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Abstract

The paper examines the general characteristics of the analyzed area, data collection, transport model,
structure, dynamics and current problems of urban mobility in Petrosani city, with a focus on
identifying efficient solutions to reduce congestion and improve accessibility. The study is based on
an integrated approach, combining traffic data analysis with modern modeling and simulation
techniques, using dedicated software tools to replicate the real behavior of road flows. The diagnostic
analysis highlights the critical points of the transport network, the causes of traffic jams, the temporal
distribution of traffic and the interaction between mobility modes. By building a model calibrated on
real data, the research tests different intervention scenarios — optimizing traffic lights, reorganizing
traffic, expanding infrastructure, introducing dedicated public transport lanes and promoting
alternative mobility. The simulation results show the significant potential of the proposed
interventions to reduce travel times, fuel consumption and pollution levels, contributing to increasing
the quality of urban life. The paper provides a coherent set of strategic recommendations that can
support the local administration in planning the sustainable urban mobility in Petrosani city, aligned
with European standards and policies regarding sustainable transport.
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1. Introduction

Urban mobility is a fundamental element of the functioning of modern cities, significantly
influencing the quality of life, economic development and sustainability of the built environment. In
the context of number of vehicles increase, demographic changes and the need to align with the
principles of sustainable mobility, municipalities are increasingly required to adopt integrated
strategies for the analysis and optimization of traffic flows. Therefore, identifying and implementing
efficient traffic management solutions is a priority for local administrations and transport specialists.

Petrosani city, located in the southern central area of Hunedoara County, faces a number of
challenges associated with the urban road network, such as localized congestion, rush hour
agglomerations, the lack of advanced traffic monitoring solutions and the need for infrastructure
reorganization in order to support the socio-economic development of the area. Recent developments
in the field of computerized traffic modeling and simulation provide an opportunity to assess
mobility scenarios and test improvement measures without directly affecting the real dynamics of
the city.
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In this context, the analysis, modeling and simulation of traffic flows in Petrosani, are essential
tools for understanding the behavior of the road network and for substantiating decisions regarding
the optimization of urban mobility. The use of traffic models allows assessing the impact of
infrastructural changes, reorganizing intersections, implementing roundabouts, optimizing traffic
lights, or promoting alternative transportation. Such approaches can contribute to reducing travel
times, reducing pollutant emissions, and increasing road safety.

This paper aims to systematically investigate traffic flows in Petrosani, to develop a
representative model of urban circulation and to test through computer simulations a series of
solutions aimed at improving general mobility. The integrated approach, based on quantitative
methods and specialized software tools, provides a solid basis for formulating viable, sustainable
proposals adapted to the local specifics of the municipality.

2. Current Stage of Urban Mobility
2.1. National Stage

A. Positive trends and directions of transformation [1-5]
¢ Increasing infrastructure for alternative mobility and electrification:

> The number of charging points for electric vehicles (EVs) increased significantly: +33% year-
on-year, reaching ~ 4,500 points in 2025;

» Major charging hubs have opened: on the A1 motorway, a large hub with 34 fast charging
stations (400 kW — including for electric trucks) became operational;

> In public transport in large cities, investments are made in electric/hybrid vehicles: for
example, in the Bucharest-Ilfov region: zero-emission trolleybuses + electric/hybrid buses;

> Smart technologies (smart traffic, digital management, monitoring, real-time data) are seen
as key solutions for the future.

e Growth —even if fragile — of interest in sustainable and diversified mobility:

> Inlarge cities, the aim is (at least declaratively) to diversify modes of travel: public transport,
micromobility (bicycles, scooters, shared vehicles), electric mobility;

» The increase in sales of electric or hybrid vehicles (before the slowdown in 2024) offers an
alternative to traditional diesel/petrol cars, which could, in the long run, lead to a decrease
in pollution and emissions;

> Some cities — although still in the beginning — have started “smart” mobility initiatives: traffic
management, sustainability, active mobility (walking, cycling), public transport.

B. Major challenges and structural limits [1,6-9]

e Severe congestion, high economic and social costs:

> In 2025, cities like Bucharest, Timisoara, Cluj Napoca and lasi are among the most congested
in Romania;

» In Bucharest, a driver loses, annually, the equivalent of ~12 days of work due to traffic —
more than half of the usual legal leave;

» The traditional model based on personal car persists — because of inadequate infrastructure
for alternatives, reduced parking, unoptimal urban mobility.

e “Smart” mobility is still at an early stage:

> According to the PwC Smart Cities Mobility Index, cities such as Bucharest and Cluj- Napoca
are assessed as being in an “early stage” of implementing smart solutions;

> Although there is some progress in public transport, active mobility and traffic management,
the pace of implementation is slow, and the infrastructure for EV / micromobility /
modernized public transport is insufficient;

e High reliance on incentives for EV adoption and vulnerability to policies:

» The significant reduction in incentives for purchasing electric cars (e.g., the considerable
decrease in the voucher under the incentive program) led to a collapse in BEV sales in 2024
and 2025;

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1977.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 January 2026

» Even though charging infrastructure is growing, only ~20% of the official target of 22,400
points by 2026 is achieved — which calls into question the achievement of the goals;

» Inaddition, many EV users face a lack of home charging (38% do not have access to home
charging), which makes dependence on public infrastructure high.

e Poor urban planning and failure to adapt to new mobility needs:

» C(ities or urban planning do not always support active mobility (pedestrians, bicycles,
micromobility), efficient and affordable public transport — which makes the personal car
remain dominant;

» Structural problems — urban sprawl with poorly connected peripheries, long distances
between home and workplace/services — complicates the efficient implementation of
sustainable mobility solutions.

C. Perspectives and strategic directions — what follows and what should be changed [1,9-12]

e The expansion of electric and charging infrastructure (both for personal cars and for public
transport/logistics) seems inevitable, but success depends on stable, sustained and coherent
policies;

e Smart technologies — adaptive traffic systems, real-time monitoring, data-driven planning can
bring efficiency, reduce congestion and pollution, and improve the quality of urban life;

e The diversification of mobility (quality public transport, micromobility, bicycles, scooters, car
sharing, electric transport) must be accompanied by investments in dedicated infrastructure and
integrated urban planning.;

¢ Communication, community involvement and participatory planning can help adopt solutions
adapted to local needs.

D. Romania between transition and inertia

Urban mobility in Romania is going through a transition period: there are clear signs of change

— electrification, new infrastructure, smart technologies, recognition of the importance of sustainable
transport — but the pace is slow, inconsistent, and the dependence on the personal car remains deeply
rooted. Without coherent strategic vision, stable policies and real involvement at local and national
level, there is a risk that these changes will remain partial. On the other hand — with investment,
planning and willpower — there is real potential for more efficient, environmentally friendly and 21st
century-appropriate urban mobility.

2.2. European Stage

Today, European urban mobility is characterised by a transition towards more sustainable,
integrated and efficient solutions, due to pressures related to congestion, pollution and climate
change.

Here are the main aspects:

A. Policies and strategic frameworks [12-16]

e EU Urban Mobility Strategy: The EU promotes sustainable mobility through documents such as
the European Green Deal and the Sustainable and Smart Mobility Strategy, 2020.
e Main objectives:

> Reducing CO, emissions from urban transport;

» Promoting public transport, bicycles and walking;

> Integrating urban transport into regional and European networks;

> Digitalization and smart mobility.

B. Major trends [16-20]

e Electrification of transport:

» Increasing the number of electric vehicles, including urban electric buses.
¢ Multimodal transport:

> Encouraging the combination of public transport with bicycles and electric scooters.

e Reducing car traffic:
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> Low-emission zones and congestion charges.
e Digitalization and Smart Cities:
» Mobile applications for public transport, ride-sharing, smart traffic light systems.
C. Challenges [21-34]
e Urban congestion: Large European cities (e.g. Paris, London, Rome) face frequent traffic jams;
e Pollution: Road transport remains the main contributor to urban emissions;
e Inequality in access to transport: Some peripheral areas have limited access to efficient public
transport;
¢ Financing and infrastructure: Modernizing transportation requires large investments.
D. Examples of good practice in European cities
o Copenhagen — the bike-friendly city, with over 50% of commuters using bicycles daily;
¢ Amsterdam — extensive network of bike lanes and efficient public transport;
e Paris - "15-minute city" projects to reduce the need for long commutes;
e Oslo - gradual ban on internal combustion cars in the city center.
E. Performance indicators [35-50]
e Percentage of trips made by public transport, bicycle or walking;
e CO; emissions per urban inhabitant;
e The degree of congestion in cities;
e Access to sustainable mobility infrastructure.
Europe is at a transitional stage of urban mobility, geared towards sustainability, digitalization
and multimodal integration. Although major challenges exist, many European cities serve as models
for reducing pollution, increasing efficiency and promoting active transport (bicycle/walking).

3. Essential and General Information
3.1. Purpose, Role and Object of the Traffic Study

The main objective of transport policies is to create a transport system that ensures sustainable
urban mobility in the study area. Urban mobility defines the ensemble of people's movements for
daily activities related to work, social activities and/or needs, shopping and leisure activities, within
an urban or metropolitan space.

According to the "White Paper on Transport”, developed by the European Commission, the basic
condition for mobility is the provision of adequate infrastructure and its intelligent use. Infrastructure
must be planned in such a way as to support and boost economic growth, social and environmental
development, as well as to increase the safety of road users. By maximizing the positive impact on
economic growth and minimizing the negative impact on the environment, investments in transport
infrastructure actually lead to an increase in the quality of life of citizens in the area covered by the
road network.

The study contains a package of proposals (regarding infrastructure and means of
transport/operational/organizational) that will contribute to improving the transport of passengers,
goods and/or non-motorized modes of transport, including encouraging and facilitating the transfer
to them from individual car transport and reducing CO2 equivalent emissions resulting from
transport activity.

Achieving sustainable urban mobility is possible by creating an efficient and planned integrated
transport system, which has the least impact on the environment. This traffic study is a document
that can be the basis for future investments that can be made both by attracting non-reimbursable
funds and from the Petrosani City Hall's own funds.

Reducing carbon emissions in urban areas is based on sustainable urban mobility plans, which
encourage investment in alternative transport options to private cars. These alternatives are public
transport and the use of non-motorized transport, all of which lead to reduced greenhouse gas
emissions.

The benefits pursued by implementing such projects are as follows:

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1977.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 January 2026 d0i:10.20944/preprints202601.1977.v1

e shortening travel time for public transport without making traffic conditions more difficult;

e improving the quality of public transport and non-motorized modes by increasing quality and
safety standards in the use of these modes of transport;

e reducing road traffic congestion, accidents and negative environmental impact by decreasing
the modal quota of private transport by personal cars;

e increasing the frequency of public transport.

The purpose of the traffic study is to analyze the current situation of the road traffic in Petrosani,
its assessment and the estimation of the effects generated by the implementation of new transport
infrastructure, using a transport model. The transport model is prepared on the basis of information
obtained from the field by road infrastructure assessment. [1]

The object of the work is the development of a study on road traffic management in Petrosani
and its role is to establish the characteristics of current and future traffic, as well as the equipment
and organization of the traffic system, depending on the street networks, road infrastructure
arrangements and specific transport facilities.

The study aimed to establish the objectives and actions of developing communication routes at
the local level, including by making medium-term, respectively 8-year forecasts.

3.2. Legislative and Normative Provisions Used

In developing the traffic study, the following regulations and legislative provisions were
considered:

o (C242/1993 — ,Normative for the development of traffic studies in localities and the territory of
influence”;

e  Order AND20/2001 -, Technical instructions for censuses, measurements, surveys and traffic
surveys in localities and the territory of influence”;

e STAS 10795/1-1995 — ,Methods of investigating the traffic”;

e P132/1993 -, The normative for the design of parking spaces”;

e Order no. 49/1998 — , Technical norms regarding the design and construction of streets in urban
localities”;

e STAS2900-89 — ,,Road width”;

e Order no. 44/1998 — , Technical norms regarding environmental protection due to road-
environmental impact”;

e Order no. 45/1998 — , Technical norms regarding the design, construction and modernization of
roads”;

e Order no. 46/1998 — ,, Technical norms regarding the establishment of the technical class of
public roads”;

e Order of the Minister of Transport no. 169/15.02.2005 - ,,Normative on the design of railway
lines and stations for speeds up to 200 km/h”;

e SR7348/2001 — , Equivalence of vehicles for determining traffic capacity”;

e Design standards for street works, intersections, sidewalks, bicycle lanes, characteristic profiles
of urban arteries (included in STAS class 10144/1, 2, 3, 4, 5) as well as other standards regarding
communication routes;

e PD 162-83 - ,Normative for the design of extra-urban motorways”;

e Law 350/2001 - ,,On territorial planning and urbanism”;

e Ordinance no. 43/1997 - ,Legal regime of roads”;

e Law no. 50/1991 republished - ,,On the authorization of constructions”.

Also, in the development of the documentation, all the normative acts and technical
prescriptions in force were respected, respectively:

e STAS 4032/1992 Road Traffic Technique —~Terminology;

e STAS 4032-2-92 Road works — Terminology;

e STAS 1848-4-1995 Traffic Lights for Traffic Control;
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¢ Normative for determining the traffic capacity of public roads, indicative PD 189-2000;

e Normative for determining the landform conditions for road design and establishing their
traffic capacity, Indicative AND 578 - 2002;

e General traffic census of 2010 - CNADNR - CESTRIN, 2011;

e Normative for determining the calculation traffic for road design in terms of bearing capacity
and traffic capacity, indicative AND 584-2012;

e Technical norm of 27/01/1998 Published in the Official Gazette, Part I no. 138bis of 06/04/1998;

e Technical norms for the design of urban streets;

e Methodology for establishing prospective traffic, indicative PD 177.

3.3. Terminology

Traffic flow — the totality of traffic flows with the same direction, which pass through a road
section in a given time interval.

Traffic volume — the maximum number of vehicles or pedestrians passing through a given road
section in a time interval, generally greater than 24 hours.

Road traffic capacity — represents the maximum number of vehicles that can pass through a
given road section or lane per unit of time.

Traffic equivalence coefficient - represents a coefficient of transformation of physical vehicle
traffic from a certain group (category) into standard vehicle traffic.

Coefficient of evolution of traffic in perspective — expresses the evolution in perspective of the
average annual daily traffic intensity or of the hourly calculation intensity, compared to the base year
which is usually considered the year of the last traffic census for a given group (category) of vehicles
or for total physical or standard vehicles.

Peak hour intensity — represents the number of standard vehicles that can pass during a
conventional peak hour and which can be exceeded in a limited number of hours during a year.

Road traffic diagnosis — part of the traffic study where the characteristics of existing traffic, road
layouts, technical equipment and the way of distribution, organization and routing of existing traffic
are critically analyzed. Volume/capacity (v/c) ratio - volume of traffic related to traffic capacity (v/c).

Delay — represents the time lost when traffic or one of its components is hindered in its flow by
circumstances beyond its control. It is a measure of driver discomfort, frustration, fuel consumption
and time loss. The delay can be measured in the field or estimated using the procedures presented in
the following subchapters. The delay is a complex measure, dependent on a number of variables,
including the quality of progression, the duration of the traffic light cycle, the green ratio for
converging arteries and the v/c ratio for the direction of travel or group of lanes in question.

Road traffic census — represents the method of investigating road traffic which consists of
determining the intensity and component of traffic based on vehicle registration, in accordance with
a statistical survey plan in space and time.

Traffic light program — result of the traffic light calculation synthetically expressed in a diagram
showing the divisions of the signaling cycle, the component phases and the characteristic duration of
each light signal for all traffic lights.

Road traffic regulation — all measures regarding the design and organization of road traffic in
safe and continuous traffic conditions.

