the values of retro-reflection appear to be stable, if not
actually improved (no.5). This is not surprising as the presence of walls, ditches, intersections
and private accesses greatly affects the markings and cleanliness of the road surface and
markings. Where unacceptable points were found after the application (T=0) on not negli-
gible stretches, the situation has worsened (Fig. 4, points 13-14-15-19-20-21-24-25-26-31-33-
35-36). Intersecting the data of the two distributions (T=0 and T=6), it appears obvious that
the comparison between the two sets of values can only be made in average terms (Fig. 6).
In this context, the first clear result regards the average level of the performances, which is
worse than expected. The majority of thermoplastic materials applied allow medium-high
performances to be obtained, in class R4 and R5, while the worst sites are nos. 5-25-29-36.
The sites with the most obvious deterioration are applied with thermoplastic material (9 and
12). As regards the paints, the trend at 6 months after the application is not uniform: there
are sites that improve (nos.1-3-7) and sites with deterioration of the performances (nos. 2-6-
11-13-18). Despite the fact that a paint was applied in site 32 an excellent result was observed,
as the values of the performance remain in class R5.
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Figure 6 Retro reflection average values. Photometric performance falloff

5 Conclusions

This paper presents a detailed analysis of the performances offered by road markings, applied
on roads in a prevalently extraurban context. In particular the phenomenon of deterioration
of the retro-reflection has been investigated, immediately after the application and within 6
months. The sites have road markings applied with thermoplastic materials and liquid paints.
The results obtained demonstrate that the modelling of deterioration curves based on the
service life is not significant, because it does not take into account the numerous concomitant
factors that are not considered at this level. Modelling with laws of the linear type does not
allow the maintenance times adopted as standard practice to be confirmed: in the case of
paints, a service life of 6-12 months is somewhat underestimated; while for the thermoplastic
materials, a careful analysis is suggested at the inspection stage and the relationship does
not adhere to a linear-type model. While highlighting localized anomalies, it appears clear
that maintenance linked to performance characteristics should be tackled in terms of lot and
with acceptance thresholds established on adequate distances. In this context it has been
demonstrated that the material used, even if costly or of high quality, is not necessarily a
sufficient condition to obtain high final performances and on the whole lot. While the paints
offer discrete and stable performances, at least in the first months, the thermoplastic ma-
terials result as being rather delicate and variable. This suggests not only greater attention
at the inspection stage but also more frequent checks, in particular where the results of the
inspection fall short of the material used.
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Abstract

The era of intensive construction of new roads is behind us, and now road agencies are
focused on maintaining and preserving existing pavement surfaces. As they are faced with
limited funds for maintenance, it is important to best utilize resources by selecting the best
maintenance strategy. Selection of an appropriate maintenance strategy is a complex task
which includes factors such as current condition of the pavement, road classification, traffic
volume and type of pavement distress. These factors can be automated and implemented in
pavement management systems to achieve a standardised approach to road pavement asse-
ssment and management. One of the key components of pavement management systems
are pavement performance prediction models, which simulate the pavement deterioration
process and forecast its condition over time. One such model is the artificial neural network.
This paper analyzes the possibility of using artificial neural networks in pavement manage-
ment systems to evaluate existing pavement condition, and its possible application for de-
fining the maintenance strategy of state roads. A backpropagation algorithm was applied on
481.3 km of state roads in Osijek-Baranja County, which represents 7% of total length of the
national road networkin Croatia. The obtained results indicated that artificial neural networks
can be used for optimization of maintenance or rehabilitation strategies, and for assessment
of pavement condition at the project and network level.

Keywords: artificial neural network, pavement management system, backpropagation
algorithm, pavement maintenance

1 Introduction

Every pavement no matter how well designed and/or constructed will deteriorate over time
[1]. Pavement deterioration is influenced by the traffic load, climate conditions, quality of con-
struction, layer thicknesses and quality of previous maintenance and rehabilitation activities.
In general, it can be said that the rate of pavement degradation increases proportionately with
theintensity of its use and age. Appropriate maintenance or rehabilitation activities, if applied
in timely manner, can slow down or reset degradation processes. Over the past twenty years, it
has been observed that the existing, classical experience in road maintenance is insufficient,
and new methods of data collection and processing are being introduced in the pavement ma-
nagement system. Through accelerated development of information technology and artificial
intelligence, unlimited opportunities are opening for their implementation in the pavement
management system. A neural network is a form of artificial intelligence that is applied in pave-
ment management systems as pavement behaviour prediction and maintenance optimisation
models. This paper analyses the possibilities of using artificial neural networks to evaluate
existing pavement condition, and to define the optimal pavement maintenance strategy.
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2 Artificial neural network (ANN)

A neural network is an interconnected assembly of simple processing elements, units or
nodes, whose functionality is based on neuron function in living creatures. The processing
ability of the network is stored in the interunit connection strengths, or weights, obtained by
a process of adaptation to, or learning from, a set of training patterns [2].

2.1 Processing information in the neural network

Processing information in the neural network is carried out in units called neurons (Fig. 1). Arti-
ficial neurons have multiple entry points from which they receive information, input values, x..
Each inputvalue is multiplied by the assigned weight, w. The sum of all the weighted values,
x*w, represents the internal activation of the neuron, I. The transfer function f(l), applied to
this sum, changes the sum of the inputs into the output value, y [3].

Figure1 An artificial neuron

Neurons are connected in the network in the way that the output of each neuron represents
the input into one or more other neurons. In the artificial neural network, neurons are organi-
sed in groups or layers in which the information is processed.

One of the most commonly applied neural networks, which found its place in the framework
of the pavement management system, is the ‘backpropagation’ network. The functioning of
the neural network that uses the backpropagation algorithm is described below.

2.2 Backpropagation neural network

The structure of the neural network consists of two external layers (input and output) and one
or more hidden layers (Fig. 2). The network receives data by neurons in the input layer and
the result of the network is given by neurons on an output layer. The hidden layers examine
the interdependencies in the model and process the information of neurons, which are then
forwarded to the neurons of the output layer.

The neural network is defined through two phases, the learning or training phase, and the
testing phase. Prior to learning, it is necessary to define the input and output variables, and
to collect data on which the backpropagation algorithm will be applied.

The backpropagation algorithm uses supervised learning, which means that we provide the
algorithm with examples of the inputs and outputs we want the network to compute, and
then the error (difference between actual and expected results) is calculated. The idea of the
backpropagation algorithm is to reduce this error until the artificial neural network learns the
training data. The training begins with random weights, and the goal is to adjust them so that
the error will be minimal. In backpropagation, the scaling of local error and the increase or
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decrease of weight is calculated backwards for each layer, beginning from the layer directly
under the output layer, back to the first hidden layer, and the weights are then adjusted [3].
The described learning process is repeated in multiple iterations, and new weights and new
errors are calculated in each iteration.

Figure 2  Structure of the backpropagation network in the learning phase

In the testing phase, the weights are fixed to the values obtained as a result of the learning
phase. The network represents new input data that have not participated in the learning
process. The output from the network is compared with the desired output to calculate error.
Depending on the size of calculated error an assessment is given regarding the possible
application of the neural network.

3 Application of ANN within PMS

As part of the pavement management system (PMS), the neural network is applicable for the
purpose of assessing pavement condition, and selecting optimum pavement maintenance
strategy. In this paper, pavement condition is determined with the application of the general
performance indicator (GPI) as defined by the COST project 354 [4]. The maintenance strategy
(MS) is defined depending on the type of required pavement rehabilitation in order to incre-
asing pavement bearing capacity as well as driving comfort and safety [5].

The neural network input database includes data on field measurements of various types of
pavement distresses (longitudinal evenness, rut depth, texture depth, surface cracks and
patches). Measurements were conducted on the network of state roads in Osijek-Baranja
County, over a total length of 481.3 km [5].
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3.1 Preparation of the database

The road database consists of three bases, whose mutual relations are shown in Figure 3. The
initial calculation database (ICD) is intended to unite the input data on the current pavement
condition. The collected data are divided into segments of 1 km length, forming a database
with a total of 471 samples. In this base, the mean values of input parameters were calcula-
ted, and the procedure to calculate the general performance indicator was carried out. The
strategy determination database (SDD) contains the implemented initial calculation databa-
se, in such a way that the decision on the selection of individual strategies is based on the
assessment of the technical parameters on the basis of the adopted criteria.

The neural network input database (NNID) consists of sets of input data (data from the initial
calculation database tied to the technical parameters that describe pavement condition) and
the set of output data (general performance indicator from the initial calculation database
and maintenance strategy from the strategy determination database).

Figure 3 Schematic overview of databases

3.2 Learning and testing in the neural network

Neural network database is reduced by a random selection 0of 10% of samples that are used to
evaluate the output results, i.e. a total of 421 samples were presented to the neural network.
The data from the reduced neural network database were divided into two groups: a series of
data in which the neural network conducts learning on 80% of the randomly selected data,
while the remaining 20% form the control group on which network testing is performed. The
configuration of the selected neural networks is shown in Figure 4. A neural network with
backpropagation algorithm was applied in the software package NeuroShell2.0 [6].

The inputs and outputs of the neural network are connected by two hidden layers. The input
layer (slab 1) contains five neurons, each of which represents one input parameter. In the first
hidden layer, there are two elements (slab 2 and slab 3) with eight neurons each, while the
second hidden layer contains slab 4, which also has eight neurons. The output layer (slab
5) contains two neurons, which corresponds to the number of output data. Each of the input
data are connected to each of the total 24 neurons in both hidden layers, and all neurons of
the output layer are connected to the final output data of the neural network.
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Figure 4 Schematic overview of the applied neural network

The function that results in the transfer of processed data for slabs 2 and 4 is a Gauss func-
tion, for slab 3 this is the tangent-hyperbolic function, while for the output layer this is a
logical function. For all input data, a weight of 0.3 was assigned. After the learning phase,
the neural network was subjected to testing. The results of statistical analysis of output data
are shown in Table 1.

Table 1 Results of statistical analysis

Statistical comparison criteria Pavement maintenance General Performance
strategy (MS) Indicator (GPI)

Coefficient of determination 0.9547 0.9678

Mean square of error 0.023 0.031

Mean absolute error 0.099 0.066

Lowest absolute error 0 0

Highest absolute error 0.900 1.759

Coefficient of correlation 0.9796 0.9851

Onthe basis of the obtained results, it is evident that there is a high coefficient of correlation
between the results obtained in the calculation of the neural network and the known outputs.

3.3 Assessment of output results

After learning and testing of the network, a new dataset was applied (the 47 remaining sam-
ples). Only the input data, i.e. the calculated values of the technical parameters (IRI, rutting,
texture, cracks and patches) were presented to the neural network. On the basis of previous
‘experience’, the network assessed the value of the general performance indicator and selec-
ted the management strategy. Figures 5 and 6 show the relationships between the assessed
output results calculated by the neural network and the known output results.
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Figure 5 Selected maintenance strategies

The comparison of the actual selected maintenance strategies and strategies proposed by
the neural network showed that the neural network incorrectly assessed the type of strategy
on two samples, i.e. that the percentage success rate of assessment by the neural network
was 95%.

