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FOREWORD

The 6™ International Conference on Road and Rail Infrastructure — CETRA 2020* was organized by the Univer-
sity of Zagreb - Faculty of Civil Engineering, Department of Transportation Engineering. The Conference was
held in Zagreb, capital of Croatia. Zagreb’s history dates back to Roman times when the urban settlement of
Andautonia existed at the location of the modern-day S¢itarjevo. In 1945, Zagreb was declared the capital of
Croatia and today it is the cultural, scientific, economic, political and administrative centre of the Republic
of Croatia, and a home to the Croatian Parliament, Government and President. It is located on the southern
foothills of Medvednica Mountain and spreads along the banks of the Sava River. Culturally, it is a European
city well worth visiting, with its numerous historical monuments, parks and medieval architecture. Everything
is accessible by foot - from your hotel to the theatre, and for wandering around the old Upper Town or through
the bustling streets of the more modern Lower Town, which has not lost an ounce of its charm despite the eter-
nal march of time. The streets and monuments of Zagreb proudly testify to its hundreds of years of history.

The 1% International Conference on Road and Rail Infrastructure — CETRA 2010 was held on 17-18 May 2010 in
Opatija. The 2" International Conference on Road and Rail Infrastructure — CETRA 2012 was held on 7-9 May
2012 in Dubrovnik. The 3 International Conference on Road and Rail Infrastructure — CETRA 2014 was held on
28-30 April 2014 in Split. The 4 International Conference on Road and Rail Infrastructure — CETRA 2016 was
held on 23-25 May 2016 in Sibenik. The 5% International Conference on Road and Rail Infrastructure — CETRA
2018 was held on 17-19 May 2018 in Zadar. Great interest of participants in topics from the field of road and rail
infrastructure, as expressed during previous CETRA conferences, confirms the adequacy of the Department
for Transportation Engineering’s decision to keep organising this international event. Positive comments
given by participants in past conferences motivated the Department for Transportation Engineering of the
Faculty of Civil Engineering at the University of Zagreb, to organise a new CETRA conference (CETRA 2020) on
20-21May 2020 in Pula. However, due to the circumstances arising from the ongoing spread of COVID-19 - the
continuing danger it still poses to public health and safety, together with an increase in travel restrictions -
CETRA 2020 Organizing Committee has decided to further postpone the Conference. We held on for as long as
we could, wishing that things would return to some semblance of normality. We were very optimistic, hoping
that the situation with COVID-19 will be much better in October, trying our best to organize CETRA 2020 and
to bring our professional and scientific community together one more time. However, the safety of the par-
ticipants is our priority, and we decided it would be prudent to postpone the CETRA 2020 Conference to the
spring of 2021. At the same time, postponing the Conference to the following year provided the members of
our Committees valuable time to completely dedicate themselves to the determination of damage caused by
the disastrous earthquake that hit Zagreb in March last year. Although we wished to organise the conference
in 2020, even in the autumn of that year, we had to postpone the conference so as to be held in May 2021 0on
the same dates on which it was supposed to take place in 2020. We also partly kept the identity of the confer-
ence so that in 2021 the conference will be organized under the name of CETRA 2020*.

The CETRA conference has established itself as a venue where scientific and professional information from
the field of road and rail infrastructure is exchanged. The idea on linking research organisations with eco-
nomic sector has been the guiding concept for the realisation of this conference. Conferences of this kind
are undoubtedly a proper place for establishing closer ties between the economy and university operators,
and for facilitating communication and inspiring greater confidence, which might result in cooperation on
new projects, especially those that contribute to greater competition. Lectures organized in the scope of
the conference are based on interesting technical solutions and new knowledge from the field of transport
infrastructure as gained on the projects already realised, projects currently at the planning stage, and
those that are now being realized, in all parts of the world. In addition to presentations given by authors
from the academic community, lectures are also presented by authors from engineering practice, the idea
being to ensure the best possible synergy between the theory and practice. Because of great interest for
the themes relating to the field of road and rail infrastructure, as shown during the past fourth conferences
(CETRA 2010, CETRA 2012, CETRA 2014, CETRA 2016 and CETRA 2018), the Department for Transportation
Engineering of the Faculty of Civil Engineering — Zagreb has assumed the responsibility to organise the new
CETRA Conference in 2020 as well but, as already mentioned, the COVID-19 pandemic is the reason why the
conference has been rescheduled for 2021 (but keeping the identity in the form of the name CETRA 2020%).
However, due to the pandemic, the form in which the conference will be organised was also changed so
that it will be held via an on-line platform.
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This year, the 6" International Conference on Road and Rail Infrastructure — CETRA 2020* is organized with
the intention of bringing together scientists and experts in the fields of road and railway engineering, so
that they can present the results of their research, their findings and innovations, and analyse problems
encountered in everyday engineering practice and, finally, offer solutions that will undoubtedly contribute
to a more efficient planning, design, construction, and maintenance of transport infrastructure. The CETRA
2020* Conference serves as a platform for presenting a broad blend of scientific and technical papers in
the fields of civil, transport, geotechnical, environmental, traffic and electrical engineering, with practical
application in the road and rail infrastructure. Papers considered for publication are original papers that
adequately contribute to the theory or practice of infrastructure engineering, and present either state-of-
the-art work on topics related to infrastructure, or case studies in which theory is applied to solve signifi-
cant infrastructure problems.

This year’s CETRA Conference attracted a large number of papers and presentations from 32 countries.
More than 140 papers were presented at the Conference and are contained in these proceedings Road
and Rail Infrastructure VI. We believe that these CETRA 2020* proceedings will prove to be, just like the
preceding five proceedings from the CETRA cycle, highly interesting and useful to all experts exhibiting a
scientific and professionalinterest in road and rail infrastructure. The organizers of the Conference express
their thanks to all Businesses and Institutions that provided support to this Conference. Special thanks are
extended to the IRF - International Road Federation, and FEHRL — the Forum of European National Highway
Research Laboratories, for their assistance and support in organizing very important conference sessions
relating to innovations in roads maintenance and innovative transport infrastructure development. These
operators have contributed, each in its own way, to the success of this conference. Great thanks are also
extended to the following institutions that have supported the CETRA conference over the past ten years:
University of Zagreb, Ministry of Sea, Transport, and Infrastructure, Ministry of Science and Education, and
Croatian Academy of Engineering.

The Editor commends all authors for excellent papers contributed to these proceedings and wishes to
thank members of the Organizing Committee and International Academic Scientific Committee, and nu-
merous experts who participated in the review process. The gratitude is also extended to all participants
for taking part in the CETRA 2020* Conference. The quality of the papers presented and the CETRA Con-
ference is best demonstrated by the fact that a considerable interest is being expressed for most of these
papers by researchers and industry operators from all parts of the world. This is not only due to the high
visibility of the conference thanks to its presence in relevant databases, but is also a logical consequence
of the quality of papers published in the scope of this conference series. Lectures that are organised at
the conference are based on interesting technical solutions and latest findings in the field of transport
infrastructure from the projects already realised, those that are at the design stage, or projects that are cur-
rently being realised in all parts of the world. In addition to representatives from the academic community,
conference lectures are also given by industry operators, which constitutes the best possibly synergy of
theoretical and practical achievements. Problems encountered in everyday engineering practice are ana-
lysed through papers presented at the conference, where practical solutions are offered in order to enable
a more efficient planing, design, construction, and maintenance of transport infrastructure.

The organization of the CETRA 2020* Conference has proven to be a greater challenge compared to the or-
ganisation of the first CETRA 2010 Conference. The persistence of organisers and great perseverance of the
authors who have accepted that their valuable scientific achievements and interesting professional pro-
jects are published notin 2020 but in 2021, i.e. in the year to which the conference has been rescheduled,
are the proofthat only by acting together we will be able to overcome challenges that inevitably occurin the
society. High quality papers published in the Conference Proceedings are the result of great efforts of the
authors and reviewers as they have worked in close synergy to achieve outstanding papers included in the
proceedings and presented at the conference. All those who took part in the preparation of the proceed-
ings (authors, reviewers, members of the Organizing Committee, technical editor, and the editor-in-chief)
have worked hard to enable timely publication of the proceedings. We believe that the papers published in
the proceedings will be interesting not only to our colleagues in the everyday engineering practice but also
to students of technical faculties where disciplines from the field of road and rail infrastructure are studied.

Zagreb, May, 2021 THE EDITOR

v '/
AN

Prof. Stjepan Lakusi¢

6 CETRA 2020*- 6! International Conference on Road and Rail Infrastructure



CONFERENCE SUPPORT

CETRA 2020* - 6" International Conference on Road and Rail Infrastructure 7



Co-organizer and Support of the Conference

University of Zagreb
UNIVERSITY OF Trg Republike Hrvatske 14, 10000 ZAGREB, Croatia

ZAGREB www.unizg.hr

University of Zagreb

Faculty of Civil Engineering
Kacic¢eva 26, 10000 Zagreb, Croatia
www.grad.unizg.hr

: Ministry of the Sea, Transport and Infrastructure
MINISTRY OF THE SEA, Prisavlje 14, 10000 Zagreb, Croatia

TRANSPORT )
AND INFRASTRUCTURE https://mmpi.gov.hr/

Ministry of Science and Education
MINISTRY OF SCIENCE, Donje Svetice 38, 10000 Zagreb, Croatia
| AND EDUCATION https://mzo.gov.hr

‘ I RF International Road Federation
‘\ ° www.irf.global

—— GLOBAL——

FEHRL - the Forum of European
National Highway Research Laboratories
www.fehrl.org

FEHRL
/¢

~—

8 CETRA 2020*- 6! International Conference on Road and Rail Infrastructure



General Sponsor

MONTERRA wonterra

Vukovarska ulica 76
51000 Rijeka
www.monterra.hr

Silver Sponsor

University of Zagreb

Faculty of Civil Engineering
Kaciceva 26, 10000 Zagreb, Croatia
www.grad.unizg.hr

Bronze Sponsors

.f' .Be N -I- le U Bentley Systems International Limited

Charlemont Exchange

\ﬁ Institute charemont street
DUBLIN 2
Ireland

Centar za vozila Hrvatske
Capraska 6
10000 Zagreb

CENTAR ZA VOZILA HRVATSKE

DIV GROUP Ltd.
Bobovica 10/A,
10430 HR-Samobor

DIVGROUPRP

Media Partner

J L of Croatian Association of Civil Engineers
GRADEVINAR  piias s ammssapen comn

www.casopis-gradjevinar.hr - gradjevinar@hsgi.org

CETRA 2020* - 6" International Conference on Road and Rail Infrastructure 9



10 CETRA 2020*- 6" International Conference on Road and Rail Infrastructure



CONTENTS

1 INFRASTRUCTURE AND TRAFFIC: PLANNING, (RE)CONSTRUCTION AND MANAGEMENT

FEATURES OF PUBLIC ROADS COST EVALATION

Yuliia Bibyk, Olena BeISKa ... .......oooiiiii e 21
CROATIAN ROAD SECTOR MANAGEMENT CHALLENGES

Ksenija Culo, Vladimir SKendroVié, GOTan PUZ..............ooo oo 29
APPLICATION OF FIDIC GENERAL CONDITIONS IN TRANSPORT INFRASTRUCTURE PROJECTS IN CROATIA
Ksenija Culo, VIAdimir SKENAIOVIC ... 35
THE POTENTIAL FOR EVITA PROJECT E-KPIS TO BE USED BY ROAD AUTHORITIES

DArKO KOKOT. ... e 43
MILITARY ROAD INTERPOLATION INTO PUBLIC ROADS NETWORK IN CONDITIONS OF NATURAL
DISASTER

Tihomir Tandari€, Peko Nikoli€, Vesna DragCeViC. .........ocoooiiiii e 51
COMBINING CAPITAL GRANT AND AVAILABILITY PAYMENT TO KEEP TOLL RATES AFFORDABLE

Cesar Queiroz, Goran MIAadeNOVIC. ... 59
CONCESSION AS ROAD INFRASTRUCTURE FINANCING MODEL IN BOSNIA AND HERZEGOVINA

IGOT PEJIC ... e 67
MODEL FOR ASSESSMENT OF EXTERNAL TRANSPORT COSTS

Zoran Krakutovski, Darko Moslavac, Darko Spiroski, Aleksandar Glavinov......................coo 77
CHALLENGES IN IMPLEMENTING CURRENT TRACK STANDARDS INTO THE EXISTING INFRASTRUCTURE
David McBay, Slobodan B. MiCKOVSKI ........ ... 85
INFRASTRUCTURE PROJECTS AND BUILDING INFORMATION MODELLING IN BOSNIA AND HERZEGOVINA
Zanesa Ljevo, Pozder Mirza, Suada DZebo, Ammar Sari¢, Sanjin AIDINOVIC.............coii oo 93

IMPLEMENTATION OF BIM IN PUBLIC TRANSPORT INFRASTRUCTURE WORKS IN THE CZECH REPUBLIC
WITH RESPECT TO THE FIDIC STANDARDS

Karel Fazekas, Ludvik Vébr, Jan Valentin, Petr PANeK ... 101
BIM IMPLEMENTATION: ROUTE 6 PRISHTINE — HANI | ELEZIT

DraZEN SEIUNJE ... 109
REAL-TIME MONITORING AND ANALYSES OF SENSORY DATA INTEGRATED INTO THE BIM PLATFORM
Stanislav Lenart, Veljko Janji¢, UroS Jovanovic, ROk Vezo&nik...................oooiiii 17

REVIEW OF THE PROJECT OF RECONSTRUCTION OF THE EXISTING AND RECONSTRUCTION OF THE
SECOND TRACK ON THE SECTION HRVATSKI LESKOVAC - KARLOVAC
DraZen Vinséak, Neven Popovacki, Stjepan Kralj, Frane Burazer IliCi€....................cooiii 125

POSSIBILITIES OF RAILWAY CONNECTION BETWEEN RIJEKA AND TRIESTE WITHIN THE EUROPEAN TEN-T
NETWORK
Stjepan Kralj, DArko SAM€ ... 133

ISEY FEATURES OF '[HE PROJECT OF RAILWAY RECONSTRUCTION AND MODERNIZATION: SECTION
SKRLJEVO-RIJEKA-SAPJANE
Stjepan Kralj, Frane Burazer IHEIE ... e 143

RECONSTRUCTION AND MODERNIZATION OF RAILWAY LINE STALAC — KRALJEVO - RUDNICA - OPTION
ANALYSIS

Ljiljana Mili€ Markovié€, Ljubo Markovi€ ..o e 151
REVIEW OF THE REMETINEC ROUNDABOUT RECONSTRUCTION PROJECT IN ZAGREB

Stjepan Kralj, Natasa MujCic SUKALI€ ... ... 159
INCREASING LEVEL CROSSING SAFETY IN URBAN AREAS - CASE STUDY CITY OF ZAGREB

Martin Starcevic, Danijela Baric, IVan Broz ... 167
NEW METHOD OF PREDICTING THE OCCURRENCE OF ROAD ACCIDENTS IN UKRAINE

Valerii Vorozemskyi, Liudmyla Nahrebelna, Yevhen Minenko, Nataliia Bidnenko............................................... 177

CETRA 2020* - 6" International Conference on Road and Rail Infrastructure 11



VEHICLE MISMATCH — A CASE STUDY

Roman Mikulec, Pavlina Moravcova, Katefina Bucsuhdazy, Martina Kostikova, Jakub Motl..................................... 185
POLICY PROPOSAL TO SOLVE ROAD TRAFFIC ACCIDENTS IN PAKISTAN
Saad Tayyab, Arshad Hussain, Fazal Haq, Sarfraz Ahmed ... 193
A STUDY OF ACTUAL AND POSTED SPEED ON SOME NIGERIAN ROADS
Site Onyejekwe, Nasiru Rabiu, Abubakar Hammeed, Olusegun Osunlalu.....................cooo 201

MULTICRITERIA EVALUATION OF DANGEROUS SECTIONS FROM THE OCCURRENCE OF WILDLIFE ON
STATE ROADS OF LIKA-SEN) COUNTY USING THE AHP METHOD

Joso Vrkljan, Josip Burazer Paveskovi¢, Danijela Bari¢, Miljenko Mustapi¢ ... 207

RESEARCH ON RELATIONSHIP BETWEEN COGNITIVE IMPAIRMENT AND DRIVING BEHAVIOR OF

STARTING/STOPPING FOR ELDERLY DRIVER
Yuta Arakawa, Kota Miyauchi, Kazuyuki Takada, Moeko Shinohara, Makoto Fujiu.........................ooo. 215

2 TRANSPORT STRUCTURES AND SUBSTRUCTURES: MODELLING, DESIGN AND MONITORING

STEEL PILES DRIVING PROCEDURE AND RESULT ANALYSIS OF EXTRADOSED BRIDGE MAINLAND -

PELJESAC

Bicheng Tang, Dong Zhang, Xuefeng Wang, Jingli Xie...............oiiiiii 225
EXTRA-LONG STEEL PILES PRODUCTION AND TRANSPORT OF BRIDGE MAINLAND - PELJE§AC, CROATIA
Bicheng Tang, Cong Zhu, Linghua Zeng, Hao Lil.............ooiiiii 231
STUDY OF FILMING CONDITION FOR DEEP LEARNING BASED CRACK DETECTION METHOD

Tomotaka Fukuoka, Takahiro Minami, Makoto Fujiu, Junichi Takayama ................c.o..cooiiiii 237
EVOLUTION OF BRIDGES WITH STEEL-CONCRETE COMPOSITE SUPERSTRUCTURE. WHAT COMES NEXT?
Ciprian — Alin FArcas. ... 245
A MODEL FOR ASSESSING THE PRIORITY OF THE BRIDGES WITHIN THEIR REPAIR STRATEGY

Larysa Bodnar, Alexander Kanin............ooo i 253

DEVELOPMENT OF NEW BRIDGE INSPECTION SYSTEM USING 5G AND Al UNDER CLOUD CONDITION
Mai Yoshikura, Takahiro Minami, Tomotaka Fukuoka, Makoto Fujiu, Junichi Takayama, Kazuhiko Hashi, Tetsuya Nakano,

Yuusuke Shimazaki, TakUro KOMUIA ... e 259
GEOTECHNICAL ULS DESIGN ISSUES OF BRIDGE SHALLOW FOUNDATIONS
Konstantina Papadopoulou, GEOrge GAZETAS.................ooiiiiiiii e 267

PREDICTED AND MEASURED TIME-DEPENDENT BEHAVIOUR OF HIGHWAY EMBANKMENT ON COHESIVE
SOIL STRATUM

Juraj Chalmovsky, LUMTr IMICA ... e 275
METHODOLOGY OF GREEN RUNOFF DRAINAGE DESIGN FOR URBAN STREETS

Trofimenko Yu.V.1, Nemchinov D.M.2, Evstigneeva N.A.1, Lobikov A.V.1, Evstigneeva YU.V.1..............ooooeo 283
ROAD AND RAILWAY EMBANKMENTS AS FLOOD-CONTROL DIKES

Dragan Luki¢, Elefterija Zlatanovi¢, Nenad Milosavljevic, Irena BasariC4 ... 289
SLOPE STABILISATION USING HIGH-TENSILE STAINLESS-STEEL WIRE MESH

Vjekoslav Budimir, Armin Roduner, Helene HOfMann ... 297
TRACK BED DESIGN AND EVALUATION METHODS

Otto Plasek, Petr Frantik, Nikola SVobodoVa. ... 305
CONCRETE CANVAS APPLICATIONS

Malnar Leo, Matjadic Bruno, KEreS BOTIS ........co.iiiiiiiiei e 313

TECHNICAL DESIGN AND STABILITY ANALYSIS PROCEDURE FOR HORIZONTAL STABILITY
CONSTRUCTION OF ROADS AND RAILWAYS

ZVOMIMIE SEPAC. ..o oo 319
A NOVEL ALGORITHM FOR VERTICAL SOIL LAYERING BY UTILIZING THE CPT DATA
Meho Saga Kovacevi¢, Mario Baci¢, Lovorka Libri¢, Petra Zuzul, Kenneth Gavin, Cormac Reale......................... 327

12 CETRA 2020*- 6" International Conference on Road and Rail Infrastructure



METHODOLOGY FOR TUNNEL RISK ASSESSMENT USING FAULT AND EVENT TREE ANALYSIS
Zlatko Zafirovski, Vasko Gacevski, Zoran Krakutovski, Slobodan Ognjenovic,

IVONA NEAEVSKA ... 335
FIRE RESISTANCE OF CONCRETE LINING IN ROAD TUNNELS
Meri Cvetkovska, Zlatko Zafirovski, Marijana Lazarevska, Ana Trombeva Gavriloska .............................................. 341

IMPLEMENTATION OF STRUCTURAL HEALTH MONITORING INTO LIFE CYCLE MANAGEMENT OF
TUNNELS: CASE STUDY TUNNEL BRAJDICA
Irina Stipanovié,2, Meho Sasa Kovacevi¢, Sandra Skari¢ Pali¢, Mario Bacic,

KE@NNEE GAVINZ ... e 349
SUMMARIZE OF DETAIL DESIGN FOR PELJESAC BRIDGE PROJECT IN CROATIA
Minghai Pei, Bicheng Tang, Chunrong Xu, Xuefeng Wang..................ooiiiiiiii 357

3 TRAFFIC: PLANNING AND MODELLING

POPULATION SYNTHESIS IN ACTIVITY-BASED TRAVEL DEMAND
Ljupko Simunovié, Mario Cosi¢, Dino Sojat, Julijan Jurak ... 369

DEVELOPMENT AND EVALUATION OF ANALYTICAL FORECASTING METHODS FOR VEHICLE OCCUPANCY,
IN THE TRUNK ROUTES OF MOSCOW
Bogumil V.N., VIasov V.M., DUQUE-SArango M. ...t 375

APPLICATION OF TRAFFIC SIMULATION MODELS FOR URBAN ROAD NETWORK ANALYSES — CASE
STUDIES FROM RIJEKA CITY

Deluka-Tibljas Aleksandra, Klasi¢ Ivan,2, Surdonja Sanja, I5toka OtkoVié Irena..............c.ccooovooieiooeee 383
THE IMPACT OF DIFFERENT SATURATION HEADWAY VALUES ON INTERSECTION CAPACITY
Drazen Cvitani¢, Biljana MaljKoVi€ .. ... ... e 391

THE EFFECT OF THE TRAFFIC COMPOSITION ON THE URBAN TRAFFIC CAPACITY. PASSENGER CAR

EQUIVALENT COEFFICIENTS
Dmitri Nemchinov, Dmitri Martiakhin, Pavel Pospelov, Tatiana Komarova,

ALeXandr MIKN@ILOV ... e 399
U-TURN CAPACITY AT SIGNALIZED INTERSECTIONS
Dmitry Martiakhin, Tatiana Komarova, Dmitri Nemchinov, Alexandr Mikhailov ... 407

IMPROVED APPLICABILITY DIAGRAM OF TWO-LANE ROUNDABOUTS
Ammar Saric, Sanjin Albinovié, Mirza Pozder, Suada D7ebo, Zanesa Ljevo,

EMIra MUFLIC ..o e 413
CHARGING POWER OPTIMISATION FOR ELECTRIC BUSES

AT TERMINALS

BaALINE CSOMKA ... 423

PREREQUISITES OF THE SUCCESSFUL TRAM-TRAIN SYSTEM AS A PART OF THE REGIONAL RAILWAY
NETWORK

Stanislav Metelka, Vit Jan0S. ... ... 431
EVALUATION OF THE BASIC CHARACTERISTICS OF THE TRAFFIC FLOW BY MATHEMATICAL ANALYSIS
Kristian Culik, Veronika Harantova, Alica KalaSOVa..............cooo oo 441
THE ANALYSIS OF SOLUTIONS OF STATIC TRANSPORT IN THE SLOVAK REPUBLIC AND ABROAD

Alica KalaSova, Ambr6z Hajnik, Stanislav Kubalak...................... 449
ANALYSIS OF ENERGY EFFICIENCY OF SUBURBAN RAILWAY TRANSPORT NETWORK

Aleksander Jakubowski, Krzysztof Karwowski, Andrzej Wilk................ooooi 457
PREFERENCE FOR PUBLIC TRANSPORT VEHICLES IN SELECTED AREA OF POCHOV

Stanislav Kubalak, Ambréz Hajnik, Veronika HarantoVva. ... 465

CETRA 2020* - 6" International Conference on Road and Rail Infrastructure

13



4 INFRASTRUCTURE AND VEHICLES: DESIGN, MODELLING, MONITORING AND CONDITION
ASSESMENT

ROAD WIDENING IN CURVES ACCORDING TO CROATIAN, REGULATIONS, GERMAN GUIDELINES AND
COMPUTER SIMULATION OF VEHICLE MOVEMENT

Ivica Stanceri¢, Iris Tomi¢, Sime Bezina, Tamara DZambas...............c.c.ooooi oo 475
THE SPEED FACTOR IN SWEPT PATH ANALYSIS

Andromachi Gkoutzini, Panagiotis Lemonakis, George Kaliabetsos, Nikolaos Eliou...............................c.cooooi. 483
DESIGN OF MEDIAN ENDS AT AT-GRADE INTERSECTION LAYOUT PLANS

Vladan Ili¢, Filip TrpEevski, Dejan Gavran, Sanja Fric, Stefan Vranjevac, MiloS Luki€.......................co 491

RISK RANKING ON EXISTING TWO-LANE RURAL ROADS WITH RESPECT TO ALIGNMENT AND AT GRADE
INTERSECTIONS
Vassilios Matragos, Konstantinos Apostoleris, Basil Psarianos, Stergios Mavromatis ........................cccoo 499

RELIABILITY OF VEHICLE MOVEMENT SIMULATION RESULTS IN ROUNDABOUT DESIGN PROCEDURE
BASED ON THE RULES OF DESIGN VEHICLE MOVEMENT GEOMETRY

Tamara DZambas, Vesna Dragéevi¢, Sime Bezina, Marijan Grgi€......................................occoiii 507
SYSTEMATIC ARRANGEMENT OF INTERSECTIONS ON THE PRIMARY ROAD NETWORK IN BANJA LUKA
Dragana Zelji¢, Igor Jokanovi¢, Vladimir Dordic, Dragan TOPIC ............coooiiiiiiiiiiiie e 517
DEVELOPMENT OF A CONTACTLESS SENSOR SYSTEM TO SUPPORT RAIL TRACK GEOMETRY ON-BOARD
MONITORING

Marco Antognoli, Gintautas Bureika, Nadia Kaviani, Stefano Ricci, Luca Rizzetto, Viktor Skrickij............................. 525
OPTIBOX - SOFTWARE TOOL FOR THE OPTIMAL DISTRIBUTION OF HOT BOX AXLE DETECTORS

Cecilia Vale, Carlos Saborido Amate, Cristiana Bonifacio............................ 533

COMPARATIVE RIDE COMFORT ANALYSIS OF IN-SERVICE TRAMS ON EXTREME ALIGNMENT
CONFIGURATIONS USING SMARTPHONE-BASED SENSING

KOS VINKG .o 541
TRACK GAUGE MONITORING SCOPE OPTIMIZATION ON SMALL URBAN RAILWAY SYSTEMS
Igor Majstorovi¢, Maja Ahac, Stjepan LakuSic. ...........oooiiiiiiii e 549

ASSESSMENT OF TRACK AND TURNOUT CONDITION BASED ON GEOMETRY MEASUREMENT AND
RAILHEAD CONDITION DATA

JANUSZ MAA@JSKI. ... 557
DEVELOPMENT OF THE NEW “DIV” RAIL FASTENING SYSTEM

Stjepan Lakusi¢, Ivo Haladin, Mate Ivancev, Maja Banicek, Janko KoS€ak.............................ooo 565
STRAY CURRENT MEASUREMENT AT THE TRAMWAY INFRASTRUCTURE IN OSTRAVA, CZECH REPUBLIC
Katarina Vranesi¢, Stjepan Lakusi¢, Jiri Placek, Jakub Vanc................ 575
VEHICLE DESIGN - INFLUENCE ON OPERATIONAL QUALITY