Green light — system in which light signals encountered successively on a street turn green,
according to an established schedule, so as to allow continuous movement, or with at most one
interruption, of groups of vehicles along the street, at a given speed, which may vary on different
road sectors.

Standard vehicle — a motor vehicle, generally conventional, into which, by equivalence,
according to the Normative on determining the calculation traffic for road design, the various
vehicles circulating on a road are transformed and which is used as a reference unit for the
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dimensioning and verification of roads from the point of view of the traffic capacity and the bearing
capacity of the road system.

3.4. Methodology of Conducting the Traffic Study
3.4.1. Analysis of Existing Documents

In order to carry out the analysis of the existing situation, the identification and preliminary
definition of the problems affecting road transport in the study area, as well as to identify the
measures and projects envisaged in the following stages, it was necessary to analyze the existing
programmatic documents, as well as other documentation relevant to the subject of the traffic study.

Thus, the documents analyzed in this first stage of the traffic study are the following: [1]

e Sustainable Urban Mobility Plan of Petrosani;

e The integrated strategy for sustainable development of Petrosani;
e  General Urban Plan;

e  Other relevant documents obtained directly from the beneficiary.

By studying the documents presented above, the information necessary for the preparation of
this study was extracted. This data refers to: [1]

e Location in the territory and accessibility;

e Administrative organization;

e Demographic data;

e  Socio-economic data;

e The configuration of the major street network of the city;

¢ Information on urban and county public transport (vehicle park, routes and traffic charts);
e Parking regulations;

e Heavy traffic regulations;

e Aspects related to alternative means of transport (bicycle, walking).

3.4.2. Collecting Data

Field data is of particular importance in traffic studies, as shown in the previous section. The
main elements that were determined on the occasion of field measurements are the following;:
¢ Geometric configuration of the analyzed road arteries:

» Dividing road arteries into road sections or segments, where the characteristics influencing
traffic remain constant; determining the sizes of the segments;
Traffic lane sizes and their number on the road sections between points of interest;
Curvature radii and gradients of established road segments;
The existence of a median strip to separate the directions;
Type of road surface and its condition;

YV V VY

Geometric configuration of intersections (number of arms, type, orientation, curvature
radii, sizes, etc.);
» The existence of side alveoli for parking spaces or stations for public transport;
¢ Dynamic factors regarding the distribution of traffic by direction (the way in which traffic is
predominantly carried out on the road artery);
e Traffic composition (the share of vehicles of different sizes and with different traffic dynamics);
e Road signalling (static: road markings and indicators, or dynamic: traffic lights and traffic
information systems, toll or access control systems, video or radar surveillance systems, etc.);
o Traffic measurements at established intersections, with marking of turns and types of vehicles.

(1]

3.4.3. Realization of the Transport Model
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In order to carry out the traffic study for Petrosani, a traffic model was developed which takes
into account a road network that is sufficiently detailed to meet the modeling needs of an urban
network.

The basic network introduced into the traffic model consists of segments (arcs) of different types,
each segment presenting specific characteristics relevant to the traffic impact model, such as: number
of lanes, capacity of each segment, segment length, permitted traffic speed, traffic rules (one-way,
two-way traffic).

Network nodes are represented by intersections, which were modeled according to the existing
geometry in the field. Also, depending on the situation, for each node, the type of intersection was
introduced into the model: without traffic lights, roundabout, traffic lighted. For the latter, the
diagrams and traffic light plans in operation at the time of data collection were collected and
introduced. Additionally, traffic lighted pedestrian crossings were introduced, in the appropriate
position and with the corresponding traffic light cycle. [1]

The next step was to introduce the traffic volumes determined in the data collection phase,
followed by the calibration and validation of the transport model.

The purpose of the model calibration is to ensure that the transport model reflects existing
conditions in the current transport network.

A distinction is required between ,calibration” and ,,validation”:

e Calibration is an iterative process, whereby the model is continuously revised to ensure that it
is a sufficiently accurate replica of the conditions of the base year;

e The validation process uses independent data from locations other than those used for
calibration, in order to verify the model for the reference year.

A purpose-appropriate model meets the required standards for both calibration and validation,
based on the criteria and assessed data.

The model calibration process includes successive checking of the model transport network, to
best represent existing conditions, such as the typology of various road segments, capacities and
speed limits.

The calibration model used, followed the calibration standards in the guide , JASPERS Appraisal
Guidance (Transport) — The Use of Transport Models in Transport Planning and Project Appraisal”
(2014).

The traffic model calibration was performed based on data recorded in traffic surveys.
Calibration was done by comparing the affected traffic and the census traffic, until the admissible
error margins were obtained. After calibrating the transport demand with observed volumes, the
model was compared with independent validation data, namely volumes measured on the arcs of
the model's transport network graph and records of travel times on the arcs. [1]

3.4.4. Analysis of Results and Identification of Malfunctions, in the Short and Medium Term

Following the running of the transport model for 2025, in the variants that will be described in
the chapter on traffic diagnosis, values were obtained for a number of significant parameters, which
allowed the assessment of traffic on the road network of Petrosani. The parameters analyzed were
the following::

e Average traffic speed;

e Average delay / vehicle;

e Number of stops / vehicle;

e Level of Service or network performance index.

The results of the transport model were correlated and integrated with the other information
resulting from the analysis stage of the current situation, identifying a series of malfunctions specific
to road traffic on the transport network of Petrosani, at the current time.
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As aresult of the analysis of the medium-term traffic evolution (7 years), variants of the transport
model were developed to allow the assessment of the parameters mentioned for the 2030 forecast
year and the estimation of the effect of the detected malfunctions. [1]

3.4.5. Identifying Solutions and Testing them Through Case Studies

The next stage, after identifying the malfunctions, as well as the characteristics of the
infrastructure and road traffic in Petrosani for the base year and the forecast year, consisted in
proposing solutions that would lead to reducing the negative aspects and their effect on general
traffic. Those solutions were tested in the transport model and reports were issued on the effect of
the proposed changes on the above mentioned traffic parameters, both in the short and medium term,
for all modeled scenarios.

3.4.6. Conclusions and Recommendations

As a result of the analyses developed on the current situation and forecasts for 2030, as well as
the case studies conducted, conclusions and recommendations were issued on possible
interventions/actions/proposals/projects whose implementation will lead to the reduction and/or
elimination of the observed malfunctions. [1]

4. General Characteristics of the Analyzed Area
4.1. Socio-Economic Indicators
4.1.1. Location in the Territory

Location: Petrosani is located in the central part of Romania, in the south of Hunedoara County,
at the confluence of East Jiu with West Jiu, the administrative territory of the municipality having an
area of 195.56 km2. The city is situated at an altitude of 615-620 m, the highest altitude in the area
being recorded at Parangul Mare Peak, i.e. 2,519 m, according to Figure 1. [1]

Family Pharm E
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n Metaxim
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Figure 1. Location of Petrosani city on the map of Romania.

The entrance into depression is made:
e from the south, through the Jiu Gorge, from Targu Jiu;
e from the north, on the national road NR 66, from Simeria;
e from the west, in perspective, through the Butii Gorges, from Herculane.
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Petrosani city is located on two important road communication routes: NR 66, Targu Jiu -
Simeria, at the intersection with NR 66A Petrosani — Uricani — Campul lui Neag, with extension to
Herculane and NR 7A, which connects the municipality to Oltului Valley (Petrosani - Voineasa -
Brezoi).

The spatial development of Petrosani is based on a General Urban Plan approved in 2010. The
administrative area of the municipality is 21081 ha, and the area of the urban area approved by the
GUP in force is 1297 ha.

Regarding the distance from large cities, Petrosani is located 325 km from the capital of the
country, Bucharest and 90 km from the residence of Hunedoara County, Deva. The microregion has
a triangular shape oriented towards the WSW- ENE and a length of approximately 60 km, between
the localities of Cimpa to the east and Campul lui Neag to the west. The width decreases from 9 km,
in the vicinity of the localities of Petrila and Livezeni, to 1.5 km at Campul lui Neag.

The Petrosani Depression is 45 km long and only 2-10 km wide, widening slightly towards the
east. Along it, the two origins of the Jiu River come together. The bottom of this depression is
relatively high. At the confluence of the two Jiu Rivers, the altitude is 556 m, increasing towards the
west and east to approximately 800 m.

The average altitude in the Jiu Valley is 600 m above the Black Sea level. It is, therefore, one of
the high intramontane depressions in our country. In the national territory as a whole, the
microregion is located in the central-western part of Romania and intersected by the parallel 46° south
latitude and the meridian 23° east longitude. It borders the counties of Timis, Alba, Valcea, Gorj and
Caras-Severin.

Relief: it is typically depressional, being surrounded by mountains. To the east is the Parang
massif, to the west the Godeanu massif, to the north the Retezat massif, and to the south the Valcan
massif. The soils fall into the group of automorphic and hydromorphic soils, of which the most
widespread are the brown and yellowish brown silvestri podzolic ones. The relief in the
administrative territory is extremely uneven, specific to the mountainous area, with gorges on the
routes of the two Jiu Rivers (Eastern Jiu and Western Jiu). The mountainous massifs bordering the
depression are: Valcan to the south, Retezat to the north, Parang to the east and Godeanu to the west.
Along the Eastern Jiu, a meadow and a terrace were formed, the latter having a smooth surface and
being slightly fragmented. Because it occupies the intermediate step between the piedmont and the
meadow, it has been enhanced by agricultural crops and by the presence along it of the main
communication routes.

Vegetation and fauna: Petrosani has a Central European type of flora with arcto-alpine elements
in the high parts of the mountains and Mediterranean infiltrations in the lower areas and with special
ecological conditions, especially on limestone. The vegetation is diverse: the alder groves and the
groves along the waters, not infrequently bordered by shaggy sea buckthorn and raspberry bushes,
to the beech trees on the slopes and the coniferous forests above them. The largest share in the
vegetation of Petrosani is occupied by deciduous forests (common oak, oak and beech) and meadows.
Beech forests mixed with coniferous trees (fir, spruce) are found on the mountain slopes, where alpine
meadows are also found. The fauna consists of forest species such as deer, bear, roe deer, badgers,
foxes, wolves, lynxes, ptarmigan, capercaillies and others. The alpine domain is populated by typical
elements such as the ibex, the golden eagle, the eagle, etc. The mountain waters have been colonized
with the indigenous trout that lives alongside other species such as grayling and rudd.

Climate: The climate of the area is temperate-continental, with weak influences of Mediterranean
currents, the average annual temperature being 6-8°C. The climate is harsh, but not excessive, the
winters are not frosty (-30°C has never been recorded), but the summers are generally cool. The
climatic conditions are influenced by the geographical position, so the area benefits from average
temperatures, with winters free from heavy blizzards, with beautiful springs, cool summers and late
autumns. As for precipitation, it is abundant, varying between 62-68 mm/month. Air quality is good,
with values below the CMA of 17 g/m2/month. Days with high cloudiness reach over 200 per year.
Dust and smoke particles function as condensation cores, so fog and drizzle are particularly frequent
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in autumn. Another interesting thermal phenomenon occurs in Petrosani, the thermal inversion. This
process can be described as stagnation and cooling of the air sliding from the heights of the mountains
towards the city.

History: The first signs of human presence in these lands date back to the Paleolithic era and,
later, to shepherds from the time of the Free Dacians, but the first inhabitants of today's settlement
can be considered the 20 serfs from Petros, colonized in Petroseni in 1640. On the administrative
territory of the municipality there are two protected natural areas, namely: the "Momarlani" area - Jiu
Valley and the "Piatra Crinului" area, with an area of 0.5 ha, located on the southwestern slope of
Parangul Mic peak, at the altitude limit of 1,757 m, being the only reservation in the country where
the Balkan-Dacian species Potentilla haynaldiana appears. The official story of Petrosani begins in
1788, when the name of the town is recorded in the book "Journey from Potsdam to Constantinople”
by the Prussian officer Gotze. It was not until 1818 that the name of the town of Petrosani was
mentioned in official documents, with the census that attested the presence of 233 inhabitants, whose
main occupation was shepherding. After 1840, the region will experience rapid development, as this
year the first surface mining of coal discovered in the area begins, which would become the largest
coal basin in Romania and one of the most important in Europe. After 1848, the development of the
city is closely linked to the development of the mining industry. In 1918, after the Great Union, the
Petrosani region is included in the new territorial-administrative organization of Hunedoara County.
Until 1920, Petrosani was known as Petroseni (name preserved today by the native peasants, the so-
called "momarlani”), but from February 14, 1921 the settlement will be called as we know today,
namely Petrosani. On January 4, 1924, Petrosani commune becomes a city, and on March 1, 1968 it
becomes a municipality. Also, since 1948, the city of Petrosani becomes a university center, through
the establishment of "Coal Institute”, today the University of Petrosani, which was to become one of
the most prestigious higher education institutions with mining profile in Romania and Europe. On
the other hand, since 1996, Petrosani has also been home to one of the most prestigious research
institutions in Romania, The National Institute for Research and Development in Mine Safety and
Protection to Explosion (INSEMEX). The railway station was put into use in 1870, with the Petrosani-
Simeria railway line, being one of the oldest buildings in Petrosani. During 2019, it was rehabilitated,
and now has a waiting room for 1st class and one for 2nd class, modern toilets, toilets for people with
disabilities, a room for mother and child, offices for management, personnel office, the ticket office
and even a minimarket. Until the First World War, workers migrated to Jiu Valley, from other areas
of Transylvania, but also from regions of the Austro-Hungarian Empire in search of a job and the
promise of a high standard of living. Since then, until the early 1990s, due to a growing demand for
coal, miners were recruited from Transylvania and other poor areas such as Moldova, which had low
industrial potential and a surplus of unskilled labor. During this period, industrial development was
not limited to mining activities alone. In the '70s and '80s furniture and garment factories were built
to attract female labor to the area. Schools, hospitals and public institutions were also built. After the
revolution of 1989, and starting in 1990, with the political and economic changes in Romania, the
implementation of the market economy rules has started, which has changed almost entirely the
organization and functioning of existing structures. Then the restructuring processes in the mining
industry followed, triggered between August 1997 and December 1999, which led to over 90,000
people leaving this activity, out of a total of 175,000 employees. Following the restructuring of mining
activity, a number of other economic units in the area reduced their activity, a phenomenon that
caused a collapse of the economy of the entire area and amplified social problems by increasing
unemployment. This phenomenon continues today, although in recent years, through measures
implemented by the public administration together with various local partners, some progress can
be noted.

Natural resources: Petrosani has two categories of natural resources, namely:

e hard coal, the city's mining perimeter having a reserve of 430 million tons, with unexploited
reserves, located in the city's safety pillars as well as in the perimeter that was given to the
National Agency for Mineral Resources;
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e the forest fund, the exploitable wood mass on the administrative territory of the municipality
being 166570 m3, of which 6% is exploited annually, so that it constitutes one of the natural
resources of great importance for Petrosani, whose rational management must constitute an
imperative of the sustainable development programs of the territory.

Historical landmarks: On the administrative territory of Petrosani, there are, according to the list

of the Ministry of Culture and Heritage, updated in 2020, the following historical monuments: [1]

Table 1. Historical landmarks of Petrosani city.