Figure 6 Calculated general performance indicator

A comparison of the assessed value of the general performance indicator with the real values
ascertained that the neural network did not determine an accurate value of the GPI on six
samples, and that its accuracy rate was 87%.

4 Conclusions

The primary tasks of the pavement management system are pavement distress data collecti-
on, assessment of pavement condition through an analysis of collected data, and selection
of the most optimal maintenance strategy. This paper examines the possibilities of using
artificial neural networks in determining the general performance indicator and selecting the
appropriate pavement management strategy.

A neural network with backpropagation algorithm was selected as part of the software pac-
kage NeuroShell2.0. The neural network was applied to a group of data obtained in the mea-
surement of different pavement distresses in the state road network in Osijek-Baranja County.
Statistical analysis of the output results confirmed a high coefficient of determination and
correlation between the actual data and the data assessed by the neural network. In 95% of
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cases, the neural network correctly determined the maintenance strategy, while the percen-
tage of forecasting accurate values of the general performance indicator was 87%.

From the above analysis, it can be concluded that the considered neural network is appro-
priate for the classification of data on pavement condition for the purpose of determining
the general performance indicator and optimal maintenance strategy. Its implementation in
pavement management system provides a high quality tool that should facilitate decision-
making in selecting maintenance procedures and rehabilitation of pavement for individual
sections, sub-segments or segments of the state road network in the Republic of Croatia.
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Abstract

Capacity of signalized intersections relies on two basic parameters; allocated green time
and saturation flow rate. Green time proportion depends on traffic demand, lane and phase
configurations. Saturation flow rate is directly related to the roadway’s environmental features
and user’s behavioural characteristics which significantly differ between locations. Although
Highway Capacity Manual provides general guide for the estimation of saturation flow rate, its
recommendations regarding particular values of design parameters, such as base saturation
flow and capacity adjustment factors may not be universally applicable. On the other hand,
there are a large number of methodologies for the field measurement of saturation headways.
Itis very important to conclude if the results of these methods are significantly different com-
pared to the nature of the formatted queue. The present study was conducted to determine
saturation flow rate for through traffic at a signalized junction in Thessaloniki. The analyses
were based on two methodologies for the field measurements. Subsequently, the results of
these methodologies compared to each other and to the estimated value of the saturation
flow rate provided by the HCM with the use of suggested default values. The research’s out-
puts are very important to draw conclusions for the adequate field methodology, depending
on traffic conditions. Furthermore, it will reveal the differences between measured values of
saturation flow rate and estimated values though the HCM. The outputs can be used in order
to formulate a guide for the use of typical saturation flow rate values and therefore, capacity
typical values applied to Greek urban traffic.

Keywords: saturation flow rate, capacity, signalized junctions, field measurements,
Highway Capacity Manual

1 Introduction

The design and the operation of signalized junctions are based on their capacity, which ma-
inly relies on the saturation flow rate in ideal conditions and a number of adjustment factors to
describe prevailing geometric and traffic conditions [1]. The Highway Capacity Manual [2], Ca-
nadian Capacity Guide [3], and the Australian Road Research Board [4] provide guidelines for
estimating the capacity of a signalized intersection. Although all the above manuals specify
values for adjustment factors, researchers have observed significant fluctuations between
these saturation flow rates and the values that derived from field measurements, because of
the variations in driver’s behavioural and in the roadway characteristics [1], [5].

Therefore, field measurements are thought to be the most representative method for calcu-
lating saturation flow. A great number of methodologies have been developed to measure
saturation flow [6], [7], [8], [9] with headways method being the most commonly used. Satu-
ration headways are typically estimated from the elapsed time between the 4™ and the 10*"
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to 12" vehicles in a queue, under the assumptions (1) that there is not significant differences
between short and long queues and (2) that the average headway from the first 4 to 12 ve-
hicles is representative for long queues [10].

This study is based on measurements at a through-movement lane in a main arterial street
in Thessaloniki. For the field measurements of saturation headways two methods were used.
The first method (M1) includes headways between the 4™ and the 12" vehicle in the standing
queue, while the second one (M2) entails measurements of all the vehicles in the standing
queue. M2 is the method suggested by the HCM and gives a more extensive picture of the
queue discharge process [2].

The results of the two methods are being analysed to conclude if the headways derived from
them are significantly different and if there is a specific method that should be used depen-
ding on the size of the queue. Subsequently, the current research is directed to the estimation
of the saturation flow rate through the use of HCM’s estimation method. This comparison
leads to important outputs on whether the use of values suggested by HCM lead to realistic
solutions when intersection operations are examined.

2 Literature review

According to Greenshields and his partners [7] the average saturation headway of all the
through-moving vehicles after the 5" in the queue is 2,1 sec. Later on, in 1956, Bartle and his
partners [11], following a similar process applied in the whole access, found that the average
headway varied between 0,93 sec and 1,63 sec, with significant differences between different
accesses. In 1970, Assmus [12] determined the average headway as the time between the 37
and the last vehicle in the queue and in 1971, Carstens [13], proved that the 15t vehicles enters
the junction 2,6 sec after the green time starts, the 2", 3 and 4 vehicles have an average
headway of 2,5 sec, 2,5 secand 2,3 sec and all the following vehicles 2,3 sec. In 1976, King and
Wilkinson [14] proved a decrease in the headways as the vehicle’s place in queue increased
and that the headway was stabilized from the 5" vehicle at 2,2 sec.

Later on, Branston and Van Zuylen [9] through linear regression resulted in the value of
1.750 pc/h/In. In 1978, Kunzman [15], using almost the same methodology with Carstens,
found out that in short queues saturation flow rate was 1.494 pc/h/through lane and in taller
ones 1.726 pc/h/through lane. According to HCM 2000 and 2010 [2], the starting point for esti-
mating saturation headway is the 5th vehicle in a standing queue. The headway is estimated
by averaging the headways from the fifth to the last vehicle. Teply and Jones [16] indicated that
the American, Canadian and Australian manuals have similar definition and measurement
methods for saturation headway.

Thisis the crucial pointin time when research is directed to a different approach. Typically, the
discharge headway is considered to be stabilized after the 4" vehicle in the queue. Consequ-
ently, all traditional models provide the average saturation headway and flow rate. However,
the uncertainty that characterises driving behaviour, prompts researchers to search for more
representative tools such as micro simulation models. Generally, recent studies emphasize
on the stochastic nature of discharge headways. Therefore, many models have been propo-
sed, describing the distribution of the phenomenon. Niittymaki and Pursula [17] used both
the HCM and simulation to update Finland’s basic saturation flow values. They resulted in
a value of 1.940 pc/h/through-lane. Jin and his partners [18] proposed a model of normal-
logarithmic distribution, which depends on vehicles place in the queue. Queue length may
affect saturation flow because the discharge headway may decrease in a long green phase.
The fact implies that saturation headways of long queues may be lower of those estimated
from the first 12 vehicles [10].

All past research proves that there is a wide range of deviation between measurements of
saturation flow and suggested values of the HCM in different locations. Apart from these
fluctuations, a number of studies prove that different measurement methods may lead to
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different results of saturation headways. Therefore, the nature of queue and the stochastic
nature of the discharge process should be deeply comprehensible in order to use the most
adequate technique.

3 Methodology
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Figure1 Research methodology

The flow of tasks for the present research is represented in detail in Figure 1. Research inclu-
des 3 basic layers; data collection and processing, formulation of the most significant con-
cerns of the study and statistical analyses, tests and answers in the last phase of the work.

3.1 Intersection description

Data was collected in the signalized junction of Karamanli Avenue with 25" of March, where
the researchers measure headways on a through lane of the approach of Karamanli Av. It is a
main arterial street, where the approach has lane width equal to 3,5 m, illegal parking, almost
zero grade, a bus stop into the distance of 75 m from the signal and a left-turn lane.

3.2 Data Collection and Survey Method

The data were collected with a hand held camera during morning and evening peak hours.
The study was designed to be consistent with HCM data collection method. Every vehicle
was considered discharged when its rear axle passed the stop line. The recording of the time
points of the discharges attained through a software for processing videotapes with a chro-
nometer with precision of 1/100 second. All the data from the videotapes were collected from
one researcher to minimize biases due to different perceptions.

In every circle of the signal the measurement started when the first vehicle passed
the stop line. Vehicle’s discharge time was split in every 4™ vehicle of the queue (e.g.
the elapsed time for the 4t, 8%, 12t etc.). In this way apart from being consistent with
the HCM method, the research managed to reduce measurement errors. The measure-
ment stopped when the rear axle of the last vehicle in the queue passed the stop line.

3.3 Calculation of headways
Individual headways were calculated through the relationship below:
Hi:Ti*Ti—A/4 (1)
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i queue position, i =4, 8, 12...;
H average headway from (i-3) to (i) vehicles;
T time recorded when the rear axle of vehicle (i) passed the stopline.

The saturation headway (h) is then the average headway beyond the first four vehicles:
h=T,-T,/N—4 2

where:

N last vehicle in a queue, N = 8, 12...etc.

Saturation flow rate (s) is computed through the relationship:

s=3600/h 3

4 Saturation headways

In order to reach the objectives of the present study a number of statistical comparisons
were made. Table 1 shows the number of observations for headways and the number of ob-
servations for queues length expressed with the number of vehicles in the queue for each
measuring method.

Table1 Number of observations for headways and type of queues

Headways M1 M2 Queue M1 M2
H4 132 132 Q<12 132 10
H8 132 132 12¢«Q<20 - 14
H12 132 132 Q20 - 8
H16 - 122

H20 - 60

H24 - 8

Firstly, the average saturation headways (h) are computed for methods M1and M2, regardless
of the queue size. The value of M3 is estimated from HCM 2000. Subsequently, saturation
flow rates (s) were derived through Equation 3. Two-way t-test between the h estimations for
M1 and M2, regardless the type of queue, showed that they are not significantly different in
a significance level of 95%. On the other hand, the estimated value of the method M3 differs
significantly from field measurement methods (Table 2).

Table 2 Basic data analysis

Method h [s] Std. dev.[s]  Observations S|[pc/h/ln]
M1 2,0794 0,20676 132 1731
M2 2,0895 0,20588 132 1722
M3 2.3245 - - 1549
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The results of the application of methods M1 and M2, depending on queue’s size are pre-
sented in Table 3. In both methods long queues present significant differences in headways
than short ones. Furthermore, the differences between M1 and M2 increase as the length
of queue increases. Contrary to Bonneson [19] and Li & Prevedouros [10], study queue size
appears to be a strong measure of pressure to the headways, a fact that is directly correlated
to Greek driver’s behaviour.

Table 3 Basic data analysis

Queue M7’s h[s] M2’s [s]
short 2,095 2,095
medium 2,078 2,091
long 2,075 1,941

The means and standard deviations of headways in method M2 are displayed in Figure 2
which shows that the minimum headway is reached between the 5" and the 8™ vehicle, as
the HCM implies. The difference from HCM is that from that point on headways don’t obtain
a stable value. Figure 3 proves that, contrary to the HCM, after the 7" vehicle the fluctuations
of headways are large and become larger after the 20" vehicle. Therefore, headways don’t
reach a stable value and the diagram cannot be smoothed to fitin HCM. In long queues driv-
ing behaviour seems to be so unpredictable that headways cannot be simulated according
HCM suggestions. The similarities in driving behaviour between Greek and American drivers
are obvious.