BerNhard RUGEI.... ... e 583

STRATEGIC EVALUATION OF THE RAILWAY TRACTION ENERGY SUPPLY DEVELOPMENT ON THE
HUNGARIAN RAILWAY NETWORK

Tibor Princz-Jakovics, DOra BaChmMann ... 591
DEVELOPMENT OF CONTACTLESS MEASUREMENT DEVICE FOR OVERHEAD CONTACT LINE
Itaru Matsumura, Kazuyoshi Nezu, Takuro Kawabata, Yusuke Watabe................................ooi L 599

5 SUPESTRUCTURE: DESIGN, MODELLING, OPTIMIZATION, MONITORING AND CONDITION
ASSESMENT

BALLAST CONDITION EVALUATION DURING TAMPING ACTIONS
Stefan Offenbacher, Matthias Landgraf, Bernhard Antony ... 609

A DISCUSSION FOR THE REDUCTION IN THE LENGTH OF A PRESTRESSED CONCRETE RAILWAY TIE IN
TIME
NIYAZI OZGUE BOZEIN. ... 617

14 CETRA 2020*- 6" International Conference on Road and Rail Infrastructure



FROM MIXED TRAFFIC TO URBAN TRANSPORT: ACHIEVING LONGEST SERVICE LIVES AND LOWEST
MAINTENANCE NEEDS BY TAILOR-MADE RAIL SOLUTIONS WITH SMART MICROSTRUCTURES

Rainer Hochfellner, LUKAs Prettner. ... 625
POSSIBILITY OF APPLICATION OF CONCRETE SLEEPER WITH UNDER SLEEPERS PADS

ZVONKO PEICIN ..o 633
DURABILITY OF REINFORCED-CONCRETE TRACK SLEEPERS

VAN ZOVKIC ..o 641
CALCULATION OF THE TEMPERATURE DISTRIBUTION IN HEATED SWITCH POINTS

Markus Schladitz, Robert Adam, Steffen GroSSMann ... 647

APPLICATION OF THE BEZGIN METHOD TO ESTIMATE DYNAMIC IMPACT FORCES AND JUDGE THE
CONDITIONS FOR BALLAST PULVERIZATION AND SLAB CRACKING DUE TO ABRUPT AND RAPID
CHANGES IN RAILWAY TRACK PROFILE

Erdem Balct, Niyazi OzgUr BEZGIN ..o oo 655

THE DEVELOPMENT OF INTEGRATED ROAD CONDITION MONITORING SYSTEM FOR DEVELOPING
COUNTRIES USING SMARTPHONE SENSORS AND DASHCAM IN VEHICLES

Hidekazu Fukai, Frederico Soares Cabral, Ferndo A.L.N. Mouzinho,2, Vosco Pereira, Satoshi Tamura...................... 663

GPR INVESTIGATION ON DAMAGED ROAD PAVEMENTS BUILT IN CUT AND FILL SECTIONS WITH
RETAINING WALL
Sandro Colagrande, Danilo Ranalli, Marco Scozzafava, Marco Tallini.......................oo 671

DEVELOPMENT OF AUTOMATIC ROAD WIDTH AND POTHOLE SIZE ESTIMATION METHOD FROM
DASHCAM VIDEO FOR UNDER DEVELOPING COUNTRIES

Hidekazu Fukai, Ferndo A.L.N. Mouzinho,2, Ryo Nagae, Masayuki Uchida........................co 679
UNSATURATED CBR DESIGN APPROACH OF FLEXIBLE PAVEMENT

Aneke Frank Ikechukwu, Mohamed Mostafa Hassan ... 687
DATA ANALYSIS APPLIED TO AIRPORT PAVEMENT DESIGN

Tiago Tamagusko, AdeliN0 FEITEITA ...........ooii i e e 695
BINDER COURSES USING COLD RECYCLED MIXTURES — A NOVEL CONCEPT IN COLD RECYCLING

Dotzycki Bohdan, Grilli Andrea, Balzi Alex, Jaczewski Mariusz, Szydtowski Cezary.................c...ocooooiiii 703
THE IMPLICATIONS OF CLIMATE CHANGE CONDITIONS IN THE PAVEMENT DESIGN

Dominika Hodakova, Andrea Zuzulova, Silvia Capayova, Tibor Schlosser...................ccco 71

6 TRAFFIC: MANAGEMENT, MONITORING, INTEGRATION AND MOBILITY

CHANGES IN TRAFFIC INFRASTRUCTURE WITH THE ARRIVAL OF AUTONOMOUS VEHICLES

Hrvoje Kmoni€ek, FIlip RUSKA ... ... e 719
INTEGRATION INDEX FOR MOBILITY AS A SERVICE

Yinying He, David Foldes, Csaba CSISZAN ...............cooii i 727
PREDICTION OF FUTURE PASSENGER INTENSITY ASSIGNING IN THE DIRECTIONS AND TIME SLOTS
Fridrisek Petr, Jan0S Vit . ... 735
BICYCLE PARKING FOR OFFICE BUILDINGS IN FRANKFURT MAIN/ GERMANY

RUAOLF WL BRI e 743
INCREASING CYCLIST MOBILITY BY IMPROVING CYCLING INFRASTRUCTURE: CASE STUDY KOPRIVNICA
Predrag Brlek, Ivan Cvitkovi¢, Goran Kos, Robert Gadanec...............coooiiiiiiiiiii i 749
ALTERATION IN MODAL SHARE DUE TO AUTONOMOUS VEHICLE-BASED MOBILITY SERVICES

David Foldes, Csaba CSISZA. ... 757
IMPACT ASSESSMENT OF COOPERATIVE INTELLIGENT SERVICES ON THE TEN-T ROAD NETWORK OF
HUNGARY

Gabor Schuchmann, DOra BaChmann. ... ... 765
THE ACCESSIBILITY OF RAIL TRANSPORT TO PEOPLE WITH REDUCED MOBILITY — CASE STUDY

Marjana Petrovi¢, Matea MikulCi¢, Tomislav Josip MUN@ri€..................oooiioi 773

CETRA 2020* - 6" International Conference on Road and Rail Infrastructure

15



VEHICLE WHEEL LOAD ESTIMATION WITH FIBER OPTICAL CONTACT PATCH ELONGATION MEASUREMENT

Alex Coiret, Martin Fontaine, Julien Cesbron, Vincent Baltazart, David Bétaille, Denis Coudouel, Etienne Léa .......... 781
HIGHER AUTOMATION - METHODS TO INCREASE ENERGY EFFICIENCY IN RAILWAY OPERATION

Martina Zeiner, Matthias Landgraf, Martin Smoliner, PeterVeit............................. 789
OVERVIEW OF EMERGING ROAD TRAFFIC DATA COLLECTION METHODS

Sandra Mihalinac, Maja Ahac, Sasa Ahac, Miroslav SIMUN e 797

DEPENDENCE OF DESIGN HOURLY VOLUME ON THE FUNCTION AND NATURE OF TRAFFIC DEMAND OF
RURAL ROADS

Ivan Lovri¢, Boris Cutura, Tiziana Campisi, Antonino Canale, Marko Rencelj...................ooc 805

7 ROAD SUPERSTRUCTURE: INNOVATION AND SUSTAINABILITY

PERFORMANCE OF CONCRETE MIXTURES CONTAINING MSWI BOTTOM ASH

Judita Grazulyté, Audrius Vaitkus, Alfredas Laurinavicius, Ovidijus SOIMAS. ..o 819
UTILIZATION OF GLASS WASTE IN VEHICLE RESTRAINT SYSTEMS
LASZIO GASPAL, ZSOI BENCZE. ... ..o 827

USAGE OF NEW MATERIALS DURING REHABILITATION OF ROAD STRUCTURES USING COLD RECYCLING
TECHNOLOGY
Kateryna Krayushkina, Tetiana Khymeryck, Kyrylo Fedorenko...................ooiiii 835

RECYCLING CONSTRUCTION AND DEMOLITION WASTES WITHIN HYDRAULICALLY BOUND MIXTURES
FOR ROAD PAVEMENTS

Marco Pasetto, Andrea Baliello, Giovanni Giacomello, Emiliano Pasquini..........................oooo 843
THE USE OF FIBERS IN CEMENT-STABILIZED BASE COURSE OF PAVEMENT

Daniela Dumanic¢, Deana Breski, Sandra Juradin........................ 851
WASTE RUBBER - SUSTAINABLE PAVEMENTS SOLUTION?

Martina Zagvozda, Matija Zvonari¢, Marijana Cuculi, Ivana Pranji€..................cccooiiiiii 859

THE STUDY OF MOISTURE SUSCEPTIBILITY FOR ASPHALT MIXTURES CONTAINING BLAST FURNACE
SLAGS
Nicoleta Mariana Ene, Carmen Racanel, Adrian BUrlaCU ..................ooooiiiiiiiii e 865

8 TRAFFIC: SUSTAINABILITY AND INTERMODALITY

INCLUSIVE MOBILITY = HOW TO TACKLE NEEDS AND CHALLENGES OF PERSONS WITH REDUCED
MOBILITY
SOIMIOV DAIA........ oo 879

CARSHARING AS AN INTEGRATED MEAN OF TRANSPORTATION - A COHESIVE PLANNING APPROACH
FROM THE CITY OF WIESBADEN, GERMANY
Maximilian Birk, 2, VOIKEr BLEES ... ... e 887

PLANNING AND DESIGNING INFRASTRUCTURE AND SERVICES FOR SUSTAINABLE BICYCLE TOURISM
ALONG THE EUROVELO ROUTES IN THE DANUBE REGION
Pfaffenbichler P., Gauster J., Hartwig L., MeSchik M. .. ... 895

ELECTRO MOBILITY ACCEPTANCE: THE INFLUENCE OF POLITICAL BONUS AND MALUS FACTORS AND
PREFERENCES FOR CHARGING STATIONS
Margarita Gutjar, Matthias KOwald. ... 903

SIMULATION OF ROAD SPEED-SECTIONING BY ASSESSING THE IMPACT OF TRAFFIC AND ROAD
INFRASTRUCTURE

Emir Deljanin, Alex Coiret, Pierre-Olivier Vandanjon ..............c.ooiiiiiiiiii i M
DISRUPTIVE CHANGES IN THE TRANSPORT SYSTEM - FROM CAR-REGIME TO SUSTAINABILITY
Harald Frey, Barbara Lad. ... 919

16 CETRA 2020* - 6!" International Conference on Road and Rail Infrastructure



OPTIMIZATION OF ROAD SPEED-SECTIONING BY ASSESSING THE IMPACT OF A ROAD SPEED
LIMITATION SIGN
Pierre-Olivier Vandanjon, Alex Coiret, Emir Deljanin ... 929

COMPARATIVE ANALYSIS OF TAC ON RAILWAY FREIGHT CORRIDORS BETWEEN NORTH ADRIATIC PORTS
AND ZILINA
Denis §ipu§, Martina Ribari¢, Borna Abramovic, Sanjin Milinkovic.............................. 937

A BPMN MODEL FOR RAIL PORT OPERATIONS TO EVALUATE POTENTIAL CAPACITY INCREASE
Dario Campagna, Caterina Caramuta, Giovanni Longo, Teresa Montrone,

MO POLONI . ..o 945
CAR-FREE TRAVEL TO HOLIDAY REGIONS - MEASURES TO STRENGTHEN THE RAILWAY

Bernhard RUger, Markus Mailer. ... 953
IMPACT OF LIBERALIZATION ON THE TAXI MARKET IN THE REPUBLIC OF CROATIA

Marko Slavulj, Davor Br¢i¢, Matija Sikiri¢, BoZo RadUuloVi€................c.cooiiiiii 959

9 ROAD SUPERSTRUCTURE: TESTING AND MODELLING

RESILIENT PERFORMANCE OF EXPANSIVE SUBGRADES STABILIZED WITH NANOSIZED AND ACTIVATED

FLY ASH

Aneke Frank Ikechukwu, Mohamed Mostafa HaSSan .................cooiiiiii e 969
USAGE OF WOOD ASH IN STABILIZATION OF UNBOUND PAVEMENT LAYERS

Sanja Dimter, Martina Zagvozda, Branimir Milovanovi¢, Miroslav Simun ... 981
THERMO — MECHANICAL MODEL OF CONCRETE PAVEMENT IN HARDENING PHASIS

Jakub Vesely,2, Petr Panek, Ludvik VEDI. ... 989

FINITE ELEMENT SIMULATION AND MULTI-FACTOR STRESS PREDICTION MODEL FOR CEMENT
CONCRETE PAVEMENT CONSIDERING VOID UNDER SLAB

Bangyi Liu, Xia0ming HUGNE. ... 997
PERFORMANCE ANALYSIS OF FLEXIBLE PAVEMENTS WITH BASE LIME
Mena I. Souliman, Nitish R. BaStOla. ... 1005
QUALITY CHECKING OF POLYMER MODIFIED BITUMENS IN SLOVENIA
Marjan Tusar, Lidija RZek, Mojca Ravnikar TUIK ..o 1013

POTENTIAL SUBSTITUTIONS OF TRADITIONAL HYDRAULIC BINDERS IN COLD RECYCLED MIXTURES
USING BLAST FURNACE SLAG

Jan Valentin, Pavla Vackova, Nadia Tarifa, Dimitra Giannaka........................ccoooiiiii 1021
COMPARATIVE STUDY ON THE DESIGN METHODS FOR FLY ASH-FLEXIBLE PAVEMENT

Jacob A. Adedeji, Samuel O. Abejide, Mohamed M. Hassan Mostafa............................ccc 1033
COMPARISON OF STANDARDS AND REQUIREMENTS FOR POROUS ASPHALT MIXTURES

Iva Brki¢, Aleksandra Deluka Tibljas, Marijana Cuculic, lvana Pranjic.....................ccooooii 1041

COMPARATIVE STUDY ON USING THERMOPLASTIC POLYMERS TO IMPROVE ASPHALT MIXTURES
CHARACTERISTICS

Ciprian Rares Tarta, Nicolae Ciont, Mihai Iliescu, Gavril Hoda ... 1049
THE EFFECT OF BITUMEN AGEING TO FRACTIONAL COMPOSITION
Miglé Panasenkiené, Audrius Vaitkus, Viktoras MaseVi€ius ..............coooiiiiiiiiiii e 1057

A REVIEW OF THE BEST EXPERIENCE ON CRUMB RUBBER — DRY PROCESS MODIFIED ASPHALT MIXTURE
PERFORMANCE

Ovidijus Sernas, Audrius Vaitkus, Deimanté Kilaite................ooo oo 1067
ASPHALT CONCRETE MIXTURES WITH ADDITION OF RECLAIMED ASPHALT PAVEMENTS
PIOtr ZIGLIASKI ... 1075

BEHAVIOUR OF HIGH-MODULUS ASPHALT MIXTURES FROM THE PERSPECTIVE OF STRAIN
CHARACTERISTICS (STIFFNESS)
Jan Valentin, Majda Belhaj, Pavla Vackova ... 1085

CETRA 2020* - 6" International Conference on Road and Rail Infrastructure

17



10 TRAFFIC: SIMULATIONS, COMPUTER TECHNIQUES, TRAVEL TIME AND SERVICE QUALITY

SELECTION AND ANALYSIS OF INPUT PARAMETERS INFLUENCING PEDESTRIAN MICRO-SIMULATED
CROSSING TIME

Chiara Gruden, Irena I5toka Otkovi¢, MatjaZ Sraml ... 1097
THE ARCHITECTURE OF DECISION-MAKING SUPPORT SYSTEMS USED FOR THE RATIONAL RAILWAY
CAPACITY MANAGEMENT

Ivica Ljubaj, Tomislav Josip Mlinari¢, Slavko Veskovi¢, DuSan Jeremic..................ccoooiiiiiiiiiii 1105
ENHANCING CAPACITY ON ETCS LEVEL 2 LINES IN AUSTRIA

Andreas Schobel, Olga Permiakova ... .........oooiii m
MOTORWAY WORK ZONES CAPACITY ESTIMATION USING FIELD DATA FROM SLOVENIA

Tréek Luka, Semrov Darja, Strnad IFeN@ ... 1119
UNCERTAINTY ESTIMATION ON ROAD SAFETY ANALYSIS USING BAYESIAN DEEP NEURAL NETWORKS
Pan Guangyuan,2, Chen Qili, Fu Liping4,5, Yu Ming, Muresan Matthews.....................ccooiii 127
INDEX OF AUTHORS

18 CETRA 2020* - 6™" International Conference on Road and Rail Infrastructure



1

INFRASTRUCTURE AND TRAFFIC:
PLANNING, (RE)CONSTRUCTION AND MANAGEMENT

CETRA 2020* - 6! International Conference on Road and Rail Infrastructure 19



20 CETRA 2020* - 6" International Conference on Road and Rail Infrastructure



CETRA?2020 20-21 May 2021, Zagreb, Croatia
6™ International Conferenceon Road and Rail Infrastructure

FEATURES OF PUBLIC ROADS COST EVALATION
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Abstract

The evaluation of the property of road economy is a complexand important issue for the road
sector. During carrying out the evaluation of the property, it is recommended to use regula-
tions, provisions of national standards on property evaluation and regulations of the State
Property Fund. Since the property of road economy can be attributed to a specialized type of
property, which is the most useful in an integral property complex, then for its evaluation it is
necessary to use cost approach methods. The article describes the methodical approaches
and mechanisms of their implementation for evaluation of property of road economy. The
basis of each of the methods is a set of evaluation procedures that will allow carrying out the
evaluation. Practical approaches to property evaluation will promote a good coordination
of the evaluation results and drawing up the reports and conclusions on their basis about
evaluation of road economy property.

Keywords: inventory of property, cost evaluation methods, objects of evaluation, road assets,
information and analytical system

1 Introduction

Reliable valuation of property of a road economy (realization of inventory of property) and
conducting of its expert assessment in a proper manner is a very important issue in the road
sector and is one of the mechanisms of road transport reform. Over the past few years, a
review of legislation, evaluation methodology and standardization has led to a number of
issues, which, when assessed and resolved, have helped to streamline, update and improve
the legal and methodological framework for property evaluation. An important criterion in
the work on the evaluation of property of the road economy was the discrepancy between
the existing forms and models of evaluation, their adaptation and bringing in compliance
with the evaluation model to the conditions that characterize this type of property and are
necessary for carrying out the evaluation of the road economy objects.

Cost evaluation of the road is a process in which the determination of the cost of the road is
carried out on the date of evaluation in accordance with the procedure established by regu-
lations [1] on property evaluation. When evaluating the cost of the road, the following goals
are achieved:

e establishing the availability of assets and their elements

« determination of the correspondence of their physical condition to the estimated value;

e determination of the real current value of road assets.
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The evaluation is carried out in accordance with the following procedure:

« definition of the objects and the purpose of evaluation;

* establishment of principles, bases and rules for assets evaluation;

» compilation of a list of assets and basic data for the calculation of the assets value;

* establishment of the nomenclature of quality indicators, analysis and selection of the most
significant of them;

» compilation of the model of the qualitative condition of the evaluation object;

« initial evaluation of assets;

 determination of the level of the quality of the evaluation object;

 determination of the cost of a road asset depending on the purpose of evaluation;

» compilation of the cost valuation report.

Estimating the cost of property will facilitate the inventory of the road economy property. The
purpose of the inventory is to obtain data on the availability and condition of property of en-
tities under the control of the balance-holders of roads, as well as the creation of conditions
forthe organization of an information system for the operational recording of the availability,
condition and use of the property. According to the results of the inventory, the existing pass-
port of the road is also adjusted or the new passport is issed. The purpose of the inventory
is to establish common principles for the preparation of technical documentation for real
estate objects of the road economy in order to register the rights to real estate.

2 Evaluation methods
2.1 The process of roads evaluation

The objects of the road economy, which are subject to inventory, are distributed as follows:

» motor roads - a linear complex of engineering structures designed for the continuous, safe
and convenient traffic which includes the objects located in the right-of-way of the roads
within a single land plot and designed for transportation and ensuring the functioning of
road transport infrastructure;

e artificial structures - engineering structures intended for the movement of vehicles and pe-
destrians through natural and other obstacles, as well as for the sustainable functioning of
the motor road (bridges, overpasses, flyovers, viaducts, tunnels, surface and underground
pedestrian crossings, pontoon bridges and ferry crossings, road junctions, retaining walls,
galleries, catching ramps, snow protection structures, avalanche and mudflow protection
structures, etc.);

* road drainage structures - structures intended for removal of surface and groundwater from
the the subgrade and carriageway (side ditches, drainage ditches, hillside ditches, cul-
verts, open and closed drainage systems, storm sewerage, etc.);

e technical means - special technical means intended for management and control of road
traffic (road signs, information boards, road markings, signal bollards, traffic and pedestri-
an barriers of different types, traffic light equipment, etc.);

* real estate necessary for the operation of motor roads.
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Schematically, the process of road cost evaluation is shown in Figure 1.

I
Class or type of asset, its .
placement, information about the ] Definition
balance holder I
1
| Current status !
Main principles Methods |
of asset | Current Estimated Cost
management

Current (defined) physical state
of the asset, taking into account
defects

{4

Potential future costs for defect
elimination

Criteria for evaluation |

Work program-cost-revaluation

Time horizon |

1

1
i

1

1

1

1

1

1
::::l Evaluation models |

1
1
o

Decision-making

process Sector databases

Information systems

Implementation of the
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Figure1 Flowchart of the process of evaluating the road asset

2.2 Cost approach

The effectiveness of assessing the property of a road economy depends on the methodo-
logical approaches under which it will be implemented. Building a road assessment model
allows for a uniform methodological approach to the overall cost evaluation of roads, both
currently and in future or projected periods. The following methods are used in accordance
with [2] (Figure 2), which are used to carry out a cost evaluation of public roads:

» Asset re-evaluation / after-evaluation method;

¢ limit cost method;

* fixed cost method with respect to the limit state;

» method of the transferred cost (replacement).
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Cost approach

Asset re- limit cost method of the fixed cost
evaluation / method transferred method with
after- cost respect to
evaluation (replacement) the limit state
method

Figure2 Methods based on cost approach

The method of re-evaluation / after-revaluation of an asset is that the asset is calculated as
the product of its initial (initial) cost of construction and the ratio of the qualitative state of
the asset or its element adjusted to the inflation index. Condition is the ratio of the current
qualitative state of the asset or its element to a better condition. The value of assets in year
tis determined according to [2] by the formula (1):

K
V,_tzH-C-[ kt ] (1)
Kkbest
where
\Y - baseline value of assets by re-valuation / after-valuation method in year t, monetary

units;
HC -initial (actual) cost of construction in accordance with the consolidated estimates,
monetary units;
- the level of a qualitative state of the asset at time t, in the form of a coefficient or %;
- the best level of quality status of an asset, recorded during its life cycle, in the form of
a coefficient or %.

Kkl
k best

In accordance with [2], the estimated value of a road asset using the re-evaluation / af-

ter-evaluation method at the valuation date is obtained by adjusting the base cost for infla-
tion by the formula (2):

CPI

Vi, =V —=t

rrt =V CPly

@

where

V . -estimatedvalue of the road asset by the re-evaluation / after-valuation method in year
t, monetary units;

CPI, - index of construction price in year t;

CPI, - index of construction price in the year when the object was built.

The limit cost method uses current and past data to determine the value of assets. According
to [2], the following formula (3) is used to calculate the value of assets:

Voot = HC~[ Kyt = K worst ] B3)
Kk best — Kk worst
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where

V... -baselinevalue of assets by the limit cost method in yeart, monetary units;

K - the worst level of a qualitative state of an asset, recorded during its life cycle, in the
form of a coefficient or %.

k worst

According to [2], the estimated value of a road asset by the limit cost method on the evalua-
tion date is obtained by adjusting the base price for inflation by the formula (4):

y CPl,

r.mt = Vm.c.t CT/O (4)

where

V, ...~ estimated value of the road asset by the limit cost method in year t, monetary units.
The fixed cost method with respect to the limit state is to bring the state of an asset or its el-
ement to a level that consistently exceeds the minimum performance threshold established
forthat asset. The cost of assets is a constant value over the life of assets until the quality lev-
el of the asset exceeds a certain limit value and is equal to zero; when the quality level falls
below the established limit value (in this case, the issue is about the renewal of the asset or
its liquidation). Each year, the calculation of the state of the asset at the time t (K ) is carried
out. The value of wear (physical and / or functional) K __ ofthe rod section in accordance with
[2] is determined by the formula (5):

Kwear =1- K¢ 5)

Experts of the road organization set the limit value K
When K > K, . the estimated value of the road asset is determined on the basis of the re-
placement (or reproductlon) cost adjustment by the estimate as of the date of the assess-
ment for the inflation index. In accordance with [2], the estimated cost of a road asset by the
fixed cost method with respect to the limit state and according to formula (5) is determined
by the formula (6):

Vit = RCi Ky = RCy -(1- Kyyear ) = RC; = RRCy (6)

where

V.  -theestimated value of the road asset by the fixed cost method in relation to the limit
state in year t, the monetary units;

RC, - costofreplacement (or reproduction) of the asset in year t, monetary units;

RRC,, -the cost of repair and restoration of the asset in yeart,

RRC,, -RC -K . -monetary units.

wear

In accordance with [2] the cost of replacement (or reproduction) of an asset is determined by

the formula (7):
n
RC; = Zc, @
i=1
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where

C, - the estimated value of the i-th element of the road section, which is displayed in current
prices on the actual date of assessment, using the same architectural solutions, building
structures and materials, as well as the same quality of construction and installation
works as the assessed object (replacement value) or using modern materials and in ac-
cordance with new standards and planning solutions (replacement value).

n - number of elements of the road section.

The final estimated cost of the road asset is determined by formula (8):

Vr.a. = V1 + Vr (8)
where

V. - estimated cost of the road section, monetary units;

V, -costoftheroad section, monetary units;

V, -theestimated cost of a road asset determined by one of the methods shown in Figure 2,

monetary units

To determine the quality of the evaluation object, the following initial data are required,

which contain:

* the initial cost of construction, where the actual cost of the road construction is entered in
accordance with the consolidated cost estimate;

« the quality level of the evaluation object at the time when the best condition is equal to
100 percent;

« the best condition of the asset is the condition of the evaluation object recorded after the
commissioning of the construction object;

e the worst quality level of the asset (determined quality level of the construction object
during which the object had the worst operational parameters);

e construction price index at the year when the object was built;

e construction price index at the year when the quality level assessment is carried out;

* the cost of replacing (or reproducing) the asset at the year when the object is evaluated;

e the limit value of the quality level of the asset which is set by experts of the road organi-
zation.

2.3 The information-analytical system

The analysis of the methods used to evaluate the property of the road economy allowed to

develop an information and analytical system, the algorithms of which are convenient to use

and provide automation of calculations of the valuation of roads of general use. The informa-

tion-analytical system is a program with a definite structure, interface and parameters that

provide an opportunity:

* the choice of the necessary method for carrying out the valuation of roads of general use;

e implementation of algorithms for conducting valuation of road assets;

e access to the database necessary for the settlement;

* centralized storage of collected data for their further use by organizations for assessing the
property of the road economy;

* filling the database with highways for which it is necessary to carry out a valuation;

e access to the normative reference base of the coefficients required for the settlement;

 conducting an analysis of the results of the valuation of public roads in order to plan and
make effective decisions.
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The final result of a valuation is the formation of a property valuation report, which, accord-

ing to [3], should contain the following information:

* a description of the object of evaluation that allows it to be identified;

* the date of the assessment and the date of completion of the report, and, if necessary, the
validity period of the report and the conclusion on the value of the property in accordance
with the requirements of the legislation;

* the purpose of the assessment and justification of the choice of the appropriate assess-
ment base;

* list of normative legal acts according to which the assessment is carried out;

* a list of restrictions on the application of evaluation results;

e an outline of all assumptions within which the evaluation was conducted;

* description and analysis of the collected and used source data and other information dur-
ing the evaluation;

e conclusions on the analysis of the existing use and the most effective use of the object of
evaluation;

* an outline of the content of applied methodological approaches, methods and valuation
procedures, as well as corresponding calculations, with which the conclusion on the value
of the property is prepared;

* a written statement by the appraiser on the quality of the source data used and other in-
formation, a personal review of the object of evaluation (in the case of impossibility of
personal review - relevant explanations and justification of reservations and assumptions
regarding the use of evaluation results), observance of national standards for valuation of
property and other regulatory acts on valuation of property during its carrying out, other
statements which are important for confirmation of authenticity and objectivity of property
valuation and conclusion about its value;

e conclusion about the value of the property;

* attachments with copies of all source data, as well as, if necessary, other information
sources that explain and confirm the assumptions and calculations.

