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Preface for the Proceedings of the 30*" International Baltic Road Conference, August
23 -24, 2021

These proceedings contain full reports submitted in an open call to the
30" International Baltic Road Conference held virtually on August 23 and 24, 2021.

The conditions for including the reports in these proceedings were the following:

1. Full reports were submitted before the formal deadline of March 15, 2021,
2. Authors of reports have expressed their consent to include their reports in
these proceedings.

Call for papers was launched in the second half of 2020, and until the formal deadline
50 full reports were received. The reports were reviewed by the scientific committee,
consisting of:

Dr. Andrus Aavik, Tallinn University of Technology, Estonia,
Dr. Artu Ellmann, Tallinn University of Technology, Estonia,
Dr. Dago Antov, Tallinn University of Technology, Estonia,
Dr. Ainars Paeglitis, Riga Technical University, Latvia,
Dr. Atis Zarins, Riga Technical University, Latvia,
Dr. Juris Smirnovs, Riga Technical University, Latvia,
Dr. Viktors Haritonovs. Riga Technical University, Latvia,
M Eng Janis Barbars, “Latvian State Roads” Latvia,
Dr. Alfredas Laurinavicius, Vilnius Gedimino Technical University, Lithuania,
. Dr., Audrius Vaitkus, Vilnius Gedimino Technical University, Lithuania,
. Dr. Daiva Zilionieng, Vilnius Gedimino Technical University, Lithuania,
. Dr. Donatas Cygas, Vilnius Gedimino Technical University, Lithuania,
. Dr. Viktoras Vorobjovas, Vilnius Gedimino Technical University, Lithuania.
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The reports are categorised according to seven themes of the conference:

e Future Mobility, Strategic Planning & Road Financing
e Road Construction & Innovative Materials

e Bridges

e Traffic Safety

e Road Routine Maintenance

e Smart Road Solutions & ITS

e Environment, Climate Change & Energy Efficiency

The conference itself was organised as a fully virtual event with the help of a special
on-line conference platform. The organiser - the Baltic Road Association - decided to
organise a virtual conference because of the global Covid-19 pandemic in order to
reach its target audience — road authorities and experts of the Baltic States, since
there were severe restrictions for travelling and public gatherings in place in the Baltic
States in August, 2021. International Baltic Road Conferences are important formal
milestones when the chairing of the Baltic Road Association is transferred from one
Baltic State to another, and this transfer is performed every fourth year usually in the
end of August. Additional argument for not postponing the Conference for a year was
that there were already a number of similar competing international events planned
for 2022.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
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The conference was broadcast from Riga, Latvia on August 23 and 24, 2021 and
attracted 289 delegates: 127 from Latvia, 51 from Lithuania, 48 from Estonia and 63
from other countries.

The number of conference reports reached 77: 9 keynote presentations, 6 dedicated
presentations in dedicated sessions and 62 presentations in technical sessions. The
number of presentations exceeds the number of reports included in these
proceedings since there were few full reports not submitted before the formal
deadline and since the organiser at a later moment decided to include few extra
presentations because of the relevance of their topics.

The conference programme consisted of 2 keynote sessions with invited speakers in
the beginning and the end of the conference, 2 dedicated sessions with invited
speakers and 14 technical sessions for the speakers who participated in the open call
for scientific reports. 4 parallel sessions were broadcast simultaneously, and each
speaker had 15 minutes allocated for presentation. Time for questions & answers was
allocated at the end of each session and they were monitored by the moderator of
each session with the help of a chat function available in the conference platform.
Rating function was included, and the participants could vote for the most interesting
presentation. The participants could also tag the themes of their interests and update
their personal profiles in order to promote interaction.

Broadcasting of the conference was performed by the conference centre of Radisson
Blu Latvia Hotel, and virtual conference platform was provided by mitto.me .

In general, virtual format of the event proved to be successful and earned
compliments from the participants.



30th International Baltic Road Conference (IBRC 2021) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 1202 (2021) 011002 doi:10.1088/1757-899X/1202/1/011002

Peer review declaration

All conference organisers/editors are required to declare details about their peer review.
Therefore, please provide the following information:

e Type of peer review: Single-blind / Double-blind / Triple-blind / Open / Other
(please describe)

Each paper was blind peer-reviewed by two reviewers. Members of the Conference
scientific committee served as reviewers.

e Conference submission management system:

EasyChair platform (easychair.org) was used for the management of the Conference
papers.

e Number of submissions received:
Initially the Conference organiser received 86 abstracts of scientific papers.

e Number of submissions sent for review:
82 submitted reports were sent for review.
e Number of submissions accepted:
50 papers were accepted.

e Acceptance Rate (Number of Submissions Accepted / Number of Submissions
Received X 100):

(48 / 86) x 100 = 56 %

e Average number of reviews per paper:
Two.

e Total number of reviewers involved:

Thirteen reviewers from 3 countries:
1. Alfredas Laurinavicius, Dr.sc.ing., Vilnius Gedemina Technical University,
Lithuania
Andrus Aavik, Dr.sc.ing., Tallinn University of Technology, Estonia
Artu Ellmann, Dr.sc.ing., Tallinn University of Technology, Estonia
Atis Zarins, Dr.sc.ing., Riga Technical University, Latvia
Audrius Vaitkus, Dr.sc.ing., Vilnius Gedemino Technical University, Lithuania
Dago Antov, Dr.sc.ing., Tallinn University of Technology, Estonia
Daiva Zilionieng, Dr.sc.ing., Vilnius Gedemino Technical University, Lithuania
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8. Donatas Cygas, Dr.sc.ing., Vilnius Gedemino Technical University, Lithuania

9. Juris Smirnovs, Dr.sc.ing., Riga Technical University, Latvia

10. Viktoras Vorobjovas, Dr.sc.ing., Vilnius Gedemino Technical University,
Lithuania

11. Viktors Haritonovs, Dr.sc.ing., Riga Technical University, Latvia

12. Ainars Paeglitis, Dr.sc.ing. Riga Technical University, Latvia

13. Janis Barbars, M Eng., “Latvian State Roads”, Latvia

Any additional info on review process:

Summaries / abstracts of the submitted papers were also reviewed in preliminary
evaluation.

During evaluation the following factors were considered:

1. Whether thehe author is familiar with the existing state of research,

2. Whether the topic is relevant to the scope of 30IBRC and corresponds to one
of the seven main themes of the Conference,

3. Whether the report his is a new and original contribution,

4, Whether the title is appropriate,

5. Whether thehe abstract and keywords are adequate,

6. Whether the presentation of material is logical and technically correct,

7. Whether the interpretations and conclusions are sound and justified by the
results,

8. Whether the writing style / English is clear and understandable,

9. Whether the paper is of the right length,

10. And finally, whether the references are adequate.

After the evaluaton the following recommendations were expressed towards each
report :

- Acceptable without any changes

- Acceptable with modifications

- Unacceptable

Contact person for queries:

Martins Dambergs martins.dambergs@Ivceli.lv

Please submit this form along with the rest of your files on the submission date written in
your publishing agreement.

The information you provide will be published as part of your proceedings.
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EUROPEAN ITS PLATFORM: RETHINKING ITS
Orestis GIAMARELOS?, Tobias REIFF!

1Section Traffic Management and Road Maintenance, Federal Highway Research Institute, Bergisch Gladbach,
Germany

Corresponding author: Giamarelos, Orestis, giamarelos@bast.de

Abstract. The expectations placed on the existing European transport infrastructure are increasing due to the growing mobility
needs of the population on the one hand and the rising volume of freight traffic on the other. The aim of the European ITS Platform
is to increase the efficiency of the TEN-T core network through a better use of the existing infrastructure by implementing
Intelligent Transport Systems (ITS). It fosters interoperability and the development of uniform technical standards by monitoring
and disseminating the results delivered by the five CEF ITS Road Corridor Projects.

One major outcome is the drafting of the “Reference Handbook for harmonized ITS Core Service Deployment in Europe”. This
digital freely available handbook comprises a series of guidance and advice for use by road authorities and operators to support
them in the development of their strategic approach, design development, deployment, installation and operation of ITS and
remain compliant with European legislation. Its key features include: Deployment Guidance for 14 different ITS Services,
including DATEX reference profiles, Guidance on the provision and use of traffic information provided under the European
Directive (2010/40/EU), C-ITS developments, Knowledge gained from the collection of 100 Best Practices etc.

Keywords: ITS, deployment guidance, best practice, reference handbook, digitalisation, traffic management, traveller
information services, freight and logistics, C-ITS, DATEX.

Introduction

The European ITS Platform (short: EU EIP), a project co-financed by the Connecting Europe Facility of the European
Union, is the follow up of projects already supported by the European Commission TEN-T programme named
"European ITS Platform (EIP)" (2013-2015) and "European ITS Platform+ (EIP+)" (2014 - 2015). It is the place where
National Ministries, Road Authorities, Road Operators and partners from the private and public sectors cooperate in
order to foster, accelerate and optimize current and future ITS deployments in Europe in a harmonized way. Ensuring
continuity of high-quality services for European end-users requires the creation of a proper environment for the
harmonization of existing and future ITS Services. The European ITS Platform brings together the majority of the
European key players, cooperating to establish an open “forum”, aiming at providing valid contribution for the future
strategy and policy recommendation for better development of ITS service along European road Corridors.

To increase the efficiency of the TEN-T Core Network Corridors, it is mandatory to encourage the development of an
integrated trans-European network and a better use of the existing infrastructures by employing intelligent transport
systems as well as uniform technical standards. Interoperability must be discussed, designed, tested and finally
deployed on the basis of the evolution of technology, standards, specifications and open interfaces. By monitoring,
processing, evaluating and disseminating results delivered by the five ITS Road Corridor projects: Arc Atlantique,
Crocodile, NEXT-ITS, MedTIS and URSA MAJOR, the Works projects that are co-funded by the European
Commission within the CEF MAP ITS Call 2014, the European ITS Platform can be considered as the technical
European ITS “Knowledge Management Centre”, contributing significantly to the most effective use of ITS standards
and specifications. EU EIP includes also the evaluation of the results provided by the ITS Road Corridor projects in
order to consolidate a harmonized and substantiated impact evaluation of the socio-economic benefits of ITS services.
Partners from 15 member states participate in EU EIP. Figure 1 presents their main tasks covered by various activities,
working groups and task forces, as well as their major achievements in this framework. A significant achievement of
the project, led by the “Monitoring and Dissemination” activity, is the publication of the “Reference Handbook for
harmonised core ITS service deployment in Europe”, which is presented in this paper.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1
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Figure 1. The European ITS Platform in one figure.

Reference Handbook for harmonised core ITS service deployment in Europe

The “Reference Handbook for harmonized core ITS service deployment in Europe” (short: Reference Handbook)
constitutes an essential basis for a harmonised and cross-border implementation of ITS services. It comprises a series
of guidance and advice for use by road authorities and operators to support them in the development of their strategic
approach, design development, deployment, installation and operation of ITS, while remaining compliant with
European legislation. The purpose of this guidance is to assist Member States in taking a broadly similar approach so
wider European added value can be achieved, whilst at the same time delivering the needs of individual Member States.

The content of the Reference Handbook has been written by ITS practitioners and experts in the field of Traffic and
Traveller Information Services, Traffic Management Services and Freight & Logistics Services from across Europe,
working for Road and Transport Authorities and Road Operators, in cooperation with the European Commission. The
main part of its content had originally been drafted and adopted by Member States in 2012 as separate Deployment
Guidelines, with an update of the included Best Practice examples in 2015, under the EasyWay and EIP programmes.
The current handbook is now published as a major revision to reflect changing requirements in a time of radical
technological change.

There were several reasons that made the update of the Deployment Guidelines a necessity. A main reason was the
entry into force in the coming years of Delegated Regulations affecting many of the included ITS services and this
made a revision of the ITS Deployment Guidelines essential, in order to maintain compliance with the regulations.
Furthermore, updating all service descriptions to the state of the art, including latest developments in digitalisation and
C-ITS, as well as incorporating knowledge gained from the collection of Best Practices and the results of the ITS
Corridors and the EU EIP activities (e.g. Quality Package, NAPs, KPIs, Interfaces for Data Exchange etc.) is
fundamental, in order to provide guidance to the ITS Community that is up-to-date, comprehensive and complete in
all aspects. Making the information easier to reach and easier to understand and assimilate was another goal of the
planned update, eliminating redundancies and merging all previously separate documents into one complete Reference
Handbook. The major new features that the Reference Handbook introduces in order to overcome these challenges are
presented in Figure 2.
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Figure 2. The major new features introduced in the Reference Handbook.

1. The Conceptual Setup — Deployment Guidelines 2012 as starting point

The original set of 19 separate documents (Easyway & European ITS Platform, 2012-2015) is now consolidated into
one handbook, eliminating repetitions and redundancies and having all knowledge on ITS core service deployment in
one document.

The conceptual setup is visualised in Figure 3. It begins with a common part which is valid for all ITS Services and is
followed by three blocks: Traffic and Traveller Information Services, Traffic Management Services and Freight and
logististic Services. Within these blocks there is a separate chapter for every ITS Service, e.g. Variable Speed Limits,
Ramp Metering, Intelligent and Secure Truck Parking etc. The full list of ITS services included in the Reference
Handbook is presented in Table 1.

Following these three blocks, there is a common annex with additional information for the interested users, covering
the operating environments, presenting all deployment references collected grouped by ITS core service, as well as
practical checklists to assist with service deployment.

Traffic and
Travel
Information
services

Traffic Freight &

Management Logistic
services services

Figure 3. The conceptual setup.
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Table 1. The ITS core services covered in the Reference Handbook.

IOP Publishing

Traffic and Traveller Information Services | Traffic Management Services | Freight & Logistic Services

- Forecast and Real Time Event| - Dynamic lane management - Intelligent and Secure Truck
Information - Variable speed limits Parking
- Traffic Condition and Travel Time | . Ramp metering - Access to Abnormal Goods
Information Service . Transport Regulations
. . - Hard shoulder running
- Speed Limit Information . .
) ) - Incident warning and
- Weather Information Service management
- Co-modal Traveller Information Services | . HGV overtaking ban

- Traffic Management Plans
for Corridors and Networks

The core and the primary objective of the Reference Handbook is the harmonisation of the ITS service deployment
throughout Europe. For each of the European ITS Core Services, requirements and advice are formulated from a pan-
European perspective in such a way that:
- functional, organisational and technical interoperability between the ITS services is achieved,
- the end user can perceive and use the services offered in the same or at least a similar way (common look and
feel),

- uniform implementation and evaluation benchmarks for the deployment of ITS Core services are available to
the acting road operators when they intend to implement a new ITS service or improve an existing one.

The requirements and advice are formed with the keywords "MUST", "SHOULD" and "MAY". These are to be
interpreted as described in RFC 2119 (Bradner, 1997). In order to claim compliance, a certain deployment must follow
these rules:
- MUST / MUST NOT: An absolute requirement/prohibition. In case of non-fulfillment, only insurmountable
reasons can be stated (e.g. legal regulations).
- SHOULD /SHOULD NOT: A strong suggestion. Non-fulfillment must be supported by very clearly described
and for third parties comprehensible and traceable reasons.

- MAY: These elements are optional.

2. Delegated Regulations

The second major development is ensuring compliance to the Delegated Regulations under the ITS Directive. The
relevant Delegated Regulations are shown in Table 2. The experts of the European ITS Platform checked the data
requirements resulting from these Delegated Regulations and formulated relevant requirements for all affected ITS
Services accordingly.

The practical gain is that users of the Reference Handbook can see easily for a deployed ITS service which data
elements must be provided to the NAPs, in order to be compliant to the Delegated Regulations.

Table 2. The Delegated Regulations under the ITS Directive.

(EU) 885/2013 | The provision of information services for safe and secure parking places for trucks and
commercial vehicles.

(EU) 886/2013 | The provision, where possible, of road safety-related minimum universal traffic information free
of charge to users.

(EU) 2015/962 | The provision of EU-wide real-time traffic information services.
(EU) 2017/1926 | The provision of EU-wide multimodal travel information services.
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3. DATEX Il — Recommended Service Profiles

This innovation is the product of the cooperation of the Monitoring & Dissemination activity of EU EIP and the
DATEX Il Program Support Action, also co-funded by the European Union, with the support of the EU EIP activity
on “Liaison and harmonization on interfaces for data exchange”.

The experts involved in this task created a Recommended Service Profile for every ITS service included in the
Reference Handbook, assisting this way the user with service deployment. All created profiles are available free of
charge to all interested users and can be accessed through the Schema Generation Tool on the DATEX Il webpage
(DATEX 1, 2020). The linkage to the Recommended Service Profiles is realized with the help of the newly introduced
interface requirements and information provision standards which are provided for every service.

Figure 4 showcases the developed Recommended Service Profiles in the Schema Generation Tool of DATEX 1l PSA.

DATEX I

1.Gource 2. Selection file

Choese optional Recommended Reference Profiles

Select RRP profiles  Select RSP profiles

Choose optional Recommended Service Profiles

W Forecastand Realtime Event Infarmation
W Traffic Gondition and Travel Time Information
B Spesd Limit informatian

W Road Weather Infarmatian

B Multi-Modal Traveller Informatian

I Intelligent and Secure Truck parking

B Dynamic Lane Management

B variable Speed Limits

& Ramp Metering

B Hard Shoulder Running

W Incident Warning and Management

W HGV Overtaking Ban

W Traffic Management for Carridars and Metwarks

Figure 4. The DATEX Il schema generation tool.

4. C-ROADS - References to C-ITS Service Specifications

In cooperation with the C-Roads project, the experts checked if C-ITS Services can support the ITS core services. A
mapping of the ITS and C-ITS services has taken place in the development process of the Reference Handbook, in
order to identify the services that support and relate to each other. In the new “IF2 requirements” that have been
introduced in the handbook, the data elements needed for the C-ITS use case are listed. In addition, the C-Roads
specification for this use case is referenced in the “information provision standard” sub-chapter for each ITS service.
The references link to the latest C-Roads Release document (C-Roads, 2021).

5. User Groups

An analysis of the prospective users of the Reference Handbook and their needs took place in the drafting process of
the handbook. The reason is that in such an extensive document it is especially important to ensure that all interested
users can find the information they need. This analysis led to the definition of three main user groups of the handbook
(Strategic Bodies, Implementation Managers and Expert Engineers). The next step was to allocate the chapters of the
handbook that are of relevance to each group. This way each user group can have a tailor-made version of the document
based on the needs of its members.
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6. Deployment References

The collection of Deployment References is another task of the Monitoring and Dissemination activity of EU EIP that
significantly contributed to the development of the Reference Handbook. The collection of ITS deployments from all
over Europe started in the summer of 2017. The Deployment References come for the most part from the 5 CEF ITS
Corridors but also include national projects from various member states. The 5 CEF ITS Road Corridor projects, which
cover most member states of the European Union, are illustrated in the map in Figure 5. The Cross Corridor
Cooperation task within the Monitoring and Dissemination activity, which was set up to enhance knowledge exchange
and cooperation among the CEF ITS Corridors, also significantly facilitated the process and paved the way for this
stream of Deployment References.

A standardized template was developed in order to collect these deployments. A sample page of this template is shown
in Figure 6. It includes information on the ITS deployments, starting from the location of the ITS Service, the
objectives, the budget, connection to different systems, benefits and lessons learnt from each deployment.

At the end of this task, approximately 100 deployment references have been collected, providing significant knowledge
for the ITS service sections of the Handbook but also providing examples of ITS deployments to the interested users.
All collected deployment references are provided in full form in an annex of the handbook.

MAP1 - CORE NETWORK AND CEF ITS CORRIDORS

Core Network Corridors EU ITS Platform Countries

= Atlantic North Sea - Baltic Rhine - Alpine [ Platform Beneficiaries
Baltic - Adriatic North Sea - Mediterranean === Rhine - Danube [ corridor Partners
Mediterranean Orient/East - Med Scandinavian - Mediterranean [] Associated Partners

Figure 5. Map displaying the 5 CEF ITS Corridors: Arc Atlantique, Crocodile, MedTIS, NEXT-ITS and URSA MAJOR.
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defined to shorten the red phase or even to deactivate the traffic
lights. If applicable, the number of vehicles allowed to pass can be
increased from one to two. But in practice, algorithms ensure
deactivation of RM traffic lights only in cases of heavy congestion
on main carriageway and queuing vehicles on the entering ramp up
to the detector requesting yellow. (see illustration #3)

Lessons learnt / factor of success /
topics considered as good practice

(technical, legal, organisational,
financial)

Main effect of ramp metering in highly frequented parts of the
motorway network is fragmenting vehicle platoons on the ramp.
This ensures traffic flow on main carriageway. The original ALINEA
algorithm is often too strong to reach this aim and needs
maodification in order to shorten the red phase.

Impacts assessment / results (if
available)

Evaluation studies confirm the effectiveness of implemented
systems. Occurrence of gridlocks and duration of congestions have
been notably reduced. The speed level on main carriageway during
rush hours has been increased when systems are in operation.

ILLUSTRATIONS

\ 2t e :
Installation with dynamic message about number of vehicles allowed to access (motorway A4, junction
Moitzfeld)

Figure 6. A sample page of a collected Deployment Reference template.

Conclusion — Outlook

doi:10.1088/1757-899X/1202/1/012001

The European ITS Platform provides the necessary basis for National Ministries, Road Authorities, Road Operators
and partners from the private and public sectors to cooperate in order to foster, accelerate and optimize current and
future ITS deployments in Europe in a harmonized way and ensuring that in this process and in this new era of

digitalisation no one is left behind.

The Reference Handbook for harmonised core ITS service deployment in Europe is a major outcome of this
cooperation. It has been created by ITS experts and practitioners and refined in a commentary process by member
states” experts. It constitutes an essential basis for a harmonised and cross-border implementation of ITS services.
Thus, it is a powerful tool in the effort to master the ever-increasing challenges the European transport infrastructure
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faces. It makes a significant contribution to maintain a competitive European economy and achieve the three
overarching objectives of efficiency, safety and the environment.

Finally, connected mobility and autonomous driving will bring new opportunities for road operators and road
authorities but also significant new challenges, which will require a joint and coordinated effort. A European activity
which offers a platform for a practical exchange of experiences and lessons learnt, as well as the development of
harmonisation activities for ITS will continue to play an important role in the common effort to make the transport
system safer, more efficient and environmentally friendly. The achievements of the European ITS Platform and the
experience gained from the cooperation among the EU Member States on this matter in the framework of EU EIP and
the preceding related projects constitutes a very promising sign for the future.

Funding

The European ITS Platform (EU EIP) is a project co-funded by the Connected Europe Facility of the European Union.
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Abstract. Road infrastructure asset management is rapidly transforming into a digital environment where data
accessibility, effective integration and collaboration and accessibility from different sources and assets are key.
However, current asset management processes are not yet fully integrated or linked, and there are incompatibilities
between various systems and platforms that limit the ability to integrate asset management with BIM. The CoDEC
project has sought to understand the current status of information management for assets, including inventory,
condition and new data sources such as sensors and scanning systems, to identify the challenges and needs for linking
and integrating different data sets to support effective asset management. As a result, CODEC has developed a data
dictionary framework to help link/integrate static and dynamic data for the “key” infrastructure assets (road pavements,
bridges, tunnels). This will enable BIM and Asset Management Systems (AMS) to exchange data and help optimise
and integrate data management across systems and throughout the different asset lifecycle phases, from build to
operation. This work will be followed up with three pilot projects to demonstrate the feasibility of integrating asset
data from various sources through linked data / semantic web technology to build the connection between AMS and
BIM platforms.

Keywords: Asset management, BIM, Data dictionary, Linked data, Ontology, Asset data

Introduction

Building Information Modelling (BIM) is an information management process that has the potential to
support asset management from concept to the end of life. The process is designed so that asset information
can be generated, captured, maintained and used efficiently and effectively to optimise asset management.
However, to date BIM processes have focused on the information gathered during the construction phase of
the asset and typically do not address the data requirements required during the operational phase. There is a
gap in defining the information requirements for the operational phase, and in how to define/accommodate
these across BIM systems. The CEDR Transnational Research Programme funded CoDEC project
(Connected Data for Effective Collaboration) had aimed to address this gap by establishing a better
understanding of how BIM principles could be applied within the European highways industry to manage
asset data during the operational phase. In particular, CODEC has developed a specification to support the
establishment of connections between asset management systems and BIM platforms - to make best use of
legacy data and sensor/scanner data provided by new technologies. CoDEC has developed a “Data
Dictionary” for infrastructure assets that could form the basis for data structures to support integration
between different data management systems, and thereby improve the flow of asset data. Ultimately, the
project aims to assist Road Authorities make efficient and effective use of data to support asset management.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1
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1. Current state of using data dictionaries for asset management

A review of existing asset management and BIM practice within European National Road Administrations
(NRA) was carried out by initially circulating a survey to a wide group of stakeholders. This was followed up
with interviews with experts, which included detailed discussion on legacy and new data types (sensor data),
data dictionaries, integration between management systems and the use of BIM platforms for highway assets
(roads, bridges and tunnels). The review and consultation aimed to provide insight into the current situation
within NRAs regarding data within asset management and their roadmaps for integrating asset management
data with BIM, to establish the foundations for the development of the data dictionary.