Figure 2 Means and std. dev. of headways in method M2

Figure 3 Analytical diagram of the saturation headways

According to Figure 4, the saturation flow rate obtains a first peak between the 5t and the 12t
vehicle in the queue. Afterwards, its value reduces progressively and obtains its minimum
value between the 12" and 16" vehicle. After this point, it starts increasing once again.
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Figure 4 Saturation flow rate in method M2 and M3 (HCM)

5 Headway elongation/compression

The investigation of the potential elongation or compression derives through the examination
of headways after the 12" vehicle. The results of t-tests show that the observed last headway
is significantly different from the preceding average when the last headway refers to the 16"
vehicle of the queue and also to the 24" one. In the first case the headway appears to be
much higher than the average headway of the previous vehicles and in the second one the
headway is smaller than that of the preceding vehicles. The traffic analysis of this approach
is inconsistent with the HCM, in which it is essentially assumed that the saturation headway
remains stable until the end of a standing queue. All these elements lead to the conclusions
that when the standing vehicles are 13 to 16 drivers don’t feel so much pressure to pass thro-
ugh the junction resulting in elongated headways. On the other hand, the last four drivers of
along queue (20 vehicles) compress their headways to take advantage of the expiring green.

6 Conclusions

The results of the present study derived from a detailed analysis of headways on short, medi-
um and long queues with heavy random arrivals at a busy approach of one of Thessaloniki’s
main central arterial roads and are outlined below.

- Saturation flow rate values deriving from HCM are significantly lower from the saturation
flow rate calculated from field measurements, by methods M1 and M2 The differences in
driving behaviour and in roadway’s environment between Greece and USA are undeniable.

- Contrary to the HCM, even though saturation headway reaches its minimum value between
the fifth and 12" vehicles, it does not obtain a stable value from that point on.

- In long queues both methods M1 and M2 provide smaller values of saturation headways
than in short queues. Queue size appears to be a strong measure of pressure to the he-
adways, a fact that is directly correlated to Greek driver’s behaviour.

- Long queues present significantly different results with the use of the two methods M1 and
M2. Further research must be carried out to conclude which of these methods is the most
appropriate.

- In short queues drivers don’t feel so much pressure to pass through the junction resulting
in elongated headways. On the other hand, in long queues drivers compress their headways
to take advantage of the expiring green.

Allthese conclusions lead the present research to suggest field measurements for saturation
headways in Greece and additionally, different treatment between short and long queues
through different methodologies of measurements. Future endeavours on this subject include
the enrichment of the databases with data both in measurements in the same junction and
in other intersection approaches, which will reduce potential local effects from this single
approach analysis.
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Abstract

The purpose of this paper is to study and evaluate the effects of different road network chan-
ges on traffic conditions, based on measured stream characteristics and computer-based
modelling. The studied perimeter is situated at the Western edge of the city of Cluj Napoca,
Romania, on the borderline between urban and suburban areas. At the moment, the European
E60 road is the only functional road link which connects the city to the Western suburb of
Floresti. Population increase and suburban expansion led to high traffic volumes, especially
during the morning and afternoon commuting peak hours. As traffic is expected to further
increase in the future, we conducted this comparative study to see which solution would have
the best impact on traffic conditions in the studied area.

The traffic data we used was collected by a high-speed weigh-in-motion system, installed on
the studied E60 road link. We used this real measured data to make a 15-years traffic forecast,
based on Romanian regulations. After observing that road capacity has already started to be
exceeded during peak hours, we studied two possible traffic flow improvement scenarios. In
order to obtain a better look on the impact of the proposed measures, we studied a broader
area, including parts of the adjacent neighbourhoods. The computer-based transport mo-
delling and traffic assignment was done using Citilabs’ Cube Voyager software. After setting
up the road network and modelling the existing situation, we evaluated the impact of each
scenario on the traffic volumes, route assignments and travel times. Results show the diffe-
rences between the existing traffic conditions and the proposed possible future scenarios,
which could be adopted to improve the level of service of the streets in the studied area. In
the end, we reached a conclusion regarding the recommended solution.

Keywords: peak hours, weigh-in-motion, transport modelling, volume, travel time
1 Introduction

The development and evolution of human settlements have always been closely linked to the
existence of a line of communication between them. As technology and transportation evolved,
especially in the latest centuries, we have witnessed a rapidly changing and developing world
[1]. Growth management and traffic congestion are relatively new, but difficult issues [2]. In the
situation we approached, these are actually the main problems which this study aims to provide
a solution for. The studied area is located in Romania, at the Western edge of the city of Cluj Na-
poca. The expansion and the rapidly increasing population of the Floresti suburban area should
have been backed up by sustainable urban development plans, traffic engineering measures
and an efficient policy regarding public transportation [3]. The lack of these measures led to
traffic congestion and increasing travel times. As traffic volume is expected to increase during
the next years, we considered two possible solutions to improve traffic stream characteristics.
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2 Traffic data
2.1 Location and traffic monitoring system

The studied perimeter, shown in Fig. 1, is situated at the Western edge of the city of Cluj
Napoca, Romania. This city is a major cultural, industrial, academic and business centre in
Romania. According to the 2011 population and housing census [4], around 325,000 people
live in the city. The European E60 road (National road DN1) is the main road which connects
it to the Hungarian border to the West, as well as to Central and Southern Romania. In the
analysed section, the road has four lanes and an East-West layout.

Figure1 Study location

Approximately 4 km West of Cluj Napoca lies the suburban city of Floresti. According to the
2011 census [4] and to Tosa et al. [3], the population of this settlement has known an increase
of about 260% since 2007, from 8,600 to almost 23,000 inhabitants. This spectacular evolu-
tion led to the constant increase of traffic volumes on the only functional road link between
the two cities, especially during the weekdays morning and afternoon commuting peak hours.
Since April 2013, a high speed weigh-in-motion (WIM) system installed on the E60 road link
(Fig. 1) has been functional. The system we installed has a piezo-loop-piezo configuration. Not
only does it count and classify the passing vehicles, but it also uses piezo-electric sensors
to weigh them [5].

2.2 Traffic stream parameters

All collected data was classified according to the direction of travel: Eastbound and Westbo-
und. We extracted the traffic volumes from the WIM data and divided them into five vehicle
categories, based on the Romanian standard for vehicles equivalation [6] and our knowledge
of local traffic characteristics. We converted each of the five vehicle categories we considered
into Passenger Car Equivalents (PCE), using the conversion factors provided by the Romanian
standards for vehicles equivalation [6] (Table 1) and highway capacity evaluation [7]. As we
also want to study traffic evolution over the next 15 years, we extracted the evolution coeffi-
cients provided by Romanian norms [8] (Table 1).

The current and estimated average weekday traffic [2] we obtained from the WIM data for the
E60 link that we studied are shown in Fig. 2. We selected the 7.00-9.00 hrs and 17.00-19.00
hrs as peak intervals for traffic heading East and West, respectively.

ROAD TRAFFIC PLANNING AND MODELLING
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure



Table1 Vehicles data

# Vehicles PCE conversion factor  Evolution coeff. (2014 — 2029)
1 motorcycles 0.50 0.64
2 automobiles 1.00 2.22
3 light commercial vehicles 1.20 2.10
4 other light vehicles 3.00 1.75
5 large goods vehicles (LGV), buses, coaches  3.50 1.95

Figure 2 Average weekday traffic

3 Traffic assignment

The modelling and analysis of the road transport system that we studied was done using

Citilabs’ Cube Voyager software. The computer—based transportation forecasting we carried

out was based on the following main steps:

- setting up the existing road network;

- establishing the position of the origin and destination zones and connecting them to the
network;

- building the trip matrices for the morning and afternoon peak hours;

- building the traffic assignment models for the existing situation;

- adjusting the model inputs so the results match the WIM measured average traffic volumes;

- setting up network improvement scenarios and forecasting their impact on the traffic volu-
mes and route assignments.

3.1 Network model, path building parameters and existing situation

The first step of the traffic assignment process was generating the Cube Voyager network
file, shown in Fig. 3. We focused on building a traffic simulation model with macroscopic
characteristics, modelling only the main road links and considering five origin—destination
zones (1-4, 11) to the West and six (5-10) to the East. The main link between the two areas is
represented by the E60 road, where the WIM system is installed. The road network model was
also detailed with turn penalties and signalised intersections data, including traffic signals
phases, cycle times and delays.
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Figure 3 Model of the existing road network

We chose time as the cost of travelling on a certain path between two zones. We prepared
the morning and afternoon trip matrices using data provided by traffic surveillance cameras,
knowledge of local travel characteristics, data provided by Tosa et al. [3] and WIM data. One of
the most popular optimisation algorithms to obtain network equilibrium and minimum-cost
traffic paths, based on the Wardrop equilibrium principles [9], is the iterative Frank—Wolfe
algorithm [10]. The general volume-delay function used to evaluate the travel time on a link
is expressed by Eq. (1):

(V) =t, - 1+o.15-[%] ()
where:
t(V) average link travel time;
t, free—flow link travel time;
Vv traffic volume;
C link capacity;
@ exponent.

Although the formula expressed by Eq. (1) is widely used, according to Spiess [11] it has a few
disadvantages, especially in the case of roads with higher capacity, when « increases. The-
refore, we chose to use the conical function proposed by Spiess [11] and described by Eq. (2):

20—3 Vv , VY (2a—1Y
= 2 a1——= J1=2
20—2 O‘[ c]ﬂ/a [ c] +[2u—2]

with the same symbols as in Eq. (1). We adopted a=8 for four-lane roads and a=4 for one
and two-lane roads.

(V) =t, -

@

3.2 Scenarios

After building the traffic assignment models and adjusting the model inputs so that the re-
sults match the WIM measured average traffic volumes, we obtained the current situation.
Considering this situation and the evolution of traffic over the next 15 years, we carried out a
traffic forecast using the Cube Voyager application, on two improvement scenarios. The first
scenario we considered forthe forecast, shown in Fig. 4, was the modernisation of an existing
dirtroad to the North of the E60 and the opening of a new road link, to the South. At the same
time, we considered replacing a roundabout and a T intersection currently used in Floresti
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with two signalised intersections. The second improvement scenario, shown in Fig. 5, involves
reversible lanes on the main East-West link, connecting zones #8 and #11, in addition to the
changes considered in the first scenario. During the morning peak hours, we considered three
lanes accommodating traffic heading East and one lane for the opposite direction, and vice
versa for the afternoon peak hours. For the three-lane roads, we considered a=10 in Eq. (2).

Figure 4 Scenario #1

Figure 5 Scenario #2

3.3 Results

We carried out the route assignment on the existing road network and on the two scenarios
described, using traffic data collected in 2013 and estimated for the year 2029. A synthesis
of the results we obtained is shown in Table 2, Table 3, Fig. 6 and Fig. 7.