3 Conclusions

Carrying out a cost evaluation of public roads is important because it solves a number of
important issues that are necessary for making reasonable decisions in the road property
management process. These include: establishing the availability of assets, determining the
conformity of their physical condition to the estimated cost, determining the real current cost
of assets. Cost evaluation methods allow carrying out a cost evaluation of road property,
taking into account its specific features. A practical approach to solving the issue of property
cost evaluation is the basis for a comprehensive inventory and cost evaluation of public
roads, which will allow further using it as one of the key mechanisms for understanding the
financial condition of the road sector. According to the calculation results, it is possible to
make conclusions on the property condition, which will facilitate the adoption of reasonable
management decisions on the further use of road assets.
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Abstract

The road network in the Republic of Croatia is well developed and largely responds to traffic
needs. The motorway network is largely built up and no major new investment is needed
in the short term. The national road network is in good standing according to national and
EU standards. However, public road management companies face operational and financial
challenges in terms of: (a) overinvestment in the network; (b) weak governance; (c) high op-
erating costs; (d) large debt stock; (e) short tenor of existing loans; (f) currency risk and (g)
insufficient credit strength to access the loan market for long tenors on a stand-alone basis.
The Government of the Republic of Croatia has therefore decided to address these chelleng-
es and launched a project funded by IBRD called the Modernization and Restructuring of
the Road Sector (MARS) aiming to enhance operational efficiency and improve the financial
sustainability of the road sector. To these ends, the Government has approved a Sector Pol-
icy Letter, which contains a set of planned reforms. To ensure the contribution of the road
sector to the overall economy, in addition to the financial sustainability of the sector itself,
operational improvements are needed in the following key areas: (a) management of the
road infrastructure sector; (b) planning, financing and implementation of investments in the
road sector; (c) corporate governance and business operations. Much of the reform has al-
ready been implemented, but some of the most important are still in the process of being
implemented.

Keywords: road sector, road management companies, restructuring
1 Introduction

In general, the road network in the Republic of Croatia is well developed and mostly re-
sponds to traffic needs. The motorway network in Croatia is largely built up compared to the
country’s initial plans, and no significant new investment is needed in the short term. The
national road network is also comprehensive and in good standing according to national and
EU standards. The modal split of inland public transport indicates that 73 percent of freight
and 71 percent of passengers are carried by road. When added to individual transport, more
than 90 percent of travel is by road. It should be emphasized that the road infrastructure is
the most valuable public good.

Companies operating the road network, Croatian Motorways (HAC), Rijeka-Zagreb Motorway
(ARZ) and Croatian Roads (HC), face operational and financial challenges such as network
over-investment, under-management, high operating costs, high indebtedness, short ma-
turities of existing loans, currency risk and insufficient creditworthiness to access credit mar-
kets for long-term loans on a stand-alone basis. The Government of the Republic of Croatia
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has therefore decided to introduce reforms in the road sector, strengthen supervision and
planning within the sector, increase the operational efficiency of companies and improve
the financial image of the sector. In order to ensure the contribution of the road sector to the
overall economy, in addition to the financial sustainability of the sector itself, operational
improvements are needed in the following key areas:

a) Management of the road infrastructure sector,

b) Planning, financing and implementation of investments in the road sector,

c) Corporate governance and business operations.

The government has sought the support of the International Bank for Reconstruction and De-
velopment (IBRD) and has made excellent cooperation with the IBRD and other International
Financing Institutions (IFIs) in identifying elements of the road sector restructuring. The Gov-
ernment also consulted the European Commission (Directorate General for Competition). As
a result of this co-operation, the Modernization and Restructuring of the Road Sector (MARS)
project has been defined [1], which aims to support the Croatian Government in enhancing
operational efficiency and improving the financial sustainability of the road sector. The pro-
ject is funded by IBRD in the form of an investment loan and guarantees. Part of the invest-
ment loan is used to restructure public road management companies, i.e. HC, HAC and ARZ.
For the purpose of operationalizing the MARS project, the Government on 16 March 2017
prepared and approved a Letter of Sector Policy [2], which contains a set of reforms to put the
sector on a financially sustainable path and reduce the need for state support.

2 Main elements of business and financial restructuring of the road
sector

The Letter of Sector Policy [2] covers the following elements:

a) Road sector management

» The Transport Development Strategy of the Republic of Croatia for the period 2017 to 2030

* Unique system of categorization and standards of maintenance / management of public
roads to ensure proper and cost effective maintenance of the property

* Strengthening the role of the Ministry of the Sea, Transport and Infrastructure as the body
responsible for planning and controlling the operation of publicly traded companies in the
road sector

* Reorganization of the companies in the road sector

* Debt optimization strategy of HAC, ARZ and HC.

b) Planning, financing and implementation of investments in the road sector

* Road Property Management System (RPMS) for the purpose of ensuring the accuracy of
investment planning

* Approved road sector investment plan for the period 2017-2020.

* Revenue and toll collection

* Road safety.

c) Management of companies and their operations
* Applying principles of corporate governance

* Human resources management instruments

* More efficient maintenance system.

In order to achieve the above objectives, deadlines for specific activities are defined in the
table annexed to the Sector Policy Letter.
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3 Road sector management

The Government adopted the Transport Development Strategy of the Republic of Croatia for
the period from 2017 to 2030. The strategy gives the vision, main goals, long-term investment
plans and principles of business of the road sector and other modes of transport. The main
guidelines of the Strategy are in line with the European Commission. The strategy was adopt-
ed following the implementation of the Strategic Environmental Assessment and public hear-
ings during the period of June-July 2017. The strategy is also a requirement of the European
Commission for accessing sectoral funding under Operational Program 2014-2020.
The government on 24 March 2017 adopted a Decision on the implementation of technical
categorization of public roads in the Republic of Croatia. The purpose of the Decision is to es-
tablish, on the basis of unique criteria, clear functional road categories, independent of cur-
rent administrative and geographical frameworks, to allow the application of maintenance
and construction standards. Roads with a certain traffic load and functional importance with-
in the system receive the same level of quality of maintenance no matter who manages the
road.
Road maintenance standards have, over time, become too extensive and have been inter-
preted differently by contractors. Therefore, it was decided to develop standards that will
regulate the regular and periodic maintenance of all state, county and local roads, regardless
of the way of contracting maintenance works. Standards should include winter maintenance,
but would not include rehabilitation works. The standards should be defined in such a way
as to ensure a satisfactory level of road maintenance, similar to that applicable to other road
networks in the EU. The standards will contribute to improving quality, rationalizing unit pric-
es and promoting better competition. The standards would refer to the Technical Specifica-
tions of Maintenance Works, which have not yet been drafted. The terms of reference for the
development of maintenance standards have been prepared, but the procurement process
has not yet been initiated.

The Public Roads Network is being developed based on the following planning documents:

a) The Transport Development Strategy of the Republic of Croatia for the period 2017-2030
sets long-term development priorities. It deviates from its previous focus on infrastructure
development and moves on to transport planning with a focus on multimodality, safe and
sustainable transport services, improving regional links and completing the Croatian part
of the Trans-European Corridor Network (TEN-T).

b) The medium-term objectives are set out in a four-year Maintenance Program, adopted by
the Government on the basis of a proposal from the Ministry of the Sea, Transport and
Infrastructure.

¢) Annual construction and maintenance plans are defined by the companies operating the
road network with the approval of the Ministry.

In order to meet the requirements of sustainability and future development of the road net-
work, the Ministry will propose to the Government of the Republic of Croatia long-term strate-
gic goals of the road sector, as well as a long-term coordinated plan of these goals, to ensure
the coherence of the companies investment plans. To this end, the Ministry had to set up a
separate Department and ensure that the medium-term plans of the companies operating
the road network were aligned with the work of the Department. The department will also
coordinate investment plans, improve control of public investment management by applying
high principles of public investment management, and will control the effectiveness of pro-
ject management through beneficiaries. Consequently, the Ministry, by Decree of 24 Novem-
ber 2017 decided to set up a Strategic Planning Department.
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The efficiency of the State as the owner and contracting authority of the road sector compa-
nies can be improved by establishing a monitoring system and defining criteria for business
and financial performance of companies. For this purpose it has been planned to improve
the accounting and financial management instruments used by the sector companies. This
includes activities to strengthen the ownership role within the Ministry, define key perfor-
mance indicators (KPIs) to determine the level of business performance of the companies,
and establish monitoring of companies business by the Ministry. These elements will also be
referred to in the so-called. “Performance Agreements” to be signed by the Ministry with HAC
and HC, the implementation of which will make publicly available and transparent reporting.
Following an analysis of the results of the Business and Financial Restructuring Study funded
by the European Bank for Reconstruction and Development (EBRD), the Government decided
in 2017 to carry out the merger of HAC and HAC-ONC companies and the transfer of ARZ’s
operations to the HAC through delegation of responsibilities. The merger of these companies
optimizes business processes, ensures economies of scale and reduces overall costs. Along
with the implementation of the merger, the legal changes have defined the monopolistic po-
sition of new companies in the area of their individual motorway networks. Amendments to
the law have defined, among other things, the principles of financial management to ensure
that bookkeeping assets are carried on a business-to-business basis. The expected end re-
sult of these measures will be a lower operational cost of maintaining roads for a given level
of service and a significant streamlining of the number of jobs. The rationalization of the
number of employees and the optimization of business processes are carried out according
to the developed guidelines of the said Study. The rationalization began in 2018 and should
be completed by the end of 2020.

Based on a project proposal prepared by the Ministry and through a public tender, a consult-
ant was selected to work on the restructuring of Croatian Roads. The analysis of the situation
and the proposal for restructuring are expected to be submitted to the Ministry at the begin-
ning 2020.

In 2017, the Ministry of the Sea, Transport and Infrastructure, through an international public
procurement, selected and signed a contract with a financial advisor with the aim of: (i) en-
dorsing and improving the strategic financial guidelines adopted in 2016, (ii) defining debt
financing guidelines in line with strategy (iii) proposing a road sector financing strategy and
structure for approval, and (iv) helping to implement optimization of the debt of the road
sector companies. The objective of this strategy is to optimize the debt guaranteed by the
Republic of Croatia while facilitating long-term financing of the road sector.

4 Planning, financing and implementation of investments in the
road sector

The Road Property Management System (RPMS) for motorways, state and county roads will
be developed through a contract that, after collecting data on property and condition of
property, should be operationally implemented in the coming period. The RPMS will use all
existing elements of the road asset management company. The RPMS will ensure the avail-
ability of up-to-date network status information and serve as a basis for the continuous up-
dating of estimated periodic maintenance plans for highways and state roads. The RPMS will
also be available for county-managed roads to enter property and condition information and
to adopt its own future maintenance programs. The reconstruction and emergency mainte-
nance of roads and highways will be programmed in this approach based on the actual state
of the roads, not according to predefined standards.

The Ministry has proposed, and the Government has adopted, the Public Roads Construction
and Maintenance Program for the period 2017-2020. Its main features are: (i) financing of pe-
riodic maintenance by each company on its own resources, without borrowing; (ii) the restric-
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tion of construction in the motorway sector to ongoing projects and investments financed
by EU funds; (iii) limitation of HC construction to already started projects and investments
financed by EU funds, supplemented by projects selected on the basis of agreed criteria
within the specified funding limit. New debt will be repaid from the state budget.

The Ministry of Finance has achieved significant success in refinancing the debts of compa-
nies created by financing the construction of the motorway network, owing to the favorable
situation on the financial market, but also to the improved credit rating of the Republic of
Croatia.

In addition to the 2017-2020 plan, companies, with the approval of the Ministry of the Sea,
Transport and Infrastructure and the Ministry of Finance, prepared an annual indicative
investment plan using justified economic and social criteria to evaluate and prioritize all
proposed new investments, in accordance with the defined multicriteria framework. Future
investment plans will also include the costs of emergency, investment maintenance and ren-
ovation under the RPMS by March 2020.

HC and HAC generate revenues from fuel excise taxes. HC uses its share of excise taxes for
maintenance and financing of investments, while HAC uses its share of excise taxes exclu-
sively for investments. These funds will continue to be available, taking into account the
needs of these two companies, at the level set by the Roads Act.

A seasonal increase in toll prices of 10 % was introduced between 01 July and 30 September
for HAC and ARZ motorways starting in 2017 onwards. Further changes, such as the reduction
of the Electronic Toll Payment (ENC) discount, will be introduced gradually, in order to comply
with EU standards. Additional sources of revenue for the road sector will also be analyzed.
A fully automated electronic toll collection system has been defined in accordance with the
EBRD Study. Tender documentation has been prepared and a consultant selected for the new
toll collection system with the aim of putting the system into operation by 2020/2021. The
future automated electronic toll collection system will retain the basic distance-based toll
collection principles, which are mainly applicable to the current toll collection system, but
will reduce the toll collection and traffic jams, especially during the summer, and improve
environmental solutions. Toll rates will be considered at least once a year.

Implementation of road safety and road safety initiatives in line with EU Directives for the
Croatian part of the Trans-European Road Network (TEN-T) is an integral part of road sector
plans and EU funding is already being used. The goals of the national road safety plan 2011-
2020 are being realized by the action plan adopted by the Ministry. The Action Plan includes
various measures for highways and state roads such as upgrading guardrails, controlling
axle loads and removing black spots. Common activities on the road network include road
safety audits and inspections, improvement of tunnel safety and the extension of traffic man-
agement information systems at the level of the Republic of Croatia. Audits and inspections
will be carried out to cover the entire TEN-T network by the end of 2020.

5 Management of companies and their operations

Corporate governance depends primarily on a balanced division of roles and implementation
of internal and external planning, control, management and decision-making mechanisms.
This ensures a balanced relationship between the owner, the supervisory board and the
management of the company. This results in effective governance mechanisms and address-
es the problems and potential conflicts that arise between management structures.

Corporate governance plans based on the principles of the Organization for Economic Co-op-
eration and Development (OECD) should be adopted by all companies in the road sector. The
plans will be in line with the existing Decision on the adoption of the Corporate Governance
Code for companies in which the Republic of Croatia holds shares or interests (Official Ga-
zette 112/2010). Corporate governance plans include the application of contracts with com-
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pany management based on operating results, as well as increased transparency through
more frequent disclosure of decisions, financial data and performance and annual monitor-
ing of their implementation. Corporate governance plans relating to boards of directors will
also include defining and implementing the following elements: structure and management,
supervisory committees, transparency and disclosure of information, audits and internal
controls, remuneration of supervisory board members, risk management and corporate so-
cial responsibility.

Adoption of corporate plans according to the principles outlined above by road network com-
panies has been started but not yet completed.

Human resource management is a key element in the management of the road sector. To this
end, modern human resources and work management systems are being introduced, includ-
ing payroll policies, and systems for controlling work, planning and job evaluation. In the
context of business and financial restructuring of the road sector, job cuts and / or retraining
will be done in an efficient and socially acceptable manner.

The restructuring of the companies is expected to bring about a more efficient and cost-ef-
fective maintenance of the motorway network. In other parts of the road network, public
road maintenance and traffic management will be organized to optimize operating costs and
the number of jobs. Further steps in operational improvement will be defined taking into
account, inter alia, experience in a pilot project in Istria (performance based contract) and
maintenance standards and specifications.

HC and County Roads Administration (ZUC) continue their cooperation with the aim of devel-
oping technical road categorization and maintenance standards applicable throughout the
Republic of Croatia. The agreement on the terms of the joint procurement of maintenance
services defines the basic principles and conditions for the joint procurement of mainte-
nance services in such a way that HC and ZUC remain responsible for their individual mainte-
nance contracts while the procedure will be carried out at the level of regional business units
within an independent joint procurement committee which includes HC and ZUC representa-
tives. This increases competition in the market and opens opportunities for local contractors.

6 Conclusion

As a result of the cooperation of the Ministry of the Sea, Transport and Infrastructure with
the International Bank for Reconstruction and Development, the Road Sector Modernization
and Restructuring Project (MARS) has been initiated and is aimed at supporting the Croatian
Government in enhancing operational efficiency and improving the financial sustainability
of the road sector. The Ministry approved a Sector Policy Letter defining the activities of the
MARS project, as well as the deadlines for their implementation. Much of these activities
have already been implemented, but some significant activities are only in the initial stages.
The restructuring project has so faryielded the best results in refinancing companies’ debts.
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Abstract

Infrastructure is a broad term encompassing a wide range of facilities from roads and rail-
way lines to wind, waste and water projects, oil and gas facilities, pipelines and processing
plants. Whilst infrastructure construction contracts have key provisions in common, there is
no one standard form that fits all projects. Any standard form will need to be tailored to suit
the demands of the projects, the risk profile of the parties and comply with the legal jurisdic-
tion of the contract and project location. Increasingly contractors are enhancing their exper-
tise and working on infrastructure projects internationally. As a result, the forms of construc-
tion contracts used are becoming more standardized. Nowadays, FIDIC forms of contract are
intended to be suitable for projects carried out around the world by all types of employers
with the extensive support of large investors such as the World Bank or the European Union.
The terms of the Conditions of Contract for Construction have been prepared by the Fédéra-
tion Internationale des Ingénieurs-Conseils (FIDIC). Two most frequently used FIDIC models
of construction contracts are Conditions of Contract for Construction (known as Red Book)
and Conditions of Contract for Plant and Design-Build (known as Yellow Book). These general
conditions are also used as contract conditions in Croatia for public procurement of transport
infrastructure projects. The use of FIDIC General Conditions of Contract in the realization of
transport infrastructure construction works in Croatia is presented in the paper.

Keywords: transport infrastructure projects, construction contracts, FIDIC, FIDIC General Con-
ditions

1 Introduction

FIDIC is a French language acronym for Fédération Internationale des Ingénieurs-Conseils,
which means the International Federation of Consulting Engineers. It was started in 1913 by
the trio of France, Belgium and Switzerland. FIDIC is now headquartered in Switzerland and
boasts of membership from over 100 different countries. [1]

Over the years, FIDIC has become famous for its secondary activity of producing standard
form contracts for the construction and engineering industry. FIDIC published in 1957 its first
contract, titled The Form of Contract for Works of Civil Engineering construction. As the title
indicated, this first contract was aimed at the civil engineering sector and it soon became
known for the color of its cover, and thus, the Red Book. It has become the tradition that
FIDIC contracts are known in popular parlance by the color of their cover. [1] The first edition
of FIDIC Contract Conditions for Civil Works was compiled on the basis of the general contract
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conditions of the British Institute of Civil Engineers (ICE), which were in their initial form

drawn up at the end of the 19th century. Consequently, the first sets of FIDIC contracts were

based on English law principles. Since 1957, future FIDIC contracts have successfully incor-

porated the principles of other legal systems especially the European civil law system. This

development has been particularly emphasized in recent editions of 1999 as well as of 2017.

However, the basic framework of English law principles has survived.

Today, more than 100 national professional associations are members of FIDIC. Only one na-

tional association in a country can be a member of FIDIC. In order for a national association

to become a member of FIDIC, it must be confirmed that its members adhere to the ethical

and moral principles inherent in consulting engineers, and in particular to act in accordance

with the principles of [8]:

a) retaining absolute independence in the relation to contractors, manufacturers and suppli-
ers, and that they never receive services that might interfere with their objectivity;

b) to act solely in the interest of the contracting authority that has engaged them;

c) be experts in their profession, enabling them to perform their task conscientiously.

Because of the broad support it enjoys, FIDIC contracts are the foremost contracts in interna-
tional construction. FIDIC Conditions of Contract are recommended for general use in works
subject to international tender, but they are also suitable for use in national tenders. The
FIDIC Conditions of Contract only apply if the parties have expressly included them in their
contract. This is most often done in such a way that the entire contract is based on the terms
of the FIDIC Conditions of Contract. The main conditions of contract consist of two parts:
General Conditions and Particular Conditions. The contracting parties may modify the Gen-
eral Conditions, but if they wish to do so, they should do so in the Particular Conditions with
the markings on those provisions of the General Conditions that the parties wish to change.
While preparing a contract, some clauses of General Conditions shall be implemented gen-
erally and some should be modified depending on the features of the work and location.
General Conditions of Contracts and the Particular Conditions of Contracts are linked to each
other by numbering the clauses mutually, thus the first and second part together create the
Conditions of Contract. [3] The contracting parties are therefore free to change the General
Conditions of FIDIC as they wish, and these contract conditions only apply if they are express-
ly made an integral part of their contract by the parties.

Each FIDIC book also contains Guidance for Preparation of Particular Conditions, which
sought to assist the compilers of a contract in the preparation of the Particular Conditions.
This assistance consists in the fact that FIDIC has already made the selection and prepared
the provisions that are expected to be amended, and has already prepared the appropriate
formulations for some of these changes.

2 FIDIC Rainbow Suite

Over the years FIDIC has consistently improved its General Conditions of Contract adding

new forms replacing previous ones and updating important terms. In 1999, FIDIC published

a completely new suite of contracts, (known as “Rainbow Suite” for a variety of their cover

colors) which includes 10 different books [6]. These include:

» The Red Book: Conditions of Contract for Construction for Building and Engineering Works
designed by the Employer (1%t Ed 1999).

* The Pink Book: Harmonized Red Book (MDB Edition) Conditions of Contract for Construction
for Building and Engineering Works designed by the Employer (3™ Ed 2010) - for use as part
of the standard bidding documents by the Multilateral Development Banks only.

* The Yellow Book: Conditions of Contract for Plant and Design-Build - for electrical and me-
chanical plant, and for building works, designed by the Contractor (1t Ed 1999).
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e The Silver Book: Conditions of Contract for EPC/Turnkey Projects (1t Ed 1999).

* The Orange Book: Conditions of Contract for Design - Build and Turnkey (1t Ed 1995).

e The Gold Book: DBO Contract - Conditions for Design, Build and Operate Projects (1* Ed
2008).

* The Green Book: Short form of Contract (1st Ed 1999).

* The White Book: Client/Consultant Model Services Agreement (4" Ed 2006)

e The Blue-Green Book: Dredgers Contract (1°* Ed 2006)

* Conditions of Subcontract for Construction: Used in conjunction with the Red Book and The
Pink Book (1°t Ed 2009)

The criterion for distinguishing between different issues of the FIDIC Condition of Contract

is based on the risk sharing between the employer and the contractor, and this division de-

pends primarily on which of the two parties provides the design under which the works will

be performed and what additional obligations the contractor assumes.

Unlike previous editions of the FIDIC contracts, which focused on the nature of the works

(for example, civil engineering or electrical and mechanical works), the new 1999 generation

of FIDIC contracts focuses on the relationship between the parties. The choice of form was

changed, to be based on which party was doing the design and the procurement method

used, with less emphasis on the type of work being undertaken [7]. The contract structure of

all books, except the Green and White book, is generally the same [6]:

* General provisions (Clause 1)

» The Employer, Employer’s administration or Engineer, Contractor, Nominated subcontrac-
tors, or Design (Clauses 2-5)

« Staff and labor, Plant, materials and workmanship (Clauses 6-7)

» Commencement, delays and suspension, Tests on completion, Employer’s taking over, De-
fects Liability, Tests after completion (Clauses 8-11/12)

* Measurement and evaluation or Variations and adjustments, Contract price and Payment
(Clauses 12-14)

* Termination by Employer, Suspension and Termination by Contractor (Clauses 15-16)

* Risk and responsibility (Clause 17)

e Insurance (Clause 18)

e Force majeure (Clause 19)

e Claims, disputes and arbitration (Clause 20)

Besides the Pink Book, which has to be used in all projects funded by the international finan-
cial institutions, the Red, Yellow and Silver books have the greatest application in practice.

The Red Book i.e. Conditions of Contract for Construction, are recommended for building or
engineering works designed by the employer or by his representative, the engineer. The con-
tractor constructs the works in accordance with a design provided by the employer. However,
the works may include some elements of contractor-designed civil, mechanical, electrical
and/or construction works. The Yellow Book, i.e. Conditions of Contract for Plant and De-
sign-Build, are recommended for the provision of electrical and/or mechanical plant, and
for the design and execution of building or engineering works. The contractor designs and
provides, in accordance with the employer’s requirements, plant and/or other works, which
may include any combination of civil, mechanical, electrical and/or construction works. The
Silver Book, i.e. Conditions of Contract for EPC/Turnkey Projects, are recommended for the
provision on a turnkey basis of a process or power plant, and which may also be used where
one entity takes total responsibility for the design and execution of infrastructure project,
which involves little or no work underground. Under the usual arrangements for this type
of contract, the contractor carries out all the engineering, procurement and construction
(“EPC”), providing a fully-equipped facility, ready for operation (at the “turn of the key”) [11].
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All three of these books are formed in the same way so that they contain the same constituent
parts. Many of the provisions of these three Contract Conditions are identical, which greatly
facilitates their use, so that those who are familiar with only one of these General Conditions
are familiar with many of the provisions that are in General Conditions of other two books. The
employer and the contractor shall choose those general conditions which are appropriate to
the extent of their assumed responsibility. However, in the most sensitive area of the contract,
the division of responsibilities between the employer and the contractor, the Silver Book has
made quite a radical change over the Red and Yellow Books. In this context it should be noted
that in construction practice there is no one universally accepted definition of the term “turn-
key”. However, it is undisputed that the term encompasses “total contractor responsibility for
the project”, and that the term typically includes project design, construction, installation of
equipment, and components within the scope defined by the contract.

Most recently, in 2017 FIDIC published the second edition of the FIDIC 1999 suite. However,
only the Red, Yellow and Silver Books were published by FIDIC so far. In order to be used in
Croatia these books have to be translated into Croatian language.

3 FIDIC Conditions of Contract and Croatian Law

The Conditions of Contract prepared by FIDIC form only part of the contract. It is intended and
expected that the contract will be formed of many other documents. However, the Parties’
rights, obligations and liabilities under the contract will also depend on the law governing
the contract and other laws that might apply to the parties’ performance of their obligations.
From the point of view of the application of Croatian legislation, when FIDIC General Condi-
tions of Contract are an integral part of a contract to which Croatian law applies, then the
relevant provisions of the Civil Obligations Act [2] also apply to such contractual relation-
ships. The general terms of the contract are contained in Article 295 and 296 of the said Act.
According to these provisions, the general conditions are such contractual provisions that
have been drawn up fora number of contracts proposed by one contracting party to the other
party before or at the time of the conclusion of the contract, either by way of being invoked or
contained in the contract. The general conditions, when accepted by the other party, become
an integral part of the contract and supplement the particular provisions of the contract and,
as arule, bind as well as these. If there is a disagreement between the general and particular
conditions, the latter apply.

The Civil Obligations Act determines that the provisions of the general conditions which are
contrary to the principles of morality and conscientiousness and which in this way may cause
an inequality in the rights and obligations of the contracting parties (Article 296/1) are null
and void. At the same time, the Act stipulates that if a contract is concluded “according to
pre-printed content or when the contract was otherwise prepared and proposed by one con-
tracting party, ambiguous provisions will be interpreted in favor of the other party” (Article
320/1). This rule is called contra proferentem (against the proposer), and its meaning is clear
- the party who prepared and proposed the text of the contract should also be held responsi-
ble for its vague provisions. The provisions or conditions of a contract prepared by one party
which are not clear and which could cause harm shall be interpreted in favor of the party
which did not propose or did not draw up the contract. This rule is obviously also applicable
to the general conditions of a contract prepared or proposed by one party and which have
become an integral part of a contract. With the FIDIC Conditions of Contract, such a situation
is unlikely to occur, given that these Contract Conditions are not made up of either party and
are made with the express intention of bringing a fair distribution of responsibilities into the
relations between the parties.

When FIDIC General Conditions of Contract are applied in Croatia, such contract is subject
to those Croatian regulations which are of a mandatory nature. In the area of civil law, the
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Civil Obligations Act is applicable, which contains provisions on contracts and contractual
relations. In the Act, there are provisions, some of which are mandatory and others non-man-
datory i.e. dispositive. Provisions of a dispositive nature may be freely amended by the con-
tracting parties, and such provisions shall apply only if the contracting parties have not re-
solved the matter differently or have not addressed it at all in their contract. Provisions that
are mandatory in nature cannot be modified by the contracting parties, and if they have
been modified in their contract, the courts will not recognize such changes and will apply the
mandatory regulation.