1.1. Legacy data

Within the context of CoDEC we consider legacy data to be data that provides key information on the assets
that fall under the responsibility of the NRA, and is the primary dataset applied for asset management. The
data can be applied for the purposes of inventory (what is there), condition (how is it performing) and
operation (how is it being used). The condition and operational aspect are commonly more challenging with
respect to data collection and management.

The review found that the condition of assets is commonly monitored, but management of the condition data
itself is disparate. The data are often stored in separate databases managed by individual NRA departments
responsible for particular assets. These specialist data are often only accessible to members of the department
and are shared with colleagues in other departments on request. Condition and maintenance management
information is shared in various formats such as reports and maps. For pavements many NRAs use dedicated
commercial Pavement Management Systems (PMS). For bridges, Bridge Management Systems (BMS) may
be developed in-house or commercially sourced. Technology equipment installed on the network is again
commonly managed by separate departments. Major tunnels are typically managed individually.

Operational asset management data typically includes data from real-time monitoring (cameras), traffic
counters, traffic load sensors (via Weigh in Motion, WIM), bridge monitor sensors, monitoring of ventilation
systems in tunnels etc. These sensors and devices are all assets that form part of the larger road, bridge or
tunnel asset, and hence of the asset network as a whole. This data is typically used for local or network
operational management by particular NRA departments, although some of the data is made available to the
public (e.g., traffic counts).

1.2. Sensor and scanning data

Emerging technologies are opening up opportunities for NRAs to improve asset data collection, analysis and
management. The review identified many technologies that NRAs are starting to use to support management
of the network. In particular, a variety of different sensor/scanning technologies and data processing
techniques are now available to NRAs, which CoDEC has structured into seven technology families:

e Embeddable and Fixed Sensors (e.g. Weather, WIM, loops, fire detectors, visibility meters, etc.).
e Airborne, terrestrial, and mobile type LiDAR technologies for monitoring highways and structures.

e Satellite Data Monitoring (satellite and aerial imagery, InSAR) and Unmanned Aerial Vehicles
(UAVs) for inventory and monitoring of highways infrastructure.

e Internet of Things (loT) and Connected Sensor Networks.

e Probe Vehicles and systems within Autonomous Vehicles that provide vehicle sensor data that can
be used for highways asset management (crowdsourcing).

e Smartphones (crowdsourcing).

e Advanced Data Processing techniques (artificial intelligence, machine learning algorithms, etc.) to
extract information on asset condition from images, video footage.

It was found that the integration of data from these new sensors and scanning technologies is not yet as
mature as the technologies themselves. Although most of the technologies reviewed have a Technology
Readiness Level (TRL) above 6, use cases are typically in the pilot/demonstration stage and are not
implemented network wide. However, the extent and maturity of the sensor and scanning technology families
differ depending on the asset type. For example, embeddable and fixed sensors, including loT sensors and
sensor networks, are relatively common in structures (bridges and tunnels), while vehicle-based sensing
technologies and laser scanning are more common for carriageways.
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1.3. Asset management and BIM

Many NRAs use BIM during the design and construction phases of large projects. After construction, the
BIM model is sometimes delivered as a detailed "as-built" model, but little further use is made during the
remainder of the operational life cycle of the asset (this is more commonly the case for pavement assets than
structures such as bridges or tunnels). However, long-term asset management is still typically carried out in a
traditional way using dedicated asset management systems:

— Pavement Management Systems (PMS) contain data about the road network, structural information
about the layers of the road, traffic density and the current condition (e.g. using condition
parameters that can be converted into indicators) of individual lengths of pavement

— Bridge Management Systems (BMS) contain bridge inspection data on each component (usually
standardized, e.g. following PIARC recommendations) and data provided by sensors and advanced
inspection techniques.

— Tunnel management systems contain data on the tunnel structure itself and the electronic equipment
used to support tunnel operation.

Although a few initiatives across Europe have attempted to define standard formats for the data (e.g.
AMA4INFRA (Marcovaldi, Biccellari, 2018)) contained in these systems in general, the system of data
management is very much tailored to the individual AMS within the NRA. Little work has been done to
create a standardized "Data Dictionary" for each type of asset. Our review showed that attempts have been
made by Highways England through its Asset Data Management Manual (ADMM) (Highways England,
2020), and the Lithuanian NRA has a Lithuanian State Road Information System (LAKIS). However, few
other publicly-available data dictionaries were identified in the states contained in the review (Norway,
Sweden and Germany), or is other sources providing information (France, Australia/New Zealand). It was
found that whilst other countries do not have data dictionaries as such, some NRAs have developed Object
Type Libraries (OTL), including Netherlands, Flanders and Finland. Most OTLs/data dictionaries include
roads, bridges and tunnels. As noted above, the gap in the availability, extent and content of data dictionaries
for highway assets presents a barrier to the exploitation of this data, in particular within the BIM
environment.

2. Developing a Data dictionary

The purpose of a data dictionary is to provide a registry of detailed information about the contents of a
dataset or database, such as the names of objects, their properties, data types or formats, and text descriptions.
A data dictionary thus provides a common schema for anyone needing to use the data it contains and is
therefore critical in aligning multiple stakeholders across different organisations, disciplines, and use cases.

One of the key objectives of the CoDEC project is to develop a data dictionary for major highway assets
which is both general enough to be widely applicable across various NRAs, while also being specific enough
to be operationally useful in practical terms.

The CoDEC Data Dictionary covers three key highway civil assets (pavements, bridges and tunnels), as well
as preliminary entries for supporting assets/systems such as lighting, fire-fighting, and drainage. CoDEC has
considered both legacy data for these assets, and data from new sources such as sensors and scanners that
offer the potential to transform NRAS’ future ability to manage highway assets.

The CoDEC Data Dictionary has been developed by building on previous work carried out in AM4INFRA to
develop a data dictionary on tunnels and bridges, the Highways England UK-ADMM data dictionary
(Highways England, 2020), the Data Standard for Road Management and Investment in Australia and New
Zealand (DSRMI, for tunnels) (Austroads, 2019) and ifcRoad (buildingSMART, 2020).

2.1. Data Dictionary Structure

Assets vs components

Infrastructure assets are complex ‘objects’, with many interdependent elements making up what one might
call “an asset”. There is not always a clear delineation between what can be called an asset, and what is only
a part of an asset — in fact, the delineation depends largely on the viewpoint of the person(s) making the
judgement (e.g.: is a single kerbstone an asset? Or is it only a component of a whole kerb — and should this
whole kerb then be considered an asset? Or, is the kerb a component of the roadway, and the roadway is the
asset?). Further, when trying to define an asset based on its constituent parts, it is important understand the
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level of detail required — an asset like a tunnel could be described down to its individual nuts and bolts, or
more simply in broad terms covering only major components.

The issue of defining an asset by its parts is made even more complex when considering that certain ‘parts’ of
an asset are not really physical, but rather are abstractions used in order to describe and manage an asset — a
key example of this is a road ‘section’ (sometimes called a road ‘link’), which is simply a way of
longitudinally delineating a length of road using defined start and end points. Although the road section of
course corresponds to a real, physical road, the actual physical asset is not in reality ‘sectioned’ in this way —
this abstraction is simply used in order to better manage and understand the road, since the road network must
often be considered in separate ‘sections’ for practical reasons.

For CoDEC the guiding principle applied to address the challenge of defining and delineating assets and their
components was to consider the ultimate application: the need to develop a data dictionary that will support
the management of that asset (taking into account the need to accommodate the needs of sensors and sensor
data). The information from the review and the experience and knowledge of the team in infrastructure asset
management (i.e.: how assets are actually managed, practically), was brought together to draw the necessary
judgements on: (1) what constitutes “an asset” vs the components of that asset, and (2) the level of detail
needed to adequately describe that asset for the purposes of management.

It was decided to use a two-tier system for describing assets and their constituent parts, and that this system
should be the same for all asset types, in order to maintain consistency (especially in terms of level of detail).
Two types of objects were defined: Entities, and Elements: ‘Entities’ correspond to what are considered as
assets; ‘Elements’ correspond to what are considered as components if those assets.

The terminology is based on 1SO 12006-2:2001 (International Organization for Standardization, 2001), which
defines the terms ‘construction entity’ and ‘element’. The decision to maintain a consistent definition across
all assets presented challenges, since different asset types may have very different levels of complexity in
terms of their constituent parts. For example, a road pavement can be broken down into constituent parts in a
relatively simple way while retaining a reasonable level of detail, whereas a bridge may require a more
complex breakdown to adequately describe its components. Essentially, there are pros and cons either to
maintaining a consistent approach or to allowing the approach to vary by asset type. CoDEC decided to
prioritise consistency in this case.

The ‘classification’ layer

It is not strictly a requirement of a data dictionary that the objects within it are classified, or organised, in any
particular way. Indeed, when considering only the machine-readable applications of a data dictionary
classification is not necessary — it primarily functions as an aid to human-readability. Despite the ultimate
goal of using the data dictionary in a machine-readable environment, it was decided that the human-
readability was important (especially since it is intended to be widely-shared), and so a classification layer
was included.

A two-tier classification system for infrastructure asset entities (class and sub-class) based on UniClass 2015
(NBS, 2015) was used. So, for example, a bridge would be classified as: Entity Class = “Structures”, and
Entity Sub-Class = “Bridges”. For sensors, the only classification which was meaningful within the context of
our data dictionary was whether the sensor was a fixed-location or mobile sensor — therefore only one
classification tier for sensors was used, with only these two options. Object properties were classified using a
single classification tier: for asset entity/element properties we used a classification based on Omniclass
(Construction Specifications Institute, 2017); and for sensor properties we used a classification based on
SensorML (Open Geospatial Consortium, 2020).

A special case - sensors

A key aim of CoDEC is to consider sensors and the data they provide, which are increasingly used to support
infrastructure asset management. It was decided that the data dictionary should not be simply a ‘directory’ of
different sensor types and their properties, since this would quickly become an impossible task due to the
(ever-increasing) number of different sensors available, and the detailed properties of each one. Hence,
CoDEC considered it more useful to develop a set of “general” property sets and definitions which would
apply to any type of sensor. The data dictionary is hence future-proofed and will remain useful in a wide
variety of use cases.

Therefore sensors were not considered as ‘assets’ in themselves, but rather as separate objects. The data
dictionary focused on identifying the property sets which would apply across in general to types of sensor.
However, when considering sensors CoDEC considered it necessary to develop different property sets for
sensors that have fixed-locations and those that are mobile. A key reason for this is to address differences in
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the approach taken to referencing the location of fixed and mobile sensors. In addition there can be
differences in how sensors are defined - for example, one can consider an array (or network) of multiple
fixed-location sensors but this does not apply to mobile sensors. Therefore, sensors CoDEC has placed
sensors in their own dedicated section of the data dictionary, separate from asset entities and elements.

2.2. Data Dictionary Content

Once the structure was decided, the ‘content’ of the data dictionary was developed — i.e. identifying and
defining the assets (entities), components (elements), and their properties; the sensor types and their
properties; and the properties of the sensor data.

From our review of existing data dictionaries developed for the purpose of highways asset management it
became clear that there were very few relevant examples available in the public domain. Ultimately, CoDEC
identified two potential sources: the data dictionary developed as part of the AMAINFRA project
(Marcovaldi, Biccellari, 2018), and Highways England’s (English NRA) Asset Data Management Manual
(ADMM) (Highways England, 2020)). However, a detailed review of both of these sources concluded that
neither fully met needs of the CoDEC project as the AM4INFRA dictionary tends to a high/theoretical level,
whilst the ADMM s set at a lower level with specific focus on Highways England’s operating context.
However, CoDEC drew on these to design a Data Dictionary that fall within the space between them - i.e.
detailed enough for practical application, yet generic enough to be applicable across the many operating
contexts found in European NRAs.

Further review, combined with workshops undertaken within the CoDEC consortium (drawing on the
practical expertise of members to translate knowledge of asset management and asset data directly into the
data dictionary), and assessment of real-world datasets was used to inform the content of the data dictionary.
This included considering examples of sensor-produced datasets to identify the general properties shared
across sensors, which provided key input to the ‘Sensor’ and ‘Sensor Data’ sections of the dictionary. Further
workshops were held in which the data dictionary content was presented and discussed with representatives
from CEDR NRAs to validate the approach and the content. An extract from the data dictionary is shown in
Figure 1 (the figure is truncated to fit, and as such does not show all fields). This shows an example of the
content and structure for the ‘Lane’ element (part of the ‘Road section’ entity).

Entity Class = . || Entity Sub-Class’~ % || Entity Types = % | | Element Types = % ||PropertyClass = %
d entiti Carri i ~ | || Kerb and traffic separ...  ~ || [identification
s Lanes Location
Pavement layer Physical
Land managed en. Drainage and wast Pavements Time and Money

structures Foc

Road studs
Soft shoulders

Land man:

Lighting Traffic signage and m...

Tunnels

o | || Abutment wal

Na erty Definition
Road entities __ Carriageways __ Road sections __ Lanes Identification Lane ID Unique reference identifer for lane section
Road entities Carriageways Road sections Lanes Identification Pavement section ID Unique reference identifier for pavement section
Lateral position The lateral position of the lane (related to the function of the lane) and

Road entities  Carriageways  Road sections Lanes Identification represented as a code from NRA's (e.g. CL1, CR1)

Additional information on the lane designation (.. permanent running lane, hard
Road entities _ Carriageways _ Road sections __Lanes Identification Lane designation shoulder, etc.)

How the geometry of the asset/component is represented - for example: linear,
oad entities_ Carriageways oad sections _ Lanes hysical Geometry type point, polygon
0ad enfities __Carriageways oad sections__Lanes hysical Width The width of the lane
oad enfities_Carriageways oad sections _Lanes Location Latitude (Start) Latitude coordinate, at the start of the lane section
0ad enfities __Carriageways oad sections__Lanes Location Longitude (Start) Longitude coordinate, at the start of the lane section
oad enfities__Carriageways oad sections__Lanes Location Altitude (Start) Altitude, at the start of the lane section
oad enfities __Carriageways oad sections __Lanes Location Latitude (End) Latitude coordinate, at the end of the lane section
oad enfities__Carriageways oad sections___Lanes Location Longitude (End] Longttude coordinate, at the end of the lane section
oad enfities __Carriageways oad sections __Lanes Location Altitude (End) Altitude, at the end of the lane section
oad enfities__Carriageways oad sections___Lanes Location Start chainage Start chainage of the lane section
oad enfities __Carriageways oad sections __Lanes Location End chainage End chainage of the lane section

Figure 1: Extract from the CoDEC data dictionary showing the entries under the ‘Lane’ element

3. Linked Data Methodologies and Tools

Linked Data and Semantic Web methodologies use ontologies to structure and share data. An ontology can be
defined as a “formal, explicit specification of a shared conceptualization” (Studer et al., 1998), meaning that
concepts, their constraints, and their relationships are encoded in a way that is systematically structured,
explicit and machine-readable. This allows ontologies to be used to integrate and retrieve information, obtain
semantically enhanced content, and to support knowledge management.
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The Resource Description Framework (RDF), RDF Schema (RDFS) and the Ontology Web Language (OWL)
were developed by the World Wide Web Consortium (W=3C). The RDF provides the basis for the “creation,
exchange and use of annotations on the web” (Pan, Horrocks, 2009), using statements in the form of triples
(subject, property, object). RDFS introduces class and hierarchy concepts, while OWL provides additional
vocabulary and expressiveness (e.g. disjointedness, cardinality, object and data properties).

The CoDEC Data Dictionary draws on these concepts to provide a shared vocabulary and common language
to enable the integration and sharing of data between different management systems. Linked data
technologies, such as ontologies, are used to encode asset and sensor data in a formal, comprehensible, and
explicit way.

3.1. Methodology for developing Linked Data

The Data Dictionary describes asset data using concepts, relationships and properties about highway assets,
sensors, and sensor data. As noted above, the CoDEC ontology has been developed to build on the EUROTL
framework (INTERLINK project, 2018). As a first step each Data dictionary concept or relationship was
mapped to an existing class or property in EUROTL, as shown in Table 1. Properties can be defined either as
an object property or data property, meaning a semantic relation between classes (for objects) or between the
class and data (e.qg. strings or numbers). Where a mapping is not present in the EUROTL CoDEC has created
a new class or property (the CoDEC ontology has been developed using Stanford’s Protégé (Musen, 2015)).
However, this is always a sub-class of an EUROTL concept. This means that new CoDEC classes are an
extension of the previous and ensures interoperability between the two ontologies.

As an example, the Bridge concept already exists in the EUROTL Framework (AM4INFRA:Bridge
(Marcovaldi, Biccellari, 2018)). However the concept of a Structural Element (or equivalent) is not found in
EUROTL. Hence, a new Structural Element class was created in the CoDEC ontology, as a sub-class of the
already existing EUROTL concept EurOTL:PhysicalObject.

Table 1. Example of data dictionary to ontology mapping

Data Dictionary Ontology
Property Description Format | Domain Object/Data Range
Property

Bridge ID The unique reference identifier for bridge | String | bridgelD is-a Bridge
Bridge name The name of the bridge String | bridgelD rdfs:label xsd:string
Environment Classification of surrounding environment| String | bridgelD | inEnvironment xsd:string

(e.g. Rural/Urban)
Region/District/Area Relevant geographical situation String | bridgelD | prov:atLocation |eurotl:LocationByl

dentifier

Owner Owner of the asset String | bridgelD hasOwner prov:Agent
(person or Org.)

3.2. API

An API has been developed by the CoDEC project to support data linking between systems. This is based on
the principle of OpenAPI, as shown in Figure 2. On the bottom layer, the data integration environment is
composed of a set of aligned ontologies, namely the EUROTL framework, the CoDEC ontology (based on
the data dictionary) and a sensor ontology (the Sensor Network Ontology (Open Geospatial Consortium,
2020)). In order to manage the complexity of the linked data environment and create a separate layer that can
be used without interfering with other layers, CODEC exposes a set of REST services. These services are
responsible for communicating with the linked data environment (typically through a set of SPARQL
queries), and can be used by any application, as long as it has permission to access both services and data.

This layered approach has several advantages, the most critical one being the separation provided by multiple
layers, which allows modification of the linked data structures without affecting the normal behaviour of
external applications, as they “just need” to know how to call the services (their inputs and outputs).
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Figure 2. CODEC API overview

3.3. Linked Data structure

Once the CoDEC ontology is finalized, with all the required classes and relationships, the next step is to
integrate real data (namely, the data required for the pilot projects — see the next section for more details).
The ontology is populated with data instances and made available in a linked data environment in order to be
retrieved by external applications (via the API). The linked data environment that CoDEC uses is GraphDB, a
database that follows RDF and SPARQL (query language for ontologies) specifications. Figure 3 presents a
sample linked data structure for the fictional example of data for a bridge and a pavement.

AasOrectiwt

cotedinatest

Figure 3. Sample of linked data using CoDEC ontology for a bridge and a pavement.

4.  Demonstrating the concept

CoDEC will demonstrate the application of the data dictionary and ontology developed during the project,
using a linked data approach, through three pilot projects. The pilot projects aim to:

— Demonstrate the connectivity between the Data Dictionary and EUROTL.

— Demonstrate visualisation of the integrated data (including sensor/scanned data sets) in an asset
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management system.
— Demonstrate the ability to link data between BIM models, GIS and Asset Management Systems.

The projects will include the development of tools (including an Application Programming Interface, APl via
the Bexel Manager and the use of 3D visualization software) to demonstrate linking data between BIM
platforms and asset management systems.

The pilot projects are being conducted with the support of three implementation partners: Agentschap Wegen
& Verkeer (AWV, Belgian (Flemish) NRA) (Project 1); Rijkswaterstaat (RWS, Dutch NRA) (Project 2) and
FTIA (Finnish NRA) (Project 3):

— Pilot project 1 — Tunnel - to show how the BIM model of a Tunnel can be enriched. It will link the
BIM OTL to tunnel sensor data (such as thermal, visual sensors etc.) and provide an advanced 3D
visualisation of this linked model.

— Pilot project 2 — Bridge - to integrate data from multiple bridge specific sensors, and demonstrate
software tools and guidelines for linking, preparing and visualizing bridge data.

— Pilot project 3 — Highway — to link data between BIM models and a road network within a GIS
(Geographic Information System) environment, requiring accurate spatial mapping between the two.

At the time of writing this paper all three pilot projects are still in progress. The section below provides a
description of pilot project 3 in order to give an example of the way in which the CoDEC ontology is being
applied in a practical use case.

4.1. Pilot project 3 - Linking BIM & GIS for Highway Asset Management

Whilst BIM models are often created for the design/construct phase, highways are primarily managed during
the operational phase using GIS-based Asset Management Systems (AMS). Likewise, LIDAR scans —
increasingly being used to gather physical data about highways assets — are often translated into BIM models
rather than GIS-based information. In all of these cases, BIM models often hold information useful for asset
management which is not being made available in the GIS-based AMS where these assets are managed. In
other words, BIM models represent a new source of data which can be used to enrich (and/or complement)
the data held within legacy systems — this is a particular focus of the CoDEC project. Pilot project 3 aims to
address this issue by providing methods to link data between the BIM and G1S-based environments.

This pilot project focuses on the carriageway pavement as the key asset. Although some of the methods
developed are specific to the challenges of linking pavement asset data, the general approach is more widely
applicable to other non-linear highways assets. The project has access to multiple BIM models of sections of
the road network within TRL’s Smart Mobility Living Lab, located in the London Borough of Greenwich,
UK, as well as a GIS-format network model of the whole of the borough’s road network (provided by the
local roads authority). Within the BIM models, the pavement is represented as a series of 2D ‘slabs’ of ~10m
length. The challenge for this pilot project is to derive useful information from the geometry of these slabs,
and then link that information with the corresponding location (i.e.: 10m subsection) within the GIS network
model — an example is given in Figure below. The pilot project team has had to take innovative approaches
to tackling both of these challenges and have developed solutions which will be disseminated in future
CoDEC communications.

Road element section

_ _ _ _Link with correct network section
(and subsection)

e —

__ |Link attribute to
CoDEC section/subsection

PR

= 2l £, - ¢
Surface material info L y s M
{ A {7 = \J

b .

Any BIM parameter could be linked this way. Most -
T r— q interesting are probably geometric parameters
All attributes against the
selected element

Figure 4: Example illustrating the linking of data for a particular subsection of pavement between the BIM model and GIS
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The CoDEC ontology (described above) is being used to provide a structuring framework for organizing and
linking the relevant data for this pilot, and so far is proving successful in that task. The linking methodology
is summarized in Figure below. The pilot project has provided a practical opportunity to test the content and
structure of the ontology (which is based on the data dictionary) — this has directly resulted in improvements
and additions to the ontology.

From BIM-csv export to Linked Database
g 1. Read the csv file in Python.
Convert the longitude and latitude values to
—‘ British National Grid coordinates

ta

3. Assign the coordinates to the corresponding slab
object.
4. Create a convex hull around the slab object.

5. Read the vertices of the convex hull and store
them in a GeoSPARQL Polygon object in Well
Known Text (WKT) format.
NF::FGUI\.“:;":V Extract slab attributes 6. Bulld.a SPARQL query to insert the slab data to
visualization il the Linked Database.
7.  Execute the query using the GraphDB APL
Connect
Glu::JhDB From Linked Database to GIS
- emnet — 1. Build a SPARQL query to read the slab data
Data ﬁ——q GraphDBE &— from the Linked Database.
gictionary, L ."J # 2. Execute the query using the GraphDB APL
il L 3. Convert the slab geometries to ArcGIS Polygon
Gonnect Gonnectta features.
CH;DB O;L';‘S‘:Ia 4. Intersect the slab features with the road network

features.
5. Measure the start and end chainage of the

Enrich road network .
intersect result on the network.

data

Network analysis in
Python

From GIS to Linked Database
1. Store the network information acquired through
[a= ] the GIS analysis to the slab object in Python.
5 2. Build a SPARQL query to insert the slab data to
- \ . the Linked Database.
o ’1\‘_ \\5- S5 3. Execute the query using the GraphDB APL

Figure 5: Steps involved in linking data between the BIM models and the GIS using the CoDEC-developed tools and schema

Conclusions

Consultation with European NRAs showed many NRAs use BIM during the design and construction phases
of large projects and sometimes stored as a detailed "as-built" model, but little further use is made during the
remainder of the operational life cycle of the asset. Long-term asset management is still typically carried out
using dedicated asset management systems. Lack of the interoperability of the data types, their standards, and
isolated data management/storage principles act as barriers for effective data exchange.