Table 2 Peak hours average traffic volumes on E60 main road link — 2014

traffic 2014
heading AM (morning) PM
(afternoon)
existing scen.#1 scen.#2 existing scen.#1 scen.#2
vol.[PCE/h] change [%] vol.[PCE/h] change [%]
E 2658 -27.8 -24.5 2332 -36.7 -45.2
w 1441 -40.2 -48.9 2801 -29.5 -16.4
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Table 3  Peak hours average traffic volumes on E60 main road link — 2029

traffic 2029
heading AM (morning) PM
(afternoon)
existing scen.#1 scen.#2 existing scen.#1 scen.#2
vol.[PCE/h] change [%] vol.[PCE/h] change [%]
E 5764 -18.8 -14.8 5038 -8.6 -10.8
W 3362 -28.3 -44.6 6480 -31.9 -23.9
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Figure 7 Average travel times — busy routes, 2029 estimated traffic volumes

4 Conclusions

As we can see, maintaining the E60 road as the only road link between the zones we studied
will lead to forced traffic flow and traffic congestion. If the evolution of traffic follows the
pattern we estimated, in 15 years’ time the travel times on the main routes we studied will be,
on average, 6.6 times longer than now.

The two proposed scenarios would have a similar effect on the busy routes average travel
times, reducing them with an average of 31.5% and 35.8%, respectively (Fig. 6). In the short
term, we estimate that scenario #1 would have a better impact than scenario #2, reducing
the traffic volume on the main link with approximately 30-40% (Table 2). However, in the long
term, even though the peak hours average traffic volumes on the main link would be similarly
reduced (Table 3), scenario #2 implies significantly shorter travel times. In 15 years’ time, we
estimate that the current travel times between main zones of interest would be reduced with
45.4% in scenario #1 and 67.6% in scenario #2 (Fig. 7). On the other hand, as shown in the
last two clustered columns of Fig. 7, adopting reversible lanes has a negative impact on the
travel times on some of the routes.

ROAD TRAFFIC PLANNING AND MODELLING
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure



In conclusion, we estimate that scenario #1would have a positive impact on traffic flow in the
studied area, especially in the short term. The two alternate routes and the revised traffic si-
gnalisation would considerably reduce traffic congestion and average travel times. Reversible
lanes would be a suitable solution in the long term, but adopting them should be reconsi-
dered based on the traffic evolution up until that point. However, any route network impro-
vement scenario should be sustained by further measures such as introducing an efficient
public transport system and implementing a sustainable urban mobility plan.
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TRANSPORT DEMAND MODELING
FOR NATIONAL PARK MAVROVO

Vaska Atanasova, Kristina Hadjipetkova, Dragan Ilievski
Faculty of Technical Sciences, Bitola, R. Macedonia

Abstract

National parks are protected areas which are real representative of natural sourses and eco
systems, and require special care in part of transport demand modeling. In this paperthe four
steps model with features of region to get the modal values, traffic assignment and forcast for
10 years, using the powerful software PTV Vision VISUM on particular case, for the National
park Mavrovo will be shown.

Keywords: National park Mavrovo, model, forecast
1 Introduction

Traffic planning, existence and conetivity of quality road network is main factor for deve-
lopment on each teritory. In this paper, calculation of the modal values and traffic assignment
is made for national park Mavrovo. Specific for regional planning is that settlments are re-
presented as nodes.

Field data are colected for making the fourstep model in PTV VISUM software. To perceive the
need of improvement and restoration of the traffic and touristic infrastructure in the park, it
is made a forecast of the traffic demand for next 10 years in PTV VISUM software. At the end,
itis made a comparison of the modal values for verification of the output results, and also to
identify the difference between actual and forecasted condition.

2 Data collection for traffic planning in National park Mavrovo

For creating a quality planning of traffic demand, collection of reliable data is needed to
obtain correct and real output.

2.1 Statistical method

For the necessities of the paper, it is made collection of data for number of citizens for each
settlement, job places by activity (education, agriculture and ranching, administration, cate-
ring) and intensity of traveling to and from National Park Mavrovo.

2.2 Survey method

The survey was made of the whole region of National park Mavrovo on 06.04.2013, with

purpose to collect data for job places and attendance of tourist objects. Processed data are
used as input in the model.
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3 Transport demand modeling

Modeling is made for actual traffic condition in National Park Mavrovo, with use of the four-
step model, traffic assignment and forecast in PTV Vision VISUM software. On Figure 1 with
green coloris shown the traffic network for researched territory. Each link has it's own capacity
and speed which correspond with the actual situation.

Figure1 Graphic display of road network

3.1 Zoning

Urban zoning is a part of spatial and urban planning, and is a division of the territory covered
by the plan coverage of different functional zones with different purposes. Zoning is the pro-
cess of selecting areas with specific purpose and labeling (settlements, recreational areas,
education, administration, tourism and catering). Zones, according of the characteristic pur-
pose, are origin and destination of trips according the movement needs of the population. The
territory of National park Mavrovo is divided on 12 traffic zones and 3 external zones, which
are separated with roads, natural borders, pedestrian and bike paths.

Figure 2 Separation of the National Park Mavrovo by zones
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3.2 Model choice for transport demand

Model choice depends from the input which is used. In this case, the fourstep model is se-
lected with characteristics of generation, distribution, allocation and trip assignment. For
internal calculation in the PTV VISUM sotfware, this model uses the values of zone atributes
(number of residents, job places in education, administration, tourism, catering, agriculture,
and trips between and inside the zones). Figure 3 shows the selection of the fourstep model
in the software.

Figure3 Selection of four step model

4 Traffic demand for National park Mavrovo

Modal values represents trip assignment on certain streets, which actually is trip distributi-
on on transport network. For calculation of the modal values with the fourstep model, it is
neccesary activation of all generations, distributions, and assignment, while the Skim matrix
should be deactivated. Intensity of trips on roads is shown on Figure 4 with red color.

Figure 4 Traffic demand of National Park Mavrovo

5 Traffic demand forecast of NP Mavrovo

Traffic demand forecast actually is prediction of change on movement needs for certain time
period. The process of forecast for next 10 years, is made with method of estimation of popu-
lation increase, which linearly increases the mobility. Modal values for transport demand in
the next 10 years is shown on Figure 5.
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Figure 5 Transport demand forecast

6 Verification of output modal values

Verification is independent procedure which is used to confirm to what extent the model out-
puts match the results obtained from the field. To verify how modal values from PTV VISUM
match with the real traffic flow on certain section, comparative analysis is made. According to
Fund for regional and national roads, on the section Boshkov most — Debar, average by day
are passing around 650 vehicles in both directions. Respectively, on this section, the software
calculates that daily are passing 654 vehicles in both directions.

Figure 6 Modal values on the section Boshkov most

The dispersion between calculated and real value is less than 1%, which is affirmation of the
hypothesis that output results are valid.

7 Comparison of current and forecasted modal values

Comparative analysis of output results is especially important to see if the forecasted values
are real and match the growing movement needs in the future. Comparison is made for the
current and forecasted modal values for the next 10 years, calculated in the PTV Visum, on
a section of the entrance to the National Park Mavrovo road in direction of cities Kicevo and
Gostivar. On Figure 7 is presented the section with current transport demand, which is 945
trips (827 for entry and 118 for exit).
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Figure 7 Current modal values

On Figure 8 is shown the forecasted transport demand for the next 10 years, and it's value is
1170 trips (1025 — entry, 145 — exit).

Figure 8 Forecasted modal values

According to calculated values with the software, the forecasted values for transport demand
are for 24 % greater than current.

Conclusion

Unlike analytical approaches for calculating the transport demand and forecast, PTV Vision
VISUM software provides fast and accurate calculation and offers a graphical representation
of the output results. Verification of current and comparison of the forecasted modal values,
are part confirming the high reliability of the outcomes of PTV Vision VISUM. Calculation of
current and forecasted increase of future transport demand is crucial for understanding the
mobilities in National Park Mavrovo, and is the basis for taking steps in the engineering ma-
intenance and improvement of transport infrastructure .
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RESIDENTIALAND BUSINESS COMPLEX
ON THE ROAD NETWORK OF THE CITY OF MOSTAR
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Summary

Mostar municipality is an area of great significance for Bosnia and Herzegovina, both for the
natural resources and cultural heritage as well as for the fact that it occupies the central part
of the territory of Herzegovina and extends to the middle part of the Neretva River. Therefore,
it has become an important traffic point over which cross the roads of European, national
and regional importance. This paper presents the results of the research of traffic on the road
network of the City of Mostar over the plan period. Within the framework of the research, the
analyses were performed on the impact of the construction of planned roads in relation to the
current traffic volume on the existing ones. Also, the impact of the construction of the planned
residential and business area on the traffic volume was explored and estimated.

Keywords: planning, traffic, road network, traffic volume
1 Introduction

Mostaris situated on the Pan-European transport corridor in the north-south direction, known
as the Corridor Vc. Favourable geotraffical position and traffic connection constitute factors
that have significantly influenced the development of Mostar as municipal, regional and na-
tional centre. Figure 1 shows the location of Mostar in relation to the Pan-European transport
corridors and transport infrastructure of Bosnia and Herzegovina. The City of Mostar is a traffic
intersection of the railroad Sarajevo-Ploce, the main road M17 and future freeway Sarajevo-
Ploce. Two development directions are highlighted within the Mostar municipality area: the
north-south (the valley of the Neretva River) and the east-west.

Figure1 Geotraffical position of Mostar
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Considering the central functions of the Municipality and region, it is necessary to ensure the
development of transport and communications towards all parts of the Municipality and the
region, as well as their integration into organized urban network. The Northern part of the
urban area of Mostar is a part of the whole which gains ever growing importance and enables
taking over of the very important spatial functions. Within the urban zone “Sjeverni logor” it is
planned to build a residential and business complex with 3000 residential units [1], Figure 2.

Figure 2 Regulatory plan “Sjeverni logor” Mostar[2]

The “Study of Transport and Communications for the area of the City of Mostar” [3] was drafted
in 2010. However, the impact of construction of the residential and business complex within
the area of “Sjeverni logor” to the traffic volume was not analysed or taken into account.
That was the reason to perform research and analyse the traffic with an increased number of
movements within this part of the city.

2 Methodology of research
Since according to the Urban Plan of the City of Mostar it is planned to build a residential and

business settlement of 3000 housing units within the area of “Sjeverni logor”, the calculation
of production was performed using the following formula [4]:

P=3xV-500 Q)
where:
P production;
Vv number of vehicles.

The starting assumption was that each residential unit will own at least one vehicle. In that
case, the number of vehicles would be 3000, and the production would be:

P =3 %3000 -500 = 8500 (veh/day) )
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Through the mentioned settlementitis planned to construct a four-lane road which would be

connected by a bridge over the Neretva River with west bank, i.e. Kralja Tomislava Street. On

the east side, the complex is connected to MarSala Tita Street southern from the intersection

“Mostar North”. Using the corrected O-D (original — destination) matrix, the traffic on the exi-

sting network and the network of planned roads was simulated. German software PTV Visum

was used for simulation. The following scenarios were analyzed:

- Scenario “0” — analyses the case of the existing road network of the City of Mostar without
construction of the planned residential and business complex “Sjeverni logor”, Figure 3.