However, it should be noted that the “mandatory provisions” of the Civil Obligations Act do
not have any prescribed sanctions or penalties if the contracting parties envisage a different
solution in their contract than the one stipulated in some mandatory provision. This means
that the contracting parties may, in their contract, resolve an issue, which has been resolved
in the Act through a provision having a mandatory character, in a different way in their con-
tract. Until one of the contracting parties addresses the court or arbitration, an amended
settlement of some mandatory provision of the Civil Obligations Act will be binding on rela-
tions between the parties. The contracting parties are expected to fulfill the commitments as
agreed. Consequently, if one party has a claim against the other party under a contractual
decision contrary to a mandatory regulation, it is entitled to that claim until the other party
addresses the court claiming that the contractual solution is contrary to the mandatory reg-
ulation. If the other party does not go to court and does not dispute his obligation based on
the application of the contractual agreement, he will be obliged to perform it because it is
so agreed. However, if he does go to court or arbitration and raise an objection that a con-
tractual decision is contrary to a mandatory provision of applicable law, and if the court or
arbitration determines that it is indeed a mandatory provision, the court will not recognize
the amended contractual solution and will apply the mandatory rule of the applicable law.
Unlike mandatory civil obligations law regulations, the situation with mandatory adminis-
trative regulations is different. Namely, mandatory regulations from various administrative
regulations, most often prescribe sanctions for those who do not comply with them. In the
area of construction, such regulations may, for example, be those contained in the Physical
Planning Act [4] or Building Act [5] or in many other administrative regulations. These regula-
tions, as a rule, set penalties for non-compliance. Such mandatory regulations shall not be
amended by the contracting parties and, if they are not complied with, shall be subject to the
prescribed legal sanctions.

A further question is whether the contracting parties can contract the application of a foreign
law and thus avoid the application of Croatian law. Croatian regulations allow contracting
parties to contract the application of foreign law as the applicable law for the settlement of
contractual relations, in cases where a relationship has an “international character”. How-
ever, if the contract is executed in Croatia and does not have “international characteristics”,
then even a contractual provision on the application of a foreign law will not prevent the
application of Croatian mandatory regulations. The existence of an “international charac-
teristic” is a factual issue, as determined by the court, examining the circumstances of each
individual case. Ifthe court finds that there are no “international features” in the relationship
(if the contracting parties are Croatian nationals, if the contract is executed in Croatia, if the
contract is signed in Croatia, etc.), it will not allow the application of foreign law. However,
even when the application of a foreign law is permitted, if the works are performed in Croatia,
the contracting parties must comply with those administrative mandatory regulations that
are subject to penalties for non-compliance with Croatian law.

Consequently, when construction works are carried out in Croatia and the FIDIC General Con-
ditions of Contract are applied, the contracting parties should also adjust these Contract
Conditions to Croatian mandatory administrative regulations. Therefore, if a contract pro-
vides for Croatian law to be relevant then, in principle, it is advisable to align FIDIC General
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Conditions of Contract with the mandatory regulations of Croatian law. However, if a dispute
arises about an issue that is subject to a mandatory regulation of Croatian law, courts or
arbitrations are required to apply a mandatory regulation, regardless of how the issue is
regulated in the contract.

4 Use of FIDIC General Conditions of Contract in construction of
transport infrastructure in Croatia

Infra means “below” so the infrastructure may be understood as the “underlying struc-
ture” of a country and its economy, the fixed installations that it needs in order to func-
tion. These include roads, bridges, dams, the water and sewer systems, railways and
subways, airports, and harbors. Infrastructure is generally government-built and publicly
owned [9].

The application of FIDIC General Conditions of Contract in Croatia began with the construc-
tion of road infrastructure financed by loans from international financial institutions, pri-
marily from the World Bank and the European Bank for Reconstruction and Development.
These banks insisted on the application of FIDIC General Conditions of Contract, mostly
the Red Book, in motorways and state roads construction contracts. The contracts were
written in English language, so there was no necessity for translation of the Red Book into
Croatian.

While Croatia was preparing for EU membership, pre-accession funding was used for fi-
nancing infrastructure and other projects. FIDIC General Conditions of Contract were man-
datory for construction contracts. The language of contracts was English, so the original
FIDIC books, primarily the Red and Yellow Books, were used. With the accession of Croatia
to the EU, Croatian language became one of the official languages of the organization,
thus construction contracts have been written in Croatian. This was one of the reasons
for translating the FIDIC General Conditions of Contract into Croatian. Only three books,
i.e. the Red (Uvjeti ugovora o gradenju, Hrvatska komora inZenjera gradevinarstva, 2013),
Yellow (Uvjeti ugovora za postrojenja i projektiranje i gradenje, Hrvatska komora inZenjera
gradevinarstva, 2013 ) and White Book (Model ugovora Narucitelja i Konzultanta za pruZanje
usluga, Hrvatska komora inZenjera gradevinarstva, 2013) have been translated into Croatian
language and are nowadays most commonly used FIDIC General Conditions of Contract in
Croatia. In this context, it should be noted that FIDIC gives licenses to member associations
to publish translations of the Red, Yellow, Silver or any other book. However, FIDIC consid-
ers the official and authentic texts to be the versions in the English language and it does
not accept any responsibility for the correctness, completeness or accuracy of the licensed
translations.

In the meantime, several Croatian public companies, such as Croatian Motorways Ltd.,
have translated (with the permission of FIDIC) the FIDIC Red Book, produced their own
particular conditions suited to their requirements and have been using these contract
conditions as their standard model of contract for construction work financed by the state
budget.

After the Croatian motorway network has been largely constructed, transport infrastructure
development plans have been focused on the railway network. Recently, the EU has been fi-
nancing the reconstruction and construction of the railway network in Croatia. These projects
simultaneously use the Red Book for earth, concrete and track works and the Yellow Book for
work on the power supply network. Since the contracts include both, the construction works
and power supply works, the simultaneous use of the Red and Yellow Books produces a very
complex contract structure. In addition, unlike road construction works, the employer and
contractor are facing requirements for the works to be performed in relatively short period
of time in which the employer ensures that the track is closed. In order to make the works
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as successful as possible at the time of closing the railway, it is essential for the contractor
to plan in detail all the activities that need to be done, and for that it is also necessary to
develop a detailed plan of the required resources into which, for critical activities, reserve
resources should be included. Otherwise the closing time would be extended, which can ul-
timately cause considerable costs to the employer due to unforeseen traffic jams. Moreover,
unlike the road infrastructure, in the railway infrastructure there are minimal possibilities of
making temporary bypasses [10].

5 Conclusions

Widespread application of FIDIC General Conditions of Contract began in Croatia on road
infrastructure projects funded by the international financial institutions. The contracts were
then in English. This was also the case for projects funded through the European Union
pre-accession funds. After Croatia’s accession to the European Union, all contracts co-fi-
nanced by this organization have been subject to the Croatian language, which was also
one of the reasons for translating FIDIC General Conditions of Contract, namely the Red and
Yellow Books into Croatian.

Once the Croatian motorway network has been largely constructed, the development focus
was shifted from roads to the railway network. These projects simultaneously use the Red
Book for earth, concrete and track works and the Yellow Book for work on the power supply
network.

FIDIC contract conditions, by their very nature, are complex and require experience as well
as diverse knowledge, technical, legal and economic, including project management ex-
perience, to ensure that contract implementation is smooth and undisputed. FIDIC always
emphasizes that its contract conditions were drawn up by engineers for application by en-
gineers. Practice has shown that, unfortunately, there are not enough engineers in Croatia
capable of properly understanding and applying FIDIC contract conditions. In this regard,
education and continuous training are required.
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Abstract

Planning different strategies in road maintenance is one of the most important activities in
road asset management. Assessment of different strategies and their comparison can be
done by implementing an appropriate measure - Key Performance Indicators (KPIs). KPIs are
currently used in many Road Authorities, and systematic research on the subject and devel-
opment of indicators has been ongoing for many years. The Conference of European Directors
of Roads (CEDR) funded project “EVITA - Environmental Performance Indicators for the Total
Road Infrastructure Assets” aimed at developing and integrating new and existing environ-
mental KPIs (e-KPIs) into the asset management process, taking into account the expecta-
tions of different stakeholders (users, operators, residents, etc.). The research focus was on
environmental areas: Noise, with KPIs on day-evening-night & night noise, exposed popula-
tion, population with sleep disturbance; Air, with KPIs on CO,, NO, NO, and PM,  emissions;
Water, with KPIs on water quality and salting of roads; and Natural resources and GHG emis-
sions, with KPIs on resource consumption and CO,, calculation. The project outputs were a
set of e-KPIs produced after a comprehensive investigation of the state of the art during the
project. The main benefit of this project is therefore to provide an applicable solution for
the environmental assessment of different road infrastructure assets and to describe the
expectations of different stakeholders in form of objective indicators. The ‘User Evaluation
Trial’ phase of the project was used to gather feedback on the potential of e-KPIs to be used
by national Road Authorities across Europe. Two Slovenian Road Authorities and one each
from Denmark and Sweden were involved. The Slovenian Authorities provided input data for
case studies, while all evaluated the proposed e-KPIs from their own perspective, taking into
account national conditions and specificities.

Keywords: environmental performance indicators, key performance indicators, road asset
management, stakeholders’ expectations

1Background
1.1 Assessment of road pavement performance

In 2004, the COST-Action 354 “Performance Indicators for Road Pavements” was initiated to
define uniform European performance indicators and indices for the assessment of road pave-
ment performance. COST-Action considered and defined several technical criteria from the per-
spective of users and operators. At that time Action recognised the importance of the impact
that the construction and maintenance of the road network has on the environment, but at the
same time not enough information was available to provide a comprehensive result [1].
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Research on (key) performance indicators was later complemented during the project EVITA
“Environmental Performance Indicators for the Total Road Infrastructure Assets”. The main
objective of the project was to develop and integrate environmental KPIs (e-KPIs) into the
asset management process, again taking into account the expectations of different stake-
holders.

A priority for the project was firstly that the e-KPIs should be easy to understand and use, and
secondly that they could be used to manage the full range of road infrastructure components
- pavements, structures, road furniture etc. EVITA defined E-KPIs for four main categories and
developed recommendations for the implementation and use of performance indicators [2].

1.2 Main groups of environmental performance indicators

The EVITA project started with a comprehensive investigation of the state of the art in col-
laboration with European Road Authorities and with other key stakeholders in road sector.
In a second step, various e-KPIs for the environmental domains “Noise”, “Air”, “Water” and
“Natural resources” were further developed and described in detail in one of the reports [3].

1.2.1 Noise indicators

The developed e-KPIs are based on noise mapping, using data from both sound level meas-
urements and modelling. A three-level indicator was developed for noise impacts: The Emis-
sion indicator is based on physical measurements of noise levels, the Exposure indicator is
based on noise exposure and thresholds, and the Impact indicator is based on noise expo-
sure and “annoyance”.

1.2.2 Indicators for air pollution and greenhouse gas emissions

Air pollution can be generated by traffic itself, throughout the life cycle of the infrastructure,
or by construction and maintenance activities that take place at specific times. For the pro-
posed e-KPI, calculations of NO , PM and CO, emissions (in t/km/yr) are needed. The techni-
cal parameters are total vehicle emissions per km of road.

Separate e-KPIs are proposed for PM and NO, on the one hand, and CO, as a greenhouse gas
on the other: an emission rate indicator for NOx and PM, based on modelled total emissions
using traffic data and vehicle emission factors; and an exposure indicator for NO, and PM_|
reflecting health impacts, based on an assessment of the population exposed to concentra-
tions above EU limits.

The proposed e-KPI for CO, emissions from vehicles is based on the amount of CO, generated
by road transport, using the same methodology as the emissions e-KPlIs for air quality.

1.2.3 Indicators for water pollution

Water pollution from road infrastructure is mainly due to the wash-off of pollutants from the
road surface and can be mitigated by protective measures related to the drainage system. In-
dicators can be developed depending on the quality of the drainage system and associated
pollution control measures. Activities such as the spreading of salt and the sensitivity of the
environment into which run-off is discharged must also be considered.

Two indicators are proposed: Water quality, based on an assessment of pollution load, envi-
ronmental sensitivity and drainage system quality; and Salt, based on a comparison of salt
load for the road section being assessed against the network average, weighted by local
requirements and environmental sensitivity.
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1.2.4 Natural resources indicators

Natural resource use in road infrastructure is mainly associated with material and energy
consumption and waste generated during construction and maintenance. Care must be tak-
en when developing indicators to avoid perverse results, e.g. encouraging unduly long trans-
port of recycled material when new aggregate is available locally, so the indicator must take
full account of life cycle impacts. Two indicators are suggested for use if the user has all the
necessary data available. Material Resource Efficiency Indicator (MREI) is used to calculate
the recycled content of the construction material, which is weighted to represent the relative
impact on natural resources as a proportion of the total materials used. Embodied Carbon
Reduction Indicator (ECRI) is used to compare the reduction in CO, emissions for a mainte-
nance strategy to a nominal strategy that would have the maximum CO, emissions.
Greenhouse gases released into the air during maintenance or construction activities are
also considered in this section.

1.2.5 Guideline for use of indicators

To guide the application of each indicator, so-called application sheets have been prepared
alongside worked examples. An application sheet contains information needed to calcu-
late the KPIs and recommendations for their practical application. The main elements (data
groups) included in the application sheets are: Identification of the indicator (information on
its use and application), Input data collection (parameters needed for the calculation), Cal-
culation procedure (equations, transformation functions to determine a dimensionless index
from 0 as very good to 5 as very poor), Output and use (context in which the e-KPI is used)
and References. Figure 1 shows part of such an application sheet, Calculation procedure, for
the environmental index for noise pollution Day-Evening-Night.

3. Calculation procedure

Pre-calculation:

7,
) den i
Technical parameter: PPiisi i = 1005
m,
den

Transformation Function: EPI yyio geon = 0-05 - TPy, 4y With [0 S EPI e don < 5]

Technical parameter for the percentage of people along the road section exposed to a

TPyotceden | g y-Evening-Night noise level higher than the threshold Laen teshais]

Description EPIyiceden | Environmental index for Day-Evening-Night noise exposure above the threshold

EPINoi

EPIvizeaen = 5 | All neighbouring people are exposed to a noise level above the threshold

All neighbouring people are exposed to a noise level below the threshold

Figure1 Part of Application sheet (extract from [2])

2 Trials for evaluation of E-KPIs

Slovenian Infrastructure Agency (SIA) and Motorway Company of the Republic of Slovenia
(DARS) participated in a trial to evaluate the e-KPIs proposed by EVITA. The first Authority
manages the Slovenian national road network with the exception of motorways, while the
second Authority manages the motorway network separately. The aim of this experiment was
to evaluate the relevance of the e-KPIs for the NRAs (strategically), to investigate the data
availability to support the selected E-KPlIs, to analyse the data and to comment on their use-
fulness. The focus of the work was on E-KPIs for noise, water quality and salt consumption.
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2.1 E-KPI group: Noise

This group consists of 4 E-KPIs: EPL .o EPL o EP e o0 i (Nigh @nnoyance residents),
and EPl ... o (high sleep disturbance residents).

While both Authorities expressed strong interest in all e-KPIs, the available data depends on
the policy driver - the EU Noise Directive [4] and its requirements. EU member states are re-
quired to produce strategic noise maps for all major roads with more than six million vehicle
passages peryear. This means that input data were available for few road sections managed
by SIA and for most sections managed by DARS. If we take this into consideration, it can be
said that this group of e-KPIs was the easiest to calculate as all the required data is available.
From the perspective of the results, the E-KPIs show a good situation, especially in terms
of the percentage of people highly annoyed by noise and the percentage of people whose
sleep is disturbed by high noise levels. Looking at the results specifically for the motorway
network, they also show a very good situation. This is not surprising when one knows that at
the time of writing the case studies a large part of the motorway network was completely new
and that the noise problem was solved in many places by installing noise barriers.

Figure 2 shows an example of trial results - motorway network with EPlgice, night for motorway
sections for which noise maps were available. The noise ranges (see legend) were chosen for
experimental purposes only and do not reflect Authority policy or preferences.
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Figure2 EPI .. .. formotorway sections in Slovenia
2.2 E-KPI group: Air quality and CO, emissions
ThlS grOUp consists Of 5 E_KPIS EPIEmissions,COZ’ EPlEmissions,NO_x’ EPIEmis.sions,PM’ EPlEmissions,NOZ’ and
EPI Both Authorities expressed low to moderate interest in all e-KPlIs. In all cases,

Emissions,PM10°
some data are available, but the estimate is that high costs would be necessary to complete

the data.

Emissions data for roads (own data sets on vehicle emissions) were not available for either
Authority. The estimate is that both the emissions data and the model data are associated
with high costs that would require external resources. It is assumed that the current low level
of interest will increase over time.
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2.3 E-KPI group: Water quality

This group consists of 2 e-KPIs: EPI,_ and EPI__ . For the first there is some data and low in-
terest at SIA (high for groundwater sensitive areas), while for the second there is high interest
and almost all data available for calculation.

EPI,.., is quite complex and requires relatively detailed input data. There is generally no
problem with collecting traffic data, but rather qualitative assessment data. This relates to
information on the type of runoff, ability to handle risk volumes, structural condition, and
operational status. As these data are not always available, the calculation was only carried
out for a single case (a detention basin).

During the construction of the motorway network, special attention was paid to the drainage
system, among other things. Therefore, DARS was very interested in the future collection of
input data and calculation of EPI,__.

The average amount of salt on individual road sections and on the entire road network is rou-
tinely recorded by both NRAs. SIA has in the past developed a system to track salt use during
winter maintenance, which has resulted in little interest in implementing EVITA’s proposed
EPI,,.. On the other hand, DARS is interested in the possibility of comparing salt consump-
tion between regional maintenance bases. Figure 3 shows schematically motorway sections
managed by specific regional maintenance bases.
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Figure3 Scheme of calculated EPI , on motorway network

Salt consumption ranges (see legend) were chosen for experimental purposes only and do
not reflect DARS policy or preferences.

2.4 E-KPI group: Natural resources

This group consists of 3 e-KPIs: EPI., . EPI ., and CO2e. For all these e-KPlIs, it was as-
sumed that data is difficult to obtain, therefore the interest in calculating these e-KPlIs is low.
No study has been conducted to calculate these e-KPls. While other e-KPIs can be used
well for implementation on whole road networks, the e-KPIs for natural resources are highly
dependent on local conditions. Different maintenance or construction strategies, different
production practices, pavement designs, available materials, electricity mixes, and other
region-specific elements all contribute to differences in calculated results and make them
difficult to compare. As the focus on environmental sustainability increases, the collection of
input data should improve.
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3 Additional feedback from road authorities

A summary of the feedback received from the Danish and Swedish Road Authorities is pre-
sented here for each group of e-KPIs.

In Denmark, data is available for all noise e-KPIs and the Authority is very interested in all of
them. However, they approach the noise issue somewhat differently and in the future they
may look at the differences and the advantages and disadvantages of both systems.

In Sweden they are in favor of the proposed indicators EPI, . and EPI .. .However, the
indicators are not very suitable for Swedish conditions and therefore there is little interest
in implementing them. Inventory and monitoring in Sweden is based on a Swedish meas-
urement methodology, which is different from the proposed indicators. Another reason for
the low interest is that, due to the EU Noise Directive, there are inventory data of the road
network above 3 million vehicles per year, which would make it possible to calculate EPIs for
these roads. However, it must be said that this only applies to a small part of the Swedish
state road network. The noise experts find that the EPI . . and EPI . are generally
very well designed indicators. Specifically for the purposes of pavement management prac-
tice, the indicators are not useful because pavement management in relation to noise in
Sweden is based on Cost Benefit Analysis.

In Denmark, the data for calculating the indicators from the air quality and CO, emissions
group were not readily available. However, they were keen to learn from this group of e-KPIs.
In Sweden, HBEFA was used at the time as an emission model that can be used at the net-
work level down to the detail level when in-data is available, and SIMAIR, a Swedish model
developed by SMHI (Swedish Meteorological and Hydrological Institute) to calculate concen-
tration (dispersion model) and be able to estimate dose and impact of emissions. Using the
calculation sheet to convert to the e-KPI would be straightforward once one has the in-data
(emissions or exposure), but requires external resources. Therefore, there has been little
interest in indicators from this group.

Almost all the data is available for calculating the indicators of the water quality group in
Denmark, and they are also keen to learn from this group of e-KPIs.

According to the water specialists from the Road Authority in Sweden, the indicators seem
to be well designed. Regarding the indicator for water quality and drainage systems, it is
possible to acquire the in-data on drinking water resources in many places. The proposed
indicators show a strong similarity to the risk assessment system developed and used by
the Authority. In their system, additional consideration is given to how many people use the
water resource and whether there are alternative resources. They also have data available
that can be used to calculate EPI.

Similar to the water quality indicators, Denmark is very interested in learning from the natural
resource e-KPI group as well. They kind of have data available, although the right data is hard
to retrieve.

Natural resources and indicators are an area of high interest and focus in Sweden, as at the
time they were developing their own climate calculator to be able to calculate CO, emissions
from construction, maintenance and operation of road (and rail) infrastructure. One com-
ment on this group was that all separate e-KPIs could also be a common one.

4 Conclusions

The EVITA project developed and provided a set of environmental KPIs and a practical guide
for their use in pavement management practise, together with ‘Application Sheets’ with es-
sential information that a user can pick up and use if interested in applying an indicator.
During the user evaluation trial, it was found that for the calculation of some indicators,
data was readily available, for some reasonably available and for others difficult to obtain.
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As the project was completed some time ago, this situation may have largely improved as
international environmental awareness has increased significantly over time. In adopting the
proposed indicators, it is also important to keep in mind that they are either site-specific or
global. This is important because a global indicator generally impact an entire organisation,
while a site-specific indicator generally only impacts very specific mitigation measures at
that site.
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Abstract

The traffic connection of an area is important for the economic development of the country,
but it is of decisive importance for defence purposes. Unlike carefully planned public roads,
the concept of military road construction must include solutions for “sudden and non-stand-
ard” or sudden and unusual circumstances and events, whether military forces participate
in war or peacetime (natural disasters) operations. The paper presents the military roads
partition and methods of construction in specific terrain. Military engineering units have a
key role in the provision of traffic communications. The example shows the construction of
a road for evacuation of the population after a natural disaster by bridging the river with a
launch bridge with a tank bridge carrier MT-55A with a construction time framework.

Keywords: public roads network, military road, natural disaster, military engineering units
1 Introduction

Today, military forces are not engaged solely for the purpose of state territory protection.
Because of the rise of terrorism, as well as natural disasters due to global warming, the role
of the military is increasing even in peacetime [1]. The role of each army is to protect and
defend the sovereignty of a state, its integrity and territorial integrity. During peacetime, the
military has a major role in helping the population when civilian services are not sufficient to
assist in times of natural disasters. It possesses material and technical means and the ma-
chinery needed to solve such problems. In order to perform successful military and peaceful
operations, it is necessary to enable relocation of human recourses and techniques by using
public roads and/or construction of new military roads. In doing so, the military road net-
work should be interpolated into the public road network and its use should be coordinated
with the companies operating the public highways in accordance with national regulations.
Engineering, as part of the military, participates in the planning and construction of military
roads having its own structure and command and does not undertake anything without the
command of superior commanders.

This paper shows the division of military roads and how they are constructed in special and
difficult conditions. It indicates the capability of military engineers to overcome obstacles
on the terrain in a limited time and in such circumstances. The method of organizing the
work and planning of engineering works for the construction of a temporary military road
by observing the general principles of occupational safety and maintenance procedures are
described in the paper.
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2 Division of military roads

The military road network consists of: public roads when used by the military units, perma-
nent and temporary military roads.

Public roads are divided [2], [3] by social, traffic and economic features into motorways,
state, country and local roads, by type of traffic into motor and mixed roads, by size of motor
traffic and by the task of connecting and medium-length of travelling into motorways and
five-class and according to terrain configuration to those without restriction (flat terrain),
with slight restriction (hilly terrain), considerable restriction (highland terrain), and great re-
striction (mountain terrain).

Permanent military roads are roads constructed for internal military purposes and are intend-
ed for military traffic in peacetime. During the war, they are used together with the existing
public roads (for military and civilian traffic). Temporary military roads are roads of limited
duration and are built on the routes of the movements of units when existing roads are insuf-
ficient or when they are more heavily damaged. These roads are being constructed to bypass
sensitive traffic nodes, larger settlements, and contaminated parts of the existing roads, as
well as to transport the troops to positions and areas of gathering and similar.

Just as public road regulations prescribe the design of road elements in such a way that
motor vehicles can move safely and smoothly, so the design of military roads and their clas-
sification and marking depends on [4]: whether there will be wheeled or tracked vehicles,
whether it is intended for single row of vehicles (usually 1to 1.5 lane width of existing public
roads) or for two rows of vehicles, depending on axle load, height and width of military vehi-
cles and on space constraints such as curves of small radii, large longitudinal slopes, limited
heights and widths (bridges, tunnels, etc.)

The maps of military roads contain the classification of roads depending on the possibility
of use in adverse weather conditions and the specific conditions (deep snow, the possibility
of floods, etc.) and depending on traffic load [4]. By this classification the roads are divided
into: those without restrictions - possible year-round traffic in all conditions and for unlim-
ited loads; with partial restriction - while keeping the potential traffic in almost all weather
conditions and with occasional bans, but in difficult conditions it is necessary to limit the
traffic load; those whose use is not possible in adverse weather conditions and the potential
use would require long-term repairs.

3 Construction in special conditions

In the construction of public roads, the construction in special conditions is not considered,
that is, taking into account the principles of tracing, all disadvantages are avoided. Unlike
public roads, temporary military roads are usually small in length and the entire section can
be built in marshes or in difficult mountainous terrain, and there is a need to build during
wintertime when the land is covered with snow.

3.1 Selection of the route

The route of the new military road should be selected in such a way that it is as quickly and easily
accessible as possible to the endangered area or to the specified location. The type and slope of
the terrain, the length of the route, the narrowest places for overcoming the obstacle, the bound-
aries of private estates should be determined in order to inflict minimal damage to the land of
the inhabitants. The barrier overhang should be suitable for mounting the bridge from the bridge
carrier tank. Preferably, the route should be selected in such a way that the route is cleaned with
as little mining work as possible and the machinery can be used. In order to optimally select the
route of the road, the reconnaissance is carried out on the map and in the field.
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3.2 Construction on poorly bearing ground

Coherent soils have poor bearing capacity during the rainfall period, while in the dry sea-
son, military vehicles can move outside the designated road. The most difficult are the road
sections over the marshy soil, so the survey should determine the optimal conditions for
crossing the marsh: the most suitable and shortest route of the road, the conditions for the
passability of the marsh, the level of groundwater and surface water. A reconnaissance group
is usually formed for routing.

The first variant of the road route is where the marsh is narrowest and closest, with max-
imum utilization of already existing roads and paths. The wetland may be more passable
elsewhere, which determines the crossing point [5]. Passability means the number of ve-
hicles that can pass on one track so that the vehicle (wheels) does not fall into the ground
more than the height of the center of the vehicle relative to the ground. The passability can
be estimated by starting the vehicle (test load), always having another vehicle to pull out
the test or by using a probe or the sonde (thin twig) that is inserted into the marshy soil, and
the peat depth is estimated according to the resistance provided by the drive. If trees grow
in height over 3 m in height and over 5 cm in thickness, this is usually an indication that the
marsh is passable to caterpillars. If a reed and sedge grow on wetland, the soil is moist and
impassable. The required bearing capacity of the soil is min. 50 kN/m2. The caterpillars re-
quire load capacity of 70-100 kN/m2 and in the event that it has been fulfilled, the traffic can
be released after marking the route and removing vegetation at the required crossing width.
However, if more vehicles are expected, then it is necessary to improve the carrying capacity
of the soil by logs or geotextiles. Up to 600 vehicles should be allowed to pass by improving
the load carrying capacity of the soil. If a satisfactory load-bearing cannot be achieved with
the described improvements, it is possible to construct an embankment or wooden bridge.
The highest level of surface water is determined by spotting the highest level of flooding by
detecting traces on the surrounding land or collecting data from the population. If mixed
trees and other vegetation grow on the land, it is a sign that the surface water does not lin-
ger for a long time, and if the bush and reeds grow, it is the opposite. Groundwater level is
determined by digging bore holes on the routing of reconnaissance. The road level should be
above the surface water level.