Landmark name in Year of
Historical landmark name Adress
2020 establishment
First Headquarters of
Mining Museum 1920 2 Nicolae Balcescu Street
S.A.R. Petrosani
Mining Union Headquarter 1921 - 1946 4 Cuza Voda Street
The Wooden Church the | The Wooden Church
18th century 8 Lunca Street
Holy Archangels the Holy Archangels
I.D. Sirbu Dramatic
Officials' Casino 1905 2 Mihai Viteazu Street
Theater
"Prince Mircea" | Petrosani Students'
1925 62 1 Dec. 1918 Boulevard
Dispensary Culture House
Jiul de Est Street,
Carbunelui Street, the
"Colonia" Workers' Colonie End of the
i railway line, the railway
Housing District Neighborhood 19th century
station and Vlad Tepes
Street
Mihai Viteazu Street, 1
The historical center of the Decembrie 1918 Street,
city (between Victory End of the (between Victory Square
Square and the Civic 19th century | and the Civic Center); Gen.
Center) Dragalina Street,

Timisoarei Street

Workers' Casino 1925 38 Grivita Rosie Street

Petrosani is crossed by National Road 66, which connects it and the neighboring towns with the

rest of the localities in the county. NR66 connects Petrosani with Deva, as well as with Targu Jiu
through the Jiu Gorge.

From a railway point of view, the city is connected to Targu Jiu and Craiova to the South and to
Hateg and Deva to the North, the railway line passing through the western end of the city, almost
parallel to the Jiu River.

4.1.2. Demographic Characteristics

According to the 1910 census data in the administrative units of Romania, the city of Petrosani
had a total of 12,193 inhabitants, of which 3,250 were Romanians, 7,748 Hungarians, and 831
Germans.

According to the 2011 census, Petrosani has a population of approximately 34,000, of which
83.22% are Romanian, with a Hungarian minority of 6.05%, and a Roma minority of 1.61%. For 8.55%
of the population, the ethnic affiliation is unknown.
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In terms of religion, the majority of the inhabitants are Orthodox (76.92%), but there are also
minorities of Roman Catholics (6.66%), Reformed (2.74%), and Pentecostals (2.1%). For 8.64% of the
population, the denominational affiliation is unknown.

Due to various economic and social factors, the population of the municipality is decreasing. In
2021 the number of persons who changed their residence in Petrosani (including international
migration) decreased by 679 persons compared to 1990, so in 1990 there were registered 1515 persons
who moved with their residence, and in 2021 their number was 836.

According to data provided by the Hunedoara County Department of Statistics, which are also
available at the web address http://statistici.insse.ro, at the beginning of 2022 the stable population
was 37,160 people, of which 17,895 were men and 19,265 were women. [1]

4.2. Transport Infrastructure

Traffic on public roads: According to the census carried out by the Ministry of Transport, the
following traffic intensities are recorded on the main road axes of the county (values available for
2021): NR 7 (E 68) 22300 — 70600 Vt/day; NR 7A 1200 — 3100 Vt/day; NR 66 (E79) 8800 — 53600 Vt/day;
NR 66A 4800 - 30100 Vt/day; NR 68 11450 Vt/day; NR 68A 7300 — 10600 Vt/day; NR 68B 25000 Vt/day;
NR 74 12500 — 15800 Vt/day; NR 76 (E79) 8400 — 16500 Vt/day.

The low degree of modernity of the communication infrastructure, its structure and operating
parameters require immediate adaptations to the requirements of national and European traffic.

The main identified malfunctions are:

e due to the small number of category II streets and the absence of category I streets, the traffic
does not have an appropriate flow, and the overall capacity of the major network is reduced;

¢ although Petrosani runs an important industrial traffic, it does not have a completely bypassing
artery that can take over the heavy transit;

o the city penetrations (NR 66 north and south, NR 7A, NR 66A) are arranged on category II
arteries with insufficient traffic capacity (e.g. Maleia Street, Daranesti Street);

¢ a whole series of streets have insufficient road widths (Eminescu, Cuza Voda, Maiorescu, Stefan
cel Mare, etc.);

¢ an important malfunction is the existence of a single car access from the new part to the old part
of the city (over the railway), that is, from the east to the west, the railway dividing Petrosani in
two in the north-south direction. This access (Timisoara Street) is not only unique, but also has
a completely unfavorable configuration, with the underpass of the new transit artery
immediately followed by a level crossing, with barriers, over the railway and then a cross
intersection with Anton Pann Street;

e thelack or discontinuity of sidewalks on many streets.

The street network of Petrosani is composed of 163 streets with a total length of 286,890 m. Of
these, over 80% have been rehabilitated in the last 5 years, carrying out repair works through asphalt
fillings, pouring asphalt carpet, restoring sidewalks with pebbles, installing road signs and road
markings, street repair and maintenance works aimed at maintaining the geometric parameters of
the road surface in order to improve the conditions for road traffic in Petrosani. [1]

4.2.1. The Major Street Network of the Municipality

In Petrosani, the roads total 120 km, of which only 4 km are 4-lane roads (category II roads). Jiu
Valley is poorly connected to the neighboring areas with tourist potential. The road connections in
the East-West direction, Petrosani — Obarsia Lotrului (NR7A), Petrila — Taia — Auselu - Sureanu Ski
Resort (DJ709K) and Jiu Valley — Cernei Valley — Baile Herculane resort are either in advanced
degradation or impassable.

In terms of road access, Jiu Valley is crossed from north to south by the national road NR 66 -
which crosses Petrosani and passes through the proximity of Petrila, connecting the region with
Targu-Jiu (to the south), Hunedoara and Deva (to the north), as well as with the A1 motorway, by
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the national road NR 66A - which crosses the region from east to west, parallel to the West Jiu River,
crossing Petrosani, Aninoasa, Vulcan, Lupeni and Uricani, over a distance of approximately 34 km
and by the national road NR 7A - which connects Petrosani and Petrila to the Parang massif and the
Transalpina ski area. The roads are mostly single-lane, mountainous and sub-mountainous, making
it difficult to transport goods with large and heavy equipment. With the exception of NR 66, the roads
are not modernized, which makes it difficult for tourists and business people to travel in the area.

The length of the existing national roads within the municipality is 10.01 km for NR66 and 3.55
km for NR7A. Inside the municipality, the road network has a longitudinal configuration, this major
road network developing along the directions of penetration and transit of the municipality.

These roads constitute the skeleton of the major road network, to which are added the
connections between them. Taking into account the size of the municipality, the number of
inhabitants and the degree of motorization, it can be assessed that the major road network is relatively
sufficient. A series of upgrades were made to the road network, following the initiatives of the City
Hall and the City Police, the arrangement of intersections, the restoration of road markings, the
equipment with traffic light installations.

Petrosani is located on two important road communication routes: NR 66, Targu Jiu — Simeria,
at the intersection with NR 66A Petrosani — Uricani — Campul lui Neag, with extension to Herculane
and NR 7A, which connects the municipality to Oltului Valley (Petrosani — Voineasa — Brezoi).

Most of the county transport routes connected with Petrosani have as terminal the Victory
Square, where the conditions do not meet the standards regarding the safety and comfort of the
passengers.

The inter-county passenger transport routes have a single stop in Jiu Valley, in the Siva Trans
Bus Station in Petrosani, located on NR 66. Currently, the bus station is not connected to local public
transport routes, which is a serious problem for travelers who are forced to use additional means of
travel to make the connection between the stopping point of inter-county routes and those of the local
transport network.

From Petrosani Railway Station, in order to reach public transportation, it is necessary to cross
a footbridge, which is very difficult for elderly or disabled people.

Petrosani benefits from favorable positioning in relation to the Al motorway, with Sibiu,
Timisoara, Craiova and Cluj-Napoca and their international airports. [1]

4.2.2. Urban Public Transport

Local public transport is provided by the company S.C. ZMK S.R.L., maxi-taxi transport being
an efficient way to travel in the Jiu Valley. The minibuses transport passengers to the towns in Jiu
Valley as well as to and from Deva.

The minibuses that provide local transport in Petrosani depart with a frequency of between 5
and 10 minutes and the price of a ticket for public transport in Petrosani is 3 lei. The minibuses that
provide transport on the Petrosani - Hateg - Deva route circulate with a frequency of 45 minutes,
starting at 6 in the morning.

In Petrosani, 20 vehicles operate with a frequency of 5 to 15 minutes and a capacity of 19-28 seats.
Their movement is organized on 3 lines: the main line, the secondary line 1 and the secondary line 2.
The interval of succession of the vehicles differs depending on the lines, on the main line varying
between 5 and 10 minutes, while on the secondary lines 1 and 2 the interval is 60 minutes and 120
minutes, respectively. There are also 3 private taxi companies operating within the city. Interurban
transport is provided by 100 cars operating in Maxi-Taxi regime, with a frequency of 5-15 minutes.

In order to develop public transport, the "Green Line Jiu Valley " project with 2 components was
launched, which provides for the creation of a green regional line of electric buses between Petrila,
Petrosani, Aninoasa, Vulcan, Lupeni and Uricani. [1]

Local routes:

1. Victory Square — Airport neighborhood
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Table 2. Victory Square — Airport neighborhood.

Departures from Airport neighborhood Departures from Victory Square
Monday - Friday Saturday - Sunday Monday - Friday Saturday - Sunday
06:00 — 07:00 = 15 min. | 06:15-07:15=30min. | 06:30-07:30=15 06:45 -08:30=20-25
min. min.
07:00 - 07:30 =11 min. | 07:15-08:55=20 min. | 07:30 —08:00 =10 08:30 — 15:15 = 15 min.
min.
07:30-08:00=3-5 | 08:55-14:40=15min. | 08:00-15:30=6-8 | 15:15-20:55 =20 min.
min. min.
08:00-15:30=6-8 | 14:40-21:00=20 min. | 15:30 —16:00 =12 -
min. min.
15:30 — 16:00 = 10 min. - 16:00 - 17:00 = 12 -
min.
16:00 — 18:00 = 12 min. - 17:00 - 19:00 = 15 -
min.
18:00 — 19:00 = 15 min. - 19:00 — 21:00 = 20 -
min.
19:00 — 21:00 = 20 min. - - -

2. Airport neighborhood — Colonie

Table 3. Airport neighborhood — Colonie.

Departure Airport neighborhood Departure Colonie
09:00 09:30
12:00 12:30
3. Enel - Jiet

Table 4. Enel - Jiet.

Departure Enel Departure Jiet
09:04 09:20
12:02 12:20
14:05 14:20

Interurban routes:
1. Petrosani — Hateg — Deva

Table 5. Petrosani — Hateg — Deva.

Departures from Petrosani Departures from Deva
Monday - Friday Saturday - Sunday Monday - Friday Saturday - Sunday
06:00 07:00 08:00 09:00
06:30 08:00 09:00 10:30
07:00 09:00 10:00 12:00
07:30 10:30 11:00 13:30
08:15 12:00 11:45 15:00
09:00 13:30 12:30 16:30
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10:00 15:00 13:15 18:15
11:00 16:30 14:00 20:00
12:00 - 15:00 -
13:00 - 16:00 -
14:00 - 17:15 -
15:00 - 18:30 -
16:30 - 20:00 -
2. Petrosani — Vulcan — Lupeni — Uricani
Table 6. Petrosani — Vulcan — Lupeni — Uricani.
Departures from Petrosani
Monday - Friday Saturday Sunday

05:00, 05:40, 06:00

06:00 — 08:00 = 30 min.

06:00 — 07:00 = 30 min.

06:00 - 07:00 = 15 min.

08:00 — 10:00 = 15 min.

07:00 — 08:00 = 20 min.

07:00 — 15:00 = 6 — 9 min.

10:00 — 17:00 = 12 min.

08:00 — 17:00 = 15 min.

15:00 — 17:00 = 10 min.

17:00 —20:00 = 15 min.

17:00 — 21:00 = 20 min.

17:00 — 19:00 = 12 min.

20:00 - 21:00 = 20 min.

19:00 —20:00 = 15 min.

20:00 — 21:00 = 20 min.

Last departures: 21:35 and
22:10

Last departures: 21:35 and
22:10

Last departures: 21:35 and
22:10

3. Petrosani — Aninoasa

Table 7. Petrosani — Aninoasa.

Departures from Petrosani Departures from Aninoasa
Monday - Friday Saturday - Sunday Monday - Friday Saturday - Sunday
06:00 — 10:00 = 30 06:00 — 10:00 = 30

, 06:00 — 20:00 = 60 min. ) 06:00 — 19:00 = 60 min.

min. min.
10:00 — 13:00 = 60 10:00 - 13:00 = 60

min. ) min. )
13:00 — 15:00 = 30 13:00 - 15:00 = 30

min. ) min. )
15:00 —20:00 = 60 15:00 - 19:00 = 60

min. ) min. )

4.2.3. Parkings

Currently, Petrosani does not have enough parking spaces for private cars, which often forces

residents to park illegally. Recently, the municipal administration has built several parking spaces in

areas where their existence had become mandatory.

The parking system in Petrosani consists of free parking spaces (within the limits of traffic

regulations), free of charge and paid parking spaces. The latter are located in the Central Square area,
and the fee is 2 lei. The charging is made between 8:00 and 16:00, from Monday to Friday and between
8:00 and 15:00 on weekends. The disadvantages of the current parking system are represented by the

small number of parking spaces, especially in the central area of the municipality. [1]
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4.2.4. Transportation of Goods

NR66 national road, which connects Hateg and Targu Jiu, crosses the city of Petrosani,
decongests the traffic inside the city, due to its separate route, on which the traffic of international
and national circulation is carried out. The existence of this belt along the city congests traffic in the
roundabouts at the entrance and exit of the city of Petrosani, as these roundabouts connect both the
bypass belt and the inner arteries of the city. These traffic congestion can be seen in the 7:30-9:00 and
15:30-17:00 time intervals.

4.2.5. Alternative Means of Mobility

quota

Figure 2. Petrosani Modal quota. Source: PMUD.

Pedestrian travel:

Walking is the simplest and most common form of mobility, with a positive impact on health
and minimal impact on the environment. In order to maintain and increase the quality of life of the
inhabitants of the city, the deciding factors must create the necessary framework for simple, efficient
and safe mobility. The basis of sustainable urban mobility is walking.

Improving the quality of pedestrian spaces is one of the strategies aimed at achieving
sustainable mobility. There are two categories of pedestrian facilities: interrupted (pedestrian
crossings) and uninterrupted (alleys). The latter can be classified as: hallways, alleys, courtyards,
sidewalks, public roads and trails, pedestrian streets and squares.

In order to create appropriate pedestrian spaces, the following principles must be observed:

e Pedestrian spaces must be designed with pedestrian safety as a primary consideration.;

e Accessible streets to support all types of pedestrians;

e Direct pedestrian routes to satisfy the desire for linear routes and promote more walking;
e Attractive streets and spaces to make walking a pleasant experience.

Analyzing the existing situation of the municipality, appropriately sized pedestrian spaces are
identified, protected by vegetation and bollards (see Carol Schreter Park). At the same time, in other
areas of the municipality, the lack of a pedestrian route is noted, which negatively contributes to the
level of accessibility and connectivity to points of interest in the area.

Also, the undersizing of pedestrian space can be observed in several areas of the municipality,
which contributes to the creation of exposed pedestrian routes, decreasing the transit safety of
residents.

The main problems with pedestrian movements are obstruction of movement by parked cars
and the lack of devices for blocking the parking of vehicles on the sidewalk.

This substantiates the urgent need for the rehabilitation of sidewalks and the installation of
devices to prevent parking of vehicles on sidewalks, thus ensuring safe and unobstructed movement.
To increase pedestrian safety, it is necessary to expand the video monitoring system, as well as
additional arrangements for pedestrian crossings (markings, signals, shelters and speed limiters).

Velo Infrastructure:

In Petrosani, approximately 10% of residents own a bicycle, which means that this means of
transport is not very popular among residents, and 70% of residents own at least one car. Promoting
this mode of transport, namely cycling, as an alternative to the one that involves burning fossil fuels,
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can be a priority for decongesting traffic during peak hours, as well as for increasing air quality in
the city.