- Scenario | — analyses the case of the construction of residential and business complex wit-
hin the area “Sjevernilogor” including planned roads. The complexwould be connected by a
bridge to Kralja Tomislava Street running through the western part of the city, and on the east
side connected to Mar3ala Tita Street southern of the intersection “Mostar North”, Figure 4.

- Scenario Il — is the case of construction of additional four-lane road running along the right
bank of the Neretva River, connected with an additional bridge to the northern part of the
complex, and northern from the intersection “Mostar North” connects with main road M17,
Figure 5.

- Scenario Il — it is assumed that highway on the Corridor Vc and the South Bypass of the City
would be constructed in addition to mentioned roads, Figure 6.

It should be noted that, within the Spatial Plan, it is planned to construct the Northern Bypa-
ss of the City of Mostar, which was not considered in this paper. Since mentioned complex
is located nearby the intersection at the northern entrance to the city (Mostar North), it is
obvious that the construction of the complex will have the greatestimpact to this intersection
particularly. Traffic volume within the urban zone was observed simultaneously (screen lines
G1and G2). Traffic analysis has been performed for the time sections 2015, 2020, 2025 and
2030 (years). This paper presents the results for the end of the planning period when it is
realistic to expect to have all the planned roads constructed. Comparison of the results was
presented on the screen lines G1 and G2 within the urban zone, and U3, U4 and U5 at the
access roads to the intersection “Mostar North”. The results of these simulations are shown
in the following figures.

“ 9

Figure 3 Traffic volume Scenario “o” — without planned residential area
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Figure 4 Traffic volume Scenario | — with planned residential area and roads

Figure 5 Traffic volume Scenario Il — with new road on the right side of the river
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Figure 6 Traffic volume Scenario Il — with the Corridor Vc and the South Bypass

3 Results of the research
The results of the research are presented in Table 1. They refer to the last year of the planning
period (2030), per previously described scenarios and per examined screen lines on the road

network of the City of Mostar.

Table1 Traffic volume in 2030 on screen lines

Traffic volume in 2030 [veh/day]

City Intersection “Mostar North”
Code G1 G2 u3 us4 us
Scenario “0” 65.561 30.706 36.442 30.474 11.915
Scenario | 68.385 15.796 40.474 41.075 16.269
Scenario Il 62.218 11.318 16.812 21.346 18.614
Scenario lll 55.231 9.328 14.640 22.522 15.266

Figure 7 presents a graph with percentage of increase or decrease of the traffic volume on the
observed screen lines. On the screen line which goes through the centre of the city G1it can
be seen that in the case of Scenario | the traffic volume increases by 4.3%. In cases of Scena-
rio Il and Scenario Ill the traffic volume is reduced by 15.8% compared to the initial Scenario
“0”, Figure 7. At the G2 screen line the traffic volume is reduced in all three scenarios and
even up to 69.6% in Scenario lll. Regarding the screen line U3, the traffic volume in the case
of Scenario | increases by 11.1%, while in Scenario Il and Scenario Ill it decreases to 59.8%.
The screen line U4, in the case of Scenario |, has increase of the traffic volume by significant
34.8%, while in two other scenarios occurs traffic relieve. The greatest traffic relieve occurs in
case of Scenario Il (by 30.0% compared to the initial scenario). Finally, on the screen line U5 in
all three scenarios the increase of traffic volume occurs and in that case the least favourable
is Scenario Il. From the results presented in Table 1, it can be concluded that the intersection
“Mostar North” will be overloaded following the construction of the planned complex. The
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reconstruction of this intersection into multilevel intersection would resolve traffic congestion
at the intersection itself. However, without construction of the additional roads, the traffic
volume on the access roads increases — Scenario | (Figure 7.). In the case of Scenario Il, traffic
volume relieve occurs on all screen lines observed except on the screen line U3. However,
it can be stated that the congestion problem at the intersection of the “Mostar North” only
moves to newly projected intersection located on the main road M17.

o

Figure 7 Percentage of increase/decrease of the traffic volume compared to Scenario “o

Finally, the Scenario Il offers traffic volume relieve on the main road M17 and its intersections,
because by the construction of the Corridor Vc and the South Bypass the “road ring” around
the City of Mostar would be closed while the transit traffic and the part of the original-desti-
nation traffic would be moved to these roads.

4 Conclusion

Based on the presented results of the research, it can be concluded that the planned constructi-

on of the residential and business compleximpacts the traffic volume which should not be igno-

red. This impact reflects mostly at the intersection “Mostar North”. The roads that are planned

as partof the residential and business complex affect the redistribution of traffic at the northern

entrance to the city. It can also be concluded that traffic congestion can be resolved with:

1 The construction of bridges connecting the planned residential settlement with the right
bank of the Neretva River;

2 The construction of the road on the right bank of the Neretva River connecting urban zone
with the northern part of the city;

3 The construction of the Corridor Vc and the South Bypass of the city.
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Abstract

The article deals with the determination of the effect of intersection control modes on vehicle
delay times, or with the differences arising from the use of different control modes of traffic
lights at low traffic volumes. It describes the methods used in the Czech Republic, and makes
a brief comparison with neighbouring countries.In the second part of the article, vehicle de-
lay times on traffic lights are determined using different methodologies and compared with
reality. The HCM methodology (method of recording queue lengths in firmly fixed steps) was
used and compared with the TP 235 Czech methodology for the calculation of delays and the
method of direct measurement of each vehicle delay by a stopwatch. The results are in good
agreement; considerable differences occur only in cases where more complex movements are
involved (left turn in combination with giving priority to straight direction traffic). Furthermore,
based on traffic surveys, vehicle delay times were determined and compared in the mode with
traffic lights on (i.e. TL) and after switching over to different TL control modes at low traffic
volumes. Different traffic movements at the intersection were monitored at multiple locations
for verification and comparison purposes. Based on the results, it is evident that in terms of
delay times, any active TL mode used at low traffic volumes is rather counterproductive. Also,
environmental impacts (CO2 emissions, CO, NOX) tend to grow in the active TL mode. The ar-
ticle also presents the analysis of several model examples using micro analysis software and
quantifies the above parameters. The last part brings the initial design of conditions under
which TL switching off may be applied. Basic design and traffic engineering characteristics
are identified and their effect on the TL control mode is described.

Keywords: traffic lights, HCM, intersection control mode, vehicle delay,
environmental impacts

1 Introduction

Delay times of vehicles at intersections represent one of the principal criteria manifesting the
traffic quality level in the Czech Republic. Delays at intersections controlled by traffic lights
(TL) naturally depend on the control mode (CM) used, and at low traffic volumes, they may
cause indignation on the part of drivers who are waiting for the free signal at an “empty” in-
tersection, although they would pass across the intersection without a significant delay in the
case of uncontrolled intersection operation. While in peak hours, TL at intersections should
be preset to maximize their capacity, at low traffic volumes their setting should significantly
differ, so that the cycle is not too long and vehicle delay times are minimized.
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1.1 Intersection control modes used in the Czech Republic

There are numerous approaches to traffic control during low demand periods applied both in
the Czech Republic and worldwide. They mostly involve uncontrolled traffic or different mo-
des of vehicle actuated signal control, where the traffic signal controller reacts to the arrival
of vehicles from different directions assigning accordingly the green light signal. The issue
of the operating times of TL has been a controversial topic discussed among traffic experts
not only in the Czech Republic, but also abroad, for decades. There are basically two groups
of opinions. One group is composed of the proponents of continuous TL operation without
exceptions, who prioritize a greater clarity and safety of the TL controlled intersection. Their
opponents, on the contrary, prefer differentiated operation of individual TL according to local
traffic conditions as a better solution for many reasons.

Different approaches to continuous traffic control using TL in the Czech Republic are evident
from the following data coming from four largest cities in the country. (from 3% of continuou-
sly controlled intersections in Ostrava to 85% in Prague). Different approaches to the opera-
ting times of TL provide numerous opportunities for traffic surveys focusing on the comparison
of delay times under different traffic conditions (traffic volumes, traffic control modes).

1.2 Intersection control modes used abroad

The views on traffic control during low demand periods also differin foreign countries depen-
ding on the locality. In Germany, similar diametrical differences among individual cities may
be found as in the Czech Republic. Overall, we may summarize them saying that the control
mode significantly depends on the age of the used technology. With abilities of modern TL
technology the necessity of alternative TL modes tends to lessen.

2 Traffic surveys
2.1 Methods of vehicle delay determination

Three different methods were used to determine the delay times of vehicles at an intersection
within the scope of TACR — TA03030046 project. The HCM method is based on observing the
length of vehicle queues at the approach to an intersection in time steps which subsequently
serves for deriving the average delay of vehicles. The results are processed using simple re-
lationships that are not the subject of this article and can be found in HCM [2]. For accuraccy
improvement 30 minutes interval was used as opposed to the recommendation mentioned
in HCM (15 minutes).

The second method is measuring the delay of each vehicle separately with a stopwatch which
records the moment when a vehicle stops and the moment when it passes a stop line. This
method is considered the most accurate of all.

The third method is the calculation of the delay based on the Czech TP 235 methodology [3].
This methodology was compiled as the average of numerous measurements made at different
intersections, mostly in situations approaching the capacity limits of entries to intersections.

2.2 Comparison of methods for identifying vehicle delays
Several intersections situated in different cities (Prague, Brno, Ostrava and Olomouc) were

selected for the assessment of the informative value of the results of delay times identified
by a traffic survey based on the HCM methodology [2]. The results are compared in Table 1.
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Table1 Delay values comparison

Location Delay tw [s/veh]

City Intersection Mv.*  HCM Watch TP235
Praha NéroZni - Pod hranici Ny 7.6 5.4 7.4
Praha Narozni - Pod hranici < 27.6 24.9 26.7
Praha Patockova — Pod Krdlovkou < 25.4 24.3 25.8
Praha Plzefiska — JeremiaSova < 27.0 23.3 9.0
Ostrava Novinafska — Hornopolni Ay 27.9 29.4 29.0
Ostrava Ceskobratrské — Sokolska < 47.6 50.9 38.0
Brno Osova - Jihlavska < 37.6 44.5 44.1
Olomouc Hodolanska — Tovarni < 46.3 47.9 50.5

* Mv. - Intersection movement

The comparison of eight Czech intersections clearly shows that the HCM-based methodology
very well corresponds to the actual delay of vehicles measured with a stopwatch. Comparing
the delays calculated on the basis of the TP 235 methodology against the delays measured
with a stopwatch, we may also conclude that the methodology is in fairly good correspon-
dence with reality (stopwatch). The exception is measurement No. 4 where the deviation is
significant. This is caused by the fact that it is the only approach in the table with the left turn
on a separate turn lane being also affected by the opposite direction (oncoming vehicles
travelin the same phase). These issues were not elaborated in the Czech TP 235 methodology
in an optimum way.

2.3 Comparison of delays in different control modes

Several measurements at intersections controlled by different modes in night hours than
during the day was conducted. Due to the extensive amount of data thus obtained, only some
selected measurements arre presented in this article.