3.3 Building a road on mountainous terrain

The first step in building a road on mountainous terrain is to determine the route of the road
on the map using the existing trails and roads to the maximum extent possible. The lengths
of the sections with the maximum longitudinal slope shall not exceed 1 km. Otherwise, the
length of 50-100 m with a slope of 2 % should be made after 1 km. This is followed by field
reconnaissance and the final route selection. Only after that, the route of the temporary mil-
itary road is marked.

In the mountainous terrain, large quantities of earthworks are required, the work in the rock
material with the use of explosives, the work in confined spaces, construction of large num-
ber of facilities, all of which require a lot of care and responsibility to organize the work. To
accelerate the progress of work, the method of excavating is applied whereby a wider range
of work is opened. Timber (trees that grow in close proximity) is used for the construction of
retaining walls on sections where there is a danger of stones falling down or snow avalanch-
es. In the construction of temporary military roads, some solutions not otherwise used in the
construction of public roads may be applied: using crossfalls independent of the road ge-
ometry (safety), filling in the river or launch bridge crossings, etc. Despite the fact that mod-
ern military vehicles can overcome water barriers of greater depths, draft must be managed
(remove large stones and level the river bottom, approach the ramps with gentle slopes). If
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a bridge is still being built, it is necessary to determine the vertical alignment, considering
that the water levels of the mountain rivers can rise sharply and that the water flow is at high
speed. Along the dangerous road sections (sharp bends of the precipice and the like), fences
are placed on the outside of the pavement in the form of wooden or stone pillars or walls
which are painted white on the inside for safer driving at night.

The pavement is made of stone material. In case that the road passes over the rocky soil,
the road body is well straightened and the pavement may be avoided. On one-way mountain
roads, every 250 m is used for lay-bys of up to 100 m in length. Platforms for shorter vehicle
breaks are created in front of long and larger ascents or descents. Along the road, gravel,
sand or sand reserves are being prepared to prevent the vehicle from slipping during periods
of rain, snow or ice.

3.4 Building military roads in wintertime

Road construction during the winter implies conditions in which the country is covered with
snow, temperatures are low and for a long time below 0°C, rivers, lakes and wetlands are fro-
zen. Under these conditions, public roads are not built. However, such conditions do not pose
a major problem for the construction of temporary military roads which usually serve traffic
only for a short time. These are even easier conditions than periods of heavy rainfall [5]. The
frozen soil has good bearing capacity and the movement of vehicles is impeded due to icy
conditions which can be mitigated by spreading gravel or dunes. In this case, too, the scout-
ing is required. First, it is necessary to determine the route of the road on the map and then
collect information on: thickness and compactness of the snow, air temperatures, thickness,
condition and bearing capacity of ice on rivers and lakes, connection of ice with shores, other
information about the route (gradients of ascents, falls, etc.), and the site of construction ma-
terial. After marking the route of the road and clearing the vegetation route, it is necessary to fill
the holes at the location of the extracted stumps and clear the route from the snow. Usually it
takes the longest time to clear the snow by using different machines and hand tools. On such a
road, except for traffic signs, poles 1.2 to 1.6 m high should be installed along the road, or snow
pyramids should be constructed to channel traffic and clean up in case of new precipitation. If
the section of the road is without major ups and downs, the traffic can be opened immediately
after clearing the snow. Passing spaces should be made on one-way roads.

3.5 Maintenance of military roads

Road maintenance work for military purposes includes: removing defects identified by recon-
naissance and ongoing maintenance work during use. Maintenance work is no different than
that required on public roads.

4 Engineering units

Engineering is an Army branch, equipped and trained for the combat support in all forms
of combat. It also has a role in assisting the civilian population in times of natural disas-
ters such as earthquakes, floods, etc. Engineering support is a set of engineering works on
overcoming natural and artificial obstacles, eliminating the consequences of attacks, mak-
ing communication links (roads, airports, heliports, ports, docks) and facilities on them for
movement and manoeuvering, delivery and evacuation, landscaping with the aim of pro-
tecting the military forces and resources, building artificial and improving natural barriers
to prevent the rapid penetration of enemy forces and protecting their own units, finding the
required amounts of water and making water available for use, and participating in the dis-
guise of facilities and units in fire positions, command posts, liaison centers, etc.
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In accordance with its basic tasks, military engineering has task units which are equipped
with the appropriate material resources. Engineering units whose task is the construction of
roads, the road units, maintaining and repairing the existing roads and building temporary
ones and structures on them, clearing rubble and other obstacles on roads and in populat-
ed areas. They are equipped with: dockers, graders, crushers, mixers, rollers, compressors,
power drills, chainsaws, cranes, snow cleaners, trucks, launch bridges, loaders, diggers,
self-loaders, tool kits, accessories etc.

5 Example of the construction of a temporary military road

A section of a public road that is out of traffic due to the damage, is interpolated by a tempo-
rary military road. Overcoming the water barrier on the temporary military road was carried
out by the launch bridge, the MT-55A armoured vehicle-launched bridge.

5.1 Organization of engineering works

Depending on the available time, military forces and resources for the construction of a tem-
porary military road should be defined. In order to make the construction faster, on the road
alignment which is a linear object, the engineering unit is spread over a relatively long area
and works both in groups and individually (humus removal, excavation, mining, etc.), but
all are interconnected in the task. It is essential to maximally use the human and material
resources of the engineering unit, depending on the work to be performed. In its content,
methods of work and means for work, the organization of engineering works is very similar to
the organization of work in construction, so these disciplines in scientific and professional
sense are mutually developing and complementary. The stages of organization are the plan-
ning and preparation of engineering work.

Planning engineering works. The basis for the preparation of the plan of final construction
works is the order of the superior commander to perform the engineering tasks and the cor-
responding technical documentation is made. An engineering work plan must be carried out
in all cases, whether the technical solution was given by a task or afterwards. It must be
achievable in accordance with the weather, terrain and combat conditions, and should allow
for easy monitoring of the progress of works and making the necessary corrections. The de-
velopment of the plan consists of predicting the external factors that have a positive or nega-
tive effect on performing the task, and developing a dynamic plan of activities. The following
general principles apply to the planning: gradual engagement of forces and engineering and
technical means in the initial phase of work and shutdown in the final phase, simultaneous
execution of several work operations for the purpose of faster performing of the task, maxi-
mal use of engineering machinery with careful handling and maintenance.

Preparing engineering works. The preparatory work consists of: studying the task, the as-
sessment of the situation, the scouting of the area of the construction works, the arrange-
ment of the work site, preparation of materials, the organization of transport and giving the
command.

5.2 The MT-55A armoured vehicle-launched bridge (AVLB) tank

One of the most important engineering machines for overcoming obstacles is the MT-55A
armoured vehicle-launched bridge (AVLB) tank (Figure 1). It is modified specially fitted T-55A
tank with no turret and weaponry. It is equipped with a bridge and devices that allow the
bridge to be laid over an obstacle and placed back on the armored body of the tank [6]. It
is tasked for the quick laying of a bridge over antitank barriers (antitank trenches, steep in-
clines and slopes) on a land that is otherwise passable under normal combat conditions. It
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is possible to lay a bridge over water barriers with muddy or soft bottoms, with steep banks
without prior engineering arrangements, over deep and impassable parts of riverbeds. The
bridge can be used to further strengthen the existing bridges as well as to secure weakly
bearing sections of the terrain. The bridge carrier tank has mostly the same equipment found
on the T-55A tank as well as modified and new assemblies that are missing from the base
tank. Figure 1 shows the launch bridge installation process [7] which is also possible on ter-
rains of various slopes.

Tactical and technical features: MT-55A is a medium tank type with a total weight of 36 t; the
crew consist of two members; bridge weight 6 t, load capacity 50 t, width 3300 mm, laying
time 3 min. and the time of tank placement 5 to 8 min; the length of MT-55A with folding
bridge is 9880 mm and set on the flat surface 27100 mm; the length of the folded bridge is
9600 mm and unfolded is 18000 mm; the width of MT-55A without bridge is 3270 mm and
with bridge 3300 mm and the height of MT-55A with folded bridge is 3350 mm.

The M 55A armoured vehic]e-launched bridge tank and the assembling process

Fig
5.3 Calculation of time and resources required for the given task
The location of the bridge installation on coherent ground, in the example described (Figure

2), was selected at the location of the most favourable slope of the terrain and the least width
of the obstacle.
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Figure 2 Current state and overview of project draft

Based on the horizontal and vertical alignment and cross sections (Figure 3), the quantities
of stone material were calculated for: the road bed (46 m?) and pavement (16 m). For each
engineering machine available to this engineering unit, the efficiency was calculated using
known empirical terms and taking into account the following influential parameters: soil cat-
egory on which the works were performed, the coefficient of age of the machine and the
competence of the machine operator, the speed of movement of the machine at work, etc.
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Figure 3 Horizontal and vertical alignment and normal cross sections of temporary military road

Table1 Overview of works, resources, and time needed to complete

No. Type of work People/ means Quantity Time needed (min.)
1. Reconnaissance Officers 5 20
Stakeout of the first part of road .
2. X Soldiers 4 40
alignment
Cleaning of the first part of road Soldiers /chain
3. . . 6 30
alignment from vegetation Saws
4. Mining a rock Miners 2 35
5. Levelling by dozer (1st part) Dozer 1 150
Filling in and levelling of nivelette Dumper 5 Simultaneously with
6.
road (1st part) Dozer 1 works under no. 5
7. Launching of the bridge TM-55 1 15
8. Stakeoyt of the second part of the Soldiers 4 15
road alignment
Cleaning the second part of the Soldiers /chain
9. . . 6 20
road alignment from vegetation saws
10. Levelling by dozer (2nd part) Dozer 1 45
Filling in and levelling of nivelette Dumper 5 Simultaneously with
11.
road (2nd part) Dozer 1 works under no. 10
Filling in the road alignment with Dumper 5
12. 120
rough stones Dozer 1
s Filling in the road alignment with Dumper 5 90
3 small stones Dozer 1
14.  Rolling Road Roller 2 30
15.  Establishing of the traffic Soldiers 8 20
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The following machines were used to perform the task: dozer, loader, excavator, road roller
and road grader. Levelling of the ground with a dozer of 14 m?/h takes approximately 2.5 hrs.
It takes 30 minutes to roll the total length of the road. By using 5 dump trucks with a load
capacity of 15 m?, it is possible to transport materials from a quarry 15 km away by monitoring
the dynamics of the planned works. The loader is in reserve for spreading excess material.
Table 1 shows the type, resources, and dynamics of temporary military road construction
done by a military engineer unit. The road was built in 630 minutes (10.5 hours).

6 Conclusion

Military roads differ from civil roads because they are mostly temporary roads and have spe-
cific uses (eg. in this case the evacuation of the population and protection of the property).
The advantage of engaging the armed forces over civilian services lies in the speed of their
work and the ability to currently deploy forces that are more prepared to operate in specific
conditions. In its composition, military engineering units have all the necessary material re-
sources and machinery to overcome obstacles and to access more inaccessible terrain, which
leads to a faster and more efficient solution of the problem. The example of the construction
of a temporary military road shows the organization of work, planning and management of
the execution of the task, which is organized hierarchically and is carried out solely accord-
ing to the commands of the superior ones. The engineering units are capable of finding out
quick solutions which is of utmost importance in combat operations but not less important
in helping the population during natural disasters. The engagement of the armed forces to
remedy the effects of natural disasters shows their humane features and importance during
peacetime activities. The armed forces, especially engineering units, will continue to play a
major role in recovering and rescuing civilian population during natural disasters, and the
best indicators for this are numerous examples from the past when the armed forces made
an invaluable contribution in helping the population in exceptional circumstances.
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Abstract

In several countries public budgets cannot provide all the funds needed to build priority
transport and other infrastructure projects that are economically justified and environmen-
tally and socially sound. Under certain circumstances, projects meeting such conditions can
be implemented by involving private financing, through public-private partnerships (PPP),
which is a means to get projects completed by leveraging scarce public resources. Priority
highway PPP projects may require toll rates above the affordability level of road users, par-
ticularly when construction costs are relatively high and traffic volumes are relatively low. The
provision of capital grants and/or availability payments to the concessionaire (i.e., the pri-
vate partner) by the government (i.e., the public partner) would reduce the toll rate required
to attract private investors for the project. Such projects, where the sources of revenue to the
private partner (or concessionaire) include both the users of the facility and the government,
are usually called hybrid PPPs. A key step in assuring that a proposed PPP highway project
would attract private investors is to determine whether financial public support would be
required, and if so, how much. To this endeavor, this paper reviews and applies a hybrid PPP
financial model for highways that facilitates carrying out projects’ financial viability by deci-
sion makers and practitioners. Anumerical case study is used to illustrate applications of the
model to conditions deemed representative of Southeastern European countries. The main
outputs generated by the model include the project’s internal rate of return, equity internal
rate of return, annual debt service coverage ratio, and the present value of the government’s
cash flow. A sensitivity analysis carried out shows the impact of key input parameters on the
main outputs. While the financial model discussed has been developed for roads, it can also
be adapted to other forms of transport infrastructure, such as rail.

Keywords: public-private partnership, capital grant, availability payment, toll rate
1 Introduction

Public-private partnership (PPP) is a long-term contract between a private party and a gov-
ernment entity for providing a public asset or service, in which the private party bears sig-
nificant risk and management responsibility, and remuneration is linked to performance [1].
There has been a substantial contribution of the private sector to finance roads and other
forms of transport infrastructure across the world. In 2019, private investment commitments
in energy, transport, information and communications technology (ICT) backbone, water,
and municipal solid waste (MSW) infrastructure in low- and middle-income countries totaled
US$96.7 billion across 409 projects in 62 countries [2].
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Private investment in sustainable, quality infrastructure is critical to boost economic growth
and promote resilience — resilience against the current public health crisis and climate-relat-
ed risks, as well as future global and national shocks [3]. Attracting more private financing to
road projects in Southeastern European countries would be a means toward greater invest-
ments to keep road infrastructure in acceptable condition and carry out required expansions
in a context of public budget constraints. When arrangements for private participation or,
more generally, public-private partnerships (PPP) are designed well, they can lead to [4]:

1. Greater financial efficiency, by leveraging public money through the mobilization of pri-
vate capital, reducing the impact of investments in infrastructure on the fiscal budget,
and creating fiscal space to expand public service delivery in other sectors;

2. Better distribution of risks, by transferring design, construction, and performance risks to
the private sector, which is best able to manage such risks; and

3. Better governance, by increasing the accountability of the service provider through com-
petitive bidding, disclosure policies, and public reporting.

Government support to potential PPP road projects is justified when an economically fea-
sible project does not offer, without such support, the financial benefits required to attract
private concessionaires. The mixing of public and private funding to get projects completed
is a way to leverage scarce public resources. Combining Capital Grant and Availability Pay-
ment to Keep Toll Rates Affordable. This paper analyzes the combination of capital grants (or
construction subsidies) and availability payments to attract private partners to a PPP road
project, keeping toll rates at an affordable level.

2 Sources of revenue to PPP road projects

In a PPP road project, the sources of revenue to the private partner (or concessionaire) may

include:

* the road users, through tolling,

« the government (through, for example, availability payments, capital grants, or shadow
tolls),

* both road users and government, which is usually called a hybrid concession.

When traffic levels are relatively low and/or construction costs are relatively high, it is like-
ly that a proposed motorway or expressway will require government support (e.g., capital
grants and/or availability payments) to complement toll collection in order to generate
enough revenues to attract private partners to compete for such PPP road project. A national
(or international) electronic road tolling collection (ETC) system would reduce toll collection
costs and, consequently, facilitate the implementation of such projects.

3 Open and competitive bidding procedure

Measures to increase competition may include improved contract design (e.g., avoiding too
big or too small contract size), wider advertisement of the bidding, clarification of issues
raised by potential bidders, and providing enough time for bidders to prepare their bids
(usually a minimum of 90 days is required).

Assuming a good degree of competition in the selection of the concessionaire, an open and
competitive bidding procedure would minimize the amount of the availability payment to be
paid to the concessionaire, by the government agency, during the O&M phase of the con-
tract, when this is the key financial criterion to select the successful bidder.

Another related option, which may be available to decision-makers, would consider the toll
rate as a constant (for example, based on the maximum affordable toll rate), but establish as
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the financial criterion, to select the successful bidder, the sum of the capital grant and the
availability payment to be paid to the concessionaire. This approach would have as a draw-
back the risk that some bidders may “frontload” their financial proposal, that is, exaggerate
the proposed capital grant and minimize the availability payment. Such risk, however, could
be minimized by specifying a maximum limit for the capital grant (for example, 60 % of the
total construction cost). Case study: A numerical example of the interrelationship between
capital grant, availability payments, and toll rates

The previous paragraphs described, in general terms, options to implement PPP in the road
sector. To provide a quantitative assessment of potential PPP projects, in light of future in-
vestments and funding sustainability, the next paragraphs discuss a numerical example to
illustrate, for a hypothetical proposed motorway, the combination of availability payments
and capital grants to keep the toll rates at an affordable level. We will assume four scenarios
(i.e., low, medium, high and very high cost) for the total construction cost (including design)
and the related annual O&M cost to be:

a. Construction cost: €100 million; annual O&M cost: €5 million;

b. Construction cost: €200 million; annual O&M cost: €10 million; and

c. Construction cost: €300 million; annual O&M cost: €15 million.

d. Construction cost: €400 million; annual O&M cost: €20 million.

A World Bank governance study [5] showed an average cost increase in road works contracts

(i.e., cost overrun) of 18 % in Southeast Europe, based on a two-country sample (namely

Albania and North Macedonia). Assuming the same cost overrun would occur in a traditional

road works if the proposed project would not be implemented as a PPP, it would seem fair to

expect the construction cost to be inflated by 18 %. If implemented as a PPP project (where

there is no provision for variation orders), the above construction costs would prevail. How-

ever, ifimplemented as a traditional bill-of-quantities (BOQ) contract, it is likely that the ulti-

mate construction costs would be (i) €118 million, (i) €236 million, (iii) €354 million, and (iv)

€472 million, respectively. Consequently, implementation of the project as a PPP might save

the relevant country about €72 million, in the case of the highest construction cost scenario.

We will carry out the financial analysis using the originally assumed construction costs.

In the case of an actual proposed road concession, a feasibility (or pre-feasibility) study

would need to be carried out and relatively precise estimates would be done for all key pa-

rameters of proposed project. In our particular case, the following project related data will be

assumed for the analysis of the three hypothetical scenarios:

* Concession life: 30 years

* A range of construction cost during the 3-year investment phase of the contract: €100 mil-
lion; €200 million; €300 million; and €400 million

* Annual O&M cost in subsequent years of the contract: €5 million; €10 million; €15 million;
and €20 million. Such values are expressed in terms of present values and would be ad-
justed for inflation in subsequent years

* Road length: 40 km

 Annual average daily traffic (AADT): 8,000 vpd (80 % cars, 2 % buses, and 18 % trucks)

* Annual traffic growth: 3.0 %

* Capital structure: Debt/Equity ratio, 75/25; Assumed construction subsides: 0 %, 30 %,
and 60 % of the capital investments

* Assumed availability payments: 0; €20 million/year; €40 million/year; and €60 million/
year

* Nominal interest rate: 8 % per year

* Loan grace period: 3 years

* Debt maturity: 15 years (loan repayment period of 12 years)

» State discount rate (in nominal terms): 10 %
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* Inflation: 4 % per year
* Tax rates: (a) Value added tax (VAT): 20 %; (b) Corporate tax: 15 %
* Amortization period: 27 years

Itis also assumed that the following targets (or constraints) will have to be met for the project
to be able to attract private investors (i.e., parameters deemed applicable to the country and
project under consideration):

e Equity Internal Rate of Return (or Return on Equity): ROE =12 % (in real terms)

* Annual Debt Service Cover Ratio: ADSCR = 1.15

A financial model will be required to analyze the above data. Financial models are analytical
tools that allow the user to assess the financial robustness of a project by representing its
expected financial performance, including cash flows and returns [6].

There are several toolkits, including financial models, available for the analysis and ex-ante
assessment of highway PPP projects [7]. The Government of India [8] released a web-based
toolkit for the improvement of the decision-making process in PPP arrangements for the de-
livery of infrastructure projects. The toolkit can be used for the assessment of highway pro-
jects, which is one of five sectors covered.

In 2013, the Federal Highway Administration’s (FHWA) Office of Innovative Program Delivery
launched a new toolkit, P3-Value, Public-Private Partnership Value-for-Money Analysis for
Learning and Understanding Evaluation [9]. Although the main purpose of the toolkit is to
help decision makers in the “value-for-money” analysis, it covers other important aspects of
PPPs such as risk evaluation and financial feasibility.

Subsequently, the US Department of Transportation [10] published a related Guidebook on
Financing of Highway Public-Private Partnership Projects. The World Bank, supported by the
Public-Private Infrastructure Advisory Facility (PPIAF), developed a Toolkit for Public-Private
Partnership in Roads and Highways [11] to assist policy makers in implementing procedures
to promote private sector participation and financing in roads. The Toolkit includes financial
models (in graphical and numerical formats) that can be used for the financial assessment
of PPP toll roads.

Based on the World Bank/PPIAF Toolkit toll road graphical financial model, a model was de-
veloped to assess the financial feasibility of hybrid PPP projects, that is, projects involving
both tolling and availability payments [12]. Because of its relevant features, in particular the
combination of tolling, availability payments, and construction subsidies, such model was
selected for using in this paper.

Using the input data discussed above, the hybrid financial model was deployed to estimate
the minimum required availability payment and/or construction subsidy to attract private
investors, while keeping the toll rate at an affordable level. As a first step, we will assume an
availability payment and construction subsidy equal to zero and estimate the required toll
rate.

Application of the model to the four assumed construction (and O&M) cost scenarios shows
that the following weighted average toll rate (WATR) would be required:

a. Low construction cost scenario: WATR = €7.0/vehicle;

b. Medium construction cost scenario: WATR = €13.9/vehicle;

c. High construction cost scenario: WATR = €20.8/vehicle, and

d. Very high construction cost scenario: WATR = €27.7/vehicle.

In case there are uncertainties regarding the parameters used to derive such toll rate, the
financial model can be easily rerun to carry out a sensitivity analysis [12].

Toll affordability levels are usually expressed in terms of the maximum toll rate that passen-
ger car drivers are willing and able to pay, expressed in €/car-km. In the absence of specific
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studies and surveys for the proposed toll road (e.g., motorway), such as willingness to pay
study, we will assume the following range of maximum affordable unit toll rates: (i) €0.03/
car-km; (ii) €0.05/car-km; and (iii) €0.07/car-km.

The relationship between the weighted average toll rate and the toll rate for cars, trucks and
buses can be written as [13]:

WATR=(PC TRc+PB TRb+PT TRt)/100 M

where:

WATR is the weighted average toll rate per vehicle;

PC, PB and PT are the percentages of cars, buses and trucks in the traffic flow;
TRc, TRb and TRt are the toll rates for cars, buses and trucks.

Usually, the toll rate for a commercial vehicle is equal to the toll rate for cars times the ve-
hicle’s number of axles. Based on the above and the estimated traffic composition, the fol-
lowing relationships between toll rates for different types of vehicles will be assumed as
representative of the proposed motorway:

 Average bus toll rate = 2 x car toll rate

* Average truck toll rate = 3 x car toll rate

The average traffic flow composition on the proposed motorway, as indicated above, will be
assumed as: PC, 80 %; PB, 2 %; and PT, 18 %. Accordingly, Equation (1) can be re-written as:

WATR=(80TRc+2 2 TRc+18 3 TRc)/100
or

TRc=WATR/1.38 @

WATR was computed by the model for the four investment scenarios, as €7.0/vehicle, €13,9/
vehicle, €20.8/vehicle, and €27.7/vehicle, respectively for the low, medium, high, and very
high-construction cost scenarios. Consequently, for the proposed road concession, the re-
quired toll rate per car, for each investment scenario, using Equation (2), would be:

a. Low construction cost scenario: TRc = €5.1/car;

b. Medium construction cost scenario: TRc = €10.1/car;

c. High construction cost scenario: TRc = €15.1/car; and

d. Very high construction cost scenario: TRc = €20.1/car.

As the total length of the proposed motorway section is 40 km, as indicated before, the unit
toll rates, in Euro per car-km, will be:

a. Low construction cost scenario: Unit TRc = €0.13/car-km;

b. Medium construction cost scenario: Unit TRc = €0.25/car-km;

c. High construction cost scenario: Unit TRc = €0.38/car-km; and

d. Very high construction cost scenario: Unit TRc = €0.50/car-km.

If a required unit toll rate is higher than the maximum affordable toll rate, there is a need for
an availability payment and/or construction subsidy to make such project financially viable.
As indicated above, we are assuming three levels of maximum affordable unit toll rates, rep-
resenting, respectively, a pessimistic, most likely, and optimistic scenario:

* €0.03/car-km;

* €0.05/car-km; and

* £€0.07/car-km.
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When the required toll rate is higher than the maximum affordable toll rate, there is an af-
fordability gap. For example, if the required toll rate is €0.08/car-km and the maximum
affordable toll rate is €0.05/car-km, the affordability gap would be €0.08/car-km minus
€0.05/car-km or €0.03/car-km. We will now discuss how affordability gaps can be bridged
with a combination of availability payment and construction subsidy.

We can use the available hybrid financial model (previously discussed) to estimate how
much availability payment and/or construction subsidy would be required to meet the finan-
cial constraints adopted, i.e., a minimum ROE of 12 % and a minimum ADSCR of 1.15.

Table 1 shows the required car toll rate for availability payments varying from zero to €60
million/year and construction subsidies varying from 0 to 60 % of the total construction
cost. For example, for an availability payment of €20 million and a construction subsidy of
30 %, the minimum required toll rate would be €0.06/car-km for the medium construction
cost scenario.

Table1 Estimated relationship between availability payment, construction subsidy, and the required toll rate
(€/car-km) for the proposed motorway project

Construction Availability Payment (€ million/year)

Construction cost scenario

subsidy (%) o 20 40 60
Low o 0.127 0.002
(€100 million; annual O&M
cost: €5 million) 30 0.091
60 0.065
Medium o 0.252 0.127 0.004
(€200 million; annual 0&M 30 0.181 0.060
cost: €10 million)
60 0.130 0.031
High o 0.377 0.254 0.129 0.005
(€300 million; annual 0O&M 30 0.272 0.147 0.040
t: € illi
cost: €15 million) 60 0.194 0.096
Very high o 0.502 0.379 0.254 0.130
(€400 million; annual 0&M 30 0.361 0.237 0.120 0.020
cost: €20 million)
60 0.259 0.159 0.062

Required Unit Toll Rate per Car (€/car-km)

Once the affordable toll rate has been established for a proposed motorway project, the road
agency has a choice regarding the level of construction subsidy it can offer. For example,
in case the agency can count on a loan from an international finance institution (IFl), the
construction subsidy could be established based on the amount of the expected loan (i.e.,
the road agency could use the loan to pay for the construction subsidy) and let the bidders
compete on the required level of annual availability payment.

PPP is a more market-oriented project delivery structure, compared to traditional public road
construction contracts, with greater private sector involvement, whose preparation usually
takes longerthan traditional projects. Nevertheless, the preparation time could be shortened
with a dedicated and well-prepared team taking the lead role in all the required preparatory
steps. This would be particularly relevant when the acute phase of the Covid-19 crisis is over,
and more infrastructure, including road works, will be needed for economic recovery.
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4 Conclusions

Attracting private financing to road projects, through some form of public-private partnership
(PPP), would be a means toward greater investments to keep road infrastructure in accept-
able condition and carry out required expansions in a context of public budget constraints. In
Southeast Europe there is an average cost increase in traditional road works contracts (i.e.,
cost overrun) of about 18 %. Assuming such cost overrun would occur in a traditional road
works contract, it seems fair to assume that the construction of a motorway section would
cost, ifimplemented as a PPP project (where there is no provision for variation orders), about
15 % less than if implemented by the traditional bill of quantities approach.