It is clear that new data sources (from new sensor and scanning technologies) hold huge potential for
improving the way that we manage highways assets — indeed, it is absolutely necessary that highways asset
management adapts to capitalize on the increasing pace of the digital revolution. However, it is important to
take a methodical and structured approach to dealing with the underlying data — the increasing volume,
variety and velocity of the data demands it.

The CoDEC project (although not yet complete) is developing and demonstrating practical ways to structure
asset-related data in such a way as to make them operationally useful. The CoDEC approach relies in large
part on having a methodically developed framework for the data (the data dictionary structure), and
translating this into a machine-readable framework (the ontology), in order to provide a means of making
data more interoperable — a step on the journey to the ultimate goal of making data seamlessly available when
and where it is needed.
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It is important to note that it has taken significant effort to get this far, and there is still further to go within
the scope of the project. However, CoDEC already shown that in ongoing pilot projects, with an initial
investment of effort, it is possible to create a data structure which, when applied using the right methods,
unlocks great potential for enriching legacy data, systems, and ways of working. When used within a digital-
led organizational context, there is huge potential for such an approach to unlock value from (and add value
to) asset data, ultimately leading to multiple benefits in terms of increased asset knowledge (and therefore
better asset management), more efficient use of data (and therefore lower costs), and more effective use of
data (and therefore greater benefits).
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Abstract. Road asset management (RAM) is a crucial aspect in the development of transportation network. RAM framework
should be understood as a rational approach to business model for road authority, which dictates its business processes in a
systematic and objective-based manner to ensure that strategic goals of an agency are reached. In a case of road network, such
objectives are typically related to travel safety, time and comfort that should be maintained throughout the life cycle of the road
assets at optimal costs. As such RAM enables road agencies to meet expectations of its customers to provide safe and reliable
road network in effective and efficient way. Nowadays it becomes even more important to adopt performance-based and data-
driven approach for road agencies considering current trends in transportation like connected, cooperative and automated
mobility.

There are many aspects of RAM including legal, economic, technical and managing aspects. These aspects are inter-connected
and nowadays agencies build and incorporate RAM system to establish a common denominator for all agency activities at all
organizational levels. This paper discusses selected aspects of RAM in Poland. Since national road network in Poland is relatively
new, it is particularly important to go over well designed and detailed implementation process. It should comprise numerous items
including self-assessment and gap analysis, change strategy and transportation asset management plan (TAMP). This paper
present update on these activities as well as presents future plans in order to establish modern, effective and sustainable RAM
framework in Poland.

Keywords: public services, accountability, value, asset management, asset management system, performance, risk, cost,
optimisation

Introduction

In the last 15 years Poland has invested tens of billions of Euros in the road infrastructure development, resulting in
thousands of kilometres of new motorways and expressways. This huge investment programme is constantly carried
out and in the recent years it has been enlarged into the separate programmes regarding construction of at least hundred
bypasses, reconstruction of existing network aimed at improving of the road safety and rehabilitation and
reconstruction of roads targeted to improvement of current network bearing capacity.

These efforts lead to defining of the possible future challenge in respect to the periodic maintenance regarding funding
constraints recognised worldwide and already faced in the countries with extensive road network such as United States
or western EU Member States.

For that reason Ministry of Infrastructure, General Directorate of National Roads and Motorways (GDDKiA) and Road
and Bridge Research Institute (IBDiM) initiated the special project for defining of the method of the optimisation of
the decision-making process regarding the road network rehabilitation and reconstruction.

Ultimately the project has been inaugurated at the end of 2018 by the consortium of the three aforementioned
institutions and additionally Wroctaw University of Technology.

Works within the project have been foreseen for 3 years, divided into two phases and seven assignments.

Phase A (which has been finalised in May 2021) was focused on the elaboration of the method for the planning of the
periodic maintenance works which includes inter alia:

—  definition of public services provided by the road network,

— establishment of the performance measurement framework

— root cause distress analysis and associated analytic hierarchy process

— deterioration forecasting models

— relation to the demand forecasting model

— approaches to incorporation of economic efficiency and risk management models
— optimisation model allowing for the multi-objective decision analysis.

Apart from the method Phase A was focused on the creation of the prototype of the set of tools supporting the method
and the decision-making processes.

Phase B, which was initiated in June 2021 is focused on the piloting of the defined method and provided prototype and
allows all involved parties for the revision of proposed computing models and modules with aim to formally approve
the new approach by the end of the project (November 2021).

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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Concurrently to these the Ministry of Infrastructure carries out works on the revision of the legislation and regulations
for the life cycle management of the road infrastructure assets, thus to have comprehensive asset management system
for the road infrastructure including not only IT tools but first of all dedicated method, appropriately embedded within
the internal business processes of the National Road Authority and aligned with the technical regulations.

1. Understanding of Asset Management

1.1. Accountability of public organisations for service delivery

To address the challenges of road sub-sector governance and to design solutions for better road network performance,
these should be considered in the wider perspective of governance of the state. According to the United Nations
glossary for Public Administration this may be defined as “the exercise of economic, political and administrative
authority to manage a country’s affairs at all levels. It comprises the mechanisms, processes and institutions through
which citizens and groups articulate their interests, exercise their legal rights, meet their obligations and mediate their
differences ™.

According to the United Nations report on Responsive and Accountable Public Governance?, to enhance public sector
responsiveness, it is crucial to focus on satisfying people’s expectations of quality, quantity and promptness of the
public services delivered within limited resources available. Achievement of responsive governance depends on how
policies, strategies, programs, activities and resources are anchored to people's real needs.

In parallel, establishing strong governance and accountability is essential to delivery of expected goals. An accountable
organisational culture deters waste and mismanagement of resources. Accountability for performance serves to guide,
monitor and evaluate public institutions and programs, informing needed improvements. Therefore, building the
capacity for financial and performance accountability builds trust for leveraging resources and safeguarding funds.

For instance, the Office of the Auditor General of Canada defined five principles for effective accountability? that have
been identified by as being a key to accountable governance:

1. Clear roles and responsibilities: The decision-making roles and responsibilities of the parties in the
accountability relationship should be well understood and agreed upon.

2. Clear performance expectations: The objectives pursued, the accomplishments expected and the operating
constraints to action, which include means, operating principles and procedures, human resource management
issues and adequate financial control should be explicit, understood and agreed upon.

3. Balanced expectations and capacities: Performance expectations should be clearly linked to and balanced with
each party’s capacities (authorities, skills and resources) to deliver.

4. Credible reporting: Credible and timely information should be reported to demonstrate what has been
achieved, whether the means were appropriate and what has been learned (including reporting requirements,
modalities, sufficient information for Parliament, etc.).

5. Reasonable review and adjustment: Fair and informed review and feedback on performance should be carried
out by the parties, achievements and difficulties recognized, appropriate corrections made with appropriate
consequences for the concerned individuals.

In addition, other institutions (such as Australian National Audit Office) emphasize the importance of shared risk
management, both in terms of delivery of services and the management of any contract.

Therefore accountability denotes responsibility for results and outcomes, and not only processes (with their related
inputs and outputs). When operating effectively, it serves to ensure that public governance can flourish, related
institutions perform well, and services are delivered to citizens effectively and efficiently*.

Adoption of responsive and accountable of governance requires an organisation to re-asses its role in public services
delivery and to address a number of challenges for the public sector, like:

1. Change of demographic profiles

Increasing customers’ expectations
Awareness of public services’ users and demand for greater transparency
Demand for greater transparency
Budgetary constraints
6. Global competition to attract investments
Achievement of these requirements for the good governance needs sound understanding of what are the public services
and how they may be provided. Delivering public services may be based upon six key strategic enablers, as given
below:

RN

! http://www.unpan.org/Directories/Glossary/tabid/1398/language/en-US/Default.aspx
2 World Public Sector Report, Responsive and Accountable Public Governance, 2015
3 Accountability Audit Guide, Office of the Auditor General of Canada, August 2004

4 Accountability Audit Guide, Office of the Auditor General of Canada, August 2004
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6.
The chal

Understanding the customer

Transparency

Removing silos between governmental/ public organisations

Building capacity

Improving the service delivery model

Continual improvement

lenges involved in achieving these requirements include those listed in the following table.

Table 1. Challenges for the strategic enablers for the public services delivery (Source: Maciejewski 2020)

Strategic enabler Challenges

1. Understanding of the Customer focus is often challenged by public sector culture, hierarchical
customer organizational structures and differing public sector priorities, whereas

public agencies priorities need to be aligned to customer requirements.

2. Transparency To ensure that customers may access information held internally by the

organisation.

Such information concerns the overall decision making processes - its basis,
data taken into consideration, positions and opinions of citizens and both
governmental and non-governmental organisations.

Transparency therefore promotes good governance through holding
government and key decision-makers to account what improves public
policy, its effectiveness and efficiency.

3. Removing silos This needs “connected government” expressed in common vision, supported
between governmental/ | by integrated objectives, outcomes or process flows. Key elements for
public organisations “connected government” should include — inter alia — common service

standards. It is vital to break down intra-agency silos before starting to break
down cross-agency silos.

4. Building capacity Capacity building main pillars are:

e long-term planning,

e  organisational and process design,

e use of technology,

e support for people and for the organisation
e culture change in the organisation

5. Improving service To define the roles organisations should play:

delivery model e Policy maker,

e Regulator,
e Service provider.

To articulate:
e quality of service,
e cost of service,
e suitability of different service delivery channels for different

customers segments.

To define:
e how technology may support to achieve the organization’s goals,
e how public-private partnership can deliver targeted outcomes
e how to manage the risks.

6. Continual To benchmark carried out activities, finding the answers for following three

improvement questions:
e  what to innovate?
e  where to learn from?
e how to adopt?

2. Asset Management to facilitate public services delivery

The increase of transport volumes, bringing new investment needs in high-capacity transport networks and ageing
infrastructure require improved road construction and maintenance. The traditional way of doing business, which

postpones repair activities until major deterioration occurs, is not sustainable. It is too expensive over the long term and
it drains the value of road network assets.
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As the costs of operating, repairing or constructing are increasing and — at the same time — available funding decreases,
it has become more challenging for governments to meet the demands of an ageing infrastructure whilst meeting public
expectations.
The challenge is to provide the same or even better value for less money. There is also strong demand for transparency
and accountability from road sub-sector organisations, requiring justification for decisions and responsibility taken for
results.
As stated above, public sector organizations (irrespective of their legal form) are being increasingly subjected to both
legislative and competitive pressures forcing them to reconsider their relationships with users and customers in order to
develop a more overt customer orientation (as the primary driver of organisational performance).
The creation of “value” supports the development of a customer orientation, and is a requirement, to which more public
sector organisations nowadays subscribe. This applies to all sectors of the economy, also to the road sub-sector.
In modern society, road infrastructure has become an essential part of daily life. Individual road users, a wide variety of
commercial enterprises, logistics companies and public transportation agencies expect reliable and safe road
infrastructure to carry out their transportation or wider mobility operations, moving goods and people. “Just in Time”
supply chains are at the heart of modern manufacturing and retail enterprise and they rely totally on predictable and
stable journey time.
Reliable, accessible and safe infrastructure is a cornerstone for socioeconomic progress. It enables productivity growth,
shortens travel times and costs, creates jobs, and connects different parts of society.
Recent research® indicates that a proactive roads periodic maintenance strategy would only cost 65% when compared
with a reactive management strategy. In other words, better management of the network, up to date condition data and
planning of the optimum time for an intervention would lead to substantial financial and economic benefits
This is supported by NCHRP Research Report 866 (2018) “Return on Investment in Transportation Asset Management
Systems and Practices” where a similar level of savings (30-40%) were found to arise from the implementation of a
Transportation Asset Management (TAM) system. Such a system is designed to:

—  help road authorities make the best use of resources available for maintaining, rehabilitating, and replacing

existing physical assets such as pavements, bridges, traffic and safety devices, and facilities; and
— help road authorities make better use of limited resources to maximize asset life, manage risk, and provide safe
and efficient travel for passengers and goods.

Asset management has become a popular approach for the asset-heavy industries affecting the organization and
management of a number of companies and institutions from multiple sectors of the economy.
This approach is also increasingly popular in the transport infrastructure sector, where planning and scheduling of
works or services requires not only the delivery of multifaceted value for road network users, but also for other
stakeholders from the general public to particular interest groups (i.e., transport and logistics).
Unfortunately, quite often people confuse the terms asset management and asset management systems, and tend to limit
their understanding of asset management systems to a more or less sophisticated set of IT tools.
This understanding is not sufficient and misleads public organisations, which instead of carrying out comprehensive and
complex revision of their business models concentrate their efforts on the technical challenges associated with the
systems implementation without sound understanding how to redesign their internal processes and procedures, align
different level of organisations management and only having these in place adjust IT tools.
Different approach and starting with purchasing of IT system usually leads to the vendor lock-in risk and timely and
costly implementation processes. Asset management should therefore be understood as a value creation process which
aligns the strategic, tactical and operational levels of an organization’s management through technical, engineering, and
business principles and practice driven by economic rationale. On the other hand, an appropriate combination of
management levels, principles and practices is made possible through the asset management system.

3. Asset Management System

According to the international standard ISO 55000, an asset management system is a set of interrelated and interacting
elements of an organization, the function of which is to establish the asset management policy and asset management
objectives, as well as the processes needed to achieve those objectives.

The selected processes should therefore enable an organization to understand customer needs and expectations, create
and deliver a product and/or service, and collect enough data and information to measure the achieved performance
while simultaneously serving as a basis for further improvements.

The general framework for designing the appropriate sequence of processes can be reflected by the popular approach of
the Deming Cycle, also known as the Plan-Do-Check-Act (Adjust) cycle (PDCA).

5 Zofka, A. “Proactive Strategy for Road Infrastructure Management” p.147, Roads and Bridges Research Institute,
Warsaw 2019
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Act

(Adjust) Plan

Check Do

Figure 1. Deming’s Circle. Source: W. Edwards Deming, The New Economics for Industry, Government and Education
(Boston, MIT Press, 1993).

The outcome of the planning phase (“Plan”) is to establish objectives and furthermore operational processes to deliver
desired results.

The phase “Do” is focused on the execution of the planned activities to achieve the given objectives.

During the “Check” phase, the data and results gathered from the previous phases are evaluated. Data is compared to
the expected outcomes to identify any similarities or differences between what was planned and what has been
achieved. This phase may be called also as “S — study” as it helps to determine the reasons of any observed deviations
from the assumed outcomes.

Finally, the phase “Act” (or, even better, “Adjust”) is focused on the processes and overall system improvements,
building on the results of the performance evaluation done in the preceding step.

PDCA should, however, only be an inspiration for the more detailed design and selection of the system of internal
business processes.

As asset management is a value creation process, an asset management system can be described as an organization’s
value chain and the necessary procedures, systems and competencies enabling the organization to carry out its activities
in a logical sequence to ensure operational activities satisfy the strategic objectives of the organization and its
customers’ needs.

The generic concept of the value chain® requires some adjustments for public sector organizations like road authorities,
which tend more toward managing road networks through subcontractors than producing services or works by
themselves.

Understanding the essence of the value chain for road authorities requires understanding the needs and expectations of
communities, tax payers, road users and other stakeholders, translating those needs and expectations into more technical
language that makes it possible to plan and programme relevant activities (capital, maintenance and operational
interventions in the road network), contracting these activities through the supply chain, supervising the works and
services delivery process and, finally, assessing if the quality of the provided works and services is sufficient to achieve
satisfactory performance both throughout the whole network and for each individual asset when compared to the
expected outcomes.

. Works and
Performance Planning and .
i . services
evaluation programming delivery

Figure 2. High level value chain for the road authority (Source: Maciejewski 2020)

While the third phase of the above approach seems to be well established among road authorities — essentially their
most exercised competency — usually planning and performance evaluation processes require the application of more

® Michael E Porter, Competitive advantage: creating and sustaining superior performance (New York, Free Press, 1985).
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sophisticated tools. This is because road authorities are responsible not only for the delivery of the technical standards
of particular assets defined in formal documents but also for providing more diverse outcomes from the whole network
and its life cycle perspective, including both economic and customer experience factors.

4. Total Value Management

Adopting an asset management approach and implementing a comprehensive asset management system within the
organization (e.g., road authority) requires both top-down and bottom-up activities.
Top-down means a sound understanding of internal and external strategic contexts of an organization, while bottom-up
capabilities refer to:

e  Operational processes and procedures

e  Systems supporting and automating the above procedures

e Competencies reflected within the structure of an organization, job descriptions and the actual capacities of

employees

It is not enough to simply have these two approaches implemented or reflected in the organization structure. It is
necessary to ensure that they are aligned, meaning that all necessary operational activities, procedures, systems and
competencies are designed to fulfil strategic goals and objectives valued by the customers. What is required is a
comprehensive management system that identifies and satisfies the needs and expectations of consumers better than the
competitors (in this case perhaps seen as other government bodies competing for funding)’.
Technical quality — as in total quality management (TQM) — addresses aspects of quality with reference to the functions
a product must perform, though this is only one of the many value characteristics that need to be considered by an asset
manager (including road asset managers)?.
With conventional TQM processes, it is difficult to address all aspects of the value expected by customers and
stakeholders, such as (in the road sector):

e Cost-efficiency

e  Effectiveness and performance

e  Safety and security

e  Network and assets resilience

e Accessibility, connectivity and availability
The response to these challenges could be total value management (TVM). TVM efforts can be achieved through
implementation of the asset management approach including all necessary processes, procedures and tools being part of
an asset management system (an organization’s value chain) to ensure that all detailed activities are aligned and lead to
the creation of the expected value (the essence of asset management), as depicted in Figure 3 below.’

7 Competition, as observed in the private sector, may not seem to be applicable for road authorities or more broadly public sector
organizations, but taking into account competition in terms of access to taxpayer funds or state budget funds, the relevance of this
term should be accepted.

8 Biren Prasad, “Total Value Management: a knowledge management concept for integrating TQM into concurrent product and
process development”, Knowledge and Process Management, vol. 8, No. 2 (April/June 2001).

9 Alternatively, instead of implementation of TVM through comprehensive asset management, organizations may wish to work on
value creation and management through other approaches like 5P, recently presented by McKinsey: P — portfolio strategy and
products (assets in the case of roads), P — people and culture, P — processes and systems, P — performance metrics, P — positions
and engagements. The distinction between different approaches may, however, be misleading as the essence is still to deliver
value to the customer. Sebastian Leape and others, “More than a mission statement: how the 5Ps embed purpose to deliver
value”, McKinsey Quarterly, 5 November 2020.
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Presented above considerations and understanding of the Asset Management and Asset Management System has been
translated within the Project’s Team into the proposal of the more implementation-oriented Asset Management
Framework, which should support efforts of road authorities in initiation of such processes.

Elaborated framework consists of 6 areas which are as follows:
Performance measurement framework

Methods and tools for planning and programming
Methods and tools for services and works delivery
Methods and tools for continuous improvement
Organisation

A o e

IT architecture

5. Performance measurement framework

Performance measurement framework allows an organisation to assess level of its performance regarding both level of
service (compare to the customers’ value perspective above) and financial outputs and outcomes (see: financial
perspective above).

Apart from the customer and financial perspectives performance measurement framework addresses also internal
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procedures, methods, systems and competences of an organisation (asset management tools as above) to support both
assessment of their performance and to allow for the improvement planning.

The Project’s team created an useful tool for creation of such a performance measurement framework as presented
below.

Table 2. Metrix for setting of the performance measures (Source: Zotka, Maciejewski, 2021)

Categories and types of measures OUTCOMES OUTPUTS INPUTS
RESILIENCE | FUNCTIONALITY e.g.: % of e.g.: km of repairs | e.g.: level of funding
SAFETY gained/lost
0
COMFORT resi .1e.:nce
(resilience
RELIABILITY sustainability)
SERVICE X
COSTS e.g.: vehicle
operating costs
(VOC)
RISKS e.g. objectives not e.g. long lasting e.g. not sufficient
achieved procedures funding limits

6. Method for the periodic maintenance planning

The second area of proposed Asset Management Framework which was elaborated by the Project’s team was a method
for the periodic maintenance planning.

Proposed method encapsulates both engineering knowledge, standards and practice and then connects them with the
economic efficiency model and risk management model. All of these elements are aimed at the preparation of
appropriate set of data for the optimisation model and module, thus necessary for the objectives and constraints derived
from the above-presented table.

This approach allows for being aware enough when planning the objectives and selecting whether the goal should be
more associated to the cost, the functionality or to the risk dimensions. If for example an organisation will decide that
its planning process and sub-sequent delivery plans and programmes should provide defined level of reliability,
optimisation module will help to determine what costs and risks will this scenario bring.

Achieving of such an analysis is possible due to the maintenance scenarios generator envisaged within the proposed
planning method, which derives from the deterioration forecasting model, demand model as well as from the work
effect model.



IOP Publishing

doi:10.1088/1757-899X/1202/1/012003

30th International Baltic Road Conference (IBRC 2021)

IOP Conf. Series: Materials Science and Engineering

1202 (2021) 012003

JUSWAAOIAWI PUB JUSWISSISSE JOUBWLIONIJ

K19A119p sowwreagord pue ueq

ue[J JuUoWoSeURIA 19SSV

[opou ysry

So139)e1S
QOUBUIUIBIA

[opouwt
uonestundo

(syurensuod
pue
$2A103(q0)
JYlomawely
Q0URULIOJIOJ

J0)RIoUS3

| SOLIBUIIS

douBUUIBIN

[opowt
KouoIo1jJo
OIWIOU00]

(1207 ‘Dismaforoey “exjo7 :901n0S) sjuswa[o syt pue ssaooid Jutuueld *¢ onS1,|

[opow
S)SB2310]
puewo(
Spow Sspiepue)s
1P > pUE SISSBO
19359 HOM JuduneAI],
1opott s107e21pUI s1ojourered
3unseodIo) | o
[earuyoa], [Bo1UYO3],
UONRIOLI™(




30th International Baltic Road Conference (IBRC 2021) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 1202 (2021) 012003 doi:10.1088/1757-899X/1202/1/012003

7. Supporting tools

To make the method operational it was supplemented within the project’s scope with the prototype of the supporting IT
system.
Although such a systems are in general available on the market it was decided to assess the real needs regarding
particular modules of such a system and adjust it to the overall IT architecture. The IT architecture including both asset
and traffic management elements has been already created during the preparatory works for another project — National
Traffic Management System, being concurrently under implementation.
This approach allows to ensure appropriate level of interrelations between both processes (of asset and traffic
management), envisage one data warehouse and make data collecting and usage processes consistent.
This leads to the increased efficiency of road network operations as data are in reality collected once and used
repeatedly.
The main elements of the created tool are:

1. Data warehouse

2. Computing modules for particular models as in the method

3. Business Intelligence platform for the visual analysis of the data.

4. The business intelligence platform is the interface for the end users.

Examples
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INTERNAL DATA SOURCES
EXTERNAL DASTA SOURCES

Costs

Maintenance
scenarios
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Joell &) || Pratiorm
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Figure 4. High-level IT architecture. (Source: Zofka 2020).

Conclusions

Implementation of the Road Asset Management System in Poland seems to be scheduled in the appropriate timing
regarding the still ongoing process of construction of new network of high speed roads.

As elsewhere such an effort faces some challenges regarding especially the need for moving from the perspective of
separate activities to the more asset management mindset what requires seeing of the bigger picture and understanding
that the role of the public organisations it to deliver their services in the most effective and efficient wat at once.
Adopted approach is unique taking into consideration elaborated method and also due to independent creation of the
supporting IT tools.
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Abstract. Latvian State Road Development Strategy for 2020 — 2040 was approved in the year 2020. It is a vision that includes
long-term perspectives, strategic goals, tasks and priorities for road network development, and it is created for more efficient
planning of state road network development, as well as, attracting additional funding for state owned roads.

The aim of the Strategy 2040 is to create an efficient road network ensuring that the bypass of the Riga City is accessible within
two hours from every national and regional development centre in Latvia. Development centres would be accessible within 45
minutes from every Latvian urban settlement along state regional and local roads.

The strategic task is to create sections of express roads in the total length of 1000 kilometres thus improving traffic safety and
reducing the emissions of greenhouse gases.

When creating the Strategy 2040 both the changes in traffic and road use and the changes in the location of population were
studied. The Strategy foresees that high-speed express road sections would connect the Riga City with the biggest cities. The
proposed plan of road network development is created with the aim to cover as large a population as possible.