2.3.1 Fixed control mode vs. flashing yellow control mode

One main and one minor approach were monitored at an intersection in Kladno. Both
approaches share a common transfer lane for all directions; the intersection is controlled by a
fixed programme with a cycle length of 60 seconds in the daytime, and at 9 p.m. itis switched
to the flashing yellow control mode. The delay was measured using the proven HCM-based
method from 7:00 p.m. to 9:00 p.m. and with a stopwatch in the flashing yellow mode from
9:00 p.m. to 10:00 p.m. (for the reason of lower traffic volumes). The column lappr. expresses
the vehicle volumes at the monitored approach, while the column linters. expresses the total
vehicle volumes at all approaches to the intersection.

It is evident from Table 2 that switching this intersection to the flashing yellow control mode
was suitably selected. Vehicle delays are smoothly reduced down to minimum values.
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Table 2 Survey results — fixed CM vs. flashing yellow CM

City/Inters./Approach Delay t, Lo, lincers. Control mode
[s/veh] [veh/h] [veh/h]
Kladno 9.6 354 1096 fixed
Pra?ska—Unhostska 12.7 268 932
main approach
9.9 212 686
7.5 150 478
0.8 116 458 flashing yellow
Kladno 21.9 248 1096 fixed
PraZzska-Unhostska 21.9 266 932
minor approach 8.6 160 686
15.3 18 478
13.4 118 458
6.3 86 378 flashing yellow

2.3.2 Vehicle actuated control mode vs. flashing yellow control mode

This control procedure is applied at many intersections in the city of Plzefi and at some in-
tersections in Prague. The measurements were always performed 2 hours before switching
modes and one hour after switching modes. The delay was measured using the proven HCM
method in the actuated mode and with a stopwatch in the flashing yellow mode. It should be
noted that the actuated control rates may have varied at the monitored intersections, and the
control cycles were also different in length.

Itis evident from Table 3 that the vehicle actuated control is not able to provide a substantial
reduction in vehicle delay times at low traffic volumes either. After switching to the flashing
yellow mode, the delay of vehicles at the monitored approaches sharply decreases at all in-
tersections suggesting that the control had already been inefficient in terms of delays before
the mode was switched over.

Table3 Survey results — actuated CM vs. flashing yellow CM

City/Intersection/Approach Delay t, Lo, lincers. Control mode
[s/veh] [veh/h] [veh/h]
Plzen 26.9 108 1394 actuated
Strnadova-Slovanska 18.6 110 198
minor approach 5.6 o4 1010
23.7 62 728
9.1 32 646 flashing yellow
3.8 26 420
Plzer 16.1 308 754 actuated
Kopernikova-Tylova 15.2 210 602
minor approach 9.7 192 612
16.2 166 488
9.8 108 440 flashing yellow
8.7 118 358

252  ROAD TRAFFIC PLANNING AND MODELLING
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure



2.3.3 Vehicle actuated programme vs. all-red control mode

This control procedure is applied at numerous intersections in Prague and it was also moni-
tored at one intersection in Ceské Budé&jovice. The measurements were always conducted in
the same way as in the previous case. Table 4 clearly shows that if appropriately designed, the
all-red control mode may reduce the delay times at an intersection compared to the vehicle
actuated control mode. It was, however, identified at the monitored intersections that the
majority of vehicles had to stop or at least brake before the intersection as detection devices
were not adequately positioned. Although some experts point out the safety factor and the
fact that this mode may reduce vehicle speeds in municipalities, it would be interesting to get
some feedback from citizens living in the vicinity of such intersections related particularly to
noise emisions due to decelerating and accelerating vehicles.

Table 4 Survey results — actuated CM vs. all-red CM

City/Intersection Delayt, Control mode

| )

[s/veh] [Veh/h] [veh/h]
PrahaJeremiaSova- 10.7 90 576 actuated
Radlicka 14.9 70 416

10.0 74 350

11.5 52 310

6.7 62 278 all-red*

4.1 36 196
Ceské Bud&jovice 34.5 108 542 actuated
Lidickd-Manesova 7.9 96 506

29.1 84 614

26.9 58 294

7.0 48 174 all-red*

*all red CM has at all signal groups the red sign in basic state. When a request
from one direction comes, it can be changed into the respective phase.

3 Results of traffic simulations

In addition to the impacts on delay times, alternative TL modes at low traffic volumes also
affect the majority of relevant traffic engineering characteristics. Environmental impacts of an
intersection were compared for the purposes of this article, namely the volumes of vehicle
emissions that would differ for different control modes. These emissions were quantified
using the Sidra Intersection 6 software. The model configuration used was a symmetrical
crossroad with a left turn lane onto the main road and a branch length of 200 m (Fig. 1).

Figure1 Model design of the evaluated intersection
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Three basic control modes were evaluated, a fixed control model with a cycle time t=80 s, an
actuated control mode and sign control (E-W major/N-S minor).

To see the effect of approach traffic volumes, two levels of approach traffic volumes were con-
sidered, 240 light vehicles+60 heavy vehicles and 600 light vehicles+120 heavy vehicles (for
the whole intersection). The distribution into individual directions is uniform, i.e. the traffic
loading scheme is also symmetrical for our purposes. The resulting values are presented in
Table 5 and Table 6.

Table 5 Model results — 240 light veh/h+60 heavy veh/h

Control mode Volumes Ctrl. delay Fuel [l/h] €O, [kg/h] CO [kg/h] NO, [kg/h]
e [Veh/h]  [s/veh]

TL-fixed 240+60 27.7 10.6 25.4 0.1 0.101

TL-actuated 240+60 13.6 9.7 23.4 0.1 0.096

Stop (2-way) 240+60 10.5 9.1 22.0 0.1 0.091

Table 6 Model results — 600 light veh/h+120 heavy veh/h

Control mode Volumes Ctrl. delay Fuel [l/h] €O, [kg/h] CO [kg/h] NO, [kg/h]
e [Veh/h]  [s/veh]

TL-fixed 600+120 31.1 23.3 56.6 0.2 0.204

TL-actuated 600+120 14.5 21.4 51.3 0.1 0.193

Stop (2-way) 600+120 13.8 20.3 48.7 0.1 0.186

The results indicate the impact of the control mode used on both the expected delay times
and the fuel consumption plus related modelled emissions. As it was assumed, this effect
is the greatest for CO, emissions, which directly rely on the consumption and related vehicle
delay times at an intersection. The CO values, however, are practically negligible (in terms
of the total volume and its impact), while the drop in NO, values is reduced by the fact that
the volumes of NO,_emissions are only significant at higher speeds, i.e. their volumes in the
area of intersections are not so noticeable. In terms of emissions, the difference between
the fixed control mode and the stop (2-way) control mode is particularly evident. Here, the
drop for CO, values is by up to 14%, while for NO, values the drop is by up to 10% (Table 5,
Table 6). Nevertheless, the decrease in delay times in this case is by up to 62% at low traffic
volumes. For reference purposes, a simulation for loading with 1200 light vehicles+120 heavy
vehicles was also performed which clearly shows that alternative modes of traffic control at
intersections lose their effect with increasing approach traffic volumes.

4 Conclusion

As the above results and experience from abroad imply, alternative CMs are only usable under
specific conditions which must be unambiguously defined and quantified. These are in particular:
- vehicle volumes and threshold values of switching to alternative CM modes;

- traffic significance of a particular road;

- width layout of individual branches;

- operation of public transport, pedestrian flows and their compositions;

- view parameters (vehicle/vehicle, vehicle/pedestrian);

- coordination of traffic lights;

- accident rates of a respective intersection;

- existing control system (fixed/actuated);

- used TL technology (classic light bulbs vs. LED technology);

- other atypical reasons (traffic calming TL, modifications for the blind, etc.).
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The existing situation in the Czech Republic is rather chaotic. Due to the fact that there is
no universal regulation specifying control modes, their application and impacts, different
approaches are used in different towns. These procedures are frequently in contradiction
with the basic traffic engineering knowledge being the cause of negative impacts in terms of
both higher delay times and higher noise emissions and environmental burden. Therefore, a
clearidentification of the basic criteria, different control modes and theirimpacts on the road
network is an indispensable fundamental priority for modern traffic engineering.
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Abstract

Article describes the development of a strategic plan of sustainable mobility of the Munici-
pality Lopar on the Rab Island. In small tourist places number of tourists greatly exceeds the
number of the local population during the tourist season. Via the integration, participation and
evaluation principles existing plans are upgrading. Scenarios of transport system were deve-
loped by the analysis of the shortcomings and the introduction of the measures as a whole.
Evaluation scenarios were based on ensure the accessibility offered by the transport system to
all, improve safety and security, reduce air and nois pollution, greenhouse gas emission and
energy consumption, improve the efficiency and cost-effectiveness of the transportation of
person and goods, contribute to enhancing the attractiveness and quality of the municipality
environment and design. Finally, the proposed measures are necessary, measures to improve,
measures of scenarios for each of the reference year to which examines traffic.

Keywords: sustainable mobility, scenario, evaluation, measures
1 Introduction

A new approach of planning mobility in areas, is directed to cleaner and more sustainable
means of transport, in particular this applies to pedestrian, cycling and public traffic. This
process is based on the existing practice of planning and takes into account the principles
of balance, integration, participation and evaluation. In order to effectively apply the new
approach and in a large extent, the concepts and tools developed at European level should
be adapted to the circumstances of individual member states and then actively promote the
national and regional levels [1]. A new approach to urban mobility planning show table 1.
Through the planning sustainable mobility, it stimulates the development of urban transport
systems to improve the accessibility of urban areas and to ensure the mobility and traffic of
high quality to the village, out or inside village [3]. For the attainment of the objective it is
necessary planning the urban transport system that tends towards:

- sustainability with consider social, health and environmental component;

- better use of existing urban areas and transport infrastructure;

- improving the urban environment, quality of life and public health;

- improving transport safety;

- reducing air pollution and noise impacts;

- balanced development and integration of different modes of transport.

The planning is encouraged balanced development of all types transport by encouraging
towards more sustainable types [3]. The plan features an integrated set of technical, infra-
structural and policy measures to achieve these objectives. Integrated planning involves co-
operation, coordination and complementarity with local policies, strategies and measures
in the field of traffic, spatial planning, land use, health, and social services. The principle of
participation implies the involvement of local authorities, citizens, civil organizations and
businesses to develop and implement plan to ensure the support and acceptance.
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Table 1

Differences between the planning process [1]

Traditional Transport Planning

Sustainable Urban Mobility Planning

Focus on traffic

Focus on people

Primary objectives: Traffic
flow capacity and speed

Primary objectives: Accessibility and quality of life,
as well as sustainability, economic viability, social
equity, health and environmental quality

Modal-focussed

Balanced development of all relevant transport modes and shift
towards cleaner and more sustain-able transport modes

Infrastructure focus

Integrated set of actions to achieve cost-effective solutions

Sectorial planning document

Sectorial planning document that is consistent and complementary
to related policy areas (such as land use and spatial planning;
social services; health; enforcement and policing; etc.)