4.2.6. The Main Malfunctions Identified from the Analyzed Documents

Summarizing, the main malfunctions identified by the analysis of existing documents are the
following:

e Low number of parking spaces, especially in the central area, compared to the size of the
existing car park;

e A small part of the road infrastructure on the city's street network requires rehabilitation and
modernization works;

¢ Reduced modal quota of public transport;

e Failure to implement, in all areas of the municipality, measures that would allow the transition
to public transport of people with electric buses, alongside the GreenLine Jiu Valley Project, to
increase the population's accessibility to this means of transport;

e The current bicycle lane segments are insufficient and isolated;

e The absence of smart traffic lights in several points where they are strictly necessary:

¢ The conclusions of the analysis carried out on the relevant existing documents will be
integrated with those resulting from the traffic study. [1]

5. Data Collection
5.1. Methodology

The traffic measurements were carried out taking into account the recommendations of the AND
normative 557/2015 - "Instructions for recording road traffic on public roads", approved by Order of
the Minister of Transport no. 481/233.03.2015.

To carry out traffic measurements in Petrosani, the technique of filming traffic sequences was
used, followed by subsequent analysis of the footage and extraction of the necessary information.
The respective technique presents a number of advantages, especially due to the precision of counting
and separation by vehicle types and directions of travel. Given that the counting operation is carried
out in the office and there is the possibility of stopping and reviewing, if necessary, certain sequences,
the errors that occur if the counting is carried out directly by the operator in the field are eliminated.

Also, the positions where the video cameras were placed and the favorable weather conditions
allowed for a quality recording of the traffic sequences, so that all directions of travel at the
intersection could be observed.

The vehicles in the traffic flow composition were classified into the following categories: bicycles;
motorcycles; cars; taxis; vans; minibuses; intercity buses; trucks and similar with 2 axles; trucks and
similar with 3 and 4 axles; trucks and similar with 5 and over 5 axles; special vehicles.

The survey forms recorded all types of turns allowed at the respective intersections, for each
entry artery, on the previously mentioned vehicle types. These vehicle categories were compacted so
that the table of results obtained would be as relevant as possible.

In order to obtain data that would lead to the creation of a representative transport model, both
analyses of existing relevant documents and direct field observations were carried out. As a result of
these observations, the time periods and days that present peak road traffic values were established,
as well as the intersections where information on traffic flows is required, so that they can be
integrated into the transport model and lead to the shaping of general car traffic at the municipal
level.

The locations were chosen both to obtain all the data necessary to create the transport model for
the entire road network of Petrosani, and to validate and calibrate the data for special points of
interest, taking into account the individual projects analyzed.

Therefore, the traffic measurements were carried out on working days and weekends, in the
morning and afternoon peak intervals, in the following intersections: the Daranesti roundabout; the
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Victory Square roundabout; the Sancta Barbara roundabout; the BCR roundabout; Jiul intersection;
the 1 Decembrie 1918 — St. O. Iosif Str. intersection; the Emergency Hospital roundabout; the Lidl
intersection; the Airplane roundabout; Timisoara Street — Carol Schreter Street intersection; Anton
Pann Street — Timisoara Street intersection; Central Square — Police intersection; Aviatorilor Street —
NR 66 (the Rompetrol area) intersection; Aviatorilor Street — NR 66 (the Lukoil area) intersection; the
Kaufland roundabout. The results of the traffic surveys carried out are presented in graphical form
in the following chapters.

In completing the forms, as well as in the graphic and tabular representation of the recorded
traffic values, a coding of the traffic arteries on entry/exit branches from the intersection was used.
This coding is detailed in the following chapter. [1]

Figure 4. Location of locations proposed to the South traffic study.

5.2. Coding of Road Arteries

Table 8 specifies the codings used for each of the locations where traffic surveys were conducted.

Table 8. Coding of road arteries, intersections and traffic counters.
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5.3. Traffic Characteristics at Intersections
The following graphs present the traffic characteristics for the intersections where traffic surveys

were conducted, respectively:
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e traffic composition by vehicle type (bicycles and motorcycles, cars and small vans, minibuses
and buses, large vans and similar);
e distribution of traffic volumes by direction of travel, for each entrance artery into the
intersection.
For each location, all periods in which traffic surveys were conducted were analyzed. The
analysis showed that the most representative situation is that associated with the AM and PM peak
periods during the week, for which the results are presented below, in graphical form.

5.3.1. Daranesti Roundabout
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Figure 5. Traffic characteristics, working day, AM — Daranesti Roundabout.
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Figure 6. Traffic characteristics, working day, PM — Daranesti Roundabout.

5.3.2. Victory Square Roundabout

40.00%

35.00%

30.00%

25.00%

20.00%

15.00%

10.00%

5.00%

0.005 —Su EENCTEENEE s BN
ToB ToC ToA ToC ToA ToB

Bicycles, motorcycles m Cars, vans

Minibuses, buses m Trucks and similar

Figure 7. Traffic characteristics, working day, AM — Victory Square Roundabout.
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Figure 8. Traffic characteristics, working day, PM — Victory Square Roundabout.

5.3.3. Sancta Barbara Roundabout
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Figure 9. Traffic characteristics, working day, AM — Sancta Barbara Roundabout.
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Figure 10. Traffic characteristics, working day, PM - Sancta Barbara Roundabout.

5.3.4. BCR Roundabout
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Figure 11. Traffic characteristics, working day, AM — BCR Roundabout.
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Figure 12. Traffic characteristics, working day, PM - BCR Roundabout.

5.3.5. Jiul Intersection
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Figure 13. Traffic characteristics, working day, AM - Jiul Intersection.
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Figure 14. Traffic characteristics, working day, PM — Jiul Intersection.

5.3.6. 1 Decembrie 1918 Street — St. O. Iosif Street Intersection
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Figure 15. Traffic characteristics, working day, AM — 1 Decembrie 1918 Street - St. O. losif Street Intersection.
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Figure 16. Traffic characteristics, working day, PM - 1 Decembrie 1918 Street - St. O. losif Street Intersection.

5.3.7. Emergency Hospital Roundabout
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Figure 17. Traffic characteristics, working day, AM — Timisoara Street — Emergency Hospital Roundabout

Intersection.
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Figure 18. Traffic characteristics, working day, PM — Timisoara Street — Emergency Hospital Roundabout

Intersection.

5.3.8. Lidl Intersection
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Figure 19. Traffic characteristics, working day, AM — Lidl Intersection
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Figure 20. Traffic characteristics, working day, PM — Lidl Intersection.

5.3.9. Airplane Roundabout
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Figure 21. Traffic characteristics, working day, AM — Airplane Roundabout.
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Figure 22. Traffic characteristics, working day, PM - Airplane Roundabout.

5.3.10. Timisoara Street — Carol Schreter Street Intersection
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Figure 23. Traffic characteristics, working day, AM — Timisoara Street — Carol Schreter Street Intersection.
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Figure 24. Traffic characteristics, working day, PM — Timisoara Street — Carol Schreter Street Intersection.

5.3.11. Anton Pann Street — Timisoara Street Intersection
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Figure 25. Traffic characteristics, working day, AM — Anton Pann Street — Timisoara Street Intersection.
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Figure 26. Traffic characteristics, working day, PM — Anton Pann Street — Timisoara Street Intersection.

5.3.12. Central Square — Police Intersection
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Figure 27. Traffic characteristics, working day, AM — Central Square — Police Intersection.
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Figure 28. Traffic characteristics, working day, PM — Central Square — Police Intersection.

5.3.13. Aviatorilor Street — NR 66 (Rompetrol Area) Intersection
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Figure 29. Traffic characteristics, working day, AM — Aviatorilor Street - NR 66 (Rompetrol area) Intersection.
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Figure 30. Traffic characteristics, working day, PM — Aviatorilor Street — NR 66 (Rompetrol area) Intersection.

5.3.13. Aviatorilor Street — NR 66 (Lukoil Area) Intersection
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Figure 31. Traffic characteristics, working day, AM — Aviatorilor Street — NR 66 (Lukoil area) Intersection.
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Figure 32. Traffic characteristics, working day, PM — Aviatorilor Street — NR 66 (Lukoil area) Intersection.

5.3.15. Kaufland Roundabout
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Figure 33. Traffic characteristics, working day, AM — Kaufland Roundabout.
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Figure 34. Traffic characteristics, working day, PM - Kaufland Roundabout.

6. Traffic Flow Analysis and Modeling — Transport Model
6.1. General Presentation
6.1.1. Use of Information Technology in Traffic Studies

Traffic studies analyze the movement of vehicles on road networks in the form of traffic flows.
From this point of view, it is found that road traffic can be carried out in "continuous flow" (without
stops or delays) or in the form of "interrupted flow".
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In practice, the first category of traffic corresponds to travel outside localities, on national roads
or motorways. The second category (interrupted flow) represents the situation of traffic in the urban
environment. Consistent with the above, it results that urban traffic is characterized, for the most
part, by mathematical models that are part of the theory of calculating the interrupted flow. The
fragmentation of vehicle movements on urban road arteries is determined by the existence of
intersections and pedestrian crossings.

It follows that the movement of vehicles through intersections determines a limitation on the
time in which a traffic flow can cross the intersection within a unit of time (hour). Given these general
theoretical considerations, the present traffic study primarily analyzed the conditions for the
development of vehicle traffic at the intersections of the road network in the analyzed area. The
movement of vehicles between intersections has been analyzed in terms of identifying possible
obstacles affecting the course of traffic, affecting by obstructing or limiting the cross-section of the
road. As part of the global analysis of road traffic in the area, arteries that ensure vehicle movement,
as well as the related intersections, were assessed. Achieving efficient transport constantly requires
careful analysis and assessment of the way travel is carried out.

It is noted that in order to establish a fair and rational transport solution, the decision-making
process in transport policy must be based on analyses and optimizations of possible variants. Under
these conditions, the adoption of the transport organization solution can be regarded as a managerial
decision with multidisciplinary contributions from specialists engineers, urbanists, economists,
environmental specialists, computer scientists, sociologists, etc.

The use of information technology and specialized programs for traffic engineering is a field of
activity with multiple advantages in terms of analysis and optimization of transport solutions. In this
regard, we signal the possibility of conducting analyses of the way road traffic is carried out using
the concept of numerical modeling. This approach offers specialists the possibility of computer
modeling of urban road networks (arteries and intersections) by generating geometric elements and
introducing at intersections the traffic values for which the traffic study is intended.

The choice of calculation programs requires, on the one hand, knowledge of the beneficiary's
requirements, and on the other hand, a detailed assessment of the performance of the calculation
programs that will be used as working tools. The calculation programs used in the field of traffic
studies offer the possibility of performing dynamic analyses, in real time, on the variants proposed
for analysis. Under these conditions, the program represents a valuable analysis tool, both in terms
of creating traffic models and in terms of optimizing solutions for traffic on urban road networks.

6.1.2. Presentation of the Modeling Program

A transport model must represent, to an acceptable level, the existing transport situation in
terms of travel demand and operating conditions. This is measured in terms of travel modes, number
of vehicles on the network, travel time and the location and magnitude of the congestion
phenomenon. A simple transport model was used to develop the traffic study, based on the Synchro
and SimTraffic software programs.

Synchro is a macroscopic traffic analysis and optimization application, based on the Highway
Capacity Manual methodology (2000 and 2010 methods) for signalized intersections and
roundabouts.

SimTraffic is a traffic microsimulation software application that also allows for the modeling of
individual vehicles. SimTraffic can model traffic lighted intersections and intersections without traffic
lights, as well as road sections with cars, trucks, pedestrians, and buses. The analysis of the results
obtained through traffic modeling is done using the simulation and visualization programs
SimTraffic or CORSIM. The results can also be exported for the H.C.S. (Highways Capacity Software)
program.

In this regard, the following categories of information can be analyzed: total delay of vehicles at
intersection entrance (sec); vehicle parking time at the intersection entrance (sec/veh); average traffic
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speed (km/h); fuel consumption (I/km); number of vehicles that cannot enter the intersection on the
green light; length of the column of vehicles that accumulate at the intersection entrance.

6.2. Analysis of the Study Area

In the analysis in this chapter, the study area is represented by the entire Petrosani municipality,
the purpose being to create a transport model for the current situation and to make forecasts that will
be presented in the next chapter. In the case of the analyzed individual proposals, the study area will
be specified for each case. A detailed analysis of the study area, specifying the identified
malfunctions, was carried out in the previous chapters.

As previously mentioned, the realization of the transport model is based on the formalization of
the considered transport network, through graph theory. Thus, the transport network modeled in the
traffic study for Petrosani includes the main street network, as well as the configuration and type of
intersections control.

Modeling the transport network involved a complex analysis process, which included:
conducting a survey on all streets and roads in the considered area, to determine the geometric
configuration of each street/intersection; the functionality of the traffic artery/intersection in the
network; the type and condition of the roadway; the mode of traffic regulation; other characteristics:
parking spaces, public transport routes, prohibitions for certain types of vehicles, etc.

For each segment (traffic artery) and node (intersection) of the network, data were entered
regarding: the number of lanes per direction; the width of the traffic lanes; the maximum permitted
speed; the modes of transport to which access is allowed; the traffic regulations in force; other relevant
data.

The following are the sketches of the intersections extracted from the transport model, with the
representation of the traffic volumes (in standard vehicles) resulting from the stages of model
development, calibration and validation. This chapter presents the intersections where traffic counts
were carried out. Depending on the need, additional sketches of other intersections were presented
in the chapter where proposals are presented, as a result of all the analyses carried out.

6.2.1. Daranesti Roundabout

Intersection type: Roundabout; 3 entry/exit arms.

Figure 35. Daranesti roundabout — intersection edge.
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Figure 36. Daranesti roundabout — intersection sketch.

6.2.2. Victory Square Roundabout

Intersection type: Roundabout; 3 entry/exit arms.

Figure 37. Victory Square roundabout — intersection image.
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Figure 38. Victory Square roundabout — intersection sketch.

6.2.3. Sancta Barbara Roundabout

Intersection type: Roundabout; 3 entry/exit arms.
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Figure 39. Sancta Barbara roundabout - intersection image.
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Figure 40. Sancta Barbara roundabout — intersection sketch.

6.2.4. BCR Roundabout

Intersection type: Roundabout; 4 entry/exit arms.

Figure 41. BCR roundabout - intersection image.
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Figure 42. BCR roundabout - intersection sketch.

6.2.5. Jiul Intersection

Intersection type: "X" intersection; 4 entry/exit arms

Figure 43. Jiul intersection — intersection image.
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Figure 44. Jiul intersection — intersection sketch.

6.2.6.1. Decembrie 1918 Street — St. O. Iosif Street Intersection

Intersection type: "X" intersection; 4 entry/exit arms
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Figure 45. 1 Decembrie 1918 Street — St. O. losif Street (Petrosani City Hall area) intersection — intersection image.
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Figure 46. 1 Decembrie 1918 Street — St. O. losif Street (Petrosani City Hall area) intersection — intersection sketch.

6.2.7. Emergency Hospital Roundabout

Intersection type: Roundabout; 4 entry/exit arms.

Figure 47. Municipal Hospital roundabout — intersection image.
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Figure 48. Municipal Hospital Roundabout - intersection sketch

6.2.8. Lidl Intersection
Intersection type: "X" intersection; 4 entry/exit arms

Figure 49. Lidl intersection — intersection image.
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Figure 50. Lidl intersection — intersection sketch.

6.2.9. Airplane Roundabout
Intersection type: Roundabout; 3 entry/exit arms.
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Figure 51. Airplane Roundabout — intersection image.
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Figure 52. Airplane Roundabout — intersection sketch.

6.2.10. Timisoara Street — Carol Schreter Street Intersection

Intersection type: "X" intersection; 4 entry/exit arms

Figure 53. Timisoara Street — Carol Schreter Street intersection — intersection image.
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Figure 54. Timisoara Street — Carol Schreter Street intersection — intersection sketch.