Special attention is paid to the Riga City, as it serves as the central hub for Latvian and Baltic transportation. After the
implementation of the Strategy 2040, the Riga City would be reached within 30 minutes from the nearest development centres.

Keywords: Strategy, state road development, accessibility, express roads.
Introduction

1. Background

The main task of the state road network is to ensure public mobility in all regions of the country and to promote economic
development. And this prerequisite sets the vision for the long-term development of state road network by 2040.
The goal of the 2040 strategy is to create an efficient road network, ensuring that the Riga bypass may be reached from
any national and regional development centre in Latvia within a maximum of two hours. In turn, development centres
along state regional and local roads from any settlement in Latvia could be reached within 45 minutes.

— Road sections of two carriageways have been created in the state main road network.

— Efficient network of state regional roads has been established.

—  Efficient network of state local roads has been established.
When developing the Strategy 2040, studies were carried out both how traffic and road user habits have changed and the
location of the population has changed in Latvia in the last 20-30 years. It is planned that high-speed road sections would
connect Riga with Ventspils, Liepaja, Jelgava, Bauska, Jekabpils and Daugavpils, Rézekne, Césis and Smiltene, as well
as AinaZi. The proposed road network development plan is designed to cover as large a population as possible.
Priority is given to the reconstruction of state main roads by creating two carriageway road sections in the length of
1000 km in the state main road network, thus improving traffic safety and reducing emissions of greenhouse gases.

1.1. Network of state main roads and its quality

The total length of state roads is 20,061 km, of which 46% have asphalt pavement and 54% are paved with gravel. The
average density of the national road network is 0.310 km per 1 km?. 8%, or 1673 km are state main roads.

State main roads connect the national road network with the main road network of other countries and the capital city
with other state cities or bypasses of state cities. There are 15 main state roads in Latvia with route indices Al to A15.
Some of state main roads are city bypasses: roads A4 and A5 form the Riga bypass, while roads A14 and A15 are part of
the Daugavpils and Rézekne bypasses.

In recent years, the renovation and reconstruction of the existing pavements on state main roads has been carried out
purposefully. 85% of state main roads are in very good, good and satisfactory condition.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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1.2. Traffic intensity on state roads

Changes in traffic intensity in the state road network are directly related to changes of the population in the territory
of Latvia. Most of the country has experienced rapid depopulation over the past 15 years. Since 1995 the population
of Latvia has decreased by ~24 %. Migration has taken place to large cities, especially to the Riga city and Riga city
area, which now has up to 33% of the total population in the country (data from 2019). During this period traffic
intensity on state main roads has increased 2-6 times.

It may be expected that by 2040 many parishes will lose a significant part of the population, except for the Riga city
area. This will have an impact on main roads, in particular in the Riga city area, as the loading data of Latvian state
road network shows that two thirds (66.9%) of vehicles for daily trips use only 10% of state roads. The highest traffic
intensity is on roads in the Riga planning region (see Figure 1).

Because of the increase in traffic intensity and rapidly developing territories in the Riga city area, the number of
dangerous road sections and intersections has rapidly increased. As the traffic in intersections with minor roads
increases, it becomes more difficult or almost impossible for a road user to use such roads safely.
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Figure 1. Traffic intensity on state roads

Currently, the maximum traffic intensity permitted on single carriageway two-lane roads is 18,000 - 20,000 vehicles per
day. Due to the factors reducing road capacity (road curvature that reduces visibility, poor longitudinal alignment
parameters, large number of accesses, etc.), the real value is lower. In some places road capacity is already insufficient,
they generally do not meet the needs of economical, safe, comfortable and environmentally friendly traffic. Roads that
do not comply with technical parameters cause extensive losses to the economy every year, because road traffic
congestions increase the operating costs of road transport, travelling time and fuel consumption.

Latvia is crossed by several road corridors of European significance that are used by transit traffic. The busiest section is
the international route E67 from Ainazi to Grenctale, where truck traffic intensity is on average 3100 trucks per day and
the international route E22 in the section Riga - Jekabpils with an average intensity of 1600 trucks per day.

1.3. Problem areas in the existing network of state

The busiest state main road is the Riga bypass, which includes road A4 Riga bypass (Baltezers - Saulkalne) (hereinafter
- road A4) and road A5 Riga bypass (Salaspils - Babite) (hereinafter - road A5). Both of these roads have a high proportion
of heavy traffic, and the existing road alignments no longer meet the required traffic capacity. The total traffic intensity
is in the range of 8900 - 22200 vehicles per day (on average 13600 vehicles per day). Heavy traffic is in the range of 1800
— 4600 trucks per day (on average 3000 trucks per day). Only 9% of the Riga bypass has two carriageways (4 lanes), and
in the rest of the bypass the capacity of the road has reached its limit - the level of traffic comfort is low. It is characterized
by relatively low speeds and driving in a dense column with limited opportunities to overtake.
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Both roads forming the Riga bypass are not directly connected and the main state road A6 Riga - Daugavpils - Kraslava
- Belarussian border (Patarnieki) (hereinafter - road A6) serves as their connection. The junctions of these roads with the
road A6 are considered to be bottlenecks where traffic jams occur.

Road A5 from 0.0 km to 6.0 km is located along the dam of Riga hydro power station. The existing Daugava crossing is
the most problematic spot along the entire Riga bypass. This area has low road capacity and it is not technically possible
to widen the existing bridge. The traffic flow along the Daugava crossing of the Riga hydro power station should be
reduced, as any potential road traffic accident may have a negative impact on the structure of power station itself, which
is indeed dangerous.

The existing single carriageway two-lane roads A4 and A5 have significantly reduced road safety and capacity, given
that:

— the existing parameters of intersections in separate grades do not comply or only partially comply with the
requirements of road design norms, and there are illegal access roads within the boundaries of some of these
intersections,

— roads A4 and A5 have several unregulated and several regulated road junctions at grade with permitted left turns,
which considering the proximity of Riga are overloaded during morning and evening peak hours. So called
“bottle necks” are created and the capacity and road safety of both main and secondary roads is reduced,

— roads A4 and A5 roads have a large number of connections, which reduces the length of road sections with
overtaking options. Overtaking in short sections is carried out at significantly increased speed, entering the lane
in the opposite direction and often causing the most dangerous frontal collisions,

— one of the most dangerous turns - left turns - is allowed in road connections to houses and companies, because
due to insufficient number of two-level road junctions it is not possible to allow only right turns in junctions,

— in the event of road repairs or in the event of accidents or forced stopping of vehicles, the capacity will be
significantly reduced considering the existing and increasing traffic volumes,

— pedestrian and cyclist infrastructure that meets traffic safety requirements has not been built on roads A4 and
A5.

In total, there are 14 dangerous road sections and intersections on roads A4 and A5 roads, which is 30% of the total
number of such sections and intersections. The concentration of dangerous road sections and intersections on these roads
is very high, as the total length of these roads is only 3.5% of all state main roads. These sections and intersections are
mainly associated with a large number of junctions at grade.

In Latvia there are currently 109.2 km of two carriageway roads in the state main road network. They were built more
than 30 years ago and over time many road accesses have been created which may not be allowed if the permitted driving
speed is to be increased.

In 2013 the two-lane road P80 Tinuzi - Koknese (hereinafter - the road P80) was rebuilt, and by 2030 it is planned to
build new two-lane road section from Koknese to Jekabpils. In the future it is planned to build a second carriageway next
to the existing carriageway in order to provide faster traffic. In addition to that, it is planned to widen the existing regional
road P5 Ulbroka - Ogre in the section from road A4 to Tintizi.

Traffic intensity in the section Koknese - Jekabpils of the road A6 varies from 3700 to 7000 vehicles per day (on average
6000 vehicles per day). Truck traffic intensity is in the range of 1500 - 1700 vehicles per day (on average 1600 vehicles
per day). Although traffic intensity is generally lower than on the busiest roads, road alignment is problematic in this
section - many curves with small radii affect overtaking possibilities, driving speed and traffic safety in general.

Via Baltica road included in the E67 route is the E67 section from Tallinn to Warsaw. Via Baltica is an important transit
corridor, which facilitates traffic both between the Baltic States and further in the north-south direction. It is also part of
one of the core corridors of the Trans-European Transport Network (TEN-T): the North Sea-Baltic Sea corridor, which
connects the eastern coastal ports of the Baltic Sea with the North Sea ports and provides intermodality. Via Baltica
corridor includes the road A7 Riga - Bauska - Lithuanian border (Grenctale) (hereinafter — the road A7). The traffic
intensity on this road is in the range of 6000 28300 vehicles per day and truck traffic intensity is in the range of 2770 -
4170 trucks per day. Road A7 has no two carriageway road sections. Currently the entire flow of traffic passes through
the towns of lecava and Bauska, significantly deteriorating the quality of life in the immediate vicinity of the road.
Therefore, these towns need to have bypasses to relieve them from heavy transport. With the construction of such bypasses
100% of transit traffic, as well as 80-90% of local heavy traffic will move to bypasses if entry bans to towns are introduced.
Bypasses will also be used by light transport and it is forecast that 50-70% of the total traffic flow will be transferred to
them, thus relieving the city streets.

Road Al Riga (Baltezers) - Estonian border (Ainazi) (hereinafter - the road Al) is also part of the Via Baltica section of
the E67 route. The traffic intensity on this road is in the range of 4600 - 27400 vehicles per day and heavy traffic intensity
is in the range of 2000 - 3800 trucks per day. There are no two carriageway road sections on the route. The problem area
on this road is the town of Baltezers, where the housing is dense and no high-speed road exists. As the Rail Baltica railway
route is planned from Vangazi to the north, it is useful to consider the possibility to provide a road in the railway corridor,
which could lead from the road A2 Riga - Sigulda - Estonian border (Veclaicene) somewhere between from Vangazi to
Senite to the road A1 motorway near Skulte. In 2021, a feasibility study for the construction of this road section with an
environmental impact assessment was started.
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1.4. State main roads un the European road network

In 1996 Latvia joined the Agreement on International Motorways of European Countries (hereinafter - AGR), which
coordinates the development of the road network in accordance with the requirements of future international traffic. In
Latvia 1225 km or 74.3% of state main roads are included in the E-road network and thus have acquired international
significance. E-road network in Latvia is shown in Figure 2.

According to the AGR agreement, the E-road network mainly includes roads with a strong north-south and west-east
direction. States having signed the Agreement are not required to ensure that the roads included in the network
immediately meet the high technical requirements or are built according to such requirements. The Agreement allows for
the gradual improvement of roads, improving the technical parameters in accordance with the requirements of increasing

traffic.
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Figure 2. Network of international European highways in Latvia

The White Paper on European Transport Policy "Roadmap to a Single European Transport Area - Towards a competitive
and resource efficient transport system" sets the goal of a competitive and resource efficient transport system - a fully
functional and EU-wide TEN-T "core network™ by 2030 and high quality and high-performance network by 2050. The
core network should provide efficient multimodal connections between the capitals of the EU Member States and other
major cities, ports, airports and major land border crossing points, as well as other major economic centres. It should
focus on filling in the gaps - mainly cross-border sections and problem areas / detours.

All state main roads in Latvia are part of the TEN-T network (see Figure 3).
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Regulation (EU) No 1315/2013 of the European Parliament and of the Council of 11 December 2013 on Union guidelines
for the development of the trans-European transport network (hereinafter “the EU Regulation™), adopted to ensure the
development of the EU transport sector and implementing the TEN-T "comprehensive" network and TEN-T "core
network" states that the comprehensive network aims to ensure accessibility and connectivity for all EU regions and
should be completed by 2050. The core network, on the other hand, includes those parts of the comprehensive network
that are strategically most important for achieving the TEN-T objectives and that have to be completed by 2030. For the
core network to be considered complete, roads have to meet the standards of motorways or express roads, but exceptions
are allowed where the construction / reconstruction of a road is not economically justified.

There are no requirements set for roads in the TEN-T comprehensive network and they may be planned according to the
expected traffic volume, as long as a sufficient level of road safety is ensured. In such cases public roads may become
part of the comprehensive network, provided that they are sufficiently safe for traffic.

At the request of a Member State, the Commission may, in duly justified cases, grant an exemption from the requirement
to build motorways or express roads in the TEN-T network as long as an adequate level of safety is ensured. In order to
justify infrastructure investments, they should also be based on a socio-economic cost-benefit analysis. In road projects
the benefits consist of the savings in time spent by road users and vehicle operating costs, so the most important factor in
these calculations is the number of road users. Taking into account the relatively low average daily traffic intensity on
roads and significant capital investments needed for the construction of high-speed roads or motorways, only the
reconstruction of the road A7 Riga - Bauska - Lithuanian border (Grenctale) in the TEN-T core network by 2030 is
economically justified. Also, taking into account the load of the road, the reconstruction of the 59 km long Riga bypass
is economically justified. This route is currently being proposed to be included the TEN-T core network.

1.41. Economically justified high-speed roads in 2021

1) Riga bypass

The Riga bypass will be a unified system, which will consist of the existing Riga bypasses A4 and A5, as well as the new
Daugava bridge and its connections to both bypasses. The road under consideration is 61.7 km long. Currently, 84% are
single carriageway two-lane roads and 16% are two carriageway four-lane roads. The traffic intensity ranges from 8416
to 22737 vehicles per day (on average 12704 vehicles per day). 72% of roads are in good, 6% - in satisfactory, 22% - in
poor technical condition. Technical - economic calculations show that it is economically justified to rebuild this road into
a high-speed highway or motorway already now, because the value of Internal Rate of Return exceeds the discount rate
of 5% (IRR = 8.06%).

2) Road A7, section from Kekava bypass to the Lithuanian border, including Bauska and Iecava bypasses

The road connects Riga with the Lithuanian border (Grenctale). In the section from the border of the Riga city to the 25™
km, the Public-Private Partnership project “E67 / A7 Kekava bypass” has been started, therefore the economic
substantiation has been performed for the remaining section of the A7.

The considered section is 60.1 km long with similar characteristics, including traffic intensity. It is in the range of 4395 -
12669 vehicles per day, but on average 9519 vehicles per day. 95% of road are in good, but 5% - in satisfactory technical
condition. Technical - economic calculations show that it is economically justified to rebuild this road into a high-speed
highway or motorway already now, because the value of Internal Rate of Return exceeds the discount rate of 5% (IRR =
5.66%).

1.4.2.  Economically unjustified high-speed roads in 2021

1) Road A12 Jekabpils — Rézekne — Ludza — Russian border (Terehova)

The road connects Jekabpils with Rézekne and the Russian border (Terehova). The considered section is 160 km long
with similar characteristics, including traffic intensity. It ranges from 861 to 3630 vehicles per day, but on average it is
2414 vehicles per day. 89% of road are in good, 7% - in satisfactory, 4% - in poor technical condition. Technical and
economic calculations show that the costs of road reconstruction are 6.7 times higher than the planned benefits for road
users. Internal Rate of Return may not be calculated, which indicates that it is not economically justified to rebuild this
road into a high-speed road or a motorway. If the condition of the road does not change, the traffic intensity has to increase
7 times in order for these values to equalize. No such increase in traffic is expected in the next 20 years.

2) Road A6 Riga — Daugavpils — Kraslava — Belarusian border (Patarnieki)

The road connects Jekabpils with Daugavpils and the Belarusian border (Patarnieki). The considered section is 170 km
long with similar characteristics (the exception is ~22 km long two carriageway road section before the city of
Daugavpils), including traffic intensity. It ranges from 1500 to 4211 vehicles per day, but on average it is 2650 vehicles
per day. 62% of road are in good, 16% - in satisfactory, 22% - in poor technical condition. Technical and economic
calculations show that the costs of road reconstruction are 4.8 times higher than the planned benefits for road users.
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Internal Rate of Return is negative (-8.26%), which indicates that it is not economically justified to rebuild this road into
a high-speed highway or highway. If the condition of the road does not change, the traffic intensity has to increase 5 times
in order for these values to equalize. No such increase in traffic is expected in the next 20 years.

3) Road A10 Riga — Ventspils

The road connects Jirmala with Ventspils. The section in question is 170 km long with similar characteristics, except for
traffic. It ranges from 2635 t013147 vehicles per day. Due to large differences, the road is divided into two sections for
calculations. The first section is Jurmala — turn to Tukums [P121] (traffic intensity ranges from 5249 to 13147 vehicles
per day and on average it is 10824 vehicles per day), the second section — turn to Tukums - Ventspils (traffic intensity
ranges from 2635 to 6600 vehicles per day and on average it is 3756 vehicles per day).

73% of the 1% section are in good, 27% - in poor technical condition. 88% of the 2" section are in good, 4% - in
satisfactory, 8% - in poor technical condition. Technical-economic calculations show that the costs of the reconstruction
of the 1% section 1.53 times exceed the planned benefits for road users. Internal Rate of Return is less than the discount
rate of 5% (0.71%), which indicates that it is not economically justified to rebuild this road into a high-speed road or a
motorway. If the condition of the road does not change, the traffic intensity has to increase 1.6 times in order for these
values to equalize. Such an increase in traffic intensity is projected around 2040.

Technical-economic calculations show that the reconstruction costs of the 2" section exceed the planned benefits for road
users by 6 times. Internal Rate of Return may not be calculated, which indicates that it is not economically justified to
rebuild this road into a high-speed road or a motorway. If the condition of the road does not change, the traffic intensity
has to increase 6.5 times in order for these values to equalize. No such increase in traffic is expected in the next 20 years.

4) Road Al Riga (Baltezers) - Estonian border (AinaZi)

The road connects Riga with the Estonian border (Ainazi). The section in question is 101.7 km long with similar
characteristics, except for traffic intensity. It ranges from 3778 to 26859 vehicles per day. Due to large differences the
road is divided into two sections for calculations. The first section is Riga - Saulkrasti (traffic intensity in the range of
7969 - 26859 vehicles per day, on average 14704 vehicles per day), and the second section is Saulkrasti - AinaZi (traffic
intensity in the range of 3778 - 7655 vehicles per day, on average 5187 vehicles per day). The technical condition of the
whole road is good.

Technical-economic calculations show that the reconstruction costs of the 1% section road are 1.33 times higher than the
planned benefits for road users. Internal Rate of Return is less than the discount rate of 5% (2.04%), which indicates that
it is not economically justified to rebuild this road into a high-speed road or a motorway. If the condition of the road does
not change, the traffic intensity has to increase 1.4 times in order for these values to equalize. Such an increase in traffic
intensity is forecast around 2035.

Technical-economic calculations show that the reconstruction costs of the 2" section are 2.4 times higher than the planned
benefits for road users. Internal Rate of Return is negative (-3.12%), which indicates that it is not economically justified
to rebuild this roads into a high-speed road or highway. If the condition of the road does not change, the traffic intensity
has to increase 2.5 times in order for these values to equalize. No such increase in traffic is expected in the next 20 years.

5) Section E22 Riga - Jekabpils

The section of the route E22 consists of several sections of roads P5 Ulbroka - Ogre, P80 Tintizi - Koknese and A6 Riga
- Daugavpils - Kraslava - Belarusian border (Patarnieki), which connect Riga with Jekabpils. The considered section is
115.6 km long with similar characteristics, including traffic intensity. It ranges from 4542 to 9124 vehicles per day, but
on average it is 6417 vehicles per day. 74% of road are in good and 26% - in satisfactory technical condition. Technical
and economic calculations show that the costs of road reconstruction are 1.4 times higher than the planned benefits for
road users. Internal Rate of Return is less than the discount rate of 5% (1.80%), which indicates that it is not economically
justified to rebuild this road into a high-speed road or a motorway. If the condition of the road does not change, the traffic
intensity has to increase 1.7 times in order for these values to equalize. No such increase in traffic is expected in the next
20 years.
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1.4.3. Justification of the construction of high-speed roads in 2021
Table 1. Economically justified and unjustified high-speed roads in 2021
Discounted road user | Discounted costs
benefits  calculated | calculated for 20- | Real  costs
0 i
.| e 1RG50 for 20-year period, | year period, mill. | mill. EUR
mill. EUR EUR
1 2 3 4 5 6
1 Riga bypass (ro_ads A4 and A5 & the 8.06% 553.3 4265 516.1
new Daugava bridge)
Road A7, section from Kekava bypass
2 to the Lithuanian border, including | 5.66% 310.3 2925 353.9
Bauska and lecava bypasses
1 Road Al2 Jekabpils — Rézekne — Ludza nla 118.9 796.4 963.6
— Russian border (Terehova)
Road A6 Riga — Daugavpils — Kraslava | o
2 — Belarusian border (Patarnieki) 8.26% 142.4 688.8 833.4
3.1 | Road A10 Riga — Ventspils (section 1) 0.71% 139.5 2134 258.2
3.2 | Road A10 Riga — Ventspils (section 2) n/a 82.9 502.1 607.5
Road Al Riga (Baltezers) - Estonian N
4.1 border (Ainazi) (section 1) 2.04% 117.8 156.8 189.7
Road Al Riga (Baltezers) - Estonian | _ o
4.2 border (Ainazi) (section 2) 3.12% 103.1 246.4 298.1
5 Section E22 Riga - Jekabpils 1.80% 282.5 385.0 465.8
o Estonia
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Figure 4. Improvement of TEN-T core network roads until 2030
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2. Development of state roads
2.1. Aim

The main task of the state road network is to ensure public mobility in all regions of the country and to promote economic
development. And this prerequisite sets the vision for the long-term development of state road network by 2040.

The goal of the 2040 strategy is to create an efficient road network, ensuring that the Riga bypass may be reached from
any national and regional development centre in Latvia within a maximum of two hours. In turn, development centres
along state regional and local roads from any settlement in Latvia could be reached within 45 minutes.

2.2. Strategic tasks

— Road sections of two carriageways have been created in the state main road network.
—  Efficient network of state regional roads has been established.
— Efficient network of state local roads has been established.

When developing the Strategy 2040, studies were carried out both how traffic and road user habits have changed and the
location of the population has changed in Latvia in the last 20-30 years. It is planned that high-speed road sections would
connect Riga with Ventspils, Liepaja, Jelgava, Bauska, Jekabpils and Daugavpils, Rézekne, Cesis and Smiltene, as well
as Ainazi (see Figure 5). The proposed road network development plan is designed to cover as large a population as
possible.

Ainazi

" Valka

Valmiara/_/ Veclaicene
Limbazi Smil

Sigulda Z 3N

Salacgriva

Ventspils

Tukums
Q Jarmala
e Grebneva

sSaldus

Jelgava
tingilin M P
’ Ludza
Bauska szekna Ny ) rerchova
Meitene
Grenctale
Rucava Nereta Daugavpils

Paternieki
Kraslava
Medumi

Figure 5. High-speed road sections planned in Strategy 2040

Special attention is paid to the Riga city, as Riga is the central hub of Latvian and Baltic traffic. Almost every main road
joins the Riga bypass, however, the traffic intensity on this bypass currently significantly exceeds the capacity for which
it was built. As a result of the implementation of the Strategy 2040, Riga has to be reached within 30 minutes from
Tukums, Jelgava, Bauska, Ogre, Sigulda and Saulkrasti (see Figure 6).
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Figure 6. Reachability of the Riga bypass in the Riga city area defined in Strategy 2040
2.3. Priority — reconstruction of state main roads

Priority is given to the reconstruction of state main roads by creating two carriageway road sections in the length of
1000 km in the state main road network, thus improving traffic safety and reducing emissions of greenhouse gases.

Such rebuilding of main roads is necessary to ensure simultaneously fast and safe road traffic. It is necessary to provide
a separate or separated carriageway for each direction of traffic, as well as ensure other additional safety solutions:
rebuilding the existing one carriageway and two carriageway roads so that they could be accessed only from intersections
in separate grades or controlled junctions, prohibiting the stopping of vehicles on carriageways and eliminating
intersections with railways or pedestrian ways.

By rebuilding a two-lane road into a multi-lane road with separate carriageways it is possible to eliminate the most
dangerous road traffic accidents - frontal collisions, as well as collisions with left-turners, which are often the cause of
fatality or serious injury. Road traffic accidents are expected to decrease by 50% in these sections.

Transport sector is one of the main sources of greenhouse gas emissions, accounting for 28.5% of total emissions, and it
is important to reduce them. The reconstruction of state main roads into two carriageway roads will improve the quality
of driving conditions, the traffic flow will be smoother and the waiting times for certain traffic flows will be significantly
reduced or eliminated. Smooth driving is characterized by lower fuel consumption, which is the cause of GHG emissions.
It is estimated that improved or rebuilt roads will reduce annual GHG emissions from road transport (carbon dioxide CO,
and methane CHy) by around 16%.