Short- and medium-
term delivery plan

Short- and medium-term delivery plan embedded
in a long-term vision and strategy

Related to an administrative area

Related to a functioning area based on travel-to- work patterns

Domain of traffic engineers

Interdisciplinary planning teams

Planning by experts

Planning with the involvement of stakeholders using
a transparent and participatory approach

Limited impact assessment

Regular monitoring and evaluation of impacts to inform
a structured learning and improvement process

Monitoring and evaluation plan in achieving the defined objectives and the achieved results
is implemented through defined indicators.

The basic steps to create a plan sustainable mobility (Figure 1) are presented through the pro-
jectto encourage sustainable mobility in coastal towns on the example of municipality Lopar.
The specificity of coastal cities is seasonal variation in transport demand induced by tourism.
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Figure1 Elements of sustainable mobility planning

Municipalities of Lopar is situated in the Kvarner coast in the northeastern part of the Rab
Island, and under the administration of the municipality are the islands of Goli and St. Gr-
gur. Conducted census of people in 2011., in the municipality lives 1,263 inhabitants. In the
summer guests visiting or staying in place exceeds 13,000.
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2 The components of planning sustainable mobility
2.1 Analysis of the situation

Needs to be analyzed existing transport system and all documentation relate to the transport

system and sustainable mobility, [4].

Existing and planned state, county, local and unclassified networks of individual traffic must

be detected and displayed in a GIS environment. It is necessary to collect data about transport

loads, safety indicators, transport and technical characteristics.

Public bus transport should be described with the stations, routes, timetables, number of

transported passengers. Also should analyze the characteristics of ferry and boat lines that

connect the place with the mainland. Should be analyzed all ports of county and local signi-

ficance, offer and functioning of stationary traffic, the number of parking spaces, type and

spatial distribution of which is shown in tables and graphs. Need to be determined the len-

gth of pedestrian and bicycle paths and their traffic-technical characteristics. In the current

planning is implemented:

- analysis of spatial planning documents (spatial plan of the county, spatial plan of the mu-
nicipality, urban development plan);

- analysis of documentation traffic field (Decision on the regulation of traffic on the territory
of municipality Lopar, Decision on conditions and mode of parking, etc.);

- analysis of other documents (Action Plan for development tourism in the municipality Lopar,
demographic data, etc.).

Data need be collected and analyzed for all participants in the traffic system. Participants
are considered in all institutions, companies, firms and other legal and natural persons who
have a particular role or significance in the functioning the transport system, as well as have
or may have a role in planning or design transport system.

2.2 Transport system model (TSM)

Transport system model show the current situation and enables the prediction of traffic de-
mand over a period of 15 and 25 years. The model using for detect shortcomings in the tran-
sport system, defining and testing scenarios, and as a basis for the development of local
mobility plan, feasibility studies and strategic environmental assessment. Steps in the deve-
lopment of transport models:
- collection and analysis the data of the network (table2), demand and calibration;
- development of transport models

- networks of individual and public transport;

- zoning system;

- demand model;

- joining the traffic on the network.

Table 2 Attributes of network segments

Category Free flow speed Permitted direct Stops
Length Capacity Timetable

The research area is divided into zones. Zones are using for dividing places in less homoge-
neous surface, connection places with the surrounding area, defining prognostic model and
displaying the origin-destination area (Parking locations are defined as separate zones). Table
3 shows frequent zone attribute.
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Table 3 Attributes area

Population The number of parking

Accommodation capacity Area of attraction

Demand model must be developed on the basis of socio-economic data. Data came from
the Central Bureau of Statistics, at Tourist Board the Municipality ofLopar, Spatial Plan and
research in the field. After joining the traffic on the network, must be made calibration and
validation of the model. The result of a transport model is traffic volume of the overall tran-
sport network (Figure 2).

Figure 2 Traffic image of Lopar [4]

2.3 Development of Sustainable transport scenarios (STS)

Problems in traffic and disadvantages in the area should be detected for all transport systems.
It should be create scenarios of transport supply as well as the scenarios of traffic demand.
Initial baseline scenario serves as a reference level, which is compared with the other scena-
rios, and allows calculate indicators for evaluating individual scenario.

Selection of the best scenario of the transport system is based on the analysis and evalua-
tion. The proposed scenario should allow for the development of all planned contents and
encourage the development of sustainable transport. In the municipality Loparitis proposed
relocation of the access road out of the village and out of the main pedestrian and bicycle
corridors. Such measures will improve the attractiveness of places and reduce the impact of
noise and exhaust emissions. It is proposed the formation of bicycle and pedestrian network
along road corridors but also as independents corridos. Creating listed infrastructure contri-
butes to the increase of number of users and increase safety.

Figure3 Scenario development of the Figure 4 Plan of the cycling network [4]
municipality Lopar [4]
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2.4 Local suistainable mobility plan (LSMP)

On the basis of previous activities and results need be made Local Suistainable Mobility Plan
(LSMP). The plan defines strategic objectives, priorities, measures, common and the individual
activities. The plan includes traffic problems, environmental problems and the impact of ac-
tivities on the environment, the ability of actors in the implementation of solutions, the legal
framework for the implementation, cost solutions, tools for theirimplementation and the time-
frame of implementation. The municipality of Lopar LSMP contains a total of 60 actions that are
associated with the priorities from P1to P4. Overview LSMP per all mentioned entities and their
attribution is given in table 4.

Table 4 LSMP overview [4]

2.5 Feasibility study (FS)

For the chosen scenario of development transport system for which is made LSMP should
be made feasibility study. The study includes a cost-benefit analysis for the entire LSMP for
a defined period. The study approach to the feasibility from financial, socio-economic and
organizational views. At implementation of the proposed measures is mainly case of the
indirect effect unless the parking to be charged (direct financial effects). Increased financial
effects are expected through:

- increasing tourism capacity;

- increasing parking spaces;

- introduction of tourist bracelets;

- extending the tourist season;

- increasing tourist arrivals because of the attractiveness places.

2.6 Strategic environmental assessments (SEA)

Forthe chosen transport system should be made strategic environmental assessments. Thro-
ugh strategic environmental assessment, evaluates the likely significant environmental im-
pacts that may arise from the implementation of the plan. The objective of the implementation
process is to contribute to sustainable development, i.e. reducing adverse environmental
impacts of development activities. The process includes analysis of the likely environmental
impact of the development documents, their record in the report and public consultation. At
formulating the final plan or program, and the decision on acceptance of the plan, need be
participate comments and suggestions on the report.
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2.7 Monitoring plan (MP)

For monitoring of implementation of LSMP in the time, organization and implementation of

indicators, need to be make the monitoring plan. On the basis of monitoring plan the project

manager creates a report, at specific time intervals, about of implementation plan for mobi-

lity. The report contains a comparison from planned and realized activities based on defined

indicators, deviations in the financial plan, measures to mitigate the difference, suggestions

for possible changes to the mobility plan and monitoring plan.

Difficulties in implementing the plan are recognized through monitoring and evaluation what

enables timely and effective response. Defining the indicators (Table 5) and target values

enables monitoring plan. Through the monitoring plan it is defined:

- connection with the target value indicators;

- data collection strategy;

- monitoring and evaluation plan connected with time during the implementation plan of
sustainable mobility;

- responsibility of institutions for monitoring and evaluation;

- minimal involvement of participants for monitoring and evaluation;

- budgetary funds and activities (5% of the budget for the implementation of measures).

Table 5 Indicators

number of passengers on buses number of tourist arrivals occupancy of the parking
levels of noise pollution content of harmful gases number of accidents

(minor, heavy)
length of the bicycle and amount of traffic on the bicycle number of passengers on a
pedestrian network and pedestrian networks tourist train, tourist boat lines
modal split number of tourist facilities tourist bracelets use

yearly average stay of the tourist rental price

3 Conclusion

Current practice in planning mobility is not sustainable. A new approach to mobility planning
builds on elements which respect sustainable development. Plan for sustainable mobility is
based on the principles of balance, integration, participation and evaluation. Through the
plan of sustainable mobility it is ensured the need for mobility and development with respect
to environmental conditions and future generations. In Croatia, as ayoung member of the EU,
should be encouraged at national, regional and local level, making the sustainable mobility
plans based on the framework and tools developed at European level with consideration of
local specificity.
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Abstract

Inthe last 10 years in Croatia numerous roundabouts have been built in urban and interurban
areas. As a rule, these roundabouts replaced the existing three-leg and four-leg intersection
in orderto increase intersection safety and capacity. Replacement of four and three-leg inter-
sections with roundabouts was often carried out without taking into account the ranking of
intersecting roads and spatial requirements. Because of that the capacity and safety levels
on these roundabouts were often lower than those on previous four or three-leg intersections.
In some cases, poor roundabout design resulted in insufficient lane width on entrance and
exit (offtracking control problem). These problems are particularly pronounced when the road
axis do not intersect at right angle. Unfortunately, lessons learned from these bad examples
weren’t adopted, and designers are continuing with poorly designed roundabouts. The main
reason forthis stems from the fact that there are no official guidelines or regulations for the ro-
undabout design in Croatia. Designers are trying to cope with this situation in different ways;
often they are partially studying foreign guidelines and seeking for the solution that fits their
problem. In this paper key elements for successful roundabout design will be shown, based
on the example of recently constructed roundaboutin Croatia, findings from other researchers
and international guidelines. Proposed instructions could be used for the development of
quality national guidelines for roundabout design.

Keywords: design, roundabout, guidelines, offtracking control, design vehicle
1 Introduction

Professional rules dictate that the designers should take into account certain criteria when de-
signing roundabouts, which include: position in traffic network (urban, rural), spatial limits,
traffic flow, intersection capacity and safety. Unfortunately, Croatian designers frequently
disregard some of these criteria. It is mainly due to the inexistence of official Croatian guide-
lines for roundabout design. The other reason is that tenders are frequently won by designers
lacking sufficient experience in roundabout design. This paper points to the most frequent
mistakes in roundabout design on the example of a constructed intersection.

2 Roundabouts design — Croatian practice

Roundabout design in Croatia is, due to the lack of official guidelines, usually carried out
according to the guidelines of the Institute of Transport and Communications [1], then accor-
ding to German guidelines [2], Austrian guidelines [3] and Swiss norms [4]. When analyzing
the mentioned documents it can be concluded that they give similar approach in designing
roundabouts which comes down to five steps:
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1 designing the intersection elements (islands, lane curbs on entrance and exit, ...) and
assembling them into an intersection project;

2 offtracking control of the designed intersection;

3 correction of design elements (in case previously designed intersection does not meet
offtracking control requirements);

4 sight distance check;

5 fastest path check.

This approach represents the biggest defect of the mentioned guidelines and norms becau-
se it is based on a highly iterative procedure which can significantly prolong the designing
procedure. What worries is the fact that in the national designing practice intersection design
is usually reduced to shaping individual elements. Offtracking control and the correction of
design elements is frequently disregarded in spite of many software products on the market
which [5, 6] allow very simple offtracking control.