6.2.11. Anton Pann Street — Timisoara Street Intersection

Intersection type: "X" intersection; 4 entry/exit arms

Figure 55. Anton Pann Street — Timisoara Street intersection — intersection image.
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Figure 56. Anton Pann Street — Timisoara Street intersection intersection sketch.

6.2.12. Central Square — Police Intersection

Intersection type: "T" intersection; 3 entry/exit arms
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Figure 57. Central Square — Police intersection — intersection image.
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Figure 58. Central Square — Police intersection — intersection sketch.

6.2.13. Aviatorilor Street — NR 66 (Rompetrol Area) Intersection

Intersection type: "T" intersection; 3 entry/exit arms

Figure 59. Aviatorilor Street - NR 66 (Rompetrol area) intersection — intersection image.
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Figure 60. Aviatorilor Street - NR 66 (Rompetrol area) intersection — intersection sketch.

6.2.14. Aviatorilor Street — NR 66 (Lukoil Area) Intersection

Intersection type: "T" intersection; 3 entry/exit arms

Figure 61. Aviatorilor Street — NR 66 (Lukoil area) intersection — intersection image.
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Figure 62. Aviatorilor Street — NR 66 (Lukoil area) intersection — intersection sketch.

6.2.15. Kaufland Roundabout

Intersection type: Roundabout; 3 entry/exit arms.
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Figure 63. Kaufland roundabout — intersection image.
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Figure 64. Kaufland roundabout — intersection sketch.

In the transport model, the corresponding capacities were defined and modeled, by road
categories/sections or intersections, by introducing the main factors that influence this parameter,
namely: the nature of the traffic, the traffic characteristics (permitted traffic speed), the structure of
the main street network (geometric elements, distances between intersections and intermediate
pedestrian crossings, the layout and equipment of intersections), the organization of traffic (permitted
directions of traffic/turns, traffic light plans), the geometry of intersections.

6.3. Traffic Volumes 2025

In the traffic model created by introducing the road network in Petrosani, traffic volumes by
direction of travel resulting from traffic measurements were introduced.

To equate physical vehicles to passenger car-type standard vehicles, Standard SR7348/2001 —
Road Works was used.

The provisions of this standard are used in traffic and circulation studies carried out for the
purpose of systematizing the road network, as well as in investment projects for roads, including
streets. The provisions of the standard are applicable to all categories and technical classes of roads
and streets.

Thus, the equivalence of physical vehicles from the categories included in the intersection traffic
survey forms, in passenger car-type standard vehicles is presented in the following table: [1]

Table 3. Equivalence coefficients of standard vehicles.
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Nr. Equivalence coefficient in standard
Crt. Vehicle group vehicles

1 Bicycles, mopeds, scooters, motorcycles 0,5

2 Cars, minibuses, vans, with or without trailer 1,0

3 Buses 2,5

4 Trucks and 2-axle derivatives 2,5

5 Trucks and derivatives with 3-4 axles 2,5

6 Articulated vehicles 3,5

7 Tractors and special vehicles 3,5

To establish the peak hour traffic values (in standard vehicles), the quarter-hour measurement
reports for the analyzed intersections were analyzed, during all measurement periods. The results
are presented graphically below:

Traffic volumes, working day, peak traffic period AM/PM:
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Figure 65. Traffic volumes (standard vehicles), working day, peak period AM — Daranesti Roundabout.
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Figure 66. Traffic volumes (standard vehicles), working day, peak period PM — Daranesti Roundabout.
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Figure 67. Traffic volumes (standard vehicles), working day, peak period AM - Victory Square Roundabout.

Figure 68. Traffic volumes (standard vehicles), working day, peak period PM — Victory Square Roundabout.
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Figure 69. Traffic volumes (standard vehicles), working day, peak period AM — Sancta Barbara Roundabout.
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Figure 70. Traffic volumes (standard vehicles), working day, peak period PM — Sancta Barbara Roundabout.
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Figure 71. Traffic volumes (standard vehicles), working day, peak period AM —BCR Roundabout.
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Figure 72. Traffic volumes (standard vehicles), working day, peak period PM — BCR Roundabout.
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Figure 73. Traffic volumes (standard vehicles), working day, peak period AM - Jiul Intersection.

Figure 74. Traffic volumes (standard vehicles), working day, peak period PM — Jiul Intersection.
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Figure 75. Traffic volumes (standard vehicles), working day, peak period AM — 1 Decembrie 1918 Street — St. O.

Tosif Street Intersection.
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Figure 76. Traffic volumes (standard vehicles), working day, peak period PM — 1 Decembrie 1918 Street — St. O.

Tosif Street Intersection.
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Figure 77. Traffic volumes (standard vehicles), working day, peak period AM - Emergency Hospital

Roundabout.

Figure 78. Traffic volumes (reference vehicles), working day, peak period PM - Emergency Hospital

Roundabout.
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Figure 79. Traffic volumes (standard vehicles), working day, peak period AM - Lidl Intersection.
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Figure 80. Traffic volumes (standard vehicles), working day, peak period PM — Lidl Intersection.

20.00%
18.00%
16.00%
14.00%
12.00%
10.00%
8.00%
6.00%
4.00%
2.00%
0.00%

Figure 81. Traffic volumes (standard vehicles), working day, peak period AM — Airplane Roundabout.
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Figure 82. Traffic volumes (standard vehicles), working day, peak period PM — Airplane Roundabout.

Figure 83. Traffic volumes (standard vehicles), working day, peak period AM — Timisoara Street — Carol Schreter

Street Intersection.

Figure 84. Traffic volumes (standard vehicles), working day, peak period PM — Timisoara Street — Carol Schreter

Street Intersection.
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Figure 85. Traffic volumes (standard vehicles), working day, peak period AM — Anton Pann Street - Timisoara

Street Intersection.
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Figure 86. Traffic volumes (standard vehicles), working day, peak period PM — Anton Pann Street - Timisoara

Street Intersection.
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Figure 87. Traffic volumes (standard vehicles), working day, peak period AM - Central Square - Police

Intersection .
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Figure 88. Traffic volumes (standard vehicles), working day, peak period PM - Central Square - Police

Intersection.

Figure 89. Traffic volumes (standard vehicles), working day, peak period AM — Aviatorilor Street — NR 66

(Rompetrol area) Intersection.
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Figure 90. Traffic volumes (standard vehicles), working day, peak period PM — Aviatorilor Street — NR 66

(Rompetrol area) Intersection.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1977.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 January 2026 d0i:10.20944/preprints202601.1977.v1

18.00%
16.00%
14.00%
12.00%
10.00%
8.00%
6.00%
4.00%
2.00%
0.00%

Figure 91. Traffic volumes (standard vehicles), working day, peak period AM — Aviatorilor Street - NR 66 (Lukoil

area) Intersection.
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Figure 92. Traffic volumes (standard vehicles), working day, peak period PM — Aviatorilor Street — NR 66 (Lukoil

area) Intersection.
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Figure 93. Traffic volumes (standard vehicles), working day, peak period AM - Kaufland Roundabout.
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Figure 94. Traffic volumes (standard vehicles), working day, peak period PM — Kaufland Roundabout.

From the analysis of the previous graphs, it results that the morning peak hour, on a working
day, is the interval 7.45 — 8.45, and the afternoon peak hour is the interval 15.30 — 16.30. It is also noted
that the maximum traffic values are recorded in the morning peak interval and, consequently, in the
simulations carried out using the transport model, the volumes corresponding to this interval were
introduced.

6.4. Traffic parameters 2025

By properly choosing the intersections in which traffic analyses were carried out and by
processing the data using the transport model, a distribution of vehicle flows throughout the entire
road network of the municipality was carried out.

In order to model the vehicle traffic flow as accurately as possible, the following parameters
were selected for the comparative analysis between the models produced:

e Intersection Capacity Utilization (ICU) Factor and Intersection Level of Service;
e The intersection capacity utilization factor is calculated based on the volume/capacity ratio and
provides an indication of the degree of congestion of the intersection on each entry artery.

The ICU coefficient can indicate the available capacity reserve of the intersection or the extent to
which this reserve has been exceeded. The coefficient cannot estimate delays, but it can be used to
indicate cases in which an intersection will be congested. It can also be used for an intersection
without traffic lights to assess traffic conditions and traffic capacity.

The level of service of intersections according to the capacity utilization factor provides a picture
of how an intersection operates and the value of additional capacity it is capable of taking on.

Table 4. Level of service of intersections according to the capacity utilization factor.

Capacity utilization factor Level of service
0-55% A
>55% - 64%
>64% - 73%
>73% - 82%
>82% - 91%
>91% - 100%
>100% - 109%
>109%

T |m|g|n|w
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The level of service can be used to assess the quality of travel at intersections, as follows:

e Level A. The intersection does not show traffic congestion. The movement of the vehicles is
done without delays and most arriving vehicles can cross the intersection. Most vehicles do not
stop at all. This intersection can support up to 40% higher traffic volumes;

e Level B expresses the fact that the intersection works with minor delays. The estimated value of
the delays is between 10 s/veh and 20 s/veh. The intersection can support up to 30% higher
traffic volumes;

e Level C describes vehicle movements at the intersection with limited delays, ranging from 20
s/veh to 35 s/veh. These delays may result from vehicles moving at a moderate speed. Under
these conditions, lane overload may occur. The intersection can support traffic volumes up to
20% higher;

e Level D describes vehicle movements at the intersection with controlled delays greater than 35
s/veh, up to 55 s/veh. Within this level of service, the influence of congestion in traffic becomes
noticeable. The intersection can support up to 10% higher traffic volumes;

e Level E describes the driving conditions of vehicles at the intersection with controlled delays
between 55 s/veh - 80s/veh. The high delay values indicate reduced intersection travel speeds
and high volume/capacity (v/c) indicator rates. The intersection has less than 10% higher
capacity reserve;

e Level F indicates a level of delays greater than 80 s/veh. This level, considered unacceptable by
most drivers, often occurs in traffic jam situations. In terms of the flows that determine this high
level of delays, it can be noted that this situation occurs when the rate of arrival flow exceeds
the capacity of the traffic lane groups. For this level of service, the speed of vehicles is reduced
and stops in the flow are often observed;

e Level G: The intersection is 10% - 20% above its capacity and congestion periods of 60 to 120
minutes per day, are likely. Queues are long and frequent traffic jams may occur;

o Level H: The intersection is more than 20% over traffic capacity and congestion of more than
120 minutes per day may occur. Queues are long and frequent traffic jams may occur. [1]

The relation between delays and traffic volumes is represented below:
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Figure 95. Volume delay ratio.

The figure shows the sudden increase in the level of delays after the volume/capacity ratio
exceeds 100.

Average delay/vehicle: The parameter indicates the average delay recorded by each vehicle
when crossing a certain intersection, compared to the ideal situation, in which the movement would
have taken place without stops, at the maximum permitted speed.

Number of stops/vehicle: The number of stops/vehicle is calculated by dividing the total number
of stops by the number of vehicles crossing the intersection per unit of time, with a stop being counted
when the vehicle speed drops below 3 m/s. The vehicle is considered to have started again when its
speed exceeds 4.5 m/s.
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Average speed: It represents the value resulting from dividing the total distance by the total
travel time of a certain portion of the transport model (artery, intersection, area, etc.).
The traffic parameters corresponding to the current situation are shown in the table below.

Table 5. Traffic parameters, working day, peak hour, 2025.

No. of Average

Intersection name Delay / Veh (s/veh.) stops / speed
vehicle. (km/h)
Daranesti Roundabout 23,6 0,2 22
Victory Square Roundabout 22,5 1,0 23
Sancta Barbara Roundabout 21,5 1,0 25
BCR Roundabout 35,7 1,0 20
Jiul Intersection 53,9 1,0 14
1 Decembrie 1918 Street — St. O. Iosif Street

41,3 1,0 17

Intersection
Emergency Hospital Roundabout 36,1 0,97 19
Lidl Intersection 19,1 0,43 28
Airplane Roundabout 20,3 0,95 25

Timisoara Street — Carol Schreter Street

25,1 0,63 21

Intersection
Anton Pann — Timisoara Street Intersection 247 0,92 18
Central Square — Police Intersection 47,0 1,0 15

Aviatorilor Street — NR 66 (Rompetrol area)

11,2 0,08 34

Intersection

Aviatorilor Street — NR 66 (Lukoil area)

) 13,5 0,10 31

Intersection
Kaufland Roundabout 12,7 1,0 24

6.5. Short and Medium Term Forecasts

Perspective traffic flows are obtained by comparing the forecasted transport demand for the
perspective horizon for which the analysis is performed and the transport supply materialized
through the forecasted transport network over the same time horizon.

Traffic forecasting is the process of estimating the number of vehicles or passengers that will use
a transport infrastructure at a given point in time. In the case of this traffic study, the time horizon
for which the forecasts were made is the year 2030 for the network-level analysis of the entire
municipality, which represents a medium-term forecast.

The starting point for the implementation of the traffic forecasting process is the knowledge of
the current level of traffic volumes associated with the existing transport network. This aspect has
already been covered by developing a valid transport model for the year in which the analysis was
carried out, highlighting the most relevant parameters (average traffic speed and number of
stops/vehicle) in the "hot" points of Petrosani.

The next step is to make forecasts for the main socio-economic and demographic indicators
specific to the studied area. These forecasts are made based on data provided by the main specialized
institutions, namely the National Forecast Commission, the National Institute of Statistics, as well as
from the analysis of existing strategic documents at the local level, namely the Sustainable Urban
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Mobility Plan of Petrosani Municipality and the Integrated Urban Development Strategy of Petrosani
Municipality.

Thus, to determine the need for future mobility, the trend of evolution of the main socio-
economic and demographic indicators that determine the mobility characteristics of people and
goods was estimated, namely: the number of inhabitants, the gross domestic product and the
motorization index.

6.5.1. Historical and Forecasted Population Evolution

The demographic forecast at the level of Petrosani is based on historical data available at the
locality level, assuming a population evolution similar to that at the county and regional level. [1]

Table 6. Population of Petrosani in the period 2002-2022.

YEAR 2002 2010 2011 2018| 2019 2020 2021 | 2022
Number of inhabitants | 46714 42699 | 37160| 41843 41246| 40970 39978| 39503

Starting from historical data recorded between 2002 and 2022 and from data on the population
of Romania until the year 2060 forecasted by the National Institute of Statistics (forecast that took into
account the stable population by gender and age groups recorded in the census conducted in October
2011 and the demographic phenomena: birth rate, mortality and external migration from current
statistics), the trend of evolution of the number of residents in Petrosani until 2030 was estimated.

Table 7. Forecast of population of Petrosani for the period 2024-2030.

YEAR 2024 2025 2026 2027 2028 2029 2030

Number of
43706 43396 42787 42563 42142 41526 41214
inhabitants

The graphical representation of the forecasted values is shown in the figure below.
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Figure 96. Forecast of the number of inhabitants — Petrosani Municipality.

6.5.2. Historical and Forecasted Evolution of Gross Domestic Product

Changes in transport demand are usually influenced by variations in the socio-economic
indicators of the number of trips made. These changes also appear among indicators related to the
size of potential groups of inhabitants who travel. For example, changes in the active population
affect the number of commuting trips, and changes in the degree of economic activity, indicated by

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1977.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 January 2026 d0i:10.20944/preprints202601.1977.v1

61

the value of GDP, affect the number of trips made for the purpose of transporting goods. Indicators
related to the high level of prosperity of travelers, such as GDP/capita, positively influence the rate
of trips made, also increasing the level of motorization of the population, because the population has
a higher income.

The forecast for gross domestic product is taken from the growth scenarios provided by the
General Transport Master Plan of Romania and is highlighted in the graph below. It is considered
that the percentage evolution indicated is also valid at the level of Petrosani.
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Figure 97. Real GDP forecast until 2045.
In the following table is presented the statistical forecast of the real GDP — annual rates.