Moreover, additional benefits may be introduced by private sector efficiency gains. It is rec-
ommended that countries select road sections most likely to be adequate forimplementation
as PPP and carry out a preliminary financial assessment to identify a potential PPP pipeline.
Because of relatively low traffic levels on some proposed motorways and expressways, it is
anticipated that a combination of government support (e.g., capital grants and/or availabil-
ity payments) and toll collection would be required to generate enough revenues to attract
private partners to compete for such PPP projects.

The quantitative financial assessment of a hypothetical PPP project, with a range of estimat-
ed construction costs, shows that the project could attract private investors with a combina-
tion of availability payments and construction subsidies to keep the toll rates at affordable
levels.
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Abstract

The apparent slowdown in the construction of road infrastructure in Bosnia and Herzegovina
for a number of years necessarily requires a review of the existing and the analysis of new
models of financing the road infrastructure construction in Bosnia and Herzegovina. The ex-
isting mainly credit-based financing models, have become increasingly exhausted over the
years, and the interest of other Western Balkan countries in the EU funds clearly indicate
that Bosnia and Herzegovina may expect only a fraction of the total infrastructure financing
to be made to it through some of the European funds. This shows the undeniable need for
analyzing and applying other models of road infrastructure financing, without additional bor-
rowing, through a concession as a model applied in far more developed, and economically
and financially more stable societies than the one in Bosnia and Herzegovina. The aim of this
paper is to demonstrate that the undoubtedly complex socio-political arrangements in Bos-
nia and Herzegovina, in terms of the competencies and legal framework, cannot justify the
delays in the construction of the road infrastructure in Bosnia and Herzegovina. Moreover, it
may pose a challenge to engineers to seek possible new options.

Keywords: concession, financing, road infrastructure, motorway, Corridor Vc
1 Introduction

Considering the financial requirements, building infrastructure in general, with a particular
emphasis on motorways, is a challenge for every country, and developed or developing coun-
tries have been involving the private sector in the design, construction, management and
maintenance of highways for more than two centuries, whereas the countries in the region,
such as Croatia, have used this practice since 1995.

The main hypothesis of this paper is to prove that concession, road infrastructure financing
model, is absolutely unused potential in Bosnia and Herzegovina, and the aim of the paper
is to present the situation in this field.

With the exception of the Introduction, the paper consists of six Chapters, the first of which
presents the state of public debt in Bosnia and Herzegovina, the second presents the stra-
tegic transport framework at the level of Bosnia and Herzegovina, and the third concerns the
Motorway on the Corridor Vc as the Bosnia and Herzegovina’s strategic project.

The fourth Chapter sets out the legal framework concerning concessions in Bosnia and Her-
zegovina, and the fifth Chapter describes concessions within the road sector in Bosnia and
Herzegovina, while the Conclusion of the paperis in Chapter six.
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2 State of public debt in Bosnia and Herzegovina

According to the Information on the state of public debt in Bosnia and Herzegovina as of 30
June 2017, prepared by the B&H Ministry of Finance and Treasury, the financial indicators
related to Bosnia and Herzegovina are as follows:

e the total public debt of Bosnia and Herzegovina as of 30 June 2017, amounted to KM
11,708.33 million, of which foreign debt amounted to KM 8,075.89 million or 68.98 %,
while the domestic debt amounted to KM 3,632.44 million or 31.02 %;

e compared to 31 December 2016, Bosnia and Herzegovina’s debt has decreased by KM
389.25 million or 3.22 %, of which foreign debt decreased by KM 471.70 million or 5.52 %,
whereas domestic debt increased by KM 82.45 million or 2.32 %;

In the total public debt, the Federation of Bosnia and Herzegovina participates with 53.38 %,
Republic of Srpska with 45.69 %, Brcko District of Bosnia and Herzegovina with 0.29 % and
Institutions of Bosnia and Herzegovina with 0.64 %

e In terms of foreign debt, the World Bank — IDA (The International Development Associa-
tion - IDA, is the part of the World Bank that helps the world’s poorest countries. IDA aims
to reduce poverty by providing loans (called credits) and grants for programs that boost
economic growth, reduce inequalities and improve people’s living conditions. http://ida.
worldbank.org/about/what-ida) and the International Bank for Reconstruction and Devel-
opment - IBRD account for 33.01 %, European Investment bank - EIB 21.84 %, International
Monetary Fund 10.45 %, Paris Club 8.6 % and the European Bank for Reconstruction and
Development 7.17 %, which makes 81.08 % of the total foreign debt;

* Foreign debt servicing in the first half of 2017 amounted to KM 446.54 million, of which KM
384.51 million or 86.11 % relates to principal, and KM 62.03 million or 13.89 % relates to
interest.

¢ |n the total amount of external debt servicing, the Federation of Bosnia and Herzegovina
participates with 64.37 %, Republic of Srpska with 34.86 %, while the Institutions of Bos-
nia and Herzegovina and Brcko District participate with 0.42 % and 0.35 % respectively.

According to the international financial institutions criteria, Bosnia and Herzegovina does
not fall into the category of highly indebted countries, since the participation of Bosnia and
Herzegovina’s public debt in Gross Domestic Product (GDP) is 36.74 % (Information on public
debt of Bosnia and Herzegovina, B&H Ministry of Finance and Treasury, 30 June 2017).
However, itis evident that the problem of Bosnia and Herzegovina, as well as of the countries
created by the breakup of the former Yugoslavia, is the economic growth based on domestic
consumption, which in the absence of its own and competitive production leads to an in-
crease in imports and a balance of payments deficit, financed by new borrowing.

From the foregoing, it may be concluded that further long-term borrowing has a short-term
effect, which is resorted to by almost all political options in Bosnia and Herzegovina, re-
gardless of the duration of the mandate, knowing that they will not be participants in the
government’s debt collection.

Projects, such as the construction of hospitals, schools, kindergartens, in their structure and
purpose require not only budgetary but also financing through some form of borrowing. But
in the long run, when large and financially demanding infrastructure projects are at stake,
permanent borrowing is certainly not a quality solution.
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3 Strategic framework for transport at the level of Bosnia and
Herzegovina

At the proposal of the B&H Ministry of Communications and Transport and the approval by
the Council of Ministers of Bosnia and Herzegovina, followed by the adoption by the House
of Representatives of the B&H Parliamentary Assembly on 30 July 2015, the House of Repre-
sentatives of the B&H Parliamentary Assembly adopted the 2015-2030 Framework Transport
Policy of Bosnia and Herzegovina (Official Gazette of Bosnia and Herzegovina, 62/15).

The Framework Transport Policy of Bosnia and Herzegovina set a multi-annual framework for
the transport infrastructure development in Bosnia and Herzegovina and created the precon-
ditions for the development of the Strategy and Action Plans.

Also at the proposal of the B&H Ministry of Communications and Transport, following the
adoption and integration of sectoral strategic documents of the Entities and the Brcko Dis-
trict of B&H, on 14 July 2016, the B&H Council of Ministers adopted the Decision on the adop-
tion of the 2016-2030 Framework Strategy for Transport of Bosnia and Herzegovina (Official
Gazette of Bosnia and Herzegovina, 71/16), , the planning document for the transport and
infrastructure network in Bosnia and Herzegovina, which contains structural proposals for
the development of the transport sector and programs for capacity upgrading for the purpose
of alignment with the long-term objectives and strategic documents of the European Union
in the transport sector.

With the adoption of the B&H Framework Transport Policy and the B&H Framework Trans-
port Strategy, the preconditions have been created for financing the construction infrastruc-
ture projects by the European Union, which has earmarked one billion euros for in next five
years for the infrastructure connectivity of the Western Balkans region under the Connectivity
Agenda launched at the Western Balkans High-level Summit in Berlin in 2014.

4 Motorway on the Corridor Vc as Bosnia and Herzegovina’s
strategic project

Corridor Vc is one of ten Pan-European Transport Corridors on the Road and Rail Transport
Networks agreed by the United Nations Economic Commission for Europe and the European
Union Conference of Transport Ministers.

The Network of Corridors has been set up for the purpose of smooth operation of the inter-
national traffic on the European continent, better connectivity of the EU Member States and
traffic between Europe and Asia.

The Corridors were defined in Prague in 1991 and supplemented at the Second Pan-European
Transport Conference held in Crete in March 1994 and at the Third Conference held in Helsin-
ki in 1997, the reason why these Corridors are also referred to as the Crete Corridors or the
Helsinki Corridors.

These ten Corridors connect Europe from the Atlantic to the Volga and from Scandinavia to
the Mediterranean Sea.

At the session held on 7 March 2006, the B&H Parliamentary Assembly declared the Corridor
Vc Construction Project as the project of strategic interest for the entire territory of Bosnia
and Herzegovina, and the B&H Presidency, by its acts, ordered the B&H Council of Ministers
to undertake and accelerate all the necessary activities in connection with the Project, while
respecting the competences of the B&H Ministry of Communications and Transport, as de-
fined in Article 10 of the Law on Ministries and Other Bodies of Administration of Bosnia and
Herzegovina (Official Gazette of Bosnia and Herzegovina, 5/03, 42/03, 26/04, 42/04, 45/06,
88/07,35/09,59/09, 103/09, 87/12, 6/13, 19/16).
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Figure1 Network  of  Pan-European Corridors (https://courrierdeuropecentrale.fr/wp-content/
uploads/2013/11/)

Considering the legislative framework, it is also important to emphasize that the Law on the
Highway on Corridor Vc has been in force in the Federation of Bosnia and Herzegovina since
2013. (Official Gazette of the Federation of Bosnia and Herzegovina, 8/13).

About 21 years after the Helsinki Pan-European Transport Conference, and 12 years after it
was declared a project of strategic interest for Bosnia and Herzegovina, of the total 335 km
of the Vc Corridor Vc route passing through Bosnia and Herzegovina, approximately 100 km
of the Corridor Motorway has been constructed and, except for the Svilaj - 0dZak section, all
the parts are operational. With this dynamic, it will take another 20 to 25 years to complete
the entire project, which is unacceptable from any point of view and it points to a number of
problems, directly related to the construction planning and implementation.

The aforementioned just over 100 km of the motorway was funded through different meth-
ods.

In the series of financing models for strategic infrastructure projects, the Western Balkans In-
vestment Framework (WBIF) and The Connecting Europe Facility (CEF) stand out in particular.
A common feature of WBIF and CEF is that both instruments apply not only to Bosnia and
Herzegovina, but to the countries of the region when it comes to WBIF, and to CEF, the EU
Member States in addition to the countries of the region.

The movement of the countries of the region towards EU membership, as well as the inten-
tion of the European Union to undoubtedly reduce the financial space of Bosnia and Herze-
govina through its projects to regionally support the stabilization and association, which im-
poses the need to reconsider the future and seek new models and ways of financing strategic
infrastructure projects in Bosnia and Herzegovina.

5 Legal framework for concessions in Bosnia and Herzegovina

The Law on Concessions of Bosnia and Herzegovina (Official Gazette of Bosnia and Herze-
govina, 32/02 i 56/04), The Law on Concessions of the Federation of Bosnia and Herzego-
vina (Official Gazette of Bosnia and Herzegovina, 32/02 i 56/04), The Law on Concessions
of Republic of Srpska (Official Gazette of the Republic of Srpska, 59/13;) and the Law on
Concessions of the Brcko District of Bosnia and Herzegovina (Official Gazette of the B&H
Brcko District, 41/06, 19/07 i 02/08) set the legal framework for concessions in Bosnia and
Herzegovina.

From the point of view of the position of the Corridor Vc Motorway, apart from the Brcko Dis-
trict of Bosnia and Herzegovina, this paper will review the activities of the Commissions for
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Concessions, the first of which is the Commission for Concessions of Bosnia and Herzegovina
established by the Law on Concessions of Bosnia and Herzegovina (Official Gazette of Bosnia
and Herzegovina, 32/02) and the Law on Amendment to the Law on Concessions of Bosnia
and Herzegovina (Official Gazette of Bosnia and Herzegovina, 56/04), as an independent
regulatory body of the B&H Parliamentary Assembly in the process of awarding concessions.
Analysing the officially available data, except for the Decisions on the procurement of vehi-
cles, fuel or equipment, it is evident that in its 16 year existence, the Commission for Conces-
sions of Bosnia and Herzegovina has made only one decision related to its purpose, namely
the Decision on approval of the economic feasibility study (Official Gazette of Bosnia and
Herzegovina, 26/07), by which the Grantor, the B&H Ministry of Communications and Trans-
port of, has been granted the Economic Feasibility Study for the Corridor Vc Motorway Project.
As for 2016, as the last year for which an official work report is made available, it is evident
that no requests for regulatory approval have been submitted to the Commission during the
reporting period by the state-level Ministries, nor has the Commission received any new ap-
plication related to the self-initiated bid of the interested bidder/concessionaire by a bidder
or by the competent Ministry for which the Commission is to issue an approval (Official Ga-
zette of Bosnia and Herzegovina, 26/07).

How remarkable this data is also shows the fact that the World Bank and SIGMA/OECD have
made a number of recommendations to the authorities of Bosnia and Herzegovina in the
previous period, including the analysis of the situation of concessions and PPP investments
in Bosnia and Herzegovina, including: In order to attract domestic and foreign investment for
the purpose of developing the infrastructure, the authorities in Bosnia and Herzegovina must
create a modern and efficient system of awarding concessions. (Review of financial oversight
and procurement in state-owned enterprises and concessions award in B&H, 2007.).

One of the recommendations in the documents produced by SIGMA/OECD and the EU states
that it is essential to establish a clear and meaningful legal framework governing the award
of concessions and public-private partnerships in Bosnia and Herzegovina in such a way as
to improve the development of important infrastructure and other projects in the form of
model concessions and public-private partnerships.

True, open and fair competition for the award of concessions and public-private partnerships
is a key element in enabling Bosnia and Herzegovina to achieve value for money in the use of
public funds (Review of financial oversight and procurement in state-owned enterprises and
concessions award in B&H, 2007.).

The SIGMA/OECD comprehensive report, which would in many countries, as was often the case,
form the basis for the reform changes, was not even discussed by the B&H Council of Ministers,
although it was submitted by the Commission together with its conclusions on measures for
improvement the concessions and concession market in Bosnia and Herzegovina.

In its 2016 Work Report (FB&H Concessions Commission Activity Report 2016, May 2017), the
Commission for Concessions of the Federation of Bosnia and Herzegovina states, among
others: In 2016 (as in the entire period of the existence of the Law as of 2002 to the present),
no Ministry initiated any proposal, nor did it identify any potential concessions, despite per-
sistent insistence, oral and written communications from the Commission for Concessions to
the Government of the Federation of Bosnia and Herzegovina, and despite the conclusions
reached by the Parliament of the Federation of Bosnia and Herzegovina when adopting the
annual reports of the Concessions Commission Federation of Bosnia and Herzegovina(FB&H
Concessions Commission Activity Report 2016, May 2017, p 8.).

The same report also states that: ... all previous Concession Contract were concluded on the
basis of a self-initiated bids, even though the provisions of Article 28 of the Concession Law
stipulate that a self-initiated bid for concession allocation may only be submitted under an
urgent and exceptional procedure..(FB&H Concessions Commission Activity Report 2016,
May 2017, p 9.).
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Based on self-initiative bids, the Federation of Bosnia and Herzegovina has recorded conces-
sion contracts for: Vranduk and Janji¢i Hydro Power Plants on the Bosna River, a concession
for the use of water to supply Travnik and future water use through regional water supply
lines for the municipalities of Travnik, Novi Travnik, Vitez, Busovaca and Zenica, Public Com-
pany RV Plava voda d.o.o. Travnik, concession for the extraction of mineral water at the site
of Crni vrh, spring Kiseljak, OAZA TeSanj, concession for the use of water from the spring
Kruscica, Babina rijeka, Strme3njak and Klopce, Public Utility Company VIK Zenica d.o.0. Ze-
nica, concession for water pumping at the Wells SB2 and SB3, Spa Sanska IlidZa in Sanski
Most, Spa Sanska llidZa d.o.o. Sanski Most, concession for the exploitation of thermal water
sources from the Sumatac wells, in the village of Donji Puriéi, Municipality of Velika Kladu3a,
CIPREX d.o.0. Velika Kladu3a, concession for the use of the water spring of Zatoca, Tarevcica
and seven wells in the Municipality of Kladanj, Toplice and Sprecko polje in the Municipality
of Zivinice, Dobrina in the Municipality of Tuzla for public water supply to the municipalities
of Tuzla, Zivinice and parts of the Lukavac and Kladanj Municipalities.

Therefore, the current concessions in the Federation of Bosnia and Herzegovina, based on
self-initiated offers, solely relate to the concessions for two hydropower plants and water
abstraction, without a single infrastructure project.

Considering the allocation of potential concessions in road infrastructure, in the case of the
Federation of Bosnia and Herzegovina, it is evident that the Government of the Federation of
Bosnia and Herzegovina decided to build the LaSva-Donji Vakuf Motorway section through
a concession.

However, point VI of the FB&H Government Decision of 2014 (Decision no. 2162/2014 of 4
December 2014 on determining the general interest in constructing the Lasva - Vitez - Don-
ji Vakuf expressway), stipulates that the construction of the Lasva - Vitez - Donji Vakuf ex-
pressway section is to be started even though the project had not undergon the concession
award procedure under the aforementioned Government Decision of 2010, which had not
been repealed. For unknown reasons, the FB&H Ministry of Transport and Communications
did not proceed with the implementation of the aforementioned decisions, and by the end
of 2016, no request was submitted to the Commission for Concessions of the Federation of
Bosnia and Herzegovina regarding the granting of certain consents and approvals in accord-
ance with the Law on Concessions (FB&H Concessions Commission Activity Report 2016, May
2017, page 32).

Furthermore, by a Decision (Decision no. 1775/2014 of 10 September 2014 concerning the
procedure for awarding the concession for the Corridor Vc motorway section “Karuse — Popri-
ku3e”, (Official Gazette of the FB&H, 82/14)) of 2014, the FB&H Government determined that
the procedure for awarding the concession for the Karuse-Poprikuse section on the Corridor
Vc Motorway is to be initiated.

No response has ever been received to the comments and suggestions of the B&H Commis-
sion for Concessions dated end of 2014.

Unlike in the Federation of Bosnia and Herzegovina, in 2016 a total of 515 (five hundred and
fifteen) concluded contracts, annexes to contracts, requests, resolutions, certificates, var-
ious reports, data and other receiving documentation were referred to the RS Commission
for Concessions by the competent Ministries, the RS Government, concessionaires, news
agencies, citizen associations and a significant number of other legal and natural persons
(Activity Report and Financial Report for 2016, Commission for Concessions of the Republic
of Srpska, Banja Luka, 04/2017).

The decisions of the RS Commission for Concessions concerned various projects related to
the construction and use of energy facilities: hydroelectric power plants, wind power plants,
thermal power plants, mineral resources facilities: research and exploitation of coal, tech-
nical building stone, quartz sand, thermal mineral water, trade and tourism related objects,
and those in the field of agricultural land use and water resources. Although in the field
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of finance and transport and communications, the RS Commission for Concessions had no
activities due to lack of receiving any related request for a one-time concession fee for use
rights and concession fees for the use of natural resources or provision of services in 2016 a
significant amount of KM 44,382,272.89 was paid into the budget of the Republic of Srpska
(Activity Report and Financial Report for 2016, Commission for Concessions of the Republic
of Srpska, Banja Luka, 04/2017, page 51).

Considering that in 2014, the total of KM 22,193,380.96 was paid as concession fees, and
KM 29,289,907.27 in 2015, an almost 100 % increase was recorded in the two-year period.

6 Road concessions in Bosnia and Herzegovina

Given that a detailed review of the situation regarding concessions in the EU and the coun-
tries of the region would require serious consideration, and the focus of this paperis on con-
cessions as a possible model for financing the construction of road infrastructure in Bosnia
and Herzegovina, this chapter is omitted in this paper.

Namely, analyzing the dynamics of the construction of the Corridor Vc Motorway through
Bosnia and Herzegovina, it is evident that out of the total of 335 km (The first 100 kilometres,
PC Autoceste FB&H, Mostar 2015, p. 17), 102 km have been built, which include the Svilaj -
OdZak section that has not yet been put into operation.

Figure 2 Motorway on the Corridor Vc through Bosnia and Herzegovina (The first 100 kilometres, PC Autoceste
FB&H, Mostar 2015, p. 17)

Unlike in Bosnia and Herzegovina, in the Republic of Croatia, for example, the total 0f1,313.8
km of motorways and semi-motorways are operational, which also include a particularly in-
teresting section for Bosnia and Herzegovina A5 Beli Manastir - Osijek - Svilaj, with a total
length of 89 km, of which 56 km are operational.

Analyzing the total indebtedness of Bosnia and Herzegovina, the dynamics of construction
of the Motorway on the Corridor Vc through Bosnia and Herzegovina, previous indicators in
relation to the financial needs of one of the strategic projects in Bosnia and Herzegovina, the
main regulatory issues (Framework Transport Strategy B&H, Official Gazette of B&H, 00000,
p. 000), sources of financing in the Project List (Framework Transport Strategy B&H, Official
Gazette of B&H, 00000, p. 000), the author of this paper attempts a personal initiative look
for a path to a solution.
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Figure 3 Motorway on the Corridor Vc through the Republic of Croatia (http://www.huka.hr/mreza-autocesta)

Article (3) of the draft decision, the author of this paper proposes a concession model Build,
Operate, Transfer, the so-called BOT model (BOT-model (build, operate and transfer), is a
contemporary legal type of building large economic and infrastructure facilities, where a con-
tractor is entitled, on the basis of a contract, to finance and build a facility, and to operate
and economically exploit such facility for a specified period of time, upon the expiry of which
such facility is transferred to the investor. http://www.poslovni.hr/leksikon/bot-model-156),
with the possibility of applying similar types of concessions depending on the interest of
potential concessionaires.
The author finds the legal basis for proposing and adopting a decision by the B&H Council of
Ministers on the subject, scope and type of concession on the Corridor Vc Motorway section
Tarcin — Ovcari in Article 4 of the B&H Law on Concessions (B&H Law on Concessions, Official
Gazette of B&H, 32/02 and 56/04), which states that the B&H Council of Ministers takes a
decision on the type, subject and scope of the concession awarded, and is approved by the
B&H Parliamentary Assembly. The competence of the B&H Council of Ministers of Bosnia is
regulated in Article 1(2) of the said Law, according to which concessions may be granted to
domestic and foreign legal entities:
* in sectors within the jurisdiction of Bosnia and Herzegovina under the Constitution of Bos-
nia and Herzegovina and the laws of Bosnia and Herzegovina;
* in case of representation of the international subjectivity of Bosnia and Herzegovina,
e when the concession well extends to the Federation of Bosnia and Herzegovina and the
Republic of Srpska.

Following the previously approved initiatives, the author further proposes to take a new deci-
sion, this time on the subject, scope and type of concession on the Corridor Vc Motorway sec-
tion KaruSe (Medakovo) - Rudanka, but based to the so called DBOT model (Design, build,
operate transfer). In addition to the BOT model, this model also involves designing, with
the possibility of applying other similar types of concessions, depending on the interest of
potential concessionaires.

After requesting and obtaining a positive opinion from the Legislative Office of the B&H
Council of Ministers and the B&H Commission for Concessions, the opinion of the B&H Min-
istry of Finance and Treasury is sought, to which there is no reply, even after six urgencies.
Although the B&H Law on Concessions stipulates that: “In a case of joint jurisdiction of Bos-
nia and Herzegovina and/or the Federation of Bosnia and Herzegovina and/or Republic of
Srpska and/or Brcko District of Bosnia and Herzegovina for the award of concessions, the
competent authorities agree on the conditions and form of the award of the concession”
(B&H Law on Concessions, Official Gazette of B&H, 32/02 and 56/04), except the opinion
of the Legislative Office of the B&H Council of Ministers and the B&H Commission for Con-
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cessions at the end of 2017, the Ministry of B&H Communications and Transport received a
document from the RS Ministry of Transport and Communications titled Protest Concerning
the Proposal for Taking a Decision on the Subject, Scope and Type of Concession on the Cor-
ridor Vc Motorway Section Karuse (Medakovo) - Rudanka, requesting the withdrawal of the
proposed decision from further proceedings.

Therefore, after almost a year and a series of urgencies to the B&H Ministry of Finance and
Treasury, attempts to change the current dynamics of the construction of the Motorway on
the Corridor Vc by changing the financing model through concessions, the phase of attempts
is still ongoing, and it is clear that, after the positive opinions by the B&H Legislative Office
and the B&H Commission for Concessions, the comment in the form of the protest by the RS
Ministry of Transport and Communications is irrelevant.

7 Conclusion

By analyzing the aforementioned, unlike in incomparably more developed and economically
more stable countries that generate multimillion-dollar revenues on the basis of concessions
and build infrastructure facilities that, upon construction and operation, are being returned
to the state, there is an obvious resistance to concessions in Bosnia and Herzegovina as
a model for financing the construction of road infrastructure in Bosnia and Herzegovina.
The views expressed in this paper are the author’s own and may differ from the views of
colleagues in the B&H Ministry of Communications and Transport and the official positions
of the B&H Ministry of Communications and Transport. It is clear that the construction of
road infrastructure through credit lines is necessary for some sections that do not have suffi-
cient PGDP and PLDP (Average Annual Daily Traffic (AADT) and Average Summer Daily Traffic
(ASDT)), although in such cases the construction can be implemented through concessions,
with guarantees or some kind of government involvement. In the concession road construc-
tion model, the profit for the state is not necessarily visible in the budget, since the construc-
tion of motorways without long-term borrowing or investment is a kind of benefit.
Furthermore, permanent and long-term borrowing will undoubtedly as consequence lead
to a fiscal deficit in the long run. Depending on the positions of the future convocations
of the B&H Council of Ministers of and the Entity Governments, the possible subsequent
monetization of motorways, i.e. the conversion of public debt into cash (Croatian language
portal, http://hjp.znanje.hr/index.php?show=search_by_id&id=el1lvURA %3D), after their
construction through credits, may undoubtedly have only a short-term positive budgetary
effects, while the long-term effects are undoubtedly negative.

In trying to analyze the background for resistance to concessions, a number of reasons are
noticeable, and since some of them enter the sphere of indications, they are not the subject
of this paper.

Without going deeply into indicia, it is clearly easier to completely cease or continue the
road construction with micro-steps through continuous borrowing, knowing that the decision
makers will not be able to repay such loans, given the time and grace period in loan repaying,
when at the time of their maturity and credit collection, they will probably not even be alive.
As stated in the introduction, the undoubtedly complex socio-political organization of Bos-
nia and Herzegovina in terms of competencies and legal frameworks, cannot be justification
for the delays in road infrastructure construction in the country, but must be a challenge for
engineers and political structures to seek possible solutions.

In terms of road infrastructure construction, this paper pointed out some absolutely unex-
plored potential, one of which is concessions that, with the best engineering intentions,
cannot be exploited without support, or at least without obstructions by those structures that
in some ways take part in decision making process.
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Abstract

The term “external effect” can be explain as a condition that occurs when production or con-
sumption activities of an entity affect the welfare of other(s) subject(s) without having to pay
compensation for that impact. The major difficulty for determining external costs is that they
cannot be confirmed through the application of market laws and well-known market analysis
with interactive effects of demand and supply. The transport greatly affects the quality of
life of people, flora and fauna. The interest of studying transport externalities is objective of
several researches and special attention is given to how reduce these negative externalities
of transport in practice. This paper considers the external transport costs, their significance
and their monetary values estimated in relevant EU studies. The methodology for estimating
external transport costs as well as specification of a model for assessment of these costs in
Republic of North Macedonia is also shown in this paper. The results obtained by this model
are discussed and commented.