2.1 An example of a poorly designed roundabout

The previous chapter outlined the main reasons for inadequately designed roundabouts in
Croatia. The roundabout in the town of Vrbovec constructed in 2013 is an example of this. The
construction of this roundabout was an attempt to improve the channelization of traffic flows
at the intersection of four streets (Zagrebacka (D41), Bjelovarska (D28), Krizevacka (D41), M.
Gupca Street) and the entrance to the petrol station (Figure 1). Because of five intersection legs
and spatial restrictions the designers had an exceptionally demanding task in front of them.

Axes of the existing roads were reconstructed to intersect in the middle of the elevated circular
island with the 11.5 m radii. The reconstructed axes intersect at the angles from 37 to 150°. The
roundabout has 1.0 m wide truck apron and the 5.5 m wide circular lane. Lane width at inter-
section legs ranges between 3.1t0 3.9 m, depending on the rank of the road: M. Gupca Street
is in the category of street roads, while other streets are categorized as state roads (D28 and
D41). Elevated dividing islands are 15.0 to 19.0 m long and were constructed on four legs. In
the roundabout zone pedestrian and cyclist traffic is organized with level crossings on all legs.

Figure1 Plan of the roundabout in Vrbovec
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Afterthe roundabout construction and its opening to traffic it was found that, when turning from
Zagrebacka and Bjelovarska into Krizevacka Street, trailers and semi-trailers of heavy trucks
tread with their wheels on the elevated curbs. The basic reasons for that are the following:

- exit lane width was insufficient because offtracking control with design vehicles was not
taken into consideration;

- the applied rounding radii of carriageway edges, recommended by design guidelines [1] are
applicable at intersections with approach road intersection axes of 90°, but not in the case
of the mentioned intersection;

- recommendations of guidelines [8] and norms [3] which refer to the smallest lengths of the
arc between the neighbouring legs axes were disregarded (Figure 2).

.,...,.w:[ l—-—— ] R _x.-_:_—..‘f'."i‘f'g:‘.

/J a’}_;r?g'raﬁ

Figure 2 Reconstruction of road axes [8] and the minimum length of the arc between neighbouring leg axes [3]

2.2 Reconstruction solution

After offtracking control, by means of a specialized software [7] for the design vehicle 16.5 m
long truck with semitrailer, it was found that the mentioned lane on KriZevacka street should be
widened by roughly 1.3 m (Figure 3). Although additional offtracking control showed that there
is a need for widening the remaining lanes (for the value ranging between 0.1to 0.5 m) only
that critical lane was reconstructed (Figures 3, 4). Additional costs and the waste of time could
have been avoided if offtracking control had been conducted already in the design phase.

Figure 3  Offtracking control of the roundabout in Vrbovec
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Figure 4 Lane widening on KriZevacka Street

3 Proposal of offtracking control at roundabouts

At allintersections including roundabouts safe and unobstructed traffic flow should be secu-
red. That is the reason why in the designing phase it is essential to check the design vehicle’s
possibility of passing through the roundabout.

3.1 Design vehicle selection

Just as in Croatia there are no official guidelines for roundabout design, there are, equally, no
defined design vehicles for offtracking control at such intersections. The valid Croatian norm
forthe design and construction of intersections at grade (based on standard JUS U.C4.050 from
1990) defines the following design vehicles for offtracking testing conditions: a truck and a truck
with trailer [15]. The mentioned norm does not include the rules for designing roundabouts,
and the features of design vehicles defined by the norm [15] have not been harmonized with

the features of the vehicles defined in the existing legislation of the Republic of Croatia [14].

Namely, the dimensions of vehicles in road traffic in the Republic of Croatia, as well as in other

EU member states, have been harmonized with the Council’s Directive 2002/7/EC (96/53/EC)

[13] through the book of regulations [14] which prescribes the technical categories of vehicles,

their dimensions and masses, axial load carrying capacity, devices and equipment that they

must possess and the requirements that the devices and equipment of motor vehicles and
trailers in road traffic must meet. With regard to the stated facts it can be concluded that in

Croatia it is necessary to establish the range of vehicles for the selection of the design vehicle

according to the position of the intersection in the road network. The range of vehicles can be

established by means of three principles:

1 by statistical data analysis on the presence of a certain group of vehicles (personal
vehicles, freight vehicles, truck trailers, buses) and their dimensions on the roads in
Croatia, in which the criterion for the design vehicle selection would be the frequency of
appearance;

2 by statistical data analysis on the presence of a certain group of vehicles (personal
vehicles, freight vehicles, truck trailers, buses) and their dimensions on the roads
in Croatia, in which the criterion for the design vehicle selection would be the vehicle
dimensions (the selected design vehicle should have bigger dimensions and bigger
smallest turning radius than the other vehicles from its group);

3 by selecting a vehicle from the existing range of design vehicles of the discussed
guidelines [9, 10, 11, 12] according to the criterion of the biggest width occupied by the
vehicles in driving on curves. Here it should be mentioned that German [10] and Serbian
[8] guidelines offer the widest range of vehicles and that, unlike other guidelines, take
into account garbage trucks and public transport vehicles (articulated bus).
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3.2 Offtracking control

Offtracking control should be checked at all intersection legs and for all three directions:
straight, right and left (Figure 5).

Figure 5 Offtracking control at roundabouts [8]

In order to have a drivable roundabout according to [2, 3, 4, 8] offtracking control should meet
the following requirements:

- select a design vehicle which corresponds to the intersection position in the road network;
- ensure the safety lateral width of at least 0.25 m along elevated curbs in the circular lane;
- ensure the safety lateral width of at least 0.25 m along elevated curbs at entrance and exit;
- the design vehicle bus is not allowed to use the paved part of the circular pavement around

the central island (truck apron);
- offtracking control should be conducted by design vehicle’s templates or verified software.

4 Conclusions

One of the main problems in designing roundabouts in Croatia is the lack of quality design
guidelines and frequent dereliction of important design steps such as offtracking control,
which cause significant mistakes leading to unnecessary reconstruction expenses as well
as the reduced traffic flow safety at intersections. Special attention should be dedicated to
offtracking control during the reconstruction of the existing intersections, where larger depar-
tures of intersection angles from the right angle lead to additional designing problems. Due
to this it is important to clearly establish minimum allowable intersection angles for which
the diversion of the approach road axis is not necessary. Since the selection of the design
vehicle plays the most important role in appropriate roundabout design, it is indispensable
to define the range of the design vehicles and harmonize their characteristics with those of
vehicles defined in the existing legislature of the Republic of Croatia.
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Abstract

For the analysis of the existing and planned segments of the traffic system, a traffic mo-
delling is used, and the choice of models depends on temporal and spatial limits of a model
and the context of application of modelling results. Functioning of a traffic system is under
the influence of variable human behaviour. Researches show that the behaviour of a driver
is, among other things, territorially and culturally conditioned. Accordingly, there is no uni-
versally applicable model, so the adjustment of modelling to local characteristics of traffic
system and its users is a necessary prerequisite for the use of any traffic model. The success
of modelling of urban traffic networks and its segments is interrelated with successful mo-
delling of critical network segments. According to a number of criteria, the most critical point
of every traffic system is the intersection. The simulation models are very useful tool for the
analysis of existing critical network segments and prediction of traffic conditions on existing
and planned intersections. However, it is questionable whether they can be expected to give
realistic modelling results that can be applied in the methodology, analysis and design of
intersections in local conditions. Within this paper, a special attention has been paid to the
microsimulation modelling of urban roundabouts. Accuracy of modelling results has been
established by the comparison of travelling times between measuring points gathered in ca-
librated and uncalibrated VISSIM microsimulation models and the ones gathered in the field.

Keywords: travel time, microsimulations, visSim, roundabouts
1 Introduction

Development of mathematical, mathematical-empirical and simulation models of the traffic
system was generated by the need to analyse the impact of the planned facilities and me-
asures, as realistically as possible. Modelling as an analytical tool started to evolve in the
forties of the last century. A great acceleration of development of mathematical modelling
came about the same time as the rapid computerization and possibilities of solving great
systems of equations in real time.

The application of various simulation models needs to be considered within the temporal and
spatial scope. Specific simulation models are developed for certain types of traffic analysis
and are intended for decision makings which differ in temporal and spatial coordinates. Ma-
croscopic traffic models treat traffic flow as a kind of flow which behaves in accordance with
continuum properties. Mesoscopic models incorporate the modelling of individual vehicles
movements, where the operating characteristic, such as delays, is modelled in accordance
with macroscopic modelling principles through the relationship between speed and density
of traffic flow.
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A closed driver-vehicle-environment cybernetic system, based on the feed-back relationship
in reality, is the most similar with simulation models at the microsimulation level. Today’s
microsimulation models are able to model the stochastic nature of traffic flow at the mul-
ti-modal level: car — truck — bus/tram — cyclist- pedestrian, through a detailed movement
modelling of each entity.

Modelling of roundabouts by simulation tool has its own specificities that can lead to signi-
ficant discrepancies between modelled and measured data [1]. The microsimulation models
are unquestionably a very useful tool for the analysis of existing critical network segments
and prediction of traffic conditions on existing and planned intersections. However, it is que-
stionable whetherthey can be expected to give realistic modelling results that can be applied
in the methodology, analysis and design of roundabouts in local conditions. The best insight
into the reality of the modelling results is provided by a comparison of modelled and mea-
sured traffic indicators.

2 VISSIM

VISSIM is a stochastic, discrete, micro-simulated model designed for traffic analyses. It star-
ted to develop in Germany at the University of Karlsruhe in the early ‘70s of the last century.
VISSIM traffic model, which enables a detailed analysis and a large number of iterations in
real time, is based on testing of various traffic scenarios. It includes empirical and measured
data of each examined component of a modelled system and their interactions. Modelling
results of each scenario are comparable. They focus on the analysis of alternative solutions,
short-term traffic planning or optimization of particular elements of objects and/or evaluation
of specific traffic regulation.

The simulation system of the VISSIM model contains two major program components. The first
is the model of traffic distribution, and the other is the model of traffic signalization. Every
second the main program detects the phase of traffic light signals and based on this data
updates a traffic image (second by second, vehicle by vehicle). The stochastic nature of the
model lies in the dynamic behaviour of system entities, it is in the function of gathering data
from the environment and it is not fully determined by the earlier phase of the simulation.
The difference between VISSIM and other microsimulation models lies in the structure of the
network model. Most microsimulation models are based on the node-connector structure,
and VISSIM network model is structured on the basis of connectors and links. According to
the logic of this kind of a structure, a vehicle that has come to the end of a connector changes
the lane (link) and chooses the one that will take it to the desired destination as quickly as
possible. The innovative structure allows modelling of complex intersections which reflect a
realistic traffic situation. For the longitudinal vehicle movement the model implements the
sub-model of psycho-physical modelling of car-following behaviour, and for lateral movement
there is the sub-model based on the defined rules of acceptable time gap for changing lanes
in vehicle moving [2].

Dynamic elements include the following information: size and structure of traffic flow, loca-
tion of decision on the route choice, traffic volume distribution, traffic regulation, priority
rule, etc. Dynamic elements of the network can be partially adopted from other programs in
the form of an OD matrix, data on traffic regulation, main and secondary traffic flows, which
shortens the time of framing the network model. Vehicles in the network are defined by the
parameters of maximum and desired acceleration and decele