Table 8. Statistical forecast for the real GDP — annual rates.

Romania 2023 2024 2025 2026 2027

The pessimistic scenario 1 1,023 1,043 1,045 1,040
The average scenario 1 1,028 1,048 1,050 1,045
The optimistic scenario 1 1,033 1,053 1,055 1,050

6.5.3. Motorization Index

The motorization index is one of the factors that influence the number of trips at the level of the
study area, and its values are correlated with the GDP evolution.

According to the statistical data and the forecasts made at national and county level, also
presented in the Sustainable Urban Mobility Plan of Petrosani Municipality, the motorization index
will have an upward evolution, presented in the graph below.

2024 2025 2026 2027 2028 2029 2030

Motorization index

Figure 98. Evolution of the motorization index, Petrosani.

The resulting values for the growth rate of the motorization index corresponding to the forecast
years are shown in the following table.
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Table 8. Forecast of the evolution of the motorization index rate in Petrosani.

Year 2024 2025 2026 2027 2028 2029 2030
Motorization index growth rate 1,025 | 1,053 | 1,077 | 1,099 | 1,125 | 1,149 | 1,174

6.5.4. Number of Trips

From the analysis of the statistical data presented previously, as well as the information
provided in the Sustainable Urban Mobility Plan of Petrosani Municipality, the forecasted increases
in the number of trips are those presented in the graph below:
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Figure 99. Forecast of the evolution of the number of trips in Petrosani.

As can be seen, the slope of the increase in the number of trips is smoother than in the case of
the evolution of the motorization index, which means that citizens will become more mobile, but, in
the absence of appropriate measures, they will ensure their additional travel needs also by using their
personal vehicle.

6.6. Traffic Parameters 2030

To analyze the situation for the medium-term forecast year, 2030, the forecasts made in the
previous chapter were used and the vehicle volumes in the transport network were modified
accordingly.

After running the model for the year 2030, the same traffic parameters were generated and
analyzed, as for the base year. The traffic parameters corresponding to the year 2030 are presented
below.

Table 9. Traffic parameters, work day, peak hour, 2030.

Average
) Delay / Veh No. of stops /
Intersection name speed
(s/veh.) vehicle.

(km/h)
Daranesti Roundabout 28,8 0,40 20
Victory Square Roundabout 27,5 1,0 21
Sancta Barbara Roundabout 26,3 1,0 23
BCR Roundabout 43,9 1,0 18
Jiul Intersection 66,9 1,0 13

1 Decembrie 1918 Street — St. O. Iosif Street
51,2 1,0 15
Intersection

Emergency Hospital Roundabout 44,4 1,0 17
Lidl Intersection 23,5 0,54 25
Airplane Roundabout 25,0 1,0 23
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Timisoara Street — Carol Schreter Street
31,4 0,76 19
Intersection
Anton Pann — Timisoara Street Intersection 30,7 1,0 16
Central Square — Police Intersection 57,8 1,0 13
Aviatorilor Street — NR 66 (Rompetrol area)
13,7 0,11 30
Intersection
Aviatorilor Street — NR 66 (Lukoil area)
. 16,6 0,14 27
Intersection
Kaufland Roundabout 15,7 1,0 21

The deterioration of traffic parameters compared to the situation in the base year, 2023, is
evident, due to the increase in the motorization index and the average number of trips, given that no
measures/projects are implemented to contribute to reducing/eliminating their negative impact.

6.7. Identifying Malfunctions

Based on the parameters generated using the transport module, both for the base year, 2023, and
for the medium-term forecast year, 2030, a detailed analysis of traffic conditions and road
infrastructure within Petrosani was carried out. In order to obtain graphic images that would help in
the comparative analysis of the different scenarios analyzed, charts were created, presenting details
regarding:

e Average speed on each lane;
e Average delay on each lane

Below are the corresponding charts for the two years analyzed (the reference year, 2025 and the
medium-term forecast year, 2030), in the version in which the current situation continues,
respectively without the implementation of projects supporting sustainable urban mobility. In order

to obtain sufficient clarity of the images, they have been rendered by areas of the municipality. [1]
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Figure 100. Average traffic speed, working day, peak hour, 2023, North area.
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Figure 101. Number of stops/vehicle, working day, peak hour, 2023, North area.
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Figure 102. Average traffic speed, working day, peak hour, 2023, Center - East area.
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Figure 103. Number of stops/vehicle, working day, peak hour, 2023, Center - East area.
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Figure 104. Average traffic speed, working day, peak hour, 2023, Center - West area.
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Figure 105. Number of stops/vehicle, working day, peak hour, 2023, Center - West area.
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Figure 106. Average traffic speed, working day, peak hour, 2023, Center — South area.
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Figure 107. Number of stops/vehicle, working day, peak hour, 2023, Center — South area.
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Figure 109. Number of stops/vehicle, working day, peak hour, 2023, South area.
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Figure 110. Average traffic speed, working day, peak hour, 2030, North area.
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Figure 112. Average traffic speed, working day, peak hour, 2030, Center - East area.
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Figure 113. Number of stops/vehicle, working day, peak hour, 2030, Center — East area.
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Figure 114. Average traffic speed, working day, peak hour, 2030, Center — West area.
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Figure 115. Number of stops/vehicle, working day, peak hour, 2030, Center — West area.
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Figure 116. Average traffic speed, working day, peak hour, 2030, Center — South area.
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Figure 117. Number of stops/vehicle, working day, peak hour, 2030, Center — South area.

=

b Gociu Nicusor

Strada Aviatorilor

10|LoIRIAY Bpel)S

ue

]
v
G
5
i

St

B <5kmmh
1 Decemp,; -
CeMmbirie ,97? U234 epens
strada c?Oi""T-‘-"t'),a-
*‘iﬂ;t& ) . =
= ST IUzg,
= A7 epe g £
s
- ]
4&'% -
N ]
'a'J“.‘\U
=, (\'?J\‘
i g
2 o
-
\‘kt‘
4
\§
T
N
e

Legenda
B =60 kmh
[[] 45- 60 kmm
[ 30-45km/m
[] 20-30 kmm
[] 10-20 km/n
B 5-10 kmh

Figure 118. Average traffic speed, working day, peak hour, 2030, South area.
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Figure 119. Number of stops/vehicle, working day, peak hour, 2030, South area.

As a result of the traffic diagnosis carried out, the following results were obtained:

e The highest traffic volumes are recorded on working days, AM peak hour;

e The traffic capacity of some important intersections in the municipality is approaching its limit
or is even exceeded during peak hours, which leads to traffic congestion and vehicle columns,
with a negative effect on travel time and greenhouse gas emissions.

The main intersections in this situation and the corresponding capacity index are presented in
the following table:

Table 10. Volume/capacity ratio by intersections.

. Capacity utilization index Capacity utilization index
Intersection name
(2025) (2030)
Daranesti Roundabout 66,3 89,0
Victory Square Roundabout 65,4 88,3
Sancta Barbara Roundabout 64,7 87,7
BCR Roundabout 73,2 96,4
Jiul Intersection 81,2 104,6
1 Decembrie 1918 Street — St. O.
75,4 98,5
Iosif Street Intersection
Emergency Hospital Roundabout 73,8 97,2
Lidl Intersection 62,9 85,6
Airplane Roundabout 64,2 87,1
Timisoara Street — Carol Schreter
67,4 89,8
Street Intersection
Anton Pann - Timisoara Street
. 67,0 89,6
Intersection
Central Square — Police Intersection 78,6 101,9
Aviatorilor Street — NR 66
56,8 79,9
(Rompetrol area) Intersection
Aviatorilor Street — NR 66 (Lukoil
. 58,5 81,3
area) Intersection
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Kaufland Roundabout 57,6 80,8

As can be seen in the table above, if the current situation continues and there is no intervention
in the field of sustainable urban mobility, a large number of important intersections will become
blocked, due to the increase in motorization.

Thus, in 2025 there is no intersection with an exceeded value (over 100%) and 3 intersections
with ICU > 75% (high potential for congestion, high delays, low traffic speed), while in 2030 there
will be 5 intersections with ICU > 75%, and of these 2 will have ICU > 100% and 3 will have ICU>
90%, reaching Level of Service F.

The average traffic speed at the network level is relatively low, the situation deteriorating further
with the increase in the degree of motorization and the average number of trips by 2030.

The main causes of this situation are: [1]

e The relatively inadequate state of the public transport infrastructure, which leads to the lack of
attractiveness of this mode of transport for citizens, with effects on operating efficiency, travel
time and commercial travel speeds;

e High modal quota of car trips, including due to the lack of elements to stimulate sustainable
urban mobility, namely public transport, bicycle and pedestrian travel;

e Reduced traffic capacity of certain arteries/intersections, leading to low traffic speeds and the
generation of vehicle columns, with strong negative effects on the quality of the environment
and the quality of life of citizens;

e  The traffic light system is not a modern system that ensures adaptive traffic management and
correlation of traffic lights, including those at pedestrian crossings with buttons;

e Bicycle-travel specific infrastructure is insufficient; the existing bicycle lanes are partially
occupied by irregularly parked cars; reduced accessibility to this clean mode of transport due to
the lack of a bike-sharing system;

e Several sidewalks are degraded or partially occupied by illegally parked vehicles, with negative
effects on pedestrian safety;

e The high traffic volumes during peak hours are due to:

» The low level of use of public transport; the lack of attractiveness of this mode of transport;

> Lack of accessibility to cycling, due to the lack of a coherent network of bike lanes.

¢ Reduced capacity to use roadways due to vehicles parked on the lanes. In the case of streets
with one lane per direction, parking of vehicles on both sides makes it impossible to travel in
both directions simultaneously, which leads to frequent stops and a decrease in average traffic
speed.

7. Proposals for Traffic Fluidization Solutions
7.1. Organization of Public Passenger Transport with Electric Buses

Green line of electric buses in Petrosani, connected to the GreenLine Jiu Valley Project
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Figure 120. Proposed routes for electric buses circulation in Petrosani.

The proposal connects to the Zonal Development Project "Green Line of Electric Buses between
Petrila — Petrosani — Aninoasa — Vulcan — Lupeni — Uricani — GreenLine Jiu Valley", planned to be
implemented in a short term and involves:

A. Establishing a mini depot in Petrosani that will contain:

e Garage - loading - maintenance — washing buildings;

e Purchase of installations and equipment for charging - maintenance - washing electric buses;

¢ Administrative building;

e Fast charging station;

e 2000 kVA transformer station;

e Electricity supply system for charging stations;

o Utility power supply;

e Premises arrangement, including perimeter lighting;

e Secure fencing.

B. ITS facilities:

e AVL subsystem - Vehicle monitoring and dispatching solution;

e E-ticketing subsystem — toll solution based on the use of contactless cards and paper tickets;

e In-vehicle passenger information subsystem - information panels in LED technology and
infotainment;

e Vehicle passenger counting subsystem (video technology);

e Security subsystem - vehicle-level video monitoring solution.

C. Purchase of electric buses of approximately 8-10 m length;

D. Establishing an end station at Victory Square;

E. Establishing an end station opposite OMV;

F. Establishment and modernization of local passenger stations. [1]

The objectives expected to be achieved by the implementation of this proposal are as follows:

A. General objective of the proposal:

e Reducing carbon emissions in Petrosani, according to the Sustainable Urban Mobility Plan,
including promoting urban mobility based on the use of clean, improved public passenger
transport and reducing the number of trips by private car.

B. Specific objectives of the proposal:
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e Developing high-quality, attractive and efficient public passenger transport in Petrosani, by
establishing a public transport service, expanding the routes currently covered by private
operators;

¢ Modernizing the transport system and increasing its attractiveness for the general public by
introducing intelligent coordination, information and ticket issuance/validation ("e-ticketing")
systems;

e Ensuring a direct positive impact on the reduction of CO2 equivalent emissions in Petrosani by
using environmentally friendly, clean buses within the public passenger transport system;

¢ Promoting the use of the non-polluting public passenger transport system in Petrosani, instead
of private car transport, by informing the public about the advantages and benefits of using
public transport, as well as other information on the measures taken to contribute to increase
the attractiveness of public transport;

e Regulating parking policy, while promoting the use of public transport.

7.2. Optimization of Road Traffic in the Area Delimited by 1 Decembrie 1918 Boulevard and St.O.losif, 22
Decembrie, 6 August, Muncii and General Dragalina Streets

Proposal regarding the systematization of road traffic and traffic fluidization in Petrosani — the
area delimited by 1 Decembrie 1918 Boulevard and St.O.losif, 22 Decembrie, 6 August, Muncii and
General Dragalina streets

Figure 121. Drone view of the studied area.

Due to the reported malfunctions regarding the smooth flow of road traffic in the area delimited
by 1 Decembrie 1918 Boulevard and St.O.losif, 22 Decembrie, 6 August, Muncii and General
Dragalina streets, an analysis of the traffic in this area was conducted, an analysis that highlighted
the following aspects:

e traffic jams occur especially during periods of high traffic flows, namely on working days,
around 8 am, 12 pm, 2 pm and 4 pm;

e the increase in road flow is influenced by the geometry of the street layout in this central area of
the city and the existence of an educational establishment.
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Figure 122. View of the studied area.

o the streets in the mentioned area have a low width, which does not allow two-way traffic.

Figure 123. Drone view of the studied area.

e due to the small number of available parking spaces and the narrow width of the roadway,
vehicles are parked longitudinally, in most cases occupying one lane.
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Figure 124. Drone view of the studied area.

e the impossibility of relocating vehicles parked in adjacent parking spaces to free up one lane of
traffic.

Figure 125. View of the studied area.

The measurements carried out revealed the high number of critical situations that occurred in
this area and the obvious shortcomings that arise regarding the traffic safety and the comfort of the
road users.

The following figure shows the situation of the weighted average number of traffic jams
occurring on each portion of the studied area, the measurements being made on working days, on
non-working days, during and outside school holidays.
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Figure 125. Average number of traffic jams in the studied area.

The weighted average percentage values of traffic flows on the two directions of traffic of the
analyzed streets (Monday-Sunday, during and outside school holidays) are the following:
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Figure 126. Weighted average values of traffic flows in the studied area.

The width of the roadway for each section is highlighted in the following figure:
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Figure 127. Width of the roadway in the studied area.

Taking into account all these aspects, as well as those related to the geometry of the street layout,
the possibilities of relocating parked vehicles, the possibility of using adjacent streets, maintaining
easy access for vehicle owners in the area to nearby parking spaces and, last but not least, the fact
that we have educational units and public institutions in the immediate vicinity (I.G.Duca General
School and Petrosani City Hall), we conclude that the most efficient solution that can be applied in
order to optimize road traffic and eliminate traffic jams is the implementation of a set of one-way

streets on the streets in this area, as presented below:
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Figure 128. Proposed solution.

7.3. Building New Parking Spaces

To make parking management system more efficient, it is recommended to introduce a parking
policy and identify areas where new parking spaces can be arranged.
Below are 6 figures showing the areas where new parking spaces can be built (some of which

have already been built this year) marked in red:
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Figure 129. Petrosani North parking spaces.
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Figure 132. Petrosani South Center parking spaces.
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Figure 133. Petrosani South parking spaces.
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Figure 134. Petrosani South parking spaces.

7.4. Development of a Network of Lanes Dedicated to Bicycle Traffic, Implementation of a Bike-Sharing
System

7.4.1. Context

The proposed proposal "Development of a network of lanes dedicated to bicycle traffic,
implementation of a bike-sharing system" has as its main objective the increase of the attractiveness,
accessibility and safety of users of this mode of transport, with positive effects on reducing the level
of pollution in Petrosani.