Feasible reconstruction option is two carriageways with four lanes, taking into account traffic safety and construction
costs (see Figure 8). According to the standard LVS 190:2 “Road design regulations” the optimal traffic intensity for such
a technical solution is in the range of 18000 - 65000 vehicles per day and it may be considered that in the foreseeable
future the capacity of such roads will be sufficient.

Technical description of a two carriageway road is the following:

1. A road with at least four lanes with separate carriageways;

2. Accessible only from intersections in separate grades or regulated intersections, but in certain justified cases
unregulated right entries and exits are allowed. The distance between the nodes is at least 3 km, but it has to be possible
to place traffic organisation furniture;

3. Is marked with a special road traffic sign 552;

4. Local traffic in the vicinity of a two carriageway road shall be organized on local roads and may cross such road via
intersection in separate grade;

5. No stopping, parking, as well as reversing the car on the carriageway is allowed,;

6. Slow traffic, bicycles, as well as pedestrians are not allowed on the road,;

7. Bus stops should be separated from the carriageway. The flow of bus passengers across the carriageway has be provided
via intersection in separate grade, eliminating the possibilities to cross the road at the same level as the carriageway.

8. Roads shall be equipped with animal restraint fences and animal passages, as well as with noise reduction elements.

In parallel with the road infrastructure, appropriate cycling infrastructure and utility channels which would provide for
the development of 5G infrastructure should be established in co-operation with municipalities.
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When rebuilding the existing one carriageway roads or constructing new two carriageway roads, the average construction

cost per 1 km at 2020 prices is approximately 6.0 million EUR, which consists of:

reconstruction or construction of the main road - 1.8 million. EUR,

—  parallel roads for local traffic - 0.7 million. EUR,

—  intersections in separate grades - 1.6 million. EUR,

—  engineering structures - 1.1 million. EUR,

—  other (expropriation of land, parking lots, additional equipment [animal fences, noise reduction elements, bus stops,
etc.]) - 0.8 million. EUR.

When rebuilding the existing two carriageway roads, the reconstruction costs are approximately 1.0 - 3.0 million EUR.
The exact costs of each project will be determined after the development of a detailed construction design. They depend
on the location of the project, the degree of complexity and other factors.

From the idea of road construction or reconstruction to construction works, several design stages have to be completed —
research including an environmental impact assessment, construction design with a minimum composition, land
expropriation process, detailed construction design. This whole process takes on average 6-7 years. The duration of
construction works depending on the size of the construction site is on average 2 - 4 years.

After the analysis of the situation in the state main road network, the reconstruction or construction of state main road
sections is planned in three stages.

First stage of the implementation of Strategy 2040 for the period of 2020 - 2030

Priority 1: reconstruction of Riga bypass.

The following projects are planned for the full reconstruction of the Riga bypass into two carriageway road (see Figure 9):
Project 1: Reconstruction of road A4 Riga bypass (Baltezers — Saulkalne)” - 20.5 km.
Project 2: Reconstruction of road A5 Riga bypass (Salaspils - Babite), section from state main road A10 to
perspective Kekava bypass - 26.5 km.
Within the framework of these two projects, a new second carriageway, intersections in separate grades, parallel
local roads and the necessary equipment (lighting, noise barriers, animal fences, etc.) will be built.
Project 3: Construction of a combined road and railway bridge over the Daugava and related road infrastructure.
Within the framework of this project a new combined bridge over the Daugava and related road infrastructure
will be built - bridge approaches with two carriageways, reconstructed intersection in separate grades of roads
A4 and A6, new connection to the existing national regional road P85, parallel local roads and necessary
equipment (lighting, noise barriers). etc.
Project 4: Construction of road A5 Riga bypass (Salaspils-Babite), section from the new bridge over the
Daugava to the junction with Kekava bypass — 12.0 km.

Priority 2: reconstruction of the existing two carriageway roads.

The reconstruction of the following sections two carriageway roads is planned (see Figure 10):
Project 5: Reconstruction of road A2 Riga — Sigulda — Estonian border (Veclaicene), section from road A4 to
the Lorupe ravine (section with two carriageways) - 32.0 km.
Project 6: Reconstruction of road A8 Riga — Jelgava — Lithuanian border (Meitene), section Riga — Jelgava —
36.5 km.
Project 7: Reconstruction of road A10 Riga — Ventspils, section Riga — Jarmala — 6.7 km.

Priority 3: reconstruction of Via Baltica.
Project 8: Reconstruction of road A7 Riga - Bauska - Lithuanian border (Grenctale), including Bauska and
lecava bypasses— Lietuvas robeza (Grenctale) parbuve, ieklaujot Bauskas un lecavas apvedcelu izbavi” —
60.1 km.

In total it is planned to reconstruct 194.3 km of roads during Stage 1 (see Figure 7).

10



30th International Baltic Road Conference (IBRC 2021)

IOP Publishing

IOP Conf. Series: Materials Science and Engineering

Rigas
Jjaras licis

Tukums

Jelgava /

Dobele

Lietuva

1202 (2021) 012004

doi:10.1088/1757-899X/1202/1/012004

Lielvarde

Aizkraukle

Figure 7. Newly constructed and reconstructed roads during Stage 1 of Strategy 2040

Second stage of the implementation of Strategy 2040 for the period of 2030 - 2035

The reconstruction of the Koknese - Jekabpils section of the road E22 into a two carriageway road will be carried out
gradually. Stage 1 will include the building of one carriageway with 2 lanes, intersections in separate grades and parallel
local roads, as well as animal fences). In Stage 2 a second carriageway will be built next to the adjacent carriageway and

the works are planned in the next stage from 2035 to 2040.

Project 9: Construction of road E22 section Koknese — Plavinas — 17.0 km.

Project 10: Construction of road E22 section Plavinas - Jekabpils - 25.3 km.

These two projects together with road P80 rebuilt in 2013 (stage 1 of the project, 1 carriageway with 2 lanes)
will result in a straight, comfortable and safe road in the direction of the eastern border of Latvia (Russia and

Belarus).

Project 11: Reconstruction of road Al Riga (Baltezers) — Estonian border (Ainazi) — 101.7 km.
Project 12: Reconstruction of road A10 Riga — Ventspils, section from Jarmala to turn to Tukums - 48.4 km.
Project 13: Reconstruction of road A2, section from the Lorupe ravine to turn to Césis — 31.6 km.

In total it is planned to reconstruct 224.5 km of roads during Stage 2 (see Figure 8).

Rigas

Valdemarpils jaras licis

Talsi

Stende

Kuldiga Sabile

Saldus

Auce

thed e 4k

_ Plavinas

. 10

Aizkraukle
Jékabpils
Viesite

Figure 8. Newly constructed and reconstructed roads during Stage 2 of Strategy 2040
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Third stage of the implementation of Strategy 2040 for the period of 2035 - 2040

Project 14: Reconstruction of road E22, section from road A4 to Jekabpils, stage 2 — 116.8 km.

Project 15: Reconstruction of road A12 Jekabpils - Rézekne - Ludza — Russian border (Terehova), section
Jekabpils — Rézekne - 89.0 km.

Project 16: Reconstruction of road A6 Riga — Daugavpils — Kraslava — Belarussian border (Patarnieki),
section Jekabpils — Daugavpils — 76.7 km.

Project 17: Reconstruction of road A10 Riga — Ventspils, section Tukums — Ventspils — 114.6 km.
Project 18: Reconstruction of road A9 Riga (Skulte) — Liepaja — 191.7 km.

Project 19: Reconstruction of road A2, section from turn to Césis to Smiltene — 48.7 km.

In total it is planned to reconstruct 637.5 km of roads during Stage 3 (see Figure 9).

Figure 9. Newly constructed and reconstructed roads during Stage 3 of Strategy 2040

Conclusions

1.

In carrying out the development of state roads in accordance with the Strategy 2040, approximately 1000 km of

state main roads in the state road network would be rebuilt into high-speed roads, and this implies that:

1.1. Construction cost in the prices of 2020 is 5.2 billion EUR;

1.2. The benefits to the Latvian economy from the reduction in travelling time, reduction of road traffic
accidents and reduction of CO, emissions would reach 169.4 million EUR per year.

Project implementation and funding schedule has been prepared for Stage 1 of the reconstruction of state main
roads. These projects have to be implemented until 2028 and the necessary funding amounts up to 542.29 million
EUR.

2.1. After the implementation of Stage 1 the benefits to the Latvian economy from the reduction in travelling
time, reduction of road traffic accidents and reduction of CO2 emissions would reach 71.93 million EUR
per year.

2.2. As soon as Stage 1 is implemented interim review of the development of state main roads, as well as
Strategy 2040 will be carried out and after that priorities will be adjusted and future action plan and funding
schedule will be prepared accordingly.
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Abstract.

Kekava Bypass public-private partnership (PPP) project is the first highway infrastructure PPP project in the Baltic States
to be implemented according to Design-Build-Finance-Maintain (DBFM) model. Its objective is to solve the “bottleneck™
of the TEN-T network road section entering Riga City with only one lane in each direction. The duration of the project
is 23 years, including 3 years for design and construction of the infrastructure and 20 years for its maintenance. Kekava
Bypass consists of the main road 17.22 km, auxiliary roads 20.66 km, 2 tunnels, 5 two-level road junctions, 1 bridge (all
in all more than 100 lane km), 2 pedestrian bridges/tunnels etc.

The Latvian government required that the assets of the Kekava Bypass project are classified off government balance
sheet during the whole duration of the PPP contract. Thus, the Kekava Bypass PPP tender documentation was elaborated
strictly observing this off-balance sheet treatment frame. Eurostat assessed the project documentation and issued its
opinion that the project corresponds to the off-balance sheet criteria.

Latvian State Roads on behalf of the Ministry of Transportation launched Kekava Bypass tender in December 2018. The
tender was implemented in four sequent phases, namely, the qualification phase, the submission of initial offers,
negotiations with the selected bidders about the initial offers, the submission of the best and final offers. On August 13,
2020, Latvian State Roads announced the winner and the financial due diligence phase to be performed by financial
institutions started.

Keywords: road construction, public — private partnership, DBFM, off balance sheet

Introduction

The concept of the public-private partnership (PPP) has become more and more popular in both developed and developing
countries in recent decades (Osei-Kyei & Chan, 2015) because it is an opportunity to develop the public infrastructure
even if the country does not have financial resources at the moment for such purposes. However, the origins of the PPP
can be traced back to ancient times. More detailed evidence about PPP-like cooperation dates to the 17th century in Great
Britain (Link, 2006). In the past, it was usually an initiative of individual entrepreneurs rather than an initiative of the
government for the development of the public infrastructure. Only since the beginning of the 20th century, public
administrations have begun to practice PPP as a targeted activity (Cheney, 2018).

In the EU Member States, the PPP concept became particularly relevant with the 2014 Investment Plan for Europe or the
so-called Juncker Plan that was designed to reduce the drop of investment with the attraction of private and public
resources.

Regarding the very first highway infrastructure PPP project in Latvia, it is important to define the scope: the project
includes different phases like pre- preparation, preparation, procurement, PPP contract, hands- off period etc. At the
moment of the development of this report, PPP project “Kekava Bypass” implementation is still ongoing and there are
different risks to be managed to implement the whole project successfully. The success or failure of the project will
create a precedent to apply PPP concept to the other infrastructure projects in Latvia therefore it has been very
important from the very beginning to consider each step and to make sure it is the most transparent and the suitable
way how it can be implemented.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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1. Public — private partnership as an opportunity
1.1.Different forms of PPP

The public-private partnership does not have one strict definition because it has different forms. The PPP concept is
mainly used to identify the type of cooperation between the public and private sectors to achieve a common goal (The
World Bank, 2014). For example, the Organisation for Economic Co-operation and Development (OECD) has defined
PPP as “an agreement between the government and one or more private partners (which may include the operators and
the financers) according to which the private partners deliver the service in such a manner that the service delivery
objectives are aligned with the profit objectives of the private partners and where the effectiveness of the alignment
depends on a sufficient transfer of risk to the private partner.” (OECD, 2008). In turn, according to the Reference Guide
of The World Bank PPP is a long-term contract between a private party and a government entity, for providing a public
asset or service, in which the private party bears significant risk and management responsibility, and remuneration is
linked to performance (The World Bank, 2014). Garvin and Bosoo (2008) explains the meaning of PPP as “a long-term
contractual arrangement between the public and private sectors where mutual benefits are sought and where ultimately
(a) the private sector provides management and operating services and/or (b) puts private finance at risk” (Garvin &
Bosso, 2016). Essentially, it is a procurement method providing “value for money” for the development of public
infrastructure taking advantage of competitive tenders, flexible negotiations and risk-sharing between the parties
concerned (Akintoye et al., 2003).

In their study, Hodge and Greve (2016) acknowledge that, regardless of how different PPPs are defined, they share several
common aspects. In most of the PPP definitions appears the “risk” aspect to be shared between the parties involved in the
conclusion of the contract. Another important aspect is “innovation”, as PPP implementation is expected to go beyond
the usual cooperation. The public and private sectors need to offer new solutions and work together to achieve results.
This gives hope for a long-term and successful cooperation, which is not usually the case with a traditional service
contract. The successful implementation of projects is also encouraged by the fact that in this case, unlike other
procurement methods, the parties have carefully identified and shared risks before concluding a PPP agreement (Li et al.,
2005). The main feature of PPP is that they indicate the assets or services provided as a result, rather than how they are
provided. In general — it is determined what is needed, not how to achieve it. Therefore, PPP contracts are “combined”
with several project phases or functions. Depending on the specifics of the project, features may vary. For example, typical
features that could be included in a private partnership agreement, is project development, construction, financing,
maintenance, operation (The World Bank, 2014).

1.2.The main challenges

Although the PPP approach is becoming widely used for infrastructure development worldwide, it is still being considered
controversial. Some authors emphasize that this is due to the high costs of implementing a PPP, its long procurement
process, the lack of experience, the unattractive financial market, the high degree of risk, and, in many cases, the higher
costs for end-users (Osei-Kyei & Chan, 2015). Other authors emphasize that the main benefits of using the PPP concept
are improved public administration capacity through integrated procurement solutions, promotion of innovative
approaches, reduction of project implementation costs and time, transfer of risks to a private partner, acquisition of new
skills and technologies (Akintoye et al, 2003).

Bayliss and Waeyenbege conclude at the end of their study that PPP would be more important for developing countries,
but they tend to have weak project implementation and regulation capacity, and potential investors have a small interest
in investing in lower income countries. The authors of this study doubt the usefulness of PPPs in poor countries and
believe that it is not an appropriate tool to indirectly reduce poverty and promote the country's economic growth and
prosperity (Bayliss & Waeyenbege, 2017). Other researchers, on the other hand, are daring to argue that PPPs will become
a powerful policy tool for development in the future (Hodge & Greve, 2016). Through the PPP scheme, the government
has an opportunity to focus on the development of several sectors of the economy by promoting infrastructure
development (Cumming, 2007). Sergi et al. (2019) mention India and China as examples of the appropriateness of using
the PPP concept to promote the sustainability of the developing countries, at the same time recognizing that the primary
obstacle to the use of PPP by this type of developing country is the lack of initiative at the national level, as a private
investor cannot initiate this process without a proper regulatory and legal basis.

This disagreement is exacerbated by the fact that there is still no common approach to determining whether a particular
project is performing well. As a possible solution for the evaluation of PPPs, researchers have proposed the determination
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of the success factors of a PPP and believe that it could be used to make PPPs more successful in the future. Success
factors of PPP is one of the key areas that attract the attention of PPP researchers (Osei-Kyei & Chan, 2015). For example,
Osei-Kyei et al. (2017) identified in their study the most important criteria determining the successful implementation of
a PPP project are effective risk management, meeting output specifications, reliable and quality service operations,
adherence to time, satisfying the need for public facility/service, profitability and long-term relationship and partnership.
In the field of PPP research, increased attention is also paid to such important issues as PPP governance and regulation,
performance management, economic viability, risk management (Cui et al, 2017).

It is now hard to predict the practice of using the PPP concept in the future and whether it will continue to increase. In the
World Bank's annual report on private partner investment in the first half of 2020 is concluded that restrictions imposed
to reduce the spread of the Covid-19 virus have had an impact on PPP funding (The Worlds Bank, 2020). Many ongoing
projects are delayed or even completely stopped. This is mainly due to the decline of the macroeconomic indicators and
the fear of private investors to invest in sectors whose development in the future and return on investment are uncertain.
For example, according to the World Bank's private partnership database, private investment in the road sector fell by
79% in the first half of 2020 compared to 2019.

1.3.The local experience so far

So far, a small number of PPP projects have been implemented in Latvia, none of which have been for the development
of transport infrastructure, even though the legal basis for this type of co-operation in Latvia was established already in
2009 with the adoption of the Law on Public-Private Partnerships. The first attempt to introduce PPP for the development
of transport infrastructure was for the road section Riga - Senite but that was not led to implementation, although all the
necessary documentation had already been prepared. The main reason for this outcome was a change of priorities for the
state-related institutions that caused this object to lose its importance. The next attempt to implement PPP in the transport
sector in Latvia is the construction of the Kekava bypass, which will be described in more detail in this publication.

2. Pre-preparation phase of the Kekava Bypass PPP project
2.1. Description of the necessity

In Latvia, the highest traffic volume is around Riga City, therefore all roads entering Riga, namely, from Ventspils
(A10), Daugavpils (A6), Tallinn (A1), Jelgava (A8), have several lanes in each direction. The existing road E67 / A4
in its section Riga — Kekava has one of the highest volumes — capacity ratio in Latvia and the traffic volume has been
multiplied several times during the last 15 years exceeding 17 000 vehicles per day. Currently, the planned traffic
volume for the existing road construction has already been exceeded approximately three times. Moreover, Bauska
highway (A7) is the only road entering Riga City with one lane in each direction.

In compliance with the Final Report on North Sea-Baltic core network corridors (European Commission, 2014),
Kekava Bypass has been acknowledged as the "bottleneck” of the TEN-T network and it is recommended to make
actions to improve cross-border connections and increase road capacity.

Figure 1. Planned location of the Kekava Bypass.
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Kekava Bypass public-private partnership (PPP) project is the first highway infrastructure PPP project in the Baltic
States to be implemented according to Design-Build-Finance-Maintain (DBFM) model. Its objective is to solve the
“bottleneck” of the TEN-T network road section entering Riga City with only one lane in each direction.

The Kekava Bypass after its construction will be the new section of the road A7 Riga — Bauska — the border of Lithuania
(Grenctale) from km 7.78 to km 25.0 and it will be a part of the international road E67 Via Baltica (Helsinki — Tallinn
— Riga — Panevezys — Kaunas — Warsaw — Prague). It will be also a new section of the TEN-T network ensuring the
most efficient road connection between the capital of Latvia — Riga and the neighbor country Lithuania as well as the
rest of Europe. The road E67 provides traffic stream through Riga city to the bypass of Riga (A4 Baltezers - Saulkalne),
the bypass of Riga (A5 Salaspils - Babite), the road A6 Riga-Daugavpils — Kraslava -the border of Belorussia
(Patarnieki), the road A8 Riga — Jelgava - the border of Lithuania (Meitene) as well as the road A9 Riga (Skulte) -
Liepaja.

2.2. Decision making

As a high priority project, Kekava Bypass was included in the Declarations of several Governments. An activity
1.2.1.2. Preparation of the E67/A7 Kekava Bypass construction project for the commencement of its implementation
according to the public-private partnership model and commencement of its implementation, if a relevant decision of
the Cabinet of Ministers will be adopted within the measure 1.2.1 Rehabilitation and development of roads in the TEN-
T network was included in the Transport Development Guidelines for 2014-2020 (approved by the Cabinet of Ministers
with an Order No.683 of 27 December 2013 “On Transport Development Guidelines for 2014-2020”. However, the
initial decision of the Government to start preparation works of the Kekava Bypass project was taken only on October
7, 2014 (protocol No. 53, § 35) with following development of the first financial and economic calculations.

Analyzing data on availability of the funds for the development of the road infrastructure in Latvia (state budget, EU
structural funds) it was concluded that investments into the road infrastructure were insufficient continuously for many
years. Thus, the implementation of a new road construction project of such a scale would mean postponing renovation
projects of the existing roads for several years. On the other hand, application of the PPP model provides advantages
comparing with other funding methods including an alternative funding in comparison to the state budget and EU
structural funds and an optimal risk division achieved by transferring to the private partner risks which the private
partner will be able to manage most effectively. Considering this, the private — public partnership was assumed as one
of the potentially most effective methods for implementing the project.

On the base of the results, the Government decided to start preparation works for the procurement under the PPP model
considering also terms set by the EC decision about the European Fund of Strategic Investments (the so-called Juncker
Plan). This decision can be considered as the official start of the project.

Considering all the above and the scope of the project, the necessity of international financiers was identified at the
very beginning of the project. Therefore, Kekava Bypass as a potential PPP project was presented to one of the main
potential financiers — the Europe Investment Bank (EIB). The presentation was successful - on December 15, 2015, by
sending the Letter of Intent on possibility to fund the project, EIB expressed readiness to support the project. This fact
served as a basis for the next step towards the project.

2.3. Selection of the PPP model

Before starting the construction of any infrastructure object, it is necessary to evaluate whether the obtained benefit
from the construction of the object is higher than the construction costs. Public infrastructure objects cannot be
recouped directly, for example, by setting tolls, however, they have socio-economic benefits.

In March 2014, the first Financial Economic Analysis (FEA) was developed by KPMG Baltics SIA. FEA was
developed on the base of the guidelines issued by the Ministry of Finances for the PPP projects. The document was
also assessed and approved by the Central Finance and Contracting Agency (CFCA). In December 2015, FEA was
updated.

The assessment has been made on the assumptions that:
- the first 5 years of the project implementation will be needed for the purchase of land for the project,
- road construction works will be carried on for 3 years,
- road operation will last 20 years.
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The following socio-economic benefits of road construction can be identified for road construction projects and during
the period of subsequent use:

- accident cost savings,

- cost savings for road users in terms of time spent on the road,

- depreciation savings on vehicles,

- tax revenue.

The analysis of socio-economic factors showed a positive result - the socio-economic benefits exceeded the total costs
of the project - an assessment was made of whether it is more advantageous for the state to implement the project itself
through the classical public procurement mechanism, or also transfer these rights to the private partner through a
public-private partnership structure. The performed analysis showed that the PPP model is more advantageous for the
state, because it has significantly reduced number of risks and amount of costs related to them, which were mainly due
to higher prices in the case of public procurement. In PPP model many of the risks related to the public procurement
process will be transferred from the public partner to the private partner. The next step was to choose exactly which
PPP model to implement.

Transport infrastructure PPP projects are usually based on the principle of subsidies, i.e., they are based on demand,
not so much on quality. In such model, the compliance with quality or accessibility standards are not the main issues
to watch for; the private partner primarily seeks profitability. In developed countries the risk of demand for yet unbuilt
roads are taken over by the private sector, as historical traffic data is stable and reliable. However, countries such as
Poland and Hungary had unsuccessful experiences where private operators were unable to bear the traffic risk. In case
of Kekava Bypass, the length of the road section, current and projected bypass traffic volume is insufficient to generate
sufficient revenue and ensure successful implementation of the Road Subsidy (Shadow Toll) mechanism.

Considering that it was concluded that the accessibility payment scheme is the most appropriate mechanism for the
Kekava Bypass project due to the following factors:
- the accessibility payment is directly aimed at meeting the established infrastructure standards which are fully
compliant to the objectives of the public partner regarding the rehabilitation and maintenance of the road,
- there is no link between the request (traffic) and the compensate to the private partner; traffic risk is replaced
by “availability risk”,
- the availability fee is usually a fixed amount - in real terms - throughout the project implementation period.
In contrast, the Shadow Toll varies annually according to traffic volume changes. The public partner knows
in advance what amount will have to be paid each year.

Table 1. Summary of the chosen PPP model

Type of the contract DBFM (Design, Build, Finance, Maintain)
Duration of the PPP contract | 23 years (3 [designing and building] + 20
[maintenance])

Type of payment Availability payment
Customer / Public partner Ministry of Transport
Balance sheet treatment Off government balance sheet

Conclusions of the FEA were used to issue on March 10, 2016 an order No. 172 by the Cabinet of Ministers thus
launching preparation of the design, construction, financing, and maintenance procurement of the Kekava Bypass
under the structure and principles of the public — private partnership.

Considering complexity of the project and the fact that there is no local PPP experience to be used as an example,
already in June 2016, SJSC “Latvian State Roads” and EIB agreed to involve the European PPP Expertise Centre in
the development process. Additionally, legal, and financial advisory services were purchased on February 16, 2017 to
involve more high-level local and international experts in the project implementation.
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3. Preparing and structuring of a benchmarkable PPP model
3.1. Technical research stage

The planned Kekava bypass route includes the sections of the existing road A7 and a section to be built, which crosses
mostly the areas of Kekava municipality and Kekava rural territory. The section of the existing road to be reconstructed
passes through Krustkalni, Ramava, Valdlauci, Lapenieki and Katlakalns, but the newly built section mainly passes
through the sparsely populated areas (the nearest populated place is Skujenieki village). Only a small part of the route
in the beginning of the road A7 bypass is in Balozi town — part of Kekava municipality.