Keywords: external transport costs, assessment, passenger and freight transport

1 Introduction

The external costs, or negative externalities, are such type of costs when the economic ac-
tivities of one social or economic entity affect the welfare of other(s) subject(s) or persons
without having to pay compensation for that impact. The estimation of these costs is very dif-
ficult that they are not market costs and they cannot be determined through the application
of market analyses with interactive effects of demand and supply. Transport activities cause
external costs that are not directly assumed and paid by transport users but they have an ef-
fect on the immediate environment. These costs are submitted by other persons not directly
involved in the transport. However, the external costs of transport need to be estimated and
expressed in monetary values as well as other costs and benefits in rank to be included in
the cost-benefit analyses. This paper will consider the external costs of transport, their sig-
nificance and their monetary value. EU recommendations and estimations of these external
transport costs are the starting point for their assessment in Republic of North Macedonia.
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2 Previous studies and relevant documents
2.1 Previous studies

The International Union of Railways (UIC) is a pioneer in the study and evaluation of external
cost of transport in European countries presenting assessments of rail, road, air transport
and inland waterways [1]. In 2012, UIC publishes the document Green Transport, Reducing
External Costs [2]. The methodology for monetary expression of external cost of transport in
this paper uses an approach to determine the value of non-market goods.

The study developed in the HEATCO project under the 6th EU Framework Program 2002-2006
for harmonization of European practices in the estimation of transport costs and project as-
sessment, pays particular attention to estimation of the external cost of transport in the EU
countries [3], [4].

Internationalization of External Transport Costs is presented in a study funded by the Europe-
an Commission, developed by CE Delft and published in the 2008Handbook [5]. This study
is a follow-up to the 2006 HEATCO study. The update of this study is carried out in 2011 “to
obtain a state-of-art overview of the total, average and marginal external costs of transport
in the EU” [6]. The previous Handbook was updated also in 2014 version taking in account
new input values [7]. The last edition of the Handbook of the external costs of transport is
published in version 2019 by European Commission [8].

2.2 Categories of external cost of transport

The external costs of transport frequently assessed in the previous studies and published

Handbooks concern the following five core cost categories: Traffic Accidents, Air pollution,

Climate change, Noise and Congestion. External costs of transport are estimated for four

modes of transport and they are separated for passenger and freight transport. The four

modes of transport are following:

* Railway transport for passenger and freight and for diesel and electric engine of traction.

* Road transport for passenger: cars, buses and coaches and motorbikes/mopeds; Road
transport for freight: light vehicles (LDV), heavy vehicles (HDV).

* Air transport for passenger.

* Inland waterways for freight transport.

The most important impact for estimation of external costs of transport has the road trans-
port sector, because it is responsible for the majority of external costs.

2.3 Methodology used for assessment of external transport costs in relevant
studies

The estimation of external costs includes several uncertainties, but there is a wide consen-
sus for methodological approach for their assessment. The costs of environmental transport
activities cover a wide range of different impacts, including the diverse effects of emissions
of a large number of pollutants that have an effect on the human health, materials, ecosys-
tems, flora and fauna. Impacts appear at local, regional, European and global levels. The
damages caused by transport activities could be prolonged in future. External costs of trans-
port vary considerably with the characteristics of vehicles, trains, boats or aircraft. HEATCO’s
scientific research project uses an approach called “Impact Pathway Approach” based on
damage cost. Using the concepts of welfare economics, monetary assessment follows the
“willingness to pay” approach for valuation of the respective health effects and improving
the quality of the environment.
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The best practice estimation of congestion costs is based on speed- flow relations, value
of time and demand elasticity. For example, the procedure for calculating external costs of
transport from air pollution is following:

* Quantification of changes in the emission of pollutants (NOx, SO2, PM2.5/PM10) resulting
from the project studied (the project being evaluated) and expressed in tonnes, using the
latest national or European emission factors. The future progress of these programs should
also be taken into account.

* Classification of emissions according to the amount of emission (near ground surface or
high) and local environment (urban - out of urban areas).

e Impact calculation - years of life lost (YOLL) and costs per pollutant.

¢ Impact Report (YOLL) and Costs.

Parameters to consider for exposure to the population are: emission source size, location -
urban and outdoor, location within Europe.

3 Model for assessment of external costs of transport in Republic
of North Macedonia

The model for calculating external costs of transport in Republic of North Macedonia is spec-
ified according to the methodology and recommendations in previous EU studies and can be
presented as follows:

1. Estimation of unit value for external costs of transport by type of externality in a given year:

ETpmyi = ETeyyo - PPPyyo - Acpprzi Q]

ETMYi - unitvalue of external cost of transport for a given externality in Republic of North
Macedonia in yearYj

ETEUYO - unit value of external cost of transport for a given externality estimated as EU
average inyearYQ

PPPMY(Q - purchasing power parity indicator in Republic of North Macedonia in relation to
the EU in year YQ (that indicator is 100 % for the EU)

AGDPRYi — average annual growth of gross domestic product in Republic of North Macedo-
nia between years Yo and Y

Acppryi = (1+ P)i ©)

p — average GDP growth rate between years Yj and Yo
i —number of years between Yjand Yo

2. Estimation of emission quantities of externalities that depend on the transport operation,
type of vehicles and their engines, the location of the infrastructure, other geographical
and time factors. These estimated quantities can be expressed by the following equation:

QEpy; =2Q-Epyjy s 3

QEMYi — quantities for a given externality of transport in Republic of North Macedonia in
yearYij

QEMYi,v,s - quantities for a given externality of transport in Republic of North Macedonia
in year Yj obtained from different transport activities, different vehicles and in
specific spatial conditions.
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3. Estimation of the total external cost of transport for a given externality can be expressed
by the following equation:

CEnyi = ETny; - QEpmy; (4)

CEMYi - total external cost of transport for a given externality in Republic of North Macedo-
nia foryearYj

ETMYi - unit value of external cost of transport for a given externality in Republic of North
Macedonia in yearYj

QEMYi - quantities for a given externality of transport in Republic of North Macedonia in
year i,

4 Estimation of external cost of road transport
4.1 Specific data used in the model

The model presented above needs data concerning the unit values of external costs of trans-
port expressed as average values for EU countries. These data areextracted from the RICAR-
DO-AEA study [7] on specific vehicle types and on urban, suburban and rural environments
and refer to year 2010. The unit values of external costs of transport are estimated in €ct/v.
km for the following types of vehicles:

* Diesel and petrol cars in European emission standards Euro O to Euro 6,

* Buses in European emission standards from Euro O to Euro 6,

e Trucks in European emission standards from Euro O to Euro 6.

The unit values of external transport costs are adjusted for Republic of North Macedonia
using the purchasing power indicator published by Eurostat. According to this indicator (Pur-
chasing Power Standards) Republic of North Macedonia in 2010 was 34 % of the EU-28 av-
erage.

To estimate the unit values of external transport costs in a given year different of 2010 they
should be weighted also by the average growth rate of GDP from year 2010 to the year of anal-
ysis. The assessments in this paper are made for 2015. The average GDP growth in the period
2010-2015 in Republic of North Macedonia is 2.54 %, according to the official data published
by State Statistical Office (SS0).

The estimation of quantities of harmful emissions can be made using SSO data for the type of
vehicle registered in the country. In addition to these data, it is also necessary to have data
on average annual kilometres travelled by type of vehicle and the area of impact separated
of urban, suburban or rural places. Some of these data have been estimated from their own
studies, and some have been obtained by processing data from SSO.

Data of average annual kilometres travelled by cars on urban, suburban and rural roads and
highways do not exist. Since such data are not available, we made assumption that cars
travel an average 10000 km/year, of which 70 % are on urban roads and 30 % on suburban,
rural roads and highways.

The SSO [9] Publication Transport and Other Services shows that in 2015 on average one bus
travelled 79000 km. It is assumed that 70 % of them are made in urban areas, 20 % in sub-
urban areas, and 10 % in highways and rural areas.

The same SSO publication states that trucks in total in 2015 had 860 million kilometres. As-
suming that in the same year there were 33237 registered trucks and on average in 2015 one
truck travels 25875 km. It is assumed that 30 % of trucks travel distances in urban areas, 20
% in suburban areas, and 50 % in rural areas and highways.
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The number of registered vehicles in 2015 in the country is 451724 vehicles. The vehicle flat
is very old and the average age of cars is 18.7 years, for buses 18.1years and for trucks 15.5
years. In 2015 half of the passenger cars and buses have European emission standards with
high emissions of harmful substances Euro 0, Euro 1and Euro 2 (figure 1).

Concerning fuel consumption of motor vehicles, according to SSO data,the 53 % of passen-
ger cars use petrol and 47 % of cars use diesel (table 1).

Passenger cars LDV
4% 1% 10% 0% 2%
= Euro 0 m Euro 0
mEurol mEurol
= Euro 2 9% wEuro2
Euro3 Euro3
mEurnd 2% mEurod
mEuro5 = Euro5
mEuro 6 = Euro b
15%
18%
HDV
Buses
% 3% 1%
10% 6% 8% 3%

uEuro 0 L 10% ®=Eurn0

mEurol mEurol

= Euro 2 mEuro 2

Euro3 Euro3

mEuro & ®Eurn &

uEuro 5 uEurn 5

mEuro 6 mEunn 6

2%
3%

Figure1 Share of types of vehicles in Euro o to Euro 6 emission standards in 2015 in Republic of North
Macedonia

Table1 Number of registred motor vehicles in road transport per type of vehicle and Euro class of motor en-
gines in 2015 in Republic of North Macedonia

Euro Class Number of cars petrol ~ Number of cars diesel Number of trucks  Number of buses
Euro o 20150 18 127 997 422
Euro 1 34 256 30 817 1994 324
Euro 2 62 466 56 195 3 656 1005
Euro 3 36 271 32 629 7 312 746
Euro 4 38 286 34 442 14 957 454
Euro 5 8 060 7 251 3324 259
Euro 6 2 015 1813 997 32
TOTAL 201504 181274 33237 3242
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4.2 Estimations achieved by the model

According to the above assumptions and described model, the estimations of the external
transport costs of road transport from air pollution are as follows (table 2):

Table 2 Estimated external costs of road transport from air pollution in Republic of North Macedonia in 2015
in millions of euros

Cars Buses Trucks
Euro
Class Petrol  Diesel Urban Suburban I?ural * Urban Suburban I%ural *
highway highway
Euro o 2.70 5.39 3.16 0.54 0.17 1.07 0.45 0.72
Euro 1 1.17 3.45 1.57 0.28 0.09 1.54 0.62 0.99
Euro 2 1.34 5.82 3.95 0.82 0.28 2.23 1.06 1.80
Euro 3 0.45 2.66 2.57 0.51 0.16 3.66 1.71 2.83
Euro 4 0.48 1.94 0.88 0.20 0.07 4.23 2.25 3.95
Euro 5 0.10 0.22 0.44 0.10 0.02 0.65 0.30 0.38
Euro 6 0.02 0.04 0.02 0.00 0.00 0.06 0.01 0.02
Total 6.3 19.5 12.6 2.4 0.8 13.4 6.4 10.7

The estimated external costs of road transport only from air pollution are 72.2 million EUR in
2015.

The external costs of road transport from noise pollution are assessed of 48.7 million EUR
in 2015.

The estimated external cost of road transport for climate change in the country is 59.1 million
EUR for 2015.

Other external cost of road transport as costs of traffic accidents and traffic congestion are
not assessed.

4.3 Comments of estimated results

External costs of road transport from air pollution in urban areas are predominant. Particu-
larly high are external transport costs produced by diesel cars that are in European emission
standards Euro 0, Euro 1, Euro 2 or manufactured until 2004. About 50 % of passenger cars
and buses have EU standards with high emissions of harmful substances.

About 64 % of external transport costs of road transport from noise pollution are appeared
in urban area from car traffic.

Estimations of external costs of transport in EU countries plus Norway and Switzerland in
2008, account about 4 % of these countries’ GDP. If we apply the same percentage to Repub-
lic of North Macedonia with a GDP of 9072 million EUR in 2015, then the total external costs
after this calculation is about EUR 363 million EUR.
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5 Conclusion

The official data for transport collected by SSO are not appropriated for estimation of external
costs of transport. The new methodology of data collection should be involved in the future
to produce solid data for estimation of external transport costs.

The external costs of road transport are predominant in urban areas comparing with rural
regions and highways. The very old vehicle fleet in the country and large presence of vehicles
in Euro 0, Euro 1 and Euro 2 classes contribute significantly to air pollution. The transport
policies have to provide state aid to citizens and transport operators for renewal of vehicles
and usage of more environmental friendly cars, buses and trucks.

The external costs of rail transport are not assessed in this paper, but the UIC estimation for
2008 [2] in the 27 EU countries notes that these cost are only 2 % of total external costs of
transport. Development of inter modality and favour of rail transport can also contribute to
decrease external costs of transport.
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Abstract

The rail industry in the United Kingdom is constantly investing in its infrastructure to make a
better experience for passengers by providing more frequent and faster journeys. Large parts
of this investment are the renewal of infrastructure that needs upgrading and introduction
of new rolling stock which requires strategic and operational planning, multi-disciplinary de-
sign input and approvals from Network Rail Route Asset Managers (RAM). With the evolving
standards set out by Network Rail it is becoming increasingly difficult to design track align-
ments without derogations to these standards. The aim of this paperis to gauge industry pro-
fessionals’ opinions on aspects surrounding track design such as their industry experience,
their experience on working with software tools, as well as to highlight areas of design diffi-
culty with regards to the Network Rail standards. Furthermore, this paper will explore a case
study where the existing and proposed alignments have been analysed and an alternative
proposed alignment has been designed in an attempt to eradicate the derogations encoun-
tered in the original design. Qualitatively collected data showed that 63 % of sites designed
by the respondents contain derogations, mainly connected to the restrictions and limitations
in the design standards, as well as the changes to the scope during the project life cycle. Fol-
lowing on from this, the results of the case study highlighted the original accepted proposed
design contained six derogations which, in the second proposed alignment, were reduced to
three more serious derogations which resulted in the design being rejected.

Keywords: permanent way, track design, derogation, design standards, railways
1 Introduction

The rail industry in the United Kingdom is constantly investing in its infrastructure to make a
better experience for passengers by providing more frequent and faster journeys. Large parts
of this investment are the renewal of infrastructure that needs upgrading and introduction
of new rolling stock which requires strategic and operational planning, multi-disciplinary
design input, and approvals from Network Rail (NR) Route Asset Managers (RAM). With the
evolving standards set out by NR [1-4], it is becoming increasingly difficult to design track
alignments without derogations to these standards and without the use of appropriate de-
sign methods. The aim of this paper is to gauge industry professionals’ opinions on aspects
surrounding track design such as theirindustry experience, their experience on working with
software tools, as well as to highlight areas of design difficulty with regards to the NR stand-
ards. Furthermore, this paper will explore a case study where the existing and proposed
alignments have been analysed and an alternative proposed alignment has been designed
in an attempt to eradicate the derogations encountered in the original design.
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2 Materials and methods
2.1 Expert opinion survey

The quantitative element of this study was addressed by a questionnaire sent out to industry
professionals of varied experience levels, with an aim of collating data in a simplistic num-
ber format by the use of factual questions and opinion questions where a Likert scale will
be applied to the question. In the qualitative element of the survey, the respondents were
encouraged to give their view on certain design elements via open-ended questions, as an
attempt to determine additional blockers that designers regularly come up against.

2.2 Case study

The quantitative method used in this study was case study research method to fulfil the
aim and objectives. The case study addressed a descriptive question, allowed the study of
the phenomenon in real-world context, and provided an evaluation [5]. The case study was
a detailed design of Elderslie Station in Liverpool with two new proposed alignments: the
first was a fully compliant design to [3], while the second was a design that meets most
standards with exceptional circumstances which have arisen from designs done in the past,
and also looked to highlight issues that current standards have on the re-design of existing
infrastructure.

3 Results and analysis
3.1 Expert opinion survey

Thirteen track design experts were surveyed and provided response to the questions set in
the expert opinion survey. Figure 1 shows that 23 % of he respondents have over 20 years’
experience in the design industry which is an indication that they may have been involved
with all techniques that have been available to the present date. 30 % of the respondents sit
inthe 16 — 20 years’ experience range, which gives an indication that they should have been
exposed to the majority of available design techniques.

Years Service Track Design Experience

3
3

2 I I I
2
1 l l

0 I 0

1to5 61010 11to 15 16t0 20 20plus 1to5 61010 11to15 161020 20plus

-

Figure1 Experience of the respondents

Only 7 % of respondents sit in the 11 — 15 years’ experience, exposing a potential skills gap in
the industry. The remaining 46 % of respondents are in the 1-5 and 6 — 10 years’ experience
range and these respondents will most likely never have been involved in Hallade design
[6-8]. Figure 1 also shows that knowledge gap and experience gap may be relatively high,
despite the recent efforts in recognising this and increasing the number of jobs available in
this area.
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Based on the responses to the survey questions, it can be seen that there are mixed views
on the traditional (e.g. Hallade) design methods. These methods, in the opinion of the in-
dustry, lack accuracy especially over long distances and through complex sites but is still
an industry proven method of design. On the other hand, the overwhelming majority of the
respondents use design software [6,7] for which they think there is room for improvement
especially because there is a perceived over-reliance on the software with a lack of “First
Principles” appreciation, further highlighting the knowledge gap that is developing within
the rail design industry.

Sites with derogations

Zero Derogations

3
2
2
1
0 0
3 4 -] 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

1 2

W Zero Derogations

Figure 2 a) How easy is to implement NR design with zero derogations (1- very difficult; 10-very easy). b) Sites
with x10 % of derogations.

Similarly, 70 % of respondents indicated that they have some experience in traditional gaug-
ing methods, and 92 % in the use of modern gauging techniques which include the use of
ClearRoute 2 and the lasersweep [6]. These figures show that there is a relatively good appre-
ciation of the importance of gauging and route clearance role in the track design.

Less experienced designers find it difficult to design to the current standards and mid-expe-
rienced designers find it slightly easier (Figure 2a). 77 % of respondents rated at 5 or higher
for difficulty to implement current standards with only 23 % rating it lower than 5. This could
indicate that standards have advanced so much that experienced designers who are so used
to designing a certain way are finding it difficult to implement these methods to current
standards. This could also indicate that perhaps there is an issue with the current standard
design software tool [6,7] that more experienced designers have problems adapting to. This
potentially explains the results shown in Figure 2b - out of 130 sites designed by all respond-
ents, 63 % contain derogations which is an alarmingly high. This statistic alone shows just
how difficult it is to fully comply with the current standards [1-4].
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Figure 3 a) Type of site designers find most difficult to design. PLNOLOW - Plain Line Re-alignment (Track
Lowers NOT Allowed), PL-Plain Line Renewal (Track Lowers Allowed), TR-Track Re-alignment through
Structures (Track Lowers NOT Allowed), S&C-S&C Renewal (Track Lowers Allowed), Other. b) Factors
contributing to derogation. OrigDes-Original Design that was completed to different standards; PPD-
Poor previous design, PMT-Poor maintenance of track; PQS-Poor Quality survey; Other.

When asked about the type of site/project most difficult to design and, hence, most like-

ly to contain derogations from the standards, 38 % of the respondents selected the ‘track

re-alignment through a structure’ where there are no track lowerings allowed (Figure 3a); 15

% selected ‘switch and crossover renewal (S&C)’; 8 % find difficulty in plain line re-align-

ments with no track lowerings allowed, while 31 % opted for the ‘other’ response and gave

the following answers:

* “2-second-rule is almost impossible to abide by”

* “Plainline renewal where lowers not permitted, and maximum lift specified”

* “Multi-staged complex S&C junctions with Platform/Structure interfaces”

¢ “Those in Wessex and Anglia route where older forms of S&C are being renewed with mod-
ern form with varying geometries.”

The majority of responses (including the ‘other’ responses) indicate that designers find most
challenges on sites where there are constraints on altering the vertical alignment. This spec-
ification is generally put in contracts, however, without taking the track out, digging a hole,
and then putting the track back it is impossible to lower the track. Every time there is any
maintenance carried out on a length of track, the track must be lifted out of its designed
position so sometimes trying to put a design on a track where the client wants it back in its
original position cannot be accomplished.
Figure 3b) shows that the most recognised factor contributing to derogations was poor main-
tenance of the track (30 % of the respondents), followed by original design and poor quality
survey with 22 % of the responses. The respondents could identify more than one answer
due to the many different factors that could affect any design, and these were as follows:
* “Generally it is the scope of the job and the tight nature of the track. Construction methods
also have a huge impact. If you slue a lot, you require more ballast excavation. If you lower
a lot, you will also require more ballast excavation. If there is not the capacity in the wagons
ordered for the job then it is not possible to implement the large slues or big lowers. This
means that you have to stick to the existing footprint which is difficult whilst making things
compliant. If the scope is a like for like renewal, generally moving S&C greater than 5m
from its existing position will require other parts of the infrastructure to be moved. If that
means a new OLE mast, or a signal move, they are expensive and generally the client (RAM)
does not have the budget to implement such changes. The most common derogation that
is applied to designs within S&C is network rails ‘two second rule’ (Clause 8.3.1of [3]).”
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* “Poor Specifications at inception and at GRIP4 stage”

* “Scope changes, financial constraints (no new OLE structures for example), staging be-
ing pre-determined, limited site access (during survey/design phase), limited access for
installation, not adhering to a systems engineering approach (integrated designs), unre-
alistic programme, unrealistic budget, interfaces with internal disciplines, interfaces with
external projects”

* “Especially when the Victorian railway was built around structures, bridges etc. which now
present great restrictions”

* “Note Merseyrail where existing track in poor condition and platforms are out of gauge”

Based on the responses, it would appear that poor track maintenance poses most of the
challenges for designers. However, it would be unfair to tie the cause of not being able to
implement current standards solely to that and, based on the other responses above, it is
apparent that many factors can impact how a track design is undertaken. It is very clear that
finance can play a large partin the process of failing to meet standards, and this is potential-
ly connected to the age and history of the tracks. The United Kingdom Rail Network is largely
Victorian in age, with significant amount of grand structures incorporated in it, many of which
are listed and protected. Even if the funds were available to build a new bridge or station,
sometimes there are still blockers that are outwith the control of the client, contractor or
designer.

3.2 Case study

To illustrate the issues identified through the expert opinion survey, an attempt was made
to compare two designs for Elderslie Station: one submitted to and accepted by the client
(porposed desing) and an alternative one produced in an attempt to minimise the number of
derogations (Tables 1 and 2). The Elderslie Station is located 3 km SW of Liverpool, oriented
N-S, and comprises a cutting between two tunnels (Figure 4).
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Figure 4 Schematic representation of the Elderslie station.

The design task from NR included adjustments to the proposed track alignment design to
achieve ‘standard’ platform X and Y dimensions (730mm — 745mm and 890mm — 915mm) in
accordance with GI/RT7016 (issue 5) & GC/RT7073 (issue 1). Additionally, clearance had to be
provided for the new Merseyrail vehicle as well as any aspirational vehicles as listed in the
NR Route Gauge Capacity Database. The existing gauging information showed that there are
several clearances less than normal values with the smallest being 66mm between the Class
507/508 and another Class 507/508 vehicles. The proposed design was accepted with der-
ogations on: virtual transition, lower SD Values (Table 1), short transition lengths, short ver-
tical curves, lower six-foot values, lower clearance values (Structure & Passing, Table 2). The
impact of these derogations will be relatively low, however the comfort and the riding expe-
rience of the passenger would be compromised with passengers potentially feeling like they
are on a rollercoaster due to the multiple changes of direction and short element lengths.
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Table1 Comparative parameters for the Proposed and the Alternative design.

Req’d

Const. Track Design SD Output Expected Post Track Quality
Track Cat. Toler.. Quality Installation SD
Band 2 Stand. Prop. Alt. Prop. Alt. Prop. Alt
Very .,
Up AL35 1.800 2.700 4.312 2.121 6.122 3.921 Poor Satis’y
Down WT35 2.600 4.300 1.561 1.533 4.161 4.133 Good Good

Table 2 Minimum clearance for the proposed (including interim) and alternative design

Deflated Inflated
Stage : P
Ch. Min. Clear. Vehicle Ch. Min. Clear. Vehicle
(m) (mm) (m) (mm)
Interim 4520 73 Cla;zgoz 4520 38 Wéa 3™ Gen
Proposed 4455 71 Cla;zgsoz 4455 40 Wéa 3 Gen
Class 507,
Alter. 4455 93 50; 7 4455 58 Wéa 3 Gen

In the alternative design that tried to address the number and effect of derogations, the
following derogations were unavoidable: lower SD Values, lower six-foot values, and larger
relative values (Figure 5). However, the cause of these derogations is not the design that has
been carried out on the Down line, but the fact that no design has been carried out on the
Up line or the six-foot, while the relative measurements are the measurements between the
tracks.

4 Discussion and conclusions

Due to the country-specific nature of the topic of this study, the research presented in this
paper identified a lack of published literature on the subject area which can be considered
one of the limitations of this study. The existing literature comprises and is limited to the
existing standards and in-house reports which sometimes contain commercially sensitive in-
formation. Considering the extent and the age of the UK railway network, it is clear that future
investmentin the industry and railway development will have to be tied to the dissemination
and measurable impact of the research associated with the investment.

The number of track design experts surveyed for this study was limited to the designers with-
in one large international, multi-disciplinary, consultant house which may be interpreted
as too narrow and not representative. The authors tried to address this potential limitation
with targeting a spectrum of professionals with various degree of experience who may have
worked in other companies, albeit in the same field, in the past. Future studies would be fo-
cussed on surveying experts from a number of companies of varying sizes as well as experts
who work (or worked) in a range of stakeholders: clients, contractors, engineers in order to
obtain more representative and holistic view form the industry.
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Figure 5 Alternative design for the case study with minimum number of derogations form the standards.

Another potential source of subjectivity in this study is the alternative design for the illustra-
tive case study. This design was carried out by the first author and represent their subjective
view on the topic. However, this design attempt showed that the required track design was
unable to be completed without derogation on two occasions (the originally proposed design
accepted by the client and the alternative design produced in attempt to eradicate the dero-
gations and asses the effect of these derogations). This supports the expert view of design in
cases when, unless a large-scale remodelling were to take place, the design will always have
derogations due to the original layout which was designed to different standards. In this
case, the removal of some derogations only resulted in further derogations.

This study only focused on one single case study of plain line re-alignment through struc-
tures with track lowering not allowed which, based on the responses from the questionnaire,
proved to be the type of site that designers find most difficult to design. For the future, it
would be worthwhile to investigate the other combinations of sites in a similar fashion, in-
volving experts with different levels of experience and using different design methods. The
responses provided to the questionnaire would suggest that there are more to derogations
in certain sites than just the style and original scope would suggest. Case studies on specific
sites where large changes of scope, which have caused designers to radically change designs
and introduce derogations, would be welcome addition to the existing body of knowledge.
The comments made by some of the respondents appear to suggest that the software that
is used as the industry standard would appear to be outdated and further analysis should
be undertaken to verify this. It is the understanding of the authors that this is the only soft-
ware that is available to the track design industry in the UK. The developments in the design
software, however will have to be guided towards integrated design tool functionality i.e. a
package that will allow all design work and requirements to be done under one tool.

The responses from the surveyed experts hinted at a potential skill gap developing in the in-
dustry, with larger percentage of experienced designers and relatively inexperienced design-
ers who appear to be over reliant on software for design. It would be beneficial to carry out
a study across the majority or all railway design houses to assess if this is common across
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the industry. Such study would also include an insight into the one aspect that was missed
in the present study: assessing the site experience of the designers. This experience can be
extremely helpful when designing and an investigation into this area could help understand
the link between designers who may be over reliant on the software and designers who un-
derstand the ground conditions and the nature and magnitude of loads coming from the new
proosed railway construction or upgrade.
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Abstract

Building Information Modelling (BIM) is a relatively new technology. The industry, especially
when it comes to infrastructure projects, is just beginning to realize the potential benefits of
it. Large capital projects are being done today using BIM technology and standards, while
in Bosnia and Herzegovina today, we do not have a project implemented by it. BIM is still
exhibiting varying states of maturity among its participants. The research was carried out
in B&H to realize perceptions of BIM in the infrastructures projects from the perspective of
different participants (investor, consultant, designer, supervising engineer, contractor, sup-
plier). The following aims are to demonstrate perception about BIM, the willingness to apply
it, and different varying states of maturity among its participants and the current degree of
application in practice.

Keywords: BIM technology, research, construction industries, B&H, results
1 Introduction

Building Information Modelling (BIM) technology provides an integrated and comprehen-
sive information repository and makes the sharing of visual, integrated, quality information
possible for the project implementation. BIM introduction in infrastructure generates some
changesin the process. The designers, contractors, companies, managers, universities, pub-
lic and private research centres and others are involved in that innovation. From the concep-
tual to the execution phase, every step of the life cycle phase of the infrastructure project
involved [1].