The main actions to be taken to implement the proposal are the following;:

o Creating bicycle lanes on the territory of Petrosani so that these create an integrated system,
which ensures the movement of users of this mode of transport between the main points of
attraction/generation of trips, to the detriment of the use of personal vehicles;

e Implementing a bike-sharing system that will increase the attractiveness and accessibility of this
mode of transport, as well as to promote intermodality, by locating rental points near public
transport stations.

From the analysis of the current situation, the following malfunctions resulted:

e High modal quota of car trips, including due to the lack of elements to stimulate sustainable
urban mobility, namely public transport, bicycle and pedestrian travel;

e The traffic light system is not a modern system, that ensures a specific signaling for velo users;
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e Bicycle-travel specific infrastructure is insufficient; existing bicycle lanes are partially occupied
by irregularly parked cars; reduced accessibility to this clean mode of transport due to the lack
of a bike-sharing system;

e The high traffic volumes during peak hours due to:

> The low level of use of public transport due to the lack of attractiveness of this mode of
transport;

> Lack of accessibility to cycling, due to the lack of a coherent network of bike lanes;

> Lack of measures leading to the promotion of intermodality and alternative means of
transport;

> The current network of bicycle lanes does not ensure safe cycling between the main areas
of attraction and generation of trips;

> There are no bike-sharing centers to encourage the use of this clean mode of transport.

This proposal involves the implementation of a network of bicycle lanes at the level of the road

infrastructure of Petrosani, in order to achieve the following objectives:

¢ Increasing the degree of population mobility;

¢ Reducing travel expenses and time spent in urban traffic jams;

e Reducing pollution and urban noise;

¢ Increasing accessibility and safety of the population;

¢ Creating an alternative urban transport solution;

e Ensuring intermodality, through the transfer between public transport and cycling;

e Increasing the quality of the environment and the quality of life of citizens.

7.4.2. Study Area of the Proposal

The study area of the project is considered to be the entire area covered by the urban road
transport network in Petrosani, due to the locations proposed for the bicycle lane network and its
influence on all movements within the municipality, regardless of the mode of travel used, but
especially on public transport, by bicycle and on foot.

Also, the assessment of the effects at the level of the entire road network, through the results
extracted from the transport model, allows the issuance of conclusions from which the positive
impact of the proposal can emerge.

The proposed network of bicycle lanes is designed to provide the main connections with
residential areas, main educational institutions and areas with services of interest at the level of the
municipality, recreation areas. The network of bicycle lanes created will ensure the connection
between the central area and residential neighbourhoods with high population density, as well as the
connection with the area of the railway station and bus station.

The bicycle lanes proposed to be implemented are marked in the figure below and will have a
total length of 3.3 km, estimated to serve about 25% of the population.

These bicycle lanes will be built on Aviatorilor Street, 1 Iunie Street, Independentei Street, Unirii
Street, Oituz Street, 1 Decembrie 1918 Street, Carpati Street, Carol Schreter Park, Victory Square and
Avram Jancu Street, with the role of ensuring the connection with the areas of interest of the
municipality, according to figures 135, 136, 137, 138, 139 and 140.

From the analysis of the proposed routes for the creation of bicycle lanes, it is observed that they
overlap with the road network on which public transport vehicles circulate. Taking into account this
aspect, as well as the objective of increasing accessibility to bicycle travel and promoting
intermodality, the proposal must be complemented by the implementation of a bike-sharing system.
The stations included in the bicycle rental network will be arranged especially in the vicinity of public
transport stations, so as to allow and stimulate a convenient and fast intermodal transfer between
these modes of travel.
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Figure 135. Aviatorilor Street (source: S.C. VENTOR Grup Consulting S.R.L.).

STR. 1 DECEMBRIE 1918

Figure 136. 1 Decembrie 1918 Street (source: S.C. VENTOR Grup Consulting S.R.L.).
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Figure 137. Oituz Street (source: S.C. VENTOR Grup Consulting S.R.L.).
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Figure 138. Mihai Viteazu Street (source: S.C. VENTOR Grup Consulting S.R.L.).
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Figure 140. Victory Square (source: S.C. VENTOR Grup Consulting S.R.L.).

7.5. Construction of Footbridges in the Lunca and Parangul Areas

The construction of two footbridges could make access to and from the Livezeni Mine, the
Livezeni Halt, the car repair shops located on the western side of the railway and the block district in
the Parangul area much easier, respectively to and from the Stadium area, the southern part of the
Petrosani Colony, the area of the Sunday Fair and the Carpati neighbourhood, according to figures
141 and 142.
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Figure 142. Footbridge 2 — Parangul area (source: S.C. VENTOR Grup Consulting S.R.L.).

7.6. Constructive Modifications to the Intersection Between Closca Street and 1 Decembrie 1918 Boulevard in
Order to Create Parking Spaces and Improve Accessibility

The intersection between Closca Street and 1 Decembrie 1918 Boulevard represents a "hot spot"
in the infrastructure of Petrosani. In order to meet current traffic needs and improve accessibility,
significant intervention on its components is necessary. We present further the current plan of the
intersection and two variants of changes.
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Figure 143. Banca Transilvania Square.
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Figure 144. Current plan of the square.

Variant 1

In order to cope with heavy traffic and create two lanes per direction, we have developed the
following technical proposals, which include reducing the width of the island by 1 meter per direction
for the creation of the second lane and allowing parking, including to allow the supply of shops in
close proximity, without disturbing traffic. At the same time, in order to achieve traffic fluidization,
it is also necessary to shorten the square in the longitudinal direction by 1.85 meters, in each part of
it, so that its total length becomes 11.0 meters.
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Figure 145. Plan with proposed changes.

Variant 2

This variant involves the complete abolition of the square and the creation of two symmetrical
parking lots, one in each direction of traffic, thus achieving an increase in traffic fluidization,
decongesting the area due to the increase in the number of parking spaces and, last but not least,
creating the possibility of easier supply of the commercial points located in the immediate vicinity.

Figure 146. Plan with proposed parking lots.

The modification of the infrastructure of the square in the Banca Transilvania North area is
important to meet current traffic demands and improve accessibility. These modifications contribute
to creating a safer, more efficient and more functional urban environment, bringing benefits to all
users of this important artery.

7.7. Installation of Smart Traffic Lights in Several Areas of Petrosani

The investment called "Interconnected traffic light systems in Petrosani Municipality,
Hunedoara County" consists of the modernization of five intersections in Petrosani, divided into two
sections:

Section I
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1. The intersection between 1 Decembrie 1918 Street and Nicolae Balcescu Street:
e 3-colour LED traffic lights (red/yellow/green) for drivers: 8 pcs;
e DPedestrian traffic light bodies with built-in counter: 8 pcs;
e Pedestrian crossing sound device: 4 pcs;
e An automatic traffic guidance system that performs the necessary timings for traffic
fluidization;
e Cantilever posts (with crossbar) for placing traffic lights: 4 pcs;
o Pillars designed to support warning road signs — traffic light: 4 pcs;
¢ Road warning signs — traffic light: 4 pcs.
2. The intersection between Nicolae Balcescu Street and Avram Iancu Street:
e 3-colour LED traffic lights (red/yellow/green) for drivers: 6 pcs;
e DPedestrian traffic light bodies with built-in counter: 6 pcs;
e Pedestrian crossing sound device: 3 pcs;
e An automatic traffic guidance system that performs the necessary timings for traffic
fluidization;
e Cantilever posts (with crossbar) for placing traffic lights: 3 pcs;
o Pillars designed to support warning road signs — traffic light: 3 pcs;
¢ Road warning signs — traffic light: 3 pcs.

Figure 147. Section 1.

Section II
1. NR 66 (4 lanes) Parangul area
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Figure 148. Parangul area.

2. NR 66 (4 lanes) Dacia Square area
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Figure 149. Dacia Square area.

3.NR 66 (4 lanes) OMV area
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Figure 150. OMV area.

e 3-colour LED traffic lights (red/yellow/green) for drivers, on both sides of the road: 12 pcs;

e DPedestrian traffic light bodies with built-in counter: 12 pcs;

e Pedestrian crossing sound device: 3 pcs;

e An automatic traffic guidance system that performs the necessary timings for traffic
fluidization;

e Pedestrian control buttons, mounted one on each side of the traffic artery: 6 pcs;

o Cantilever posts (with crossbar) for placing traffic lights: 6 pcs;

e DPillars designed to support warning road signs — traffic light: 6 pcs;

e Road warning signs — traffic light: 6 pcs.

7.8. Proposals Regarding the Completion, Correction, Rehabilitation of Road Markings and Signs and the
Improvement of Road Infrastructure

e Greening the entrance to Petrosani from Hateg;

e Arranging a parking lot on the right side of the road at the entrance to Petrosani from Hateg;

e Reconditioning the parapet located on the right side of the road, at the entrance to Petrosani
from Hateg, before Lascar Service Company SRL;

e Supplementation of "Extremely dangerous curve" signs to the right, at the entrance to Petrosani
from Hateg, before Lascar Service Company SRL;

e Application of longitudinal road markings in the Lascar Service Company SRL area;

¢ Installation of lane selection indicators and application of longitudinal road markings in the
Daranesti Roundabout area;

e Application of longitudinal road markings in the Gerom area;

e Application of longitudinal road markings and road signs in the area of the footbridge over the
railway;

¢ Installation of direction signs for the directions of Tg.Jiu, Craiova, Voineasa, Transalpina, Straja
at least 50 m before the Victory Square and Sancta Barbara roundabouts;

¢ Installation of a "Give way" sign for traffic lane 1 (towards Tg.Jiu) in the Sancta Barbara
Roundabout; installation of "Center" signs on the left and right at least 70 meters before
entering the roundabout;
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e At the Jiul Shopping Center intersection: applying "Pedestrian crossing" markings, installing a
pedestrian traffic light, trimming ornamental shrubs that obstruct visibility - on the eastern arm
of the intersection;

e Restoring road markings in the Petrosani City Hall area;

e Installation of the "No Stopping" sign on Parangul Street, after the construction of parking
spaces in the area of blocks 105 and 107;

¢ Installation of the "No Stopping" sign on 22 Decembrie Street, at the descent from Dimitrie
Leonida Technological College;

¢ Installation of a "Extremely dangerous curve" sign to the right, at the intersection of 1 Dec. 1918
Bd. with Slatinioara Street (Mignon area), in the direction from the City Hall;

¢ Installation of "No left turn" signs towards Carrefour Market and the Keops Complex, in the
direction from the City Hall;

e Replacing the "STOP" sign with the "Give way" sign when descending from the viaduct
towards the Lidl Store;

e Application of longitudinal road markings when descending from the viaduct towards the
Dedeman area;

e  Construction of a roundabout in the Dedeman area;

e Construction of a roundabout in the Lidl area;

e Applying pedestrian crossing markings and installing two speed limiters on Lunca Street, in
the stadium area;

e Installation of priority regulation signs at the intersection of Cuza Voda and Timisoara streets;

¢ Installation of the "No stopping" sign in the area of the barrier at the railway level crossing
located at the intersection of Timisoara and Cuza Voda streets;

¢ Greening the area behind the Petrosani Railway Station, including to take over part of the road
traffic in the area;

o Installation of the "Priority Road" sign and application of road markings at the intersection of
Timisoara and Carol Schreter streets;

¢ Installation of removable blocking posts to restrict vehicle access to the Central Square
platforms;

e Construction of two parking spaces, on Avram lancu Street, near the Central Square platform,
immediately after the traffic light, dedicated to vehicles supplying stores in the area;

e Replacing the "STOP" sign with the "Give way" sign at the intersection of Ion Creanga Street
with the Petrosani bypass road (towards the MOL gas station);

e Installation of additional road signs related to the priority of crossing at the intersection of
Avram lancu and Ion Creanga streets (behind Carol Schreter Park);

e Installation of "Keep right/left" and "No Entry" signs in the area of the square at the end of
Avram lancu Street;

o Installation of "STOP" or "Give way" signs at the ends of streets intersecting Carpati Street (with
priority) and priority signs on both sides of Carpati Street;

e Installation of the "Turn right ahead" sign at the exit from the Armicar Bread Factory in the one-
way direction on Aleea Florilor Street;

¢ Installation of the "No Stopping" sign on Petru Maior Street, near the Emergency Hospital
Roundabout;

o Installation of traffic dividers on Oituz Street, behind the Parangul Complex;

¢ Installation of the "Priority Road" sign on Aviatorilor Street, behind Dacia Square;

¢ Installation of "No stopping" signs every 50 meters, from the Parangul Complex to the Airplane
Roundabout;

e Application of binding markings and arrow marks on all entrances to the Airplane
Roundabout;

e Installation of the "No Stopping" sign every 50 meters, on the NR66 ring road of Petrosani, from
the Airplane Roundabout to the first car wash.
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General Proposals:
e Development of new parking spaces;
e Restoration of longitudinal markings;
e Maintenance/Replacement of damaged road signs and corroded support poles;
e All one-way streets should have the "Two-way traffic" sign at their end;
¢ Installation of modern, smart traffic lights;
¢ Installation of the "No horn blowing" sign in certain areas of Petrosani (hospital, central area,
etc.);
e Development of a parking lot for vehicles in transit (for TIRs);
¢ Management of abandoned vehicles.
Proposal for the Construction of Parking Spaces in the Following Areas:
¢ On 1 Decembrie 1918 Boulevard, in front of blocks 97 and 99 (Opposite Carol Schreter Park and
Petrosani Hotel;
e In the area of Petrosani City Hall, in front of the House of Culture;
e On Aleea Poporului Street, near Total Instal;
e In the area between BCR, Prosecutor's Office and Carrefour Market;
e On 1 Decembrie 1918 Boulevard, from the "Serban Ionescu" Cinema to the "1001 Articole" Store,
by canceling one of the two sidewalks;
¢ On 1 Decembrie 1918 Boulevard, in the Mignon area, in the direction to the Emergency
Hospital, in front of blocks 120, 122 and 124, by canceling one of the two sidewalks;
e Additional parking spaces on all four interior sides of the blocks of flats located between 9 Mai
Street and Aleea Florilor Street, as well as between blocks 2 and 4 on Carpati Street;
e  On Parangul Street, near blocks 105 and 107 (behind Braseria Testre);
e On Slatinioara Street, near block 109;
e On Aviatorilor Street, in the area of blocks 16, 18, 20 and 22A;
e  On Aviatorilor Street, in the area of block 66;
¢ On both sides of the square located at the intersection of Closca Street and 1 Decembrie 1918
Boulevard.
Note: The proposals highlighted in Bold have already been implemented in the meantime, in the
period since the start of the traffic study until now.

8. Final Conclusions

The traffic study aims to analyze the current traffic situation, assess the road network and
estimate the effects generated following the implementation of new transport infrastructure,
transport policy measures and any interventions that modify the structure and traffic capacity of the
road network, by using a transport model.

For this purpose, a detailed analysis of the road infrastructure was carried out, including traffic
analyses, surveys were taken on the streets and roads in the analyzed area, as well as the geometric
configuration of the intersections and traffic arteries. The obtained data were introduced into a
transport model, which allows the analysis of the existing situation, as well as its evolution in the
medium term (year 2030).

As a result of the analysis of the parameters generated by the transport model and the other
analyses carried out during the traffic study, the main road traffic malfunctions in Petrosani were
identified:

e A small part of the road infrastructure on the city's street network requires rehabilitation and
modernization works (approx. 15%);

o The existence of undercrossings/overcrossings that require safety systems;

e Lack of measures that would efficiently eliminate traffic jams and decongest them, in order to
optimize road traffic;
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e The existence of road sectors that overlap with national and county road routes, which leads to
high traffic values;

e  The lack of a complete bypass option to take over transit traffic;

o The existence of some sectors of the network on which urban, interurban and intra-county
public transport lines overlap;

e Lack of an efficient traffic management system;

e Lack of an e-ticketing system;

e Reduced capacity of the transport infrastructure in relation to the increase in the number of
passengers;

e Lack of properly arranged spaces for overnight parking of means of transport transiting the
municipality;

¢ Reduced modal quota of public transport;

e The low level of specific infrastructure for cyclists;

e High traffic volumes during peak hours, due to the low level of use of public transport and the
lack of attractiveness of this mode of transport;

To remedy these malfunctions and reduce or eliminate the effect on general traffic in Petrosani,
as well as to achieve the proposed objectives regarding the sustainable urban mobility, solutions were
proposed and tested within the case studies carried out.