Following the regulations of the Republic of Latvia, in September 2015, development of the Environmental Impact
Assessment (EIA) was launched to investigate the territory, potential impact of the highway from different aspects as
well as to define potential technical solutions — location of the main road, auxiliary roads, traffic management solutions
etc.

Table 2. Technical parameters of the Kekava Bypass

Total length 17.58 km
Construction of a new express road 14.40 km
Reconstruction of the existing road 3.18 km
4 lane road 12,22 km
2 lane road 5,36 km
Auxiliary roads 20,66
2-level road junctions 5
Tunnels (...<100 m) 2
Bridges (...<100 m) 1
Roundabouts 10
Pedestrians’ bridges and tunnels 2

The project falls under Annex | of the EIA Directive (2011/92/EC). Compliance analysis with the EIA Directive
(2014/52/EU), Habitats Directive (92/43/EEC, as amended) and Birds Directive (2009/147/EC) has been part of the
EIA process and decision. Initial EIA for Kekava bypass was prepared and Environmental Decision was issued in
2008, but, as the validity date of the decision has expired and certain technical solutions have been changed since then,
a repeated EIA was required. The EIA procedure for the Intended activity was applied by the Decision No. 129 of the
State Environment Bureau, dated 20 May 2015 “On the application of the environmental impact assessment
procedure.” The program for the EIA was issued by the Competent Authority on 17 February 2016. EIA report was
submitted on 19th January 2017. After comments and clarification, a positive Environmental Decision was issued on
3rd March 2017 stating that the foreseen project will not cause significant negative impacts on environment and is
acceptable once indicated mitigation measures (mainly addressing noise and construction calendar) are considered in
the project design and implementation. Soon after — on 9th March 2017, Kekava Municipal Council made a Decision
accepting the project.

The project does not pass-through Natura 2000 sites. The closest one, Habitats Directive site “Dolessala”
(LV0301900), is located 1.6 km from the route on the other side of Daugava river. Compliance with the Habitats
Directive (92/43/EEC) and Birds Directive (2009/147/EC) has been addressed in the EIA study and EIA Decision
where it is stated: “Taking into account the nature park location, according to the estimates it cannot be expected that
the Kekava bypass construction would affect the ecological functions of integrity, development and conservation
objectives of the area Natura 2000.”

The main residual negative impacts of the project are:
- conversion and permanent loss of about 115 hectares of largely agricultural and forest land,
- additional noise,
- vibration and visual intrusion for those properties close to the road,
- degraded local air quality next to the new road,
- separation of territories which changes the pattern of access.

The project is expected to have some positive environmental impacts due to displacement of local emissions away
from built up areas, as well as road safety improvements. The project does not have a particular exposure to climate
change.
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The EIA process was carried out ensuring thorough public consultation and stakeholder engagement. In line with
regulatory requirements, public consultation took place during the EIA proceedings prior to granting the environmental
consent. Several suggestions were received from the individuals and entities. After proper analysis these were
considered as much as feasible.

3.2. Specific requirements

Between April and May 2017, the EIB assessed the initial readiness of the PPP project to be financed. The technical
readiness, financial economic calculations, impact to the environment of the project were evaluated. As a result of the
appraisal mission, on July 18, 2017, the EIB Board of Directors decided on the readiness to finance the PPP project, if
the private partner selected in the procurement would express a wish to attract financing from the EIB. At the same time,
EIB informed that financial, technical, and legal due diligence of the Private partner will be carried out a before granting
funding.

The draft of the PPP contract was build considering the precondition set by the Minister Cabinet: the risks between the
public partner and the private partner should be distributed in such a way that the assets of the PPP project are accounted
in the balance sheet of the Private partner without adversely affecting the general government budget balance and debt.
The maintenance of the off-balance sheet records has been made a mandatory requirement throughout the term of the PPP
agreement (unless a decision of the Cabinet of Ministers on the abolition of this requirement is adopted in the future).
Therefore, prior to launching the tender, a positive EUROSTAT opinion was received that the project assets are treated
off-balance sheet (EUROSTAT, 2018). The Latvian State Roads were the first to receive a positive Eurostat opinion in
the Baltic states.

At different project implementation stages, the trends of the construction market of the Baltic States have been analyzed
on daily base. One of the tendencies in the area of the large-scale construction having potential to jeopardize the
implementation of the project was a complicate structure of the contractor and sub-contractors. To avoid extension of the
chain of contractors creating risks for project implementation in time and quality so called critical works were defined to
be performed by the private partner itself, its member or that subcontractor, on whose abilities and experience in
construction the private Partner relays to perform all technical qualification criteria, respectively, works that cannot be
outsourced:

- construction of the cold enduring layer (-s),

- construction of all layers of the broken stone bedding,

- construction of the upper layers of the ardent bituminous concrete (asphalt),

- construction of the bond layers of the ardent bituminous concrete (asphalt),

- construction of the sub-layers of the ardent bituminous concrete (asphalt).

To inform the potential market players about the upcoming public-private partnership tender, the Latvian State Roads put
much effort in organizing and hosting Kekava Bypass Open Days. These events were widely attended and acknowledged
by potential tenderers. In July 2017, the principles of the chosen procurement procedure, PPP model and the main
requirements for the applicants and technical solutions were presented to inform potential tenderers and to get a feedback
on details needing to be developed. In 2018, Open Days were organized already as individual sessions with the potential
tenderers short before procurement announcement to inform them about the more detailed requirements of the upcoming
public-private partnership tender to facilitate the timely establishment of the necessary consortia and to give more time
to get prepared for the participation in the tender.

3.3. Procurement procedure

In order to determine the private partner who would be granted the right to enter into the PPP contract, the Latvian State
Roads launched a public procurement procedure — competitive procedure with negotiations. This procedure was chosen
as the most suitable one meeting the specific needs of the contracting authority, namely, to give the selected tenderers,
who have complied with the qualification criteria, a possibility to improve the content of their bids during the negotiations
held separately with each tenderer.

The procurement procedure was implemented in two stages — the qualification stage and the selection stage. The selection
stage also included negotiations with the selected tenderers.

On December 6, 2018, the Latvian State Roads announced the qualification stage. On January 30, 2019, the contracting
authority received 5 qualification applications, out of which one was disqualified. Hence, on May 17, 2019, the four
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qualified candidates were invited to participate in the selection stage by submitting their initial bids comprising both a
financial offer and a technical offer.

On August 9, 2019, initial bids were received from two bidders, namely, an association of persons “Cointer and lgate”
and an association of persons “Kekava ABT”. Both bidders have previous PPP project experience in Europe and in other
parts of the world. Cointer Concesiones, S.L. is a Spanish company — a member of the Azvi group specializing in
infrastructure and public service projects in Europe and other countries (for more information www.cointer.eu) and lgate
is a Latvian road construction company. As much as 80% of the total investment in the association of persons “Kekava
ABT” belong to a Luxembourg investment fund “Transport Infrastructure Investment Company 2 S.C.A., SICAR” (TIIC
2 S.C.A., SICAR) specializing in transport and public infrastructure projects with subsidiaries in Portugal, France and
Luxembourg, 10% belong to a Latvian road construction joint-stock company “A.C.B.” and the remaining 10% - to a
Latvian road construction limited liability company “Binders” (for more information wwuw.tiic.pt).

Initial bids comprised technical solutions (can be compared to a technical design though in a limited amount) and a
financial model. Evaluation of both initial bids was completed in October 2019 by starting individual negotiations with
each tenderer. Latvian State Roads negotiated with each tenderer for 30 hours within 3 months. In frame of these
negotiations, both technical solutions and financial models were discussed with the aim to improve the quality of the bids
and to decrease the price. Along with the technical solutions and financial models, the draft PPP contract was also
negotiated though in a limited amount to preserve the off-balance sheet treatment condition. To keep focused on the off-
balance sheet treatment, 5 out of 23 chapters of the PPP contract were closed for any negotiations, because they contain
provisions which are crucial for preserving the off-balance sheet treatment in the PPP contract both at the time of signing
the PPP contract and during its implementation.

On February 28, 2020, both tenderers were invited to draft and submit their best and final offers (BAFO). On April 21,
2020, the contracting authority received both bidders’ BAFOs.

Economically the most advantageous bid was determined basing on the following criteria:
- Financial Model - 80%; and
- Design and other requirements listed in the Award Procurement Document - all jointly 20%.

The latter 20% were further divided as follows:
- Design (15% (fifteen per cent)),
- Scheduled Availability Date (25% (twenty-five per cent)),
- Quality and Risk Management (15% (fifteen per cent)),
- Maintenance Plan (15% (fifteen per cent)),
- Traffic Handling During Construction Works (15% (fifteen per cent)); and
- Traffic Safety Description (15% (fifteen per cent)).

When analyzing the received bids, it was concluded that:

- the fact that there were two bids received was a good achievement if compared to a range of other PPP projects
in other countries,

- the 11% difference in price between the two tenders corresponds to the existing market and competition
practice,

- if compared to the initial bid, during the negotiations with the tenderer who submitted the BAFO with the
lowest price, the total price was reduced by 7% which means a reduction of 19.22 min EUR. Such a price
decrease after the negotiations corresponds to the best practice in the EU in similar PPP projects which had
been implemented by using a similar procurement procedure and approach.

Prior to announcing the results of the procurement, the Latvian State Roads submitted a report to the Minister Cabinet
and received its approval to proceed with the project. After receiving the Minister Cabinet approval about granting the
funding needed for the project, the association of persons “Kekava ABT” was granted the right to sign the PPP contract
as its BAFO was recognized as the most economically advantageous bid, which, inter alia, was with the lowest price —
gross availability payment of EUR 265 729 046.65 excluding VAT as well as with the shortest construction period (in
compliance with the Scheduled Availability Date - less than 2,3 years).

After announcement of the procurement results, in October 2020, the due diligence procedure was started by the financiers
chosen by the potential private partner. It was completed in April 2021. The process included both technical, financial,
and legal due diligence.

After completion of the due diligence, the contracting authority addressed the EUROSTAT for a repeated opinion on the
off-balances sheet treatment of the Kekava Bypass PPP contract as there were amendments in the contract introduced
after negotiations with the tenderer during the selection phase and the financiers after the due diligence.
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Latvian State Roads will enter the PPP contract when it receives a positive EUROSTAT opinion on the amendments.
Along with the PPP contract, the contracting authority will sign a direct agreement with the financiers chosen by the
private partner and the private partner himself. Accordingly, the private partner will sign a financial contract with the
financiers.

Conclusions

PPP is a good tool to satisfy public needs for infrastructure while there is limited financing available on the state side.
At the same time, one must bear in mind that it is a long way to go from the start of the project till signing a PPP
contract. As a public authority, the customer will need deep expertise while handling not only the several- stage public
procurement, including negotiations with the bidders, but also conducting negotiations with financiers during the due
diligence phase. This whole procurement and due diligence process in case of Kekava Bypass took about two and a
half years. If the government decides to implement the project as one being off-balance, the implementing public
authority will have to ensure off-balance sheet treatment throughout the negotiations with the bidders and also with
the financiers, which is a challenge. The public authority as a customer might also need a repetitive Eurostat decision
for the government to be on the safe side that the project is still off-balance after the amendments introduced during
the negotiations with the bidders and financiers.

Funding

On the base of the procurement results, an information report was prepared and submitted to the Cabinet of Ministers of the
Republic of Latvia. On August 13, 2020, an order No. 442 “On the long-term commitment of the Ministry of Transport to
implement the state's main highway "E67 / A7 Kekava bypass" public-private partnership project” was issued thus giving
permission to continue project implementation and to provide a necessary resource within the state budget in period 2021-2043.

It is planned that the PPP contract will be concluded in July 2021.
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BAFO — the best and final offer

CFCA - Central Finance and Contracting Agency
DBFM - design, build, finance and maintain
DB - design and build

EIA — Environment impact assessment

EIB — European Investment bank

EUR - euro

FEA — Financial Economic Analysis

min - million

PPP — public — private partnership

VAT - value added tax
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Abstract. In 2021 a new territorial reform will be carried out in Latvia, and the number of existing 110 local governments
will be reduced to 42 regions (previous territorial reform in 2009 resulted in the decrease of the number of local
governments from 522 parishes down to 110 local governments).

Each territorial reform has always regarded the importance of the network of state owned roads in ensuring successful
operation of local governments, management of their territories and provision of municipal services to local inhabitants.

After the previous territorial reform carried out in 2009 there were 104 centres of local governments that were not
connected with paved roads. At present only 59 such centres without paved road connections have remained, and
improvements on roads serving these local governments is continued in the scope of annual improvement programmes
financed from the state budget.

The Ministry of Environment and Regional Development within the scope of the new territorial reform in 2021 is preparing
a new Investment Programme for Road Development in the Context of Territorial Reform. Respective road sections are
identified by the administrations of planning regions in co-operation with local governments, the programme itself is
compiled by the Ministry of Environment and Regional Development, but State Limited Liability Company “Latvian State
Roads” is providing consulting on the choice of most efficient rehabilitation methods, preparation of technical
documentation and potential construction costs.

Keywords: territorial reform, local governments, investment programme, road development

Introduction

To enable local governments to perform their functions efficiently, one of the most important factors is high-quality
and well-developed road network. Therefore roads are one of the most important issues during the implementation of
each territorial reform.

This report gives an overview of the national road network and travelling habits of the population in order to receive
the services needed in everyday life. Territorial reforms of local governments carried out in the Republic of Latvia and
related state road improvement programmes, which are intended to improve the accessibility of administrative centres
are reviewed. Improvement of roads needed to reach administrative centres within the framework of annual state road
improvement programmes, are reviewed, as well. The experience of repairing roads important for local governments
in 2004-2009 has been summarized. Finally, the State Road Improvement Programme developed by the Ministry of
Environment and Regional Development is reviewed in the context of the territorial reform of local governments
planned for 2021.

1. Historical classification of road network

The development of road network and the territorial division are closely interlinked, and it is often not clear whether
the territorial division serves the road network or the road network serves the territorial division. In any case, changing
the territorial division changes the travelling habits of people between settlements and administrative centres, as well
as, between adjacent administrative centres. If the lifetime of territorial division is constantly longer than the lifecycle
of roads (25-35 years), the road network fully adapts to the territorial division. Roads that are needed to reach the new
administrative centres will develop and roads that have led to previous administrative centres will gradually deteriorate
and become insignificant. Such a stable situation in the territory of Latvia began to develop in 1960-ies, and it existed
until 2004. During this time, most of the roads with bound pavements were newly constructed or rebuilt. Depending
on travelling habits and the intensity of economic activity, the roads were widened, and their technical category was
increased.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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Administrative management model was organized in two levels during this period. Local governments of the lowest
level were parishes, and the second level municipalities were districts. In accordance with this administrative model a
road network was developed, that with slight changes still exists today. Travelling habits of the population developed
accordingly. The most necessary services (shops, schools, etc.) were available in parish centres, and daily travel
patterns were developed by the people living in parish territories. This type of mobility was mainly provided by roads,
which are now municipal roads. The range of services available in district centres (hospitals, specialized shops,
secondary schools, etc.) was wider and job opportunities were greater. This influenced travelling patterns from the
parish centres and other settlements to district centres. This type of travel took place along roads that are now classified
as state local and regional roads.

Roads between district centres and larger cities, as well as, from parish centres to district centres in this administrative
model were of much higher quality but connections between parish centres usually had unbound pavements.

2. Territorial reform in 2004 - 2009

As the population of Latvia was decreasing, a decision was made in 2004 to implement the territorial reform with the
aim to transfer from a two-level administrative model to one-level model. District councils were abolished, and
parishes were allowed to unite voluntarily and form regions. In many cases the territories of these regions were created
ignoring the location of the existing roads. In the result, if there was a need to travel from many settlements to the
centre of a region, it was necessary to travel by roads through the territory of another region or even through the centre
of the former district. With the establishment of the new regions, the issue of the quality of roads from the settlements
in the region to regional centres became especially topical. To solve this problem, a “Programme for the Improvement
of State Second Class Roads for Regional Support” was developed.

2.1. Programme for the Improvement of State Second Class Roads for Regional Support

The commencement of this Programme is marked by the Order No. 152 of the Cabinet of Ministers “On the State
Support Programme for the Development of Regional Infrastructure”, which envisaged the adoption of new policy
initiatives and the development of a programme for the implementation of these initiatives.

The goal of the Programme was to stop further collapse of state local roads and to promote their improvement in
accordance with economic and social interests, thus promoting the development of regions and raise the living
standards of the population.

Before the implementation of the Programme the basic principles were determined, which had to be considered when
creating implementation mechanisms, as well as, selecting and prioritizing the road sections. The involvement of local
governments and regions in the development of this Programme was the main provision, but the management of the
Programme was ensured by the Ministry of Transport. After that secondary principles were determined to serve the
development of the Programme and co-operation with local governments:

— Openness and volunteering - the development of programmes takes place by informing the population and
local governments; expression of opinion is not imposed.

—  Stakeholder participation - officials undertake to ensure the participation of stakeholders in the design and
implementation of the programme.

—  Principle of co-ordination - programme projects are discussed and co-ordinated mutually.
— Focus on the common good - stakeholders prefer measures that benefit larger groups.

— Rational use of resources - the use of local materials, while ensuring the longevity of the renovated structures
is promoted.

The introduction of such principles at the very beginning of Programme development determined success of the
programme, reduced the risk of arbitrary interpretations by individual stakeholders, and thirdly determined the open
coverage of the implementation of the Programme to the stakeholders and the public.

During the implementation of the Programme, problems initially arose with the co-ordination of individual projects.
When the principle of common good was initially introduced and the improvement of road sections that were in the
worst condition and with the highest traffic intensity was planned, some mayors refused to co-ordinate such a draft
programme and insisted on the inclusion of road sections of specific local governments and the changes in project
priority list. As a result, deviations from the original principles had to be made in order to harmonize the draft
Programme.

The following two alternatives were initially proposed for Programme implementation:
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— Alternative 1: with limited funding, low-cost measures should be planned and at the same time maximum
length of improved road kilometres should be reached. In this Alternative funding would be allocated to
the renovation of asphalt concrete pavements by laying asphalt concrete levelling layers, as well as, to the
renovation of gravel pavements by repairing water drainage systems and gravel pavements. Alternative 1
did not envisage any paving of gravel roads.

— Alternative 2: more complex and resource-intensive road reconstruction measures should be planned that
would ensure long-term efficiency of financial investments but reduce the total length of improved roads.
This Alternative envisaged both the paving of gravel roads and full or partial reconstruction of asphalt
concrete pavements.

When both Alternatives were analysed and when limited state funding was considered the Alternative 1 was chosen to
ensure the most intensive improvement of roads in the routes most important for local governments in the shortest
possible time.

Programme implementation envisaged the following two options for the selection of road sections to be improved:

— Option 1. According to specific criteria the Ministry of Transport would calculate the share of funds from
the state basic budget to be allocated to specific districts or regions thus enabling local governments
themselves to assess the importance and condition of state local roads in their territory and select priority
road sections and improvement works within the scope of available funding. An important advantage of
this option is the possibility for local governments to evaluate and decide on the development of the most
important local roads for their needs and the use of the allocated funding for road improvements. On the
other hand, the disadvantage of this option is the risk of setting useless priorities, as there is a possibility
to subjectively select road sections to be reconstructed and volumes of improvement works, without
considering technical condition of roads, traffic intensity or recommendations of experts.

— Option 2. The state basic budget would include specific funding for the implementation of the Programme
and the development of the Programme would be delegated to the Ministry of Transport. The Ministry of
Transport in co-operation with the Latvian Association of Local Governments would develop criteria for
project evaluation and selection. The Programme would include road sections that are most important for
the performance of municipal functions and the social needs of population, which urgently need
improvements. The development of the Programme would take into account the priority lists prepared by
local governments to show the importance of the selected road sections for regional development as well
as for the promotion of interregional communications. The advantage of this option is the established
project selection procedure, respect to approved criteria, national road development strategy and
recommendations of experts, as well as ensuring that priority projects are selected and co-ordinated between
neighbouring regions. However, the disadvantage is the centralisation of the selection of local projects.

When the risks for programme implementation were considered, it was decided to choose Option 2 and to develop the
Programme centrally, but in co-ordination with local governments.

As recommended by experts, about 30% of state local roads or about 4,000 km were recognized as important for
regional development, of which 800 km were paved with asphalt and 3,200 km were paved with gravel. The
improvement of these roads was determined as the key indicator to be achieved by the Programme for the Improvement
of State Second Class Roads for Regional Support.

The total amount of funding required for the Programme from the state basic budget in 2004 was calculated at
180 million Latvian Lats (~255 million EUR).

Initially, 3 different schedules for the improvement of the mentioned 4000 km of roads were offered with the following
calculated funding and the total length of improved roads per year:

— Schedule 1: 130 km of roads with asphalt pavement and 550 km gravel roads would be improved annually.
With this schedule the whole Programme for the Improvement of State Second Class Roads for Regional
Support would be implemented within 6 years and the calculated annually needed funds would reach
30 million Lats (~42 million EUR).

— Schedule 2 envisaged the improvement of 87 km of roads with asphalt pavement and 362 km of gravel
roads per year. With this schedule the whole Programme for the Improvement of State Second Class Roads
for Regional Support would be implemented within 9 years and the calculated annually needed funds would
reach 20 million Lats (~28 million EUR).

— Finally, Schedule 3 envisaged the improvement of 54 km of roads with asphalt pavement and 212 km of
gravel roads per year. With this schedule the whole Programme for the Improvement of State Second Class
Roads for Regional Support would be implemented within 15 years and the calculated annually needed
funds would reach 12 million Lats (~17 million EUR).

Considering the availability of funds from the state budget, Schedule 3 was chosen. At the same time the Programme
specified that the normative lifetime until periodic maintenance works are needed should be 12 to 15 years for asphalt
pavements and 5 to 8 years for gravel roads. This indicates that the Programme would not be fully completed when
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periodic maintenance of asphalt pavements would be already needed, and for approximately half of improved gravel
pavements periodic maintenance would have to be performed twice during the Programme period. However, the
Programme did not provide any funding for periodic maintenance works.

In 2007 the basic provisions of the Programme for the Improvement of State Second Class Roads for Regional Support
were revised. The biggest changes were the allocation of greater priority to the reconstruction of roads with bigger
traffic load and roads in urban areas and followingly the reduction of the amount of gravel road improvement works.

It has to be pointed out that the Programme for the Improvement of State Second Class Roads for Regional Support
was essentially of a social nature and in financial terms the capital investments invested in this Programme could not
provide quick return. Given the low intensity of traffic on state local roads, their maintenance and development in most
cases would not be economically justified by cost-benefit analysis programmes applied in the road sector.

An important remark in the guidelines of this Programme stated that the improvement of state local roads may not be
a campaign-like activity for one or a few years. Therefore, the guidelines were developed for 7 years, envisaging a
sharp increase in funding, and the Programme would mark only the starting point in the improvement of all state local
roads. Unfortunately this did not become true and already in 2009 the funding within the scope of Programme for the
Improvement of State Second Class Roads for Regional Support was allocated only for the completion of road sections
where construction contracts had already been concluded.

March 10, 2010 may be regarded as the official termination date of this Programme when the Cabinet of Ministers of
the Republic of Latvia adopted its Order No. 140 “Amendments to the Guidelines for the Development of the Transport
System for 2007 - 2013” which stated that the Order of the Cabinet of Ministers No. 64 “Guidelines for the
Improvement of State Second Class Roads for Regional Support” was declared invalid.

As a result, this Programme instead of initially planned 15 years was carried out only for 4 years and the funding that
was initially planned was available only for 2 years. Summary of Programme achievements is shown in Table 1.

In per cent, the amount of funding allocated to the Programme was 16% of the initially planned amount. The total
length of improved roads with asphalt concrete pavement was 181.84 km which was 23% of the initially planned, but
the length of improved gravel roads was only 317.34 km instead of the initially planned 3200 km (in per cent it was
only 10% of the originally planned amount).

Table 1. Implementation of the Programme for the Improvement of State Second Class
Roads for Regional Support

X Improved roads, km

Year Funding, thous. EUR

Paved Gravel Total
2006 4544 24.95 68.48 93.43
2007 18327 63.1 162.77 225.87
2008 16728 92.05 86.09 178.14
2009 1099 1.74 0 1.74
Total: 40697 181.84 317.34 499.18

As soon as the Programme for the Improvement of State Second Class Roads for Regional Support was prematurely
terminated due to the lack of funding, the improvement of state local roads was completely suspended.