The Hong Kong Institute of Building Information Modelling defined BIM as “the process of
generating and managing building data during its life cycle [which typically] uses three-di-
mensional, real-time, dynamic building modelling software to increase productivity in build-
ing design and construction.” BIM is not just a “three-dimensional drawing tool but a new
tool to holistically manage information relating to construction projects from the preparatory
stage to construction and operational stages” [2].

In the context of Industry BIM is a powerful methodology, which has been implemented with
great success in the domain of Architecture, Engineering, and Construction. The construction
industry has been working intensively on the implementation of the BIM methodology in
several segments, BIM is a collaborative work concept, strongly based on technological ad-
vances in computation. BIM tools enable the development of building projects during their
lifecycle, including the design, construction, maintenance, management, and demolition
phases. However, it is as yet hardly ever used in the transport infrastructure sector (roads,
railways, bridges, tunnels, airports, and ports), [3].
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Although BIM is significantly present in the world, especially in the construction industry,
there is still resistance to the application of BIM methodology in an infrastructure project
in Bosnia and Herzegovina. The article presents the results of research on the possibility of
applying the BIM methodology in infrastructure projects in Bosnia and Herzegovina from the
perspective of all participants in the project (investors, designers, contractor supervision,
etc.).

2 Implementation of BIM - review

According to the Smart Market Report in 2013, 55 % of contractors in the US used BIM at a
very high and high level, in France 39 %, Germany 37 %, Australia 33 %, Canada 29 %, the
United Kingdom 28 %, Japan 27 %, Brazil 24 % and South Korea and New Zealand 23 % Re-
cent research, the results of which are presented in the NBS International BIM Report 2016
shows thatin 2016 in Denmark 81 % of construction companies applied BIM, in Canada 71 %,
the United Kingdom 50 %, Japan 49 % and the Czech Republic 30 %.[4]

In 2015, the use of BIM was highest in North America, where BIM has been used for 8.5 years,
and the rate of BIM use is 73 %. Behind North America are Oceania (application rate 7.7
years; application rate 65.5 %), the Middle East and Africa (application 5.9 years; application
rate 60 %), Europe (application 5.3 years; application rate 55.9 %), South America (3.4 years;
application-level 55.7 %) and Asia (application 4.9 years; application-level 46.4 %). Also,
construction is the phase in which the level of BIM application is highest in North America,
Asia and South America, and in Oceania, Europe and the Middle East and Africa it is the de-
sign phase. A study of the application of BIM in the Middle East (participating countries are
Saudi Arabia, the United Arab Emirates, Kuwait, Oman, Bahrain, Qatar, Yemen, Jordan, Leb-
anon, Iraq, Syria, Egypt, Sudan, Libya and Algeria) shows that 20 % of organizations in the
construction sector apply BIM with the most significant number of BIM projects in the United
Arab Emirates and the smallest in Lebanon and Jordan. Thus, although BIM is recognized as
a new way of digitized work in construction, its application is still very diverse in different
markets, in companies and projects. [5]

Benefits of using BIM are recognized in all countries. The most significant ratio (93 %) of en-
gineers who see some value in BIM use is in the USA. However, only 29 % of them see BIM’s
full potential. Although in other countries the percentage of BIM users who report some value
in it is smaller (76-89 %), number among them who see the significant potential is almost
identical (in the range 25-31%). The reason for these numbers may be in short experience in
overall BIM use and possible high initial investments in training and equipment. [4]

Among the list of 13 benefits from BIM use, most of the respondents selected these five as
crucial: fewer errors, greater cost predictability, a better understanding of the project, im-
proved schedule and optimized design. The biggest advantage of BIM is recognized during
the design stage (49 %) while the least respondents (0 % in Germany and the USA, and 12
% in France) said that BIM provides the most significant value in post-construction phase.
When it comes to the future of BIM, training and software and hardware development were
recognized as the key aspects. [4]

The analysis of the results in Croatia shows that in 2016 BIM was used by 23.33 % of busi-
ness entities, and in 2017 by 21.12 % compared to the results from 2015, when 0 to 25 % of
Croatian companies used BIM, the use of BIM and on the Croatian market for three years. A
comparison of the use of BIM in Croatia with the results of the latest survey on the use of BIM
in the United Kingdom, according to which 69 % of businesses use BIM, shows that the use
of BIM in the United Kingdom is 45 % higher than in Croatia. [5]

The results from 2016 and 2017 show that the importance of BIM has increased. Survey par-
ticipants plan to apply BIM, most of them within two years and are aware of the benefits
that BIM brings to business (the most significant advantage is that BIM improves the coor-
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dination of participants). The results show that project participants in the Croatian market
are generally not ready for the full implementation of BIM, with designers being the most
prepared and contractors the least ready. This is confirmed by a detailed analysis of the
application of BIM towards project participants, where designers stand out as participants
who use BIM the most (25 % of survey participants use BIM), and architecture as an activity
in which BIM is widespread (25.29 % apply BIM, of which 17.82 % work most of the time in a
BIM environment). [5]

Although awareness of the benefits of BIM has increased over the three years, it is still shal-
low, as evidenced by data that 65.94 % of participants did not use BIM, that 61.15 % believe
that BIM is only 3D software, that 23.81 % of them never plans to apply BIM and that they
are of the opinion that the application of BIM should be legally regulated even though pro-
ject participants in Croatia are not ready for its application. The misperception about the
meaning of BIM and working in a BIM environment is confirmed by the analysis of BIM’s
understanding of activities and project participants, where most of them still believe that
BIM is just a 3D tool. [5]

Last nine years NBS make a detail report about BIM use in the UK. In the survey for 2019 year,
988 professionals participated, and 98 % of them were aware of BIM and used it. BIM is still
the goal for many organizations, and 96 % of them have the plan to use BIM in the next five
years. Only 7 % of current users regret adopting it, while 63 % of them think they adopted
BIM successfully. Most of the active users (73 %) said that BIM results in operation mainte-
nance savings. Also, 69 % of respondents said that they need manufacturers to provide BIM
objects. Besides the advantages, the main barriers to using BIM are recognized. The most
significant barriers are lack of client demand and experience. Other significant barriers are
cost, no time to get up to speed, small project on which BIM cannot be applied (or there are
no big benefits of doing that), lack of standardized tools and protocols. At the same time,
respondents thought that the Government does not sufficiently support BIM use and that
private clients do not see the benefits of BIM approach. [6]

Dodge Data & Analytics conducted a survey in 2017 among 368 engineers and contractors in
France, Germany, the UK and the USA. [1] The most of active BIM users are involved with tun-
nels engineering (86 %) followed by the bridge (79 %) and road engineers (76 %). Over 75 %
of respondents use their own models, while the rest use already built models. This situation
is very similar in all four countries. It was expected to grow BIM use in all of these countries
by more than 60 % in the period 2015-2019. Based on this research, the USA has the most
experienced BIM users (over five years of work) with 46 % of them. At the same time, Ger-
many and France have less than 20 % of experienced BIM users. One of the critical element
of BIM growth is how frequently clients are requesting BIM approach. More than one-third of
investors are asking for BIM use in these countries. [4]

In 2013, “BIM France” (association of architects and engineers) later followed by the French
government, public customers and professional organizations decided to support the de-
velopment of BIM in France. In 2014, the Ministry of Housing and Construction declared that
the use of BIM will be mandatory in public markets from 2017. There is no regulation on
BIM in Sweden, but some initiatives are underway, especially among public project owners.
Sweden’s most significant transport project administration, the Swedish Transportation Ad-
ministration, published a BIM strategy in 2013 to include BIM for all new investment projects
from June 2015. [7]
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3 Method
3.1 Questionnaire and statistical methods

After reviewing the literature, consulting with participants in construction projects in B&H
and expressing the need to review the state of BIM in B&H, a questionnaire was prepared
and distributed via e-mail. The surveys covered a large number of questions, and this paper
shows the results of some of them. We sent a questionnaire (targeted) to participants in road
and railway infrastructure projects for this research. Investor, designer, consultant/ super-
vising engineer, contractor/ supplier participated in the research conducted through surveys
related to BIM in B&H construction.

The part of the questionnaire contained questions related to using of the offered technology
was evaluated according to the Likert scale of assessment (1- 1 did not use, 2 - | occasionally
used, 3 - I mostly used, 4 - | used most of the time). The part of the questionnaire contained
questions related to the BIM perception and theirimportance was evaluated according to the
Likert scale of assessment (1- strongly disagree to 5 - strongly agree). The application of BIM
contributes to the competitive advantage of the company.

Cronbach’s alpha coefficient is 0.942, which measures the level of reliability of the measur-
ing scale. A higher Cronbach’s alpha coefficient indicates higher reliability of the scale used
to measure the latent variable. The set measuring scale has an excellent level of reliability.
Statistical analysis is conducted on the results of the surveys. The significant BIM perception
are determined and validated using the relative importance index (RII).

W
RII——A.N m

3w is the sum of grades given to each factor, A is the max. given assessment for each factor
and N is the total number of respondents. The value of Rl is in the interval 0 + 1, ordinary
rating scale used in research, and many researchers advocate this way of ranking. The BIM
perception is more important if the higher RII.

3.2 Survey sample

The application of BIM to different activities and project participants was analysed. Construc-
tion project investors, civil, geotechnical, mechanical and electrical engineers and others
took partin the survey, out of 64 questionnaires filled-in by the respondents. The percentage
of respondents are 52.3 % micro, 15.7 % small, 14 % medium and 17.9 % large companies
by annual income. Figure 1 shows the percentage of respondents by group: investor — 34 %,
designer — 16 %, consultant/ supervising engineer — 17 %, contractor/ supplier — 33 %.

40% 34% 33% m [nvestor
30% m Designer
20% 16% 17%

Consultant/Supervising
10% engineer

m Contractor/ Supplier
0%
Figure 1 Participation of respondents by group
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4 Results and discussion

Table 1 shows how much investors, designers, consultants/ supervising engineers, contrac-
tors/ suppliers have used 2D, 3D and BIM technology so far. Most respondents produced 2D
digital drawings, 77.0 % designers 66.8 % contractors/ suppliers, 36.3 consultants/ super-
vising engineers and only 22.7 investors worked or used most of the time. Even 45 % of con-
sultants/ supervising engineers and contractors/ suppliers did not use or create a 3D digital
model. Over 20 % of designers and investors did not or occasionally used the 3D model. Over
70.3 % of the 64 respondents participating in that survey indicated that they did not use BIM
model (table 1).

Participants’ thoughts on the benefits of using BIM: the application of BIM enhances the
success of the project, BIM improves the coordination of participants in the preparation of
project documentation and the application of BIM contributes to the competitive advantage
of the company are shown in Table 2 and Figure 3.

Table1 The % of use of 2D, 3D and BIM technology with survey participants

2D 3D BIM
1 0.00 0.0 63.7
2 36.4 27.2 22.7
Investor
3 40.9 22.7 4.5
4 22.7 50.1 9.1
1 1.0 12.0 60.0
2 2.0 10.0 20.0
Designer
3 20.0 18.0 10.0
4 77.0 60.0 20.0
1 45.5 48.0 63.6
2 9.1 19.5 18.2
Consultant/ Supervising engineer
3 9.1 15.1 9.1
4 36.3 17.4 9.1
1 4.7 47.6 85.7
. 2 95 33.3 95
Contractor/ Supplier
3 19.0 14.3 4.7
4 66.8 4.8 0.0

The statements that BIM is currently too expensive to implement in our company by all re-
spondents, Consultants/ Supervising engineer and Contractors/ Suppliers is the last ranked.
Allrespondents think that BIM is not too expensive to implement in the company (RII=0.544).
That the BIM is intended only for large companies 1.6 % (RI1=0.422) (table 2, fig.2).

As many as 46.9 % of respondents use only BIM 3D software, and only 14.1 % of respondents
were not accurate. 37.5 % disagree with the statement that BIM is intended solely for large
companies. Over 85 % of respondents agree or strongly agree that investors will to insist on
the application of BIM (RII=0.784). The application of BIM contributes to the competitive
advantage of the company is recognise like the advantage of using BIM (table 2, fig.2).
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Table 2 RII- relative importance index, the BIM perception
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Figure 2 BIM perception by participants

5 Conclusion

BIM is now recognized as the current best practice methodology to have a go at building and
infrastructure projects [8]. This research dive an exciting overview of BIM technology utiliza-
tion in Bosnia and Herzegovina and challenges to widespread adoption of this technology
in infrastructure projects. We assessed the perceptions of participants (investor, designer,
consultant/ supervising engineer, contractor/ supplier) on the relative importance of BIM
perception in the infrastructure projects using RII.
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The implementation of any project full according to BIM technology is not present. The under-
standing of BIM as a 3D technology is very present, as this research shows. The legal norms
and framework in Bosnia and Herzegovina still do not acknowledge the Building Information
Modeling. The infrastructure projects participants if want can use BIM, but they do not must
do in this technology. The participant’s road infrastructure projects are the ones who have
so far realized the advantages of this technology in construction projects. The road and rail
infrastructure participants are on the first step towards understanding the BIM importance
and benefit, only when they understood that, it would be possible to start drafting regula-
tions and legal acts.
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Abstract

The paper describes the actual status of BIM implementation in public projects in the trans-
port sector within global powers and the Czech Republic, emphasising the specific aspects
of the construction market and legislation base in the Czech Republic. The research part of
the paper presents the proposed methodology of BIM implementation in road construction,
and demonstrates the different levels of detail and information using a BIM model. Last but
not least, a risk analysis is introduced and the risks identified are briefly introduced.

Keywords: building information modelling/management (BIM), pilot project, BIM implemen-
tation, BIM model

1 Introduction

The Czech Republic plans to implement BIM as integral part of the project preparation and
implementation of all public projects in civil engineering that are in terms of public procure-
ment law defined as “above-the-limit” investments. This covers all public construction works
(under Act no. 134/2016 Coll. on public procurement) amounting to an investment higher
than CZK 149,224,000 (5 855 476 €) starting from January 1, 2022. The obligation of BIM im-
plementation in public procurement works is stipulated by Resolution no. 682 of the Govern-
ment of the Czech Republic dated September 25, 2017 on the Concept of BIM implementation
in the Czech Republic — part lll of material file no. 918/17.

The Resolution thus has an impact on all larger construction or rehabilitation projects in the
road construction sector. The content of this paper focuses on the road construction issues,
particularly in relation to motorways, 1t class (trunk) roads and structures like bridges, tun-
nels, utility networks etc.
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2 BIM implementation around the world

The literature search of available sources [1, 4-8] suggests that BIM has been so far gradually
implemented in the construction industry all over the globe. The level of implementation is
illustrated by Figure 1 below.
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Figure1 BIM implementation status over the world [9].

However, the problem is the difference between BIM implementation on private enterprise
and public or state enterprise levels. This is also set out in [5]. Another incomparable aspect
is the different character of road construction projects and building projects where BIM has
been involved for a number of years. For example, [9] and Fig. 1 demonstrate that BIM has
been completely or partly implemented on government project levels in the USA and Great
Britain while other countries are in the implementation stage, or BIM is in preparatory stage
or the initial implementation is already in place. Finding out whether the BIM implementa-
tion concerns at least the 4-5D level (including time scheduling and cash-flow) and whether
heavy infrastructure/motorway projects and road construction projects in particular form a
part of the implementation, is rather difficult. The literature search has failed to detect the
precise methods applied in the individual countries around the globe where the implemen-
tation has already been completed, and the solutions applied to the specific road construc-
tion issues.

This means primarily the specific aspect associated with the linear character of the project
whose trajectory passes through environments which might change significantly along the
course (e.g. geological conditions, location of underground utility networks, geomorphology
etc.). The linear nature also requires a huge volume of data to be processed which require a
high level of detail. The search has failed to obtain any available methodologies applied by
foreign public contracting authorities, procedures used and ways of implementing BIM with
respect to risk analysis and overall economic assessment [1, 5].

INFRASTRUCTURE AND TRAFFIC: PLANNING, (RE)CONSTRUCTION AND MANAGEMENT
CETRA 2020* - 6! International Conference on Road and Rail Infrastructure



3 Implementation of BIM in the Czech Republic and the legal
framework

The Czech Republic presents a specific environment of local practices and existing, applica-
ble legislation. The biggest public contracting authority in the field of road construction is the
Road and Motorway Directorate of the Czech Republic (ReditelstvT silnic a dalnic, hereinaf-
ter “RSD” or “Directorate”). Even though the Directorate has regulations which allow public
procurement according to the FIDIC Yellow Book, it so far has tendered projects solely based
on the methodology according to the FIDIC Red Book due to internal RSD regulations and in
compliance with public procurement law. This means that both the Client and the Contractor
accept roughly equal risks addressed on the basis of risk and claim management prepara-
tions. Another feature is the status of the project administrator: in the case of the Directorate,
the project administrator is the public client itself. The competences of the administrator
include independent claim handling, too.

In practice, the client first assigns work to prepare the project designs and documents on the
individual levels, from the planning study to the tender specifications. All the levels may be
compiled by a single independent designers, as well as up to four different ones. The docu-
ments are compiled separately for the Study, Urban Planning Decision, Building Permit and
Tender Specification levels. Only then does the Client announce a tender for contractors to
compete for the public project as General Contractor or as a construction consortium.

The FIDIC Yellow Book (D&B — Design and Build) has so fartended to be avoided in the Czech
road construction market. The Yellow Book model is used in the developed countries like
France, the UK, the Netherlands, the U.S. and others. In the Central European region it has
been partly used in Poland or Austria and recently has also been applied to the tunnelling
and construction projects on motorways in Slovakia.

The Yellow Book is mostly based on the Red Book with the significant difference of having the
Project Specifications prepared by the construction contractor itself (the contractor has been
known right from the start) based on the Investor’s requirements, and the contractor is also
duly liable for the specifications. The price of the work is not measured or quantified; it is
determined by a fixed fee which poses equal risks for both contracting parties. With respect
to the lump-sum drawdown of funds, the claim management must be established in advance
as well as the conditions for invoicing, etc.

The process normally involves selecting a contractor to prepare the Project Specifications.
The great advantage is having one entity (internal or external) that prepares the project docu-
ments and designs for all or at least several design levels. The compilation of the documents
may involve some optimisation of work flow, materials etc. which might ultimately have a
positive effect on the final price of the project. Technical changes and optimisations in the
Red Book regime are a nightmare for all parties in the construction process with respect
to the administration workload associated with administrative process known as “changes
during construction”.

The “single contractor” concept and the possibility of changes/optimisation then encour-
ages the application of e.g. observation methods of earthworks but, primarily, BIM. This is
because a single model is made which carries all the information from the initial design
through to the last part of the Construction Design Specifications. The project is managed,
ideally from the very start, by a single principal designer who is aware of all the aspects of the
project and the environment. He knows the client’s requirements and the contractor’s limits.
This eliminates the tardy process associated with the quantification/measurements of the
contract where each new designer of a new design level, including the contractor itself, must
study the documents and get an understanding of the continuity and logic of all operations
first. This also means that number of aspects might be omitted.
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As ensues from the above, the use of BIM within the Design and Build model is the most ef-
fective application. Considering that the BIM model allows even facility management and of-
fers the option of facility management by private sector entities, we are almost reaching the
level of Public-Private Partnership projects (PPPs) wherein BIM might play an interesting role.
The biggest problem and, therefore, the biggest risk in BIM-designing for a public contracting
authority in any specification level lower than the implementation specifications is the fact
that, the designer is not allowed to use precise specification, company name or characteris-
tic of a component that would conspicuously encourage the use thereof (legal requirement
of the public procurement law).

As an example, itis impossible to specify anything other than the material, height and length
for a crash barrier according to the existing regulations. Under no circumstances may the
brand name, length of the crash barrier as declared according to the manufacturer’s specifi-
cations, or the shape of the crash barrier be indicated. The problem of BIM, or its clients, is
an enormous effort to achieve the highest precision, level of detail and reflection of reality
(digital twin). However, there is no potential for that in the public sector. A crash barrier, for
instance, will therefore be modelled as a rectangle — the envelope of the deformation and
construction space occupied by the crash barrier. The barrier may only be modelled in detail
in the Construction

Figure 2 The difference between traffic barrier for lower levels (LOD200) and implementation specifications
(LOD4o0)

Design Specifications stage and afterwards. The difference between the BIM model for the
general level and for the Construction Design Specifications is obvious from the Figure 3. Two
pilot projects were completed in 2018 within the framework of BIM implementation. The first
one was the reconstruction of junction of a trunk road (No. 1/32) and a regional road (No.
11/125) at Exit 42 from the motorway D11 (about 40 km to the east of the capital city Prague) —
conversion to roundabout (the author was a member of the design team). The second project
was a part of D1 motorway modernisation — section 04, Exit 34 Ostfedek — Exit 41 Sternov,
Overpass no. D1-040 and local road at km 37,170.

Figure 3 Sample from the Directorate’s pilot project — conversion to roundabout
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The pilot projects were expected to verify particularly the possibility of compilation of the
Construction Design Specifications and as-built drawings. The scope — overpass and junc-
tion — defined these two as points rather than linear structures. Another problem was hav-
ing the BIM model created based on 2D construction documents during the implementation
stage. The possibility of clash detections and coordination was checked.

Although the projects were characterised as points, interesting findings transpired. For ex-
ample, the bridge cones were more precise in BIM than in traditional documents, allowing an
incorrect bill of quantities to be optimised. Clash detection demonstrated hundreds of unreal
clashes within the framework of relocations of utilities networks crossing the sewer line ex-
cavations or side posts on the road edge. Contrastingly, some relevant clashes were difficult
to be identified, e.g. the large traffic signs in the field of view at the junction.

During 2020-21the Directorate envisages further pilot projects which should also include the
permit-granting process and document compilation for early design stages.

4 Implementation method

The CESTI Competence Center and the student research project no. SGS OHK1-083/18, “BIM
— implementation in the road construction practices in the Czech Republic” involved the
generation of a BIM model for road construction, see figures 2-3, used as the basis for the
examination of the required information detail level. The basic attributes (non-graphic infor-
mation, see Figure 4) were designed and the Methodology for BIM process utilisation in road
construction and road construction project management was proposed [10].

The BIM Implementation Methodology is proposed containing seven separate levels:
Preparation work; Target definition; Project preparation pilots; Construction execution pilot
projects; Asset/facility management; Education and awareness; Implementation.

The completion of the aforementioned levels brings the methodology to the next stage. The
sequence is designed to prevent leaving out any levels although the individual levels can
be initiated in overlapping time windows. It should be borne in mind that completion of the
seven levels in itself does not guarantee a smooth and easy start of the mandatory BIM sys-
tem, and that it will be necessary to continue improving the process, optimisation and review
even after the implementation.

5 Methodology and used processes

The methodology in question addresses the method of BIM implementation in the road
construction industry. It is divided into the aforementioned seven levels. Each level aims
to provide the completion or checking of a certain theme, contributing to the overall imple-
mentation. The individual levels always require a risk analysis, discussion of the results by
a broad expert public community and the requirement for the final report to be published. A
time schedule of the individual levels and the proposed attributes (non-graphical informa-
tion) for non-solid pavements, road crash barriers and vertical traffic signs are attached to
the methodology. For some objects the attributes are designed for noise barriers as well. The
attributes are designed for the design levels from building permit documents to Construction
Design Specifications and facility management model.

Level 1: Preparation work — This level is dedicated particularly to reviews of the work com-
pleted, and existence of supporting materials in the Czech Republic, reviews and provision
of available documents from abroad and, mainly, the degree of relevance of the document
content. An overall summary of the findings of the aforementioned sources also forms a part
of the level.
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Level 2: Target definition — The second level addresses the definition of the BIM project prepa-
ration targets, including its added value for the technical study, zoning decision documents,
building permit documents, Tender and Construction Design Specifications levels. It also
defines the objectives of the facility completion and management with an emphasis on the
project’s life cycle. The second level also entails the identification of necessary amendments
to the legislative documents (laws, Government decrees and decisions, technical standards
and other regulations). Last but not least, this level is dedicated to the issues of liability
for defect and total demands for funding the project preparation which will undoubtedly be
higher than the current market prices.

Level 3: Project preparation of pilot projects — This level handles the pilot projects for design
work on the various levels of project specification documents. It first designs an independ-
ent pilot project for a road relocation, bypass as a conclusion of a complex project involving
objects in classes 100-500 according to the national classification system for construction
elements and objects. It appeals primarily to the quality and price of obtaining good quality
source materials for BIM, especially the approximate course of utilities networks and struc-
ture diagnostics, or geological surveys. The level requires a time and economy-related ex-
amination involving a risk analysis. Projects where no difficult and lengthy property-related
issues are expected should be selected as pilots. Last but not least, the level also researches
the possibilities of construction project permit granting and positions of the state adminis-
tration bodies concerned or other parties to the proceeding within BIM.

Level 4: Construction execution of pilot projects — This level is dedicated to Construction
Design Specifications and the as-built documents where BIM has a great potential because
the document is subsequently used as an input for the BIM facility management model. The
level also handles BIM processes during project completion. The recommendation for this
level is to complete the projects from the preceding level which have been prepared in BIM
right from the start. Relevance and effectiveness shall be pointed out as well, e.g. whether
BIM should include (and if so, in what level of detail) also construction objects to be handed
over to other owners for whom the information is of no value (municipalities, private owners,
technical infrastructure managers etc.). Lastly, there is a requirement for a time and econo-
my-related assessment with a risk analysis.

Level 5: Asset/facility management — This level concerns facility management and structure/
building life cycle. A pilot project (which will necessarily take several years and extend over
to the post-implementation period) should check the essential problems — primarily the sup-
porting documents for the BIM maintenance model, the level of detail and identification of
the information needed by the facility manager as opposed to unnecessary ballast informa-
tion (i.e. relevant level-of —information).

The BIM facility management model must be clear and systematic, simple and sophisticated
at the same time. It must be tailored to any management or road maintenance and operation
centre. The greatest potential is the implementation of planning regular and winter main-
tenance, as well as heavy maintenance schedules, standard and extraordinary inspections
etc. The model must certainly avoid causing unnecessary delays and administrative load and
it must effectively improve the overall process. Finally, an analysis of economy and risk is
required in this stage as well.

Level 6: Education and awareness — This level is dedicated to the education and aware-
ness-raising of broad specialist public, state administration bodies concerned, public con-
tracting authorities, students as well as the public which might be interested in the reasons
why more financial means should probably go into project preparation. The crucial problem

INFRASTRUCTURE AND TRAFFIC: PLANNING, (RE)CONSTRUCTION AND MANAGEMENT
CETRA 2020* - 6! International Conference on Road and Rail Infrastructure



is the method of teaching young students not only at universities but at secondary schools
already. Their instruction should start as of now but there are far from enough experts with
practical experience in the BIM processes in road construction.

List of Hazards

Identification o N Proposed measures and
Number - - Hazard materialisation scenario L
Classification | Hazard objectives

 The public contracting authority will
requirean insanely high LOD Reduce LOD, only do the main items to be
disproportionate to the importance of the  |managed by the Client in the future (or

Lack of clarity in the brief and the consequent
D
! design level and construction item content |items with difficult coordination) in BIM.

23 Target definition (level 2)

(e si relocation of drainage).
Economy and time effectiveness of BIM for BIM is an uneconomical tool with too high
2 Target definition (level 2) design de ilation in different ime de ds. The cost and efficiency is Use common CAD tools. Partial sections of
levels (zoning permit, consturction permit,  |disproportionate to the importance of the  [BIM may be used (3D object creation).
izati work.

Figure 4 List of risks (example)

At the same time, there are not enough experts to provide education and training for state
administration staff or public contracting authorities and road management experts.

Each level requires an economic assessment and risk analysis. The risk analysis of the in-
dividual levels of BIM implementation forms a part of the main author’s dissertation thesis
currently in progress. The dissertation will present a catalogue of approximately 100 risks
detected through the examination of the existing applicable legislation, BIM models and
the proposed Methodology for BIM process utilisation in road construction and road con-
struction project management. The risks identified will then be assessed by a selected exact
method (e.g. Failure mode and effects analysis - FMEA or Universal Matrix of Risk Analysis
- UMRA) and an evaluation will be prepared