The study contains a package of measures that will contribute to promoting and improving road
traffic in general, public passenger transport and/or non-motorized modes of transport, implicitly
encouraging and facilitating the transfer to these from individual car transport.

The forecasted increase in car traffic in the medium term will lead to exceeding the traffic
capacity during peak hours, by almost 20% in some cases, which will lead to traffic congestion, traffic
delays, reduced travel speeds and increased fuel consumption and GHG emissions, in the absence of
the implementation of the measures proposed in this study.

An important objective may also be to ensure efficient passenger transport and/or to improve
the conditions for the use of non-motorized modes of transport, in order to reduce the number of
trips by private transport (cars) and reduce CO2 equivalent emissions from transport.

The study contains a package of proposals that will contribute to promoting and improving road
traffic in general, public passenger transport and/or non-motorized modes of transport, implicitly
encouraging and facilitating the transfer to these from individual car transport.

Among the objectives of these proposals, we list the following:

e Systematization of the road traffic and traffic fluidization in areas where many traffic jams
occur;

e Decongesting traffic by introducing measures that will lead to a consistent decrease in the
number of jams, including by applying regulations that will allow traffic to flow in one
direction on certain sections of the road network, in order to optimize road traffic;

e Maintaining easy access for vehicle owners to parking spaces located in the immediate vicinity
of their homes;

¢ Improving the quality of travel by public transport and non-motorized modes, by increasing
quality and safety standards in the use of these modes of transport;

e Shortening travel time, without worsening traffic conditions in the study area and beyond it, by
increasing the frequency of public transport;

o Increasing the quality of transport services by auditing existing public transport operators and
limiting their operation when defects in existing means of transport or their improper condition
are found;

e Implementation of the project "Green Line of Electric Buses in Petrosani, connected to the
GreenLine Jiu Valley Project";

e Reducing delays in public transport travel, due to traffic congestion that also affects general
traffic;

e Establishing easy connections between different modes of transport;
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e Transmission of real-time information regarding the traffic schedules of public transport
vehicles;

¢ Development of specific infrastructure for cyclists;

¢ Increasing the number of parking spaces, insufficient parking spaces leading to irregular
parking, with a negative effect on road traffic, pedestrian and cyclist safety;

¢ Implementation of measures to reduce the number of irregularly parked vehicles, which cause
a reduction of the capacity to use road arteries;

e Implementation of measures leading to the promotion of intermodality and alternative means
of transport;

e Introduction of an efficient traffic management system and an e-ticketing system.
This traffic study will represent a supporting tool for decision makers to establish, prioritize,

justify and substantiate the financing of future investments in infrastructure and intelligent systems

associated with it.

References

1.  Aurelian Nicola, Bogdan Ioan Marc, Gheorghe Bogdan Urdea, Cosmin Daniel Vitan, Evelina Rezmerita,
Vasile Darii, Study on Road Traffic Management in the Municipality of Petrosani (in romanian: Studiu
Privind Managementul Traficului Rutier in Municipiul Petrosani), Beneficiary: Petrosani Municipality,
Prepared by: University of Petrosani, Petrosani, 2023.

2. Yuan, T,; da Rocha Neto, W.; Rothenberg, C.E.; Obraczka, K.; Barakat, C.; Turletti, T. Machine learning for
next--generation intelligent transportation systems: A survey. Trans. Emerg. Telecommun. Technol. 2022, 334,
e4427.

3. Lv, Z.H, Shang, W.L. Impacts of intelligent transportation systems on energy conservation and emission
reduction of transport systems: A comprehensive review. Green Technol. Sustain. 2022, 1, 100002.

4.  Soriano-Gonzalez, R.; Perez-Bernabeu, E.; Ahsini, Y.; Carracedo, P.; Camacho, A.; Juan, A.A. Analyzing
Key Performance Indicators for Mobility Logistics in Smart and Sustainable Cities: A Case Study Centered
on Barcelona. Logistics 2023, 7, 75.

5. Zhao, C; Wang, K,; Dong, X, Dong, K. Is smart transportation associated with reduced carbon
emissions? The case of China. Energy Econ. 2022, 105, 105715.

6.  Figueiredo, L.; Jesus, I.; Machado, J.; Ferreira, J.; de Carvalho, ].M. Towards the development of intelligent
transportation systems. In Proceedings of the ITSC 2001. 2001 IEEE Intelligent Transportation Systems.
Proceedings [Cat. No. 01TH8585], Oakland, CA, USA, 25-29 August 2001; pp. 1206-1211.

7.  Madiulis, A.; Vasiliauskas, A.V.; Jakubauskas, G. The impact of transport on the competitiveness of national
economy. Transport 2009, 24, 93-99.

8.  Letnik, T.; Marksel, M.; Luppino, G.; Bardi, A.; Bozicnik, S. Review of policies and measures for sustainable
and energy efficient urban transport. Energy 2018, 163, 245-257.

9. Frey, H.C. Trends in Transportation Greenhouse Gas Emissions. In Advances in Carbon Management
Technologies; CRC Press: Boca Raton, FL, USA, 2020; pp. 359-375.

10. Yigitcanlar, T.; Desouza, K.C.; Butler, L.; Roozkhosh, F. Contributions and risks of artificial intelligence [AI]
in building smarter cities: Insights from a systematic review of the literature. Energies 2020, 13, 1473.

11. Wang, M.; Wang, B.; Abareshi, A. Blockchain technology and its role in enhancing supply chain integration
capability and reducing carbon emission: A conceptual framework. Sustainability 2020, 12, 10550.

12.  Wang, Y.; Han, ].H.; Beynon-Davies, P. Understanding Blockchain Technology for Future Supply Chains:
A Systematic Literature Review and Research Agenda. Supply Chain Manag. 2019, 24, 62-84.

13. Singh, S.; Sharma, P.K; Yoon, B.; Shojafar, M.; Cho, G.H.; Ra, I.-H. Convergence of blockchain and artificial
intelligence in IoT network for the sustainable smart city. Sustain. Cities Soc. 2020, 63, 102364.

14. Li, H; Hao, Y.; Xie, C; Han, Y.; Wang, Z.-R. Emerging technologies and policies for carbon-neutral
transportation. Int. J. Transp. Sci. Technol. 2022, 12, 329-334.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1977.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 January 2026 d0i:10.20944/preprints202601.1977.v1

94

15. Yadav, AK,; Szpytko, ]. How to Connect Hyperloop Technology with the Smart City Transportation
Concept. In Electric Mobility in Public Transport-Driving Towards Cleaner Air; Springer: Berlin/Heidelberg,
Germany, 2021; pp. 201-216.

16. Kashem, M.A.; Shamsuddoha, M.; Nasir, T.; Chowdhury, A.A. Supply Chain Disruption versus
Optimization: A Review on Artificial Intelligence and Blockchain. Knowledge 2023, 3, 80-96.

17. Reis, J.; Amorim, M.; Cohen, Y.; Rodrigues, M. Artificial intelligence in service delivery systems: A
systematic literature review. In World Conference on Information Systems and Technologies; Springer: Cham,
Switzerland, 2020; pp. 222-233.

18. Shamsuddoha, M.; Kashem, M.A.; Koul, S. Systemic Review of AI Reshaped Blockchain Applications.
In International Conference on Advanced Network Technologies and Intelligent Computing; Springer Nature:
Cham, Switzerland, 2022; pp. 470-494.

19. Wang, Y., Rodrigues, V.S.; Evans, L. The use of ICT in road freight transport for CO2 reduction—an
exploratory study of UK’s grocery retail industry. Int. ]. Logist. Manag. 2015, 26, 2-29.

20. Ross, LJ; Wallin, S.; Osland, E.J.; Memon, M.A. Commercial very low energy meal replacements for
preoperative weight loss in obese patients: A systematic review. Obes. Surg. 2016, 26, 1343-1351.

21. Mrityunjaya, D.H.; Kumar Naveen Ali Sameer Kelagadi, H.M. Smart transportation. In Proceedings of the
2017 International Conference on I-SMAC [IoT in Social, Mobile, Analytics and Cloud] [I-SMAC],
Palladam, India, 10-11 February 2017; pp. 1-5.

22. Maraiya, K;; Tripathi, M. IoT and Its State of Art Applications: A Survey. Saudi ]. Eng. Technol. 2022, 7, 211-
217.

23. Al-Obaidi, K.M.; Hossain, M.; Alduais, N.A.M.; Al-Duais, H.S.; Omrany, H.; Ghaffarianhoseini, A. A
review of wusing IoT for energy efficient buildings and citiess A built environment
perspective. Energies 2022, 15, 5991.

24. Singh, M.; Kim, S. Branch based blockchain technology in intelligent vehicle. Comput. Netw. 2018, 145, 219-
231.

25. Ahram, T.; Sargolzaei, A.; Sargolzaei, S.; Daniels, J.; Amaba, B. Blockchain technology innovations. In
Proceedings of the 2017 IEEE Technology & Engineering Management Conference [TEMSCON], Santa
Clara, CA, USA, 8-10 June 2017; pp. 137-141.

26. Shamsuddoha, M.; Kashem, M.A. A revolutionary paradigm shift in supply chain management: The
blockchain mechanism. Explor. Latest Trends Manag. Lit. 2022, 1, 15-33.

27. Ahmad, RW.; Hasan, H; Jayaraman, R.; Salah, K.; Omar, M. Blockchain applications and architectures for
port operations and logistics management. Res. Transp. Bus. Manag. 2021, 41, 100620.

28. Pu, S; Lam, ].S.L. Greenhouse gas impact of digitalizing shipping documents: Blockchain vs. centralized
systems. Transp. Res. Part D Transp. Environ. 2021, 97, 102942.

29. Appasani, B.; Mishra, S.K; Jha, A.V.; Mishra, S.K.; Enescu, F.M.; Sorlei, I.S.; Birleanu, F.G.; Takorabet, N.;
Thounthong, P.; Bizon, N. Blockchain-enabled smart grid applications: Architecture, challenges, and
solutions. Sustainability 2022, 14, 8801.

30. Rissman, J.; Bataille, C.; Masanet, E.; Aden, N.; Morrow, W.R.; Zhou, N.; Elliott, N.; Dell, R.; Heeren, N.;
Huckestein, B.; et al. Technologies and policies to decarbonize global industry: Review and assessment of
mitigation drivers through 2070. Appl. Energy 2020, 266, 114848.

31. Althabatah, A.; Yaqot, M.; Menezes, B.; Kerbache, L. Transformative Procurement Trends: Integrating
Industry 4.0 Technologies for Enhanced Procurement Processes. Logistics 2023, 7, 63.

32. Ferreira, B.; Reis, ]J. A Systematic Literature Review on the Application of Automation in
Logistics. Logistics 2023, 7, 80.

33. Van Der Heijden, RW; Dietzel, S.; Leinmiiller, T.; Kargl, F. Survey on misbehavior detection in cooperative
intelligent transportation systems. IEEE Commun. Surv. Tutor. 2018, 21, 779-811.

34. Singh, P.; Elmi, Z.; Meriga, V.K,; Pasha, J.; Dulebenets, M.A. Internet of Things for sustainable railway
transportation: Past, present, and future. Clean. Logist. Supply Chain 2022, 4, 100065.

35. Bhuiyan, K.H.; Jahan, I; Zayed, N.M.; Islam, K.M.A.; Suyaiya, S.; Tkachenko, O.; Nitsenko, V. Smart
Tourism Ecosystem: A New Dimension toward Sustainable Value Co-Creation. Sustainability 2022, 14,
15043.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1977.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 January 2026 d0i:10.20944/preprints202601.1977.v1

95

36. Mnyakin, M. Applications of ai, iot, and cloud computing in smart transportation: A review. Artif. Intell.
Soc. 2023, 3, 9-27.

37. Prakash, P.A.; Radha, R. Advancements in Al-Powered Electric Vehicle Routing: Multi-Constraint
Optimization and Infrastructure Integration Approaches for Evolving EVs-A Survey. IEEE Access 2025, 13,
127941-128033.

38. Thanasi-Boge, M.; Hoxha, J. Blockchain for Sustainable Development: A  Systematic
Review. Sustainability 2025, 17, 4848.

39. Miller, T.; Durlik, I; Kostecka, E.; Lobodzinska, A.; Matuszak, M. The Emerging Role of Artificial
Intelligence in Enhancing Energy Efficiency and Reducing GHG Emissions in Transport
Systems. Energies 2024, 17, 6271.

40. Ishrat, M.; Khan, W.; Faisal, S.M.; Ansari, M.S.H. Smart Governance and Citizen Engagement Platforms:
The Role of Technology in Smart Governance. In Revolutionizing Urban Development and Governance with
Emerging Technologies; IGI Global Scientific Publishing: Hershey, PA, USA, 2025; pp. 189-232.

41. Sah, B.P.; Shaikh, S. Al-driven IoT and blockchain integration in Industry 5.0: A systematic review of supply
chain transformation. Innov. Eng. J. 2024, 1, 99-116.

42.  Agrahari, A;; Dhabu, M.M.; Deshpande, P.S; Tiwari, A.; Baig, M.A.; Sawarkar, A.D. Artificial intelligence-
based adaptive traffic signal control system: A comprehensive review. Electronics 2024, 13, 3875.

43. Liu, G, Shi, H.; Kiani, A.; Khreishah, A.; Lee, J.; Ansari, N.; Liu, C.; Yousef, M.M. Smart traffic monitoring
system using computer vision and edge computing. IEEE Trans. Intell. Transp. Syst. 2021, 23, 12027-12038.

44. Dey, K.C,; Mishra, A.; Chowdhury, M. Potential of intelligent transportation systems in mitigating adverse
weather impacts on road mobility: A review. IEEE Trans. Intell. Transp. Syst. 2014, 16, 1107-1119.

45.  Anthony Jnr, B. A decentralized prototype framework for peer-to-peer based electric car sharing services
towards sustainable road transportation. Smart Sustain. Built Environ. 2025, 14, 1172-1193.

46. Islam, R.; Bose, R; Roy, S.; Khan, A.A,; Sutradhar, S.; Das, S.; Ali, F.; AlZubi, A.A. Decentralized trust
framework for smart cities: A blockchain-enabled cybersecurity and data integrity model. Sci. Rep. 2025, 15,
23454.

47. Bittencourt, J.C.N.; Costa, D.G.; Portugal, P.; Vasques, F. A survey on adaptive smart urban systems. I[EEE
Access 2024, 12, 102826-102850.

48. Kashem, M.A.; Shamsuddoha, M.; Nasir, T. Smart Manufacturing: A Review Toward the Improvement of
Supply Chain Efficiency, Productivity, and Sustainability. In Advanced Technologies and the Management of
Disruptive Supply Chains: The Post-COVID Era; Springer: Cham, Switzerland, 2023; pp. 13-33.

49. Mohamed, N.; Al-Jaroodj, J.; Jawhar, I.; Idries, A.; Mohammed, F. Unmanned aerial vehicles applications
in future smart cities. Technol. Forecast. Soc. Chang. 2020, 153, 119293.

50. Bagula, A.; Castelli, L.; Zennaro, M. On the design of smart parking networks in the smart cities: An optimal
sensor placement model. Sensors 2015, 15, 15443-15467.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1977.v1
http://creativecommons.org/licenses/by/4.0/