3. Improvement of regionally important roads without specific programmes

After the completion of activities of the Programme for the Improvement of State Second Class Roads for Regional
Support in 2009, this Programme was not resumed. Therefore regionally important roads had to be renewed and
maintained with the funding available within the scope of routine road maintenance programmes. At that time renewal
of pavements on state local roads was practically not performed. The only exception was the year 2013 when gravel
pavements were strengthened and double surface treatment was performed on 53.3 km of state local roads within the
scope of routine maintenance works.

In the period when budget funds for state road improvement were lacking, it became clear that it was necessary to
develop and implement selection and prioritisation of road sections to be improved so that it would be possible to
commence road works immediately after the funds for road improvement become available. The main criteria for road
selection were two: traffic intensity and pavement condition. In addition to these two criteria and opportunity to apply
a special promotion factor was provided. Such promotion factor allowed the advancement of specific road section in
the priority list. The weight of this promotion factor in setting the priority of a road section was 20% of the total road
section assessment. This promotion factor facilitated the involvement of local governments in assessing specific
reasons for the improvement of specific roads. Mostly these reasons were of social nature and were related to the
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accessibility of regional centre, pupil transportation routes, public transport, etc. The most important reason for using
the promotion factor was ensuring the connection of parish centres to the state road network with a road with asphalt
pavement and ensuring the connection of parish centres with regional centre with a road with bound pavement.

In 2012 the connections of all previous parish centres to the network of roads with asphalt pavement were assessed
and 104 parish centres were identified that still were lacking the connection to a regional centre or to the network of
roads with asphalt pavement by a road with bound pavement. To connect these centres to the network of paved roads,
optimum sections of gravel roads were identified that could be reconstructed or strengthened with further application
of double surface dressing. The total length of these identified roads reached 859 km.

3.1. Triannual year programmes for works in the state road network

In 2014 the funding from the state basic budget for the improvement of state local roads became available and on the
basis of prepared programmes for works to be performed in the state road network road improvements are carried out.
Although programmes for works in the state road network are not specifically created to support local governments,
almost all works on state local roads and majority of works on regional roads are directly needed to ensure the functions
of local governments.

State Limited Liability Company “Latvian State Roads” (further in the text - LSR) develops programmes for works in
the state road network in accordance with its quality management procedures. The preparation of these programmes
commences with specific LSR order that identifies specific programmes to be developed and persons responsible for
each programme. Terms of Reference are prepared for developing programmes for works to be performed in the state
road network for the period of three years. Terms of Reference define basic principles for programme development,
provide short description of each programme and identify annual funding allocated for each programme for the period
of 3 years. Basing on these Terms of Reference methodological guidelines are prepared for the preparation of priority
lists of works and selection of specific projects. The aim of these guidelines is to provide guidance for a uniform
approach of specialists both from LSR Road Parametre Measurement Department (further - RPMD) and from local
units in identifying the priority road sections and selecting the programme projects.

Actual process in programme preparation is commenced with the inspection of all state roads and assessment of their
condition. Inspections and assessments of state main and regional roads with asphalt concrete pavements are carried
out by RPMD engineers (one engineer per state planning region). State regional roads with gravel pavement and state
local roads are inspected and assessed by the engineers of LSR local units. During or directly after road inspection
engineers identify road sections that need road renewal or reconstruction works, prepare the summaries of these
sections (special sheet appended to the methodological guidelines) and submit them to LSR Programme Planning
Department for compilation and programme preparation. Prepared programmes are approved in the meeting of
LSR directors.
Most significant advantages of such programme planning and developing process are the following:

— all roads are inspected and assessed,

— road sections are selected by road engineers that are trained for such tasks,

— priority of individual road section is calculated automatically thus excluding any influence of subjective

factors,
— any corrections in road section priority list with the application of promotion factor are clearly explained,
— political influence in road selection and prioritising process is reduced to a minimum.

Principles of such a planning system originated about ten years ago, the system itself has been in operation for seven
years, and now the system has been improved and shortcomings have been remedied. The process is routine and annual,
with each participant aware of their responsibilities, resulting in a lower risk of errors.

From time to time local governments object to this planning process as they consider that they are not sufficiently
involved in the planning of roads that are important to them. There is no direct involvement of local governments in
this planning process, but there are several opportunities for them to be indirectly involved in road selection and
prioritization process. Local governments may communicate with LSR local units directly and explain the importance
of specific state local roads and regional gravel roads and the need to improve them. Based on such communication,
LSR engineers may apply promotion factor to particular road section, explaining that it is a road important to the local
government. Another option how local government may be involved in this planning process is through state planning
regions established by local governments. A planning region that consists of all local governments in this region may
voluntarily summarise proposals from local governments for road improvements and may submit them to LSR for
further review. Such a summary is regarded only as a recommendation and it is not mandatory for programme
preparation.

Programmes for works in the state road network are annual and every year new projects are added to each programme.
At the same time completed projects are removed from the programmes. Table 2 provides a summary of improvements
on local roads within the scope of State Road Improvement Programme. In 2014 — 2020 connections from 47 parish
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centres to the network of state paved roads were created. In most cases the existing gravel pavements were strengthened
and double surface dressing was carried out.

Table 2. Implementation of State Road Improvement Programme, local road component

Improved roads, km
Year Funding, thous. EUR Paved Gravel pglc::]:‘snt Toal
2014 2836 60.7 12.1 0 72.8
2015 3753 52.81 0 7.59 60.4
2016 8767 90.21 150.36 9.28 249.85
2017 8342 98.63 8.37 16.45 123.45
2018 30654 57.56 197.15 132.21 386.92
2019 18181 26.4 33.45 38.74 98.59
2020 13598 162.6 122.58 25.71 310.89
Total: 86131 548.91 524.01 229.98 1302.87

4. Territorial reform in 2021

Before the territorial reform it was concluded that in the future significant decrease in the population of Latvia may be
expected mainly in those local governments that are not located close to the capital city Riga. As the population
decreases, revenues of local governments would decrease and, as a result, local governments would face increasing
difficulties in providing quality services to their population at reasonable costs. One of the basic principles for the
creation of new administrative territories states that an administrative centre should be located at a centre of
development of regional or national significance. Area close to the Riga city is an exception as the population density
is several times higher than in the rest of Latvia. Over time adjustments were made to the original plan to allow the
creation of separate local governments in large cities but at the same time cities also will have to create joint institutions
with the surrounding region. Therefore the actual centre of a region near a large city will be the in the city. Comparing
the new administrative division with the division that existed in Latvia before the reform of 2004 it may be said that
the newly established regions will be almost identical to the previously existing districts. Significant differences may
be seen only in Riga city area and two regions have been established around development centres, which were not
district centres previously (Smiltene and Livani). Riga city area will be administratively divided into 8 regions and
2 large cities. Taking into account the historical travelling habits of the population, the road network is fully suitable
for such a territorial model.

The distribution of the population in Latvia is monocentric. Capital city Riga is the centre, more than 1/3 of the Latvian
population lives there, and more than half of the Latvian population lives in the Riga city area. An integral part of such
population distribution is the concentration of economic activity around the capital, which to a large extent also
determines the specifics of population and transportation of goods between development centres (new regional centres)
and Riga. These needs are met by the network of state main roads, which has improved significantly in recent years
and is likely to be good in the near future. Most of the newly established regional centres are located at or in the
immediate vicinity of state main roads except for 8 new regional centres.

The connection of these centres to the capital city requires the use of state regional roads. The connection of the new
regional centres with the previous regional centres is also ensured mainly by state regional roads, and in the result
regional roads play a significantly greater role in the implementation of this territorial reform and provision of local
government functions. Local roads will not lose their importance in providing local government functions either, but
their role in significantly larger municipalities is mostly to provide access to regional roads than to create full route
connections between settlements and administrative centres. Nevertheless, the issue of reaching the former parish
centres by roads with bound pavements is still relevant, and it is mainly possible to solve it by constructing bound
pavements on all state local roads. In general, the location of roads is already optimal for reaching the new regional
centres from parish centres, former regional centres or other settlements in a region, but unfortunately in many cases
the quality of road pavements is not good enough to travel to the new regional centres sufficiently quickly. In order to
address this situation, in parallel with the new territorial reform, it is planned to implement an Investment Programme
for Road Development in the Context of Territorial Reform.
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4.1. Investment Programme for Road Development in the Context of Territorial Reform

Investment Programme for Road Development in the Context of Territorial Reform is based on the initiative of the
Ministry of Environmental Protection and Regional Development (further MoEPRD) and is developed as an
investment programme that would foster territorial reform. Considering that a large number of local governments are
sceptical about the merger of local governments, an immediate benefit is needed to be shown in order to reduce this
scepticism. In this case it is improved roads.

This investment programme is intended for the reconstruction and renovation of state regional and local roads. The
initially defined approximate volume of funding for this programme is set at 300 million EUR.

At the beginning of programme development the following road selection criteria were defined, according to which
sections of state regional and local roads to be improved should be identified and included in the programme:

— road pavement condition (poor, very poor),

— annual average daily traffic,

— connections between the present administrative centres of local governments with the potential
administrative centres of planned regions after the territorial reform and connections of the administrative
centres in regions the territories of which will not be changed,

— the role of functional use in the context of sectoral reforms.

Investment Programme for Road Development in the Context of Territorial Reform was initiated by MoEPRD which
gave the task to the administrations of planning regions formed by local governments to identify and summarize the
road sections important for the establishment of new regions, which need to be improved basing on the above-
mentioned criteria. The administrations of planning regions, when determining the amount of funding available to each
newly formed local government, transferred this task to the administrations of the existing regions. Local governments
of the existing regions, which will be merged into the new regions, by mutual agreement selected the road sections to
be improved and submitted the list of selected road sections to the administrations of the planning regions.

The administrations of the planning regions compiled the submitted priority lists and submitted them to the MoEPRD
for the development of the programme. MoEPRD compiled the submitted lists and submitted them to LSR in order to
specify the addresses of road sections and costs. This shows that a lot of organizations are involved in the development
of the programme and multiple compilation of prepared road lists takes place repeatedly.

As the investments are planned in state-owned road sections, it is provided that when the funding for the new
programme is available the beneficiary will be the Ministry of Transport. In its turn, LSR will administer the allocated
funding, organize procurement, manage the construction programme and supervise the construction in accordance with
the procedures specified by the Cabinet of Ministers on the basis of the current list of priority regional and local road
sections prepared by the MoEPRD.

During the development of the programme ~800 km of state regional and local roads were identified, the reconstruction
and renovation of which is a priority for the implementation of territorial reform. However, the programme stipulates
that after receiving funding, the MoEPRD in co-operation with the Ministry of Transport, State Limited Liability
Company “Latvian State Roads”, planning regions and the Latvian Association of Local Governments will prepare an
updated list of priority regional and local road sections. This option allows the programme to be adjusted according to
the available funding, but in practice it is used by local governments, which are unable to agree on the sections of roads
to be improved in mutual discussions and quite often change their priorities.
If this programme will receive funding from the state basic budget or any other source without any redistribution of
funds from the state road fund programme it will be a substantial investment in state road infrastructure.
Positive aspects in the process of developing and implementation of the Investment Programme for Road Development
in the Context of Territorial Reform are the following:

— all stakeholders interested in road improvements may take part in the selection of road sections directly or

through local governments,
— two ministries with joint efforts may have greater opportunities to attract funding to the programme.

There are also the following negative aspects in the process of developing and implementation of the Investment
Programme for Road Development in the Context of Territorial Reform:
— selection of road sections to be improved is done by local governments that in most cases are lacking
qualified personnel for such task,
— priority road sections are demanded in territories of the new regions that would consist of several existing
regions which at the moment are not able to reach agreement,
— long bureaucratic process creates substantial risks of accidental errors,
— frequent changes in the programme will not enable timely drafting of documents needed for
reconstruction or renovation works.
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Despite several drawbacks in developing the Investment Programme for Road Development in the Context of
Territorial Reform, such a process may be regarded very positively as it emphasizes the issue of road improvements
and involves local governments of the new regions in the process.

Conclusions

Regardless of any programme titles, progress of their development or organizations involved, the most important aspect
is the improvement of road network condition. If the creation of a separate programme for a specific purpose is
successful in attracting additional funds for the improvement of state roads, it has to be supported, but if the funding
for the implementation of such programme is drawn from already existing road improvement programmes, then such
a programme creates additional risks for less transparent and less optimal use of funds.

Regardless of any identified goals or specifics, the process of developing any road improvement programme has to be
transparent and open, the decisions taken have to be traceable and the road sections included in the programmes have
to be well-grounded.

As our experience shows, the implementation of the road improvement programme developed in the context of the
previous territorial reform will lose its priority after the implementation of the new territorial reform, and the
improvement of roads important for local governments could be effectively performed within the existing framework
of LSR work procedures.

When larger local governments are created, they will have the opportunity to attract more qualified specialists including
road engineers, and this will significantly improve the competence of local governments in road related issues.
Consequently, in the future it would be possible to involve local governments in the selection of state road sections to
be improved in a wider and better degree.
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Abstract. The total length of Via Baltica corridor, which consists of five roads (A5 Kaunas-Marijampolé—Suwatki, Al Vilnius—
Kaunas-Klaipéda; A8 Panevézys—Aristava—Sitkiinai, A17 PanevéZys bypass and A10 Panevézys—Pasvalys-Riga) makes up 268
km on the Lithuanian territory. In 2019 the highest traffic volumes on this corridor were 55,942 veh/day.
It is the highest-volume heavy vehicle road carrying the greatest loads. Via Baltica is a transit road; therefore, it shall comply to
the requirements set to high quality roads. In 2020-2030 it is planned to implement 9 projects, the total value of which is ca 704
million EUR (194.18 km to be reconstructed). Until 2018 having implemented 156 million EUR projects, Via Baltica road A5
Kaunas—-Marijampolé—Suwatki 17.24-56.83 km section (from Kaunas to Marijampol¢) was reconstructed into a motorway until
the end of 2018. Currently, preparations are made for Via Baltica reconstruction from Marijampolé to the Lithuanian-Polish
border (A5 road from 56.83 km to 97.06 km). Strategic Environmental Assessment has already been completed and a special
territorial planning document has been approved by the Lithuanian Government. According to this document, the road section
shall be widened up to four traffic lanes by constructing two safe grade-separated intersections (viaducts) and roundabouts,
connecting roads, a new heavy vehicle parking lot, by widening the existing bridges, by building new bridges and by
implementing various environmental protection measures. At present design works of the above-mentioned 40.23 km-long-road
section are underway. The works are due to be completed by the end of 2025.

Keywords: Via Baltica, development, road network, traffic volumes, traffic safety, environment, public health.

Introduction

The development of Trans-European Transport Network road E67 is of utmost importance for the infrastructure of
north-south transport corridor. TEN-T road E67 Helsinki-Tallinn—Riga—Panevézys—Kaunas—Warsaw—Wroctaw—
Prague connects North-European transport system with the Central and Western Europe via Poland and the
Kaliningrad region. This road carries a lot of international traffic; therefore, it is a very important logistics chain
connecting Northern European countries with Southwestern Europe countries. Road E67 is on the route Helsinki—
Tallinn-Riga—Panevézys—Kaunas—Warsaw—Wroctaw—Prague, and Via Baltica is a road section from Warsaw to
Tallinn. The total length of Via Baltica makes up 649 km, out of which 268 km on the territory of Lithuania.

On the territory of Lithuania Via Baltica extends from the state border with Poland bypassing Kalvarija, via
Marijampolé to Kaunas, from there to Panevézys, and later to Pasvalys and from there until Salogiai at the Latvian
border. In Lithuania, Via Baltica includes the following roads: A10 (Panevézys—Pasvalys—Riga), A17 (Panevézys
bypass), A8 (Panevézys—Aristava—Sitkinai), part of Al (Vilnius—Kaunas—Klaipéda) and A5 (Kaunas—Marijampolé—
Suwalki) (Fig. 1). This road is significant for the development of logistics and freight carriage both in Lithuania and
other neighbouring countries. Via Baltica today is one of the key transport arteries. Unfortunately, due to the current
road infrastructure, complicated traffic conditions and poor driving habits, the road does not meet high traffic quality
requirements set to a transit road.

Tallin
Riga

Figure 1. Via Baltica on the territory of Lithuania
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Key problems of Via Baltica roads:
»  Cross-section does not meet the standard of motorway;
»  Cross-section does not meet high quality of traffic;
*  Too many intersections;
*  Bus stops at the carriageway;
»  Pedestrian traffic on carriageway;
Pedestrian and bicycle traffic on shoulders;
Dangerous left-turns to petrol stations and rest areas;
One-level turns on a 4-lane road;
High density of exits;
Insufficient length of acceleration and deceleration lanes;

much noise caused by vehicles (esp. heavy goods vehicles).

1. Traffic Volumes and Road Accidents

1202 (2021) 012007

doi:10.1088/1757-899X/1202/1/012007

Lack of environmental measures and their insufficient effectiveness, poor quality of human life due to too

In 2016-2020 traffic volumes on Via Baltica remained the same: ca 11,600 veh./day (yet, there was insignificant
decline in traffic volumes in 2020 due to COVID-19) (Fig. 2). Heavy goods vehicles account for 33 per cent of the
total traffic volumes. Traffic volumes of heavy goods vehicles have increased by up to 53 per cent on the road section

between Marijampolé and the Polish border.
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Figure 2. Via Baltica traffic volumes in 2016-2020

The most intense Via Baltica sections are A5 Kaunas—Marijampolée— Suwatki from Kaunas to Marijampolé (Fig. 3)
and Al Vilnius—Kaunas—Klaipéda from 102.0 to 114.5 km (Fig. 4), where in 2019 AADT was 20,983 veh./day and

36,762 veh./day respectively.



30th International Baltic Road Conference (IBRC 2021)

IOP Publishing

IOP Conf. Series: Materials Science and Engineering

25000
20000
15000
10000

5000

1202 (2021) 012007

2016 2017 2018
M Total vehicles, veh./day 18623 19466 19165
M Heavy vehicles, veh./day 5396 5577 5576

doi:10.1088/1757-899X/1202/1/012007

2019 2020
20983 19737
5547 5609

Figure 3. Traffic volumes on road A5 Kaunas—Marijampolé— Suwatki section from Kaunas to Marijampolé

40000
35000
30000
25000
20000
15000
10000
5000
0

H Total vehicles, veh./day
M Heavy vehicles, veh./day

in 2016-2020

2016 | 2017 = 2018
30862 = 32465 33475
5624 = 5845 = 6005

2019 2020
36762 | 34469
6141 6271

Figure 4. Traffic volumes on road Al Vilnius—-Kaunas—Klaipéda section from 102.0 to 114.5 km in 2016-2020

In 2016-2020, 197 road accidents were registered on Via Baltica, with 41 fatalities and 243 injured (Fig. 5). Due to
high traffic volumes and especially high number of heavy goods vehicles, this road is dangerous to manoeuvre, drivers
overtake other vehicles dangerously. The causes of such traffic accidents vary; however, the most frequent ones
mentioned by the Road Police are: ‘when making left-turn the drivers do not yield the right of way to the vehicles that
are travelling in a straight line; when driving in the opposite traffic direction drivers manoeuver, brake suddenly'. The
main road traffic accident types are head-on collisions, collisions with a pedestrian and vehicle rollover. Head-on
collisions account for 56.35 per cent, collisions with a pedestrian account for 11.65 per cent and vehicle rollover
account for 8.12 per cent of the total number of road accidents.
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Figure 5. Via Baltica traffic accident statistics in 2016-2020

The greatest number of estimated traffic accidents and fatalities have been registered on the following Via Baltica
sections: A8 Panevézys—Aristava—Sitkiinai from 7.50 to 87.86 km (Table 1) and A10 Panevézys—Pasvalys—Riga from
9.17 to 66.09 km (Table 2).

Table 1. Traffic accidents on road A8 PanevéZys—Aristava—Sitkiinai section from 7.50 to 87.86 km

Year Number of traffic accidents Number of fatalities Number of injured
2016 9 1 11
2017 6 3 4
2018 9 1 11
2019 12 4 13
2020 8 3 12
In total 44 12 51

Table 2. Traffic accidents on road A10 PanevéZys—Pasvalys—Riga section from 9.17 to 66.09 km

Year Number of traffic accidents Number of fatalities Number of injured
2016 13 6 23
2017 11 3 8
2018 10 2 17
2019 21 3 23
2020 17 5 25
In total 72 19 96

The greatest number of road accidents has been registered on unreconstructed road sections, where 1+1 traffic lane
and junctions prevail.
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2. Implementation Stages of Via Baltica Roads’ Development

2.1. Reconstruction of Panevézys bypass section from 0 to 22.25 km

In 2017-2019 the road was reconstructed from 1+1 to 2+1 traffic lane road. Value of works: 45 million EUR. Five
bridges and viaducts were reconstructed, one tunnel passage was constructed. The existing reinforced structures for
water removal were reconstructed; lighting was installed on roundabouts. The following environmental measures were
implemented: 5 new passes for amphibian populations, wildlife guards blocking access to the road, reflectors (52 pcs)
deterring fauna from passing the road, net fencing for wildlife (30.09 km), two turbo roundabouts were constructed.

2.2. Reconstruction of Al Vilnius—Kaunas—Klaipéda section from 102.9 to 107.0 km

In 2020-2021 reconstruction works are underway. Value of works: 18 million EUR. During reconstruction one of the
most dangerous junctions in the country will be replaced by a grade-separated intersection. Connecting roads on both
sides of the road as well as exit roads with acceleration and deceleration lanes will be constructed. Pedestrian lanes
leading from bus stop areas towards adjacent population centres will be constructed; bus stop areas will be
reconstructed; roundabouts with entries/exits to/from connecting roads will be constructed. It is planned to construct a
pedestrian viaduct and a transport viaduct on this road section, which will remove the existing left-turn. It is also
planned to install noise barriers near residential areas, where maximum permitted noise level is exceeded. It is plannned
to install lighting on the main and connecting roads as well as to reconstruct the existing engineering networks.

2.3. Reconstruction of Al Vilnius—Kaunas—Klaipéda section from 101.79 to 102.03 km (Sargénai
transport centre)

In 2019-2020, a viaduct was reconstructed. Value of works: 1.0 million EUR. The viaduct was widened by
constructing an additional traffic lane for transport taking the main road A5 from Marijampolé and turning to the main
road Al in the direction of Klaipéda. Moreover, an additional left-turn was set up on the connecting road at the entry
to Kaunas city in the direction of Klaipéda—Sargénai.

2.4. Reconstruction of A5 Kaunas—Marijampolé-Suwalki junction at km 6.67 (Akademijos
transport centre)

In 2018-2020, the Akademijos transport centre was reconstructed. Value of works: 3.15 million EUR. The existing
northern four-leg traffic-light intersection was reconstructed into a turbo roundabout, and the southern junction was
reconstructed into one traffic lane roundabout. Exit to road A5 Kaunas—Marijampolé— Suwatki with a 190-metre-long
acceleration lane was constructed. Almost 220 metre-long noise barrier was installed and the existing viaduct was
repaired.

2.5. Reconstruction of A5 Kaunas—Marijampolé— Suwaltki section from 17.34 to 23.40 km

In 2015-2017 the road section was reconstructed according to motorway technical category requirements. Value of
works: 38.0 million EUR. A new connecting road and a pedestrian-bicycle lane connecting Stanai¢iai and Juragiai
population centres, pedestrian viaducts across the main road on the mentioned population centres were constructed.
The reconstruction of the road section from 22.03 to 23.40 km (on the right side) into a motorway category road was
completed when reconstructing connecting roads of the right-side of Mauruéiai grade-separated intersection. A three-
leg intersection within Maurudiai grade-separated intersection, a roundabout, connecting roads were constructed and
lighting was installed. A new railway viaduct and a tunnel passage were reconstructed at km 23.1. The reconstruction
of the road section from 21.84 to 23.40 km (on the left side) into a motorway category road was completed when
reconstructing the left side connecting roads of the grade-separated Mauruciai intersection. Pavement of the section
was strengthened. The existing railway viaduct was reconstructed and the tunnel passage at km 21.3 km was
constructed. Noise barriers at Maurudiai (right side of A5 road) and Jurginiskeés (left side of A5 road) population centres
were installed.
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2.6. Reconstruction of A5 Kaunas—Marijampolé— Suwatki section from 23.40 to 35.40 km

In 2017-2019 a 12 km-long road section on the territory of Prienai municipality from 23.40 to 35.40 km was widened
from two to four traffic lanes. Value of works: 37.2 million EUR. To improve traffic safety on this road section,
junctions were liquidated, connecting roads, 4 viaducts, one of which tunnel, were constructed. At SkriaudZziai
population centre a grade-separated intersection was constructed at km 31.68. To reduce the risk of collision with
wildlife and to improve environmental protection, net fencing, ramps, barriers and one underground passage were
constructed.

2.7. Reconstruction of A5 Kaunas—Marijampolé— Suwatki section from 35.40 to 45.15 km

In 2016-2018, the reconstruction of the road section from 35.40 to 45.15 km from two to four traffic lanes was
completed. Former junctions with regional roads No 2606 Gudeliai—Smilgiai—Budvieciai at 35.68 km and No 2617
Selema—Grigaliinai at km 39.96 km were replaced by a grade-separated intersection, which improves traffic safety
and separates transit and local traffic flows. Value of works: 28.1 million EUR. The junction with local significance
road Kvietkiskis—Utalina at km 42.22 was replaced by a tunnel passage. At km 38.51 another tunnel passage was
constructed for the movement of agricultural machinery and livestock depasture to another side of A5. To ensure access
to the existing land plots, connecting roads were constructed on both sides of the main road. Moreover, to maximize
environmental protection, noise barriers, net fencing and an underground wildlife passage were constructed.

2.8. Reconstruction of A5 Kaunas—Marijampolé— Suwatki section from 45.15 to 56.83 km

In 2017-2019, the road section was upgraded to four lanes, connecting roads, six viaducts, two roundabouts and two
grade-separated intersections at Sasnava (52.23 km) and Puskelniai (56.66 km) population centres were constructed.
Value of works: 52.7 million EUR. To avoid collisions with wildlife, net fencing and barriers were installed

2.9. Reconstruction of A5 Kaunas—Marijampolé— Suwaltki section from 56.83 to 97.06 km

The existing road section complies with 1l technical category requirements. Currently, most of it is only 1+1 road.
Increased traffic volumes, especially those of heavy goods vehicles cause a high number of road accidents. The road
has become dangerous for manoeuvring, drivers think that they can time and beat the oncoming traffic. This road
section is specific because heavy goods vehicles account for even 53 per cent of the whole transport flow.

The Government of the Lithuanian Republic by its 20 November 2019 Resolution No 1177 "On Approval of the
Special Plan and Starting the Procedure of Land Acquisition of the Main Road A5 Kaunas—Marijampolé— Suwatki
Section from 56.83 to 97.06 km Reconstruction”, approved the special plan of the main road A5 Kaunas—Marijampolé—
Suwalki section from 56.83 to 97.06 km and allowed to start the procedure of land acquisition for public needs. It shall
be pointed out that in 2020 the procedures of land acquisition for public needs were carried out successfully.

When continuing the project implementation, the section to be reconstructed was divided into 4 stages; in 2020 design
contracts were signed and the following project preparation works were performed:

»  preparation of project of works on road A5 Kaunas—Marijampolé— Suwatki section from 56.83 to 72.50
km (Stage 1), section from 72.50 to 79.00 km (Stage 11), section from 79.00 to 85.00 km (Stage I11).
Designing period: July 2020 — November 2021;

» preparation of project of works on road A5 Kaunas—Marijampolé— Suwatki section from 56.83 to 97.06
km (Stage V). Designing period: January 2021 — April 2022.

The road section of the total length 40.23 km will be reconstructed into a motorway category, and the maximum speed
limit of 130 km/h will be applied. It is planned to construct 5 junctions, to reconstruct 6 existing and to construct new
grade-separated intersections, to construct 6 tunnel passages, 2 green bridges, 17 roundabouts on connecting roads,
deceleration and acceleration lanes, 3 tunnel passages for wildlife, connecting roads, the total length of which is 79.1
km. Itis planned to construct 2 new and reconstruct 3 existing bridges, to liquidate junctions, to carry out reconstruction
at the border according to the solutions coordinated with Poland. The completion of works on the whole road section
is planned by the end of 2025. Value of works: ca 300 million EUR.
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2.10. Reconstruction of A8 PanevéZys—Aristava—Sitkiinai from 7.5 to 87.86 km

It is planned to reconstruct this section in 2026-2030. Currently, a feasibility study is underway, which aims to evaluate
the existing infrastructure, to select principal solutions (2+1 or 2+2 traffic lanes). Having selected principal solutions,
projects of works will be prepared. If needed, a special territorial planning document on the procedures of land
acquisition for public needs will be prepared. Value of works: ca 250.0 million EUR. It is planned to implement the
project in three stages: sections from 7.50 to 37.78 km, from 37.78 to 53.54 km, from 53.54 to 8.86 km.

2.11. Reconstruction of A10 Panevézys—Pasvalys—Riga from 9.17 to 66.09 km

It is planned to reconstruct this road section in 2026-2030. Currently, a feasibility study is underway, which aims to
evaluate the existing infrastructure, to select principal solutions (2+1 or 2+2 traffic lanes). Having selected principal
solutions, projects of works will be prepared. If needed, a special territorial planning document on the procedures of
land acquisition for public needs will be prepared as well. Value of works: 147.0 million EUR. It is planned to
implement the project in three stages: sections from 9.17 to 38.83 km, from 38.83 to 47.83 km, 47.83 to 66.09 km.

3. Environment and Public Health

Planning and detailed design of the reconstructed sections of Via Baltica aim to contribute in achieving sustainable
development goals, to ensure (to maintain where appropriate and to achieve where necessary) environmental and public
health protection norms and requirements. Strategic environmental assessment (SEA) procedure is followed by
Environmental Impact Assessment (EIA) procedure. Both procedures ensure consultation with state and municipal
institutions, the public.

From the perspective of public health the implementation of the reconstruction projects is positive. Significant decrease
in traffic accidents would result in significant decrease of injuries and death cases. Healthier environment due to
decrease of environmental noise after implementing recommended measures will lead to better public health. The road
is adapted for all users, passengers, including those with reduced mobility. Pedestrian and cycling infrastructure will
contribute to making mobility more healthy and sustainable.

Although Via Baltica bypasses urban centres, some villages, small towns and detached homesteads remain in the
vicinity of the road. Detailed computer noise modelling reveals conflict areas and necessary noise mitigation measures,
noise barriers are being designed and will be implemented. Three types of principles need to be considered in the
detailed design and in later installation of noise barriers: general non-acoustical principles of the construction,
principles of acoustical design, landscape and architectural design principles. First of all, barriers must be acoustically
effective. Acoustical design considerations include barrier material, barrier locations, dimensions and shapes. Non-
acoustical design considerations are also important. The solution of one problem (noise) may cause other problems
such as unsafe conditions, visual blight, maintenance difficulties, lack of maintenance access due to improper barrier
design and other problems. With proper attention to maintainability, structural integrity, safety, aesthetics, and other
non-acoustical factors potential negative effects of noise barriers can be avoided or reduced. The detailed design of
noise barriers, as well as other environmental mitigation measures, will be based on scientific evidence, good practice
and innovation.

In order to prevent and reduce animal-vehicle collisions risk, to preserve ecological connectivity and to reduce
disturbances caused by traffic to adjacent ecosystems, fauna protection systems including fences, wildlife guards,
crossings and related necessary for safe migration infrastructure are designed. The barrier effect for wild life will be at
most compensated. Two green bridges will provide animals with safe passage over the road. Water and soil protection
measures will contribute to protecting natural environment.

Up to date reconstruction of the existing road will contribute to making infrastructure more climate-resilient (e.g.,
renewal of run-off water treatment systems, renewal of road pavement). This will contribute to actions ensuring a well-
functioning transport system.

Via Baltica is one of the priority roads for implementation of charging stations for electric vehicles.

The projects respect the precautionary principle, the principle of preventive action. The follow-up of implementation
of environmental impact mitigating measures will be carried out.

According to durability design principles, the reconstructed road should last and be reliable for 20-30 years. The
planned green public procurements will secure proper quality of construction works, resource efficiency.
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4 Implementation Risks of Via Baltica Development

To develop Via Baltica successfully, the following risks shall be managed:

.
.
.
.

Insufficient financing;

Public procurement procedures/ legal disputes;

Lengthy procedures of territorial planning and land acquisition for public needs and design works;
Meeting environmental requirements;

Insufficient quality of project implementation activities;

Defects of contract works;

Market capability to implement two large-scale projects Rail Baltica and Via Baltica.

Conclusions

In 2016-2020, 197 traffic accidents were registered on Via Baltica, with 41 fatalities and 243 injured. The main types
of traffic accidents registered on Via Baltica are head-on collisions, collisions with a pedestrian and vehicle rollover.
Out of the total number of road traffic accidents head-on collisions account for 56.35 per cent, collisions with a
pedestrian account for 11.65 per cent and vehicle rollover account for 8.12 per cent.

It is planned to complete all nine Via Baltica projects with the total value of ca 704 million EUR by 2030.

Having implemented the planned projects, Via Baltica will comply with the technical requirements set to TEN-T roads.
The implementation of the above-mentioned projects will improve the infrastructure of TEN-T road on the territory of
Lithuania and will have a long-term impact. It will create more favourable conditions for transit and local traffic; it
will reduce travel time, fuel consumption. The upgraded road pavement and applied environmental measures will
improve the living conditions in the residential areas.
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Abstract. The current road user charge in Lithuania is based on a temporary system and is not connected to the actually covered
mileage. The time-based charge is not considered to be socially fair; therefore, the principles 'user pays' and ‘polluter pays' shall
be employed. The charge to be introduced will take into account the interests of local road infrastructure users who are currently
paying unreasonably high charge for a short distance covered.

If the current system is retained and e-tolling system is not established, heavy vehicle drivers would continue paying aroad user
charge by purchasing e-vignette. It would mean that road user charges paid by vehicle owners/ holders would not cover the
damages directly made by the user and the current road charging system would not guarantee sufficient financing for the
maintenance and development of the road infrastructure.

Legal decisions on electronic road charging system have not been taken yet; however, the project implementation preparation is
underway. The latest Parliamentary approvals were received in September 2020, and it is believed that all necessary legal acts
will be amended by the end of 2020.

The road charging technology has not been selected yet. However, the conducted project's implementation analysis, the
assessment of necessary investments and road charging system maintenance costs revealed that a GPS-based technology would
be the most economical one.

It is planned to implement the electronic road charging system by the beginning of 2023. Upon the project's implementation,
additional financing to ensure high quality and safe main roads should be allocated.

The Current Situation

Currently, road users shall carry a valid e-vignette for the use of toll main road A1-A18 sections (a full list is available
at: https://lakd.Irv.It/It/keliu-mokesciai-ir-rinkliavos/naudotojo-mokestis, Chapter Apmokestinti keliai (Toll Roads)) by
buses (vehicle category M2-M3), heavy goods vehicles (vehicle categories N1-N3) and their combinations and special
purpose road vehicles. Since 21 August 2018, only e-vignettes are sold.

E-vignette is an electronic record in the Road User Charge Payment Register Modulus of the State Significance Road
Traffic Information System, confirming the payment fact and entitling to use toll main roads for the set period.

E-vignettes are distributed at www.keliumokestis.It and selling points.

The Lithuanian Transport Safety Administration, the Customs of the Republic of Lithuania, territorial and specialized
Police institutions check if vehicle owners/ holders carry necessary documents confirming the payment of the user
charge of the vehicles registered in the Republic of Lithuania, foreign countries, including EU member countries, on
the road or at the border crossing points. In case a vignette is invalid and the user charge is not considered to be paid
on time or improperly paid, sanctions laid out in the Code of Administrative Offences of the Republic of Lithuania are
applied. Vehicle owners/ holders are imposed a fine, which shall be paid into the State Tax Inspectorate account, and
the collected funds are transferred to the state budget.

The generated income (revenues from e-vignette selling and paid fines), as defined in the Law on the Financing of the
Road Maintenance and Development Programme (later - RMDP), are collected by the Ministry of Finance in the state
budget and are used according to the annual estimate of RMDP fund allocation approved by the Government of the
Republic of Lithuania, which is implemented by SE Lithuanian Road Administration.

Target and Technologies

The new e-tolling system to be implemented that is used to collect the charge for the use of toll main roads and to finance

the costs of relevant road network infrastructure should, first of all, meet the following key requirements:

- the information about the road users (owners and holders of heavy goods vehicles) shall be identifiable and
protected from possible forgery;

- the system shall be based on modern technologies, yet shall be road user-friendly;

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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- the equipment used shall be easily accessible, installable and replaceable;

- confidentiality of legal and physical entities shall be ensured;

- road charging shall be non-discriminative, and its collection shall not cause any additional obstacles at the
state border crossing points;

- the system’s infrastructure on the roads shall be sufficient in order to ensure effective toll collection.

As specified in the Directive (EU) 2019/520 of the European Parliament and of the Council of 19 March 2019 on the
interoperability of electronic road toll systems and facilitating cross-border exchange of information on the failure to
pay road fees in the Union, all new electronic road toll systems shall use one or more of the following technologies:

(@) satellite positioning;
(b) mobile communications;
(©) 5.8 GHz microwave technology.

Currently, the European countries that have implemented e-tolling systems and are introducing the directives mentioned
above, apply the following three technological schemes:

- GNSS-based (Global Navigation Satellite System) based system;

- DSRC-based (Dedicated Short-Range Communication) system;

- ANPR-based (Automatic Number Plate Recognition) system.

Based on the best practices of foreign countries and technological systems used in the country, Lithuania could also
employ GNSS, DSRC and ANPR technologies or their combinations when charging heavy goods vehicles. In most
European countries that employ GNSS-based technology, the combination of GNSS and DSRC technological systems is
used. In that case Global Positioning System (GPS) and mobile communication are used as the base of the system that is
controlled via DSRC-based technology.

Comparison of E-vignette and E-tolling

Time-based vignette Distance-based e-tolling

- socially unfair and disproportional charge since | —  socially fair and proportional charge for the use
it does not ensure the principles 'user pays' and of the road infrastructure;

‘polluter pays'; - promotes the use of environmentally-friendly

— does not enable to compensate for the real vehicles, which reduces the impact on climate
damage made to roads TP (> 3.5 t); change and the environment;

_ does not enable to collect the funds for the | — ensures fair distribution of funds for road
maintenance of proper road condition. Funds infrastructure development and maintenance;
collected from vignettes are considerably lower | —  enables to collect funds for the maintenance and
than the damage made by vehicles (> 3.5 t) to the development of infrastructure;
road infrastructure; - creates conditions to harmonize technical and

- discriminates road users, when unreasonably legal conditions applied in EU member countries
high charge is paid for a short distance covered, by developing a uniform system and fair

-  distorts competition and creates better competition.
conditions for carriers whose vehicles cover
longer distances on the Lithuanian roads (> 200
km per day).
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Technology Advantages Disadvantages Accuracy, | General Capex and
in % Opex in 15 years,
excluding VAT
GNSS (satellite Flezlble 'am.endment of toll | High initial costs 99 147 038.286.76
positioning) road sections; _ (0BU1) compared to
Investments required only for | gther technologies.
the enforcement of road
infrastructure;
Easily applicable on other
roads.
DSRC (Dedicated Short | M9 dependability, low signal | High nitial | 99 5.99.9 | 239.762.486.94
_— interference; investments required
Range Communication | ive OBU d h installi
(58 GHz microwave nexpensive (compared | when installing
to GNSS); necessary road
technology) . )
Gradually integrated system. infrastructure;
Expensive and
complicated
application on other
roads;
Costly on the roads
with numerous
intersections.
ANPR (Automatic Does not reqmr.e OBU device; | High quality vehicle 90-98 937.135.215.12
Does not require enforcement | number plates
Number Plate | )
. infrastructure; required;
Recognition) . .
Gradually integrated system. Quality depends on
lighting and weather
conditions;
Manual control may
increase operational
costs;
Non-standardized
EETS.
SmartPhone technology FIeX|bIe'amendment of toll | Data protection shall 99 117.734.567 36
road sections; be guaranteed when
Investments required only for | collecting data;
the road enforcement | Non-standardized
infrastructure; EETS.
Easily applicable on other
roads.
Does not require OBU device

* On-board unit
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Conclusions

The key factor in selecting the best technology has been its compliance with the aims and tasks of the investment project.
Having evaluated the needs and emerging problems of the project, the focus was laid on the activities related to the road
infrastructure. Technological progress was another important factor in the selection process. Having investigated
technical, socioeconomic and financial advantages and disadvantages of the alternatives, SmartPhone Technology was
selected as the most advantageous and beneficial one.

Lithuania would be the first country in the European Union to employ SmartPhone technology in implementing distance-
based e-tolling, yet not the first one in the world. SmartPhone mobile applications have been employed in Australia and
the United States. To our mind, taking into account the progress of technologies and mobile devices, SmartPhone mobile
application is a future technology in e-tolling.
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Abstract. Road pavement is expected to withstand enormous traffic loads for long time but sooner or later the deterioration
reaches levels when its optimal to apply treatment. While easy to measure roughness or rutting in normal traffic speed,
defects are in most countries still collected by means of time-consuming visual inspection in low traffic speeds or expensive
and difficult to-use equipment. Also, most visual inspection systems only operate with aggregated inspection data. That
makes data-collection expensive and defects-based decision-making inefficient. In Estonia, defects inventory system
utilizes high quality panoramic and orthogonal images to enable data collection in traffic speeds and detailed mapping of
pavement defects in 10 classes. Defects mapped in full detail means that location, shape and size of each defect is known
and classified data can be effectively used twice in pavement maintenance planning: for section selection planning in road
network level when aggregated and for work method selection in design process when analyzed in detail. Combined with
measured lidar-based point-cloud data, detailed 3d-basemap saves both road-owner's and road designer’s valuable time in
design phase. In period of 2016-2020, around 35000km of state roads were analyzed with one of the most efficient road
defects inventory systems in the world. Also, around 25000 km of municipal and forest roads have been captured with
same technology covering several pavement types from bicycle paths to multilane streets and motorways. Current
presentation discusses outcomes of Estonian defects inventory study in 2020.

Keywords: road network, asset management, pavement, defects inventory, mobile mapping, lidar, point cloud, panoramic
images, orthoimages, maintenance planning

Introduction

Road pavement is expected to withstand enormous traffic loads for long time but sooner or later the deterioration reaches
levels when its optimal to apply treatment. While easy to measure roughness or rutting in normal traffic speed, defects are
in most countries still collected by means of time-consuming visual inspection in low traffic speeds or expensive and
difficult-to-use equipment. Also, most visual inspection systems only operate with aggregated inspection data. That makes
data-collection expensive and defects-based decision-making inefficient. Current presentation discusses outcomes of
Estonian defects inventory study in 2020 and benefits of system.

1. Traditional pavement defects mapping method

Although laser-based road measurement high-quality crack measurement systems are available for many years, these
systems are expensive for many users and still need significant amount of manual work. Even more — these systems are
not effective in detecting certain type of defects, eg. typical ravelling in Estonia.

Due to the above, many countries and roadowners continue defects mapping through visual inspection in actual traffic.
Such systems are very slow affecting traffic safety and lack of possibilities to ensure inspection quality for no raw data
documentation will remain if there are claims later.

2. Pavement defects mapping methods in Estonia

Each year defects inventory is carried out in about 7000-8000 km of national roads in Estonia. Defects inventory will start
immediately after snow melting and shall be completed by mid-May. That is required because of visibility of cracks due
to moisture condition and crack width during spring period. Mapping is described in following figure.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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Figure 1. Defects mapping process in three steps

Data is captured so that roads with higher traffic volumes AADT > 2000 need to be finished by end of April and roads
with lower traffic volumes AADT < 2000 shall be finished by middle of May. Mobile mapping system is equipped with
panorama camera, GNSS+INS device, lidar and data capture hardware and software. Data processing is carried out in fast
server and images are published in web application taking. Special web application is used for defects mapping.

il

7l

Figure 2. Data capture equipment

In Estonia, defects inventory system utilizes high quality panoramic and ortho-images. Data collection is carried out in
traffic speed. Pavement defects are then mapped in full detail and classified into 10 defect classes:
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* Joint cracks (narrow, wide)

*  Longitudinal cracks (narrow, wide)
*  Transversal cracks

*  Alligator cracking

* Ravelling

*  Edge break
*  Patching
*  Potholes

Proper classification is essential to make the adequate linking of mapped defects with possible causes. Each part of the
process is fully digital, which makes the raw data reusable and creates the opportunity for different processing and
analysis. Defects mapped in full detail means, that location, shape and size of each defect is known and classified data
can be effectively used repeatedly in pavement maintenance planning throughout the road life-cycle.

Mapping is carried out in ortho-images while valuable information about surrounding from panorama images has
significant importance when determining actual reason for pavement collapse.

Figure 3. Classified pavement defects data. Alligator cracking in red, longitudinal cracking in yellow, edge break in violet
and transversal cracking in green can be seen in ortho-image view.

Some of the most common uses for defects data are:

1.

SO

evaluation of structural properties of pavement based on progression of cracking for each individual defect separately
or in network level, especially when analyzed with structural data from falling weight deflectometer and rutting;

maintenance section selection planning in road network level when aggregated;

work method selection in design process when analyzed in detail based on defect types;
identification of reflective cracking after maintenance works (mapping of “first out” defects);
identification of defects caused by poor backfill compaction for utilities.
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Figure 4. Panorama image makes it possible to adequately evaluate influence of surrounding area for defects’ causes

Figure 5. Measurement tools allow to locate defects or other subjects for more detailed planning of maintenance works

3. Defects inventory on national roads 2020

During the defects inventory project of national roads 7570,063 km of paved roads were mapped. Mapped sections can
be seen in the map below.
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Figure 6. Map of roads with defects inventory in 2020

Below few panorama views from some sample road sections in poor condition.

Figure 7. Panorama view on road no 25 Méekiila-Koeru-Kapu km 16,7
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Figure 8. Panorama view on road no 16136 Taebla-Kullamaa km 14,0

Figure 9. Panorama view on road no 22290 Rasina-Meeksi km 5,6

Figures below represent average values of classified cracks for different road categories — main roads, connectors, basic
roads and secondary roads. One can see that there are virtually no wide longitudinal cracks or joint cracks in Estonian
national road network. Also potholes are very rear.
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Figure 10. Longitudinal defects per 1 km of road

Defects counted in pieces per 1 km of road
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Figure 11. Defects counted in pieces per 1 km of road
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Defects counted as square meters per 1 km of road
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Figure 12. Defects counted as square meters per 1 km of road

4. Pavement defects in City environment

In City environments pavement defects often reflect poor backfill compaction of utilities trenches or backfill material with
different water permeability. In these cases it is useful to see utility line data together with pavement defects, giving clear
linkage with reason.

Figure 13. Utilities data can effectively explain reason for defects or patching
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5. Point cloud adds important aspect for defects evaluation

Point clouds are often considered only as a tool for design purposes and less utilized for as-built data and understanding
the problems of existing roadway. Pont clouds make it possible to quickly evaluate longitudinal ditch slopes or kerb
locations for water movement, or traffic safety issues from visibility point of view. Driverless cars need far more detailed
pavement maps to compare observed date with ground truth, so lidar data adjusted with data from image is ideal to quickly
prepare large areas of network to the level needed for autonomous vehicles.

Figure 14. Point cloud makes accurate measurements possible in all directions — X, y and z.

6. Pavement defects mapping widely used

Combined with measured lidar-based point-cloud data, detailed 3d-basemap saves both road-owner's and road designer’s

valuable time in design phase. In period of 2016-2020, around 35000km of state roads were analyzed with one of the most

efficient road defects inventory systems in the world. Also, around 25000 km of municipal and forest roads have been

captured with same technology covering several pavement types from bicycle paths to multilane streets and motorways.
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7. Conclusions

Although used for many applications (eg. locating traffic marking, preparing digital road twin for autonomous vehicles),
currently the most widely used application is pavement defects monitoring, covering 7000-8000 km of national roads per
year and mapping defects into 10 classes. Combined with measured lidar-based point-cloud data, detailed 3d-basemap
saves both road-owner's and road designer’s valuable time in design phase. In period of 2016-2020, around 35000km of
state roads were analyzed with one of the most efficient road defects inventory systems in the world. Also, around 25000
km of municipal and forest roads have been captured with same technology covering several pavement types from bicycle
paths to multilane streets and motorways.

Authors hereby confirm that we do not have any competing financial, professional, or personal interests from
other parties.
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Abstract. In these days constantly being looking for solution to reduce construction costs, the amount of materials used and the
negative impact on the environment. Designing pavement structures with top layer of traditional concrete, the structures become
very massive. An alternative to traditional concrete is roller-compacted concrete, the concrete with significantly larger fine
aggregates which lead concrete mix to be non-slip. The roller-compacted mix can also achieve high concrete density and
consolidation by rolling. Roller-compacted concrete is also an economical and fast-construction alternative for many pavement
applications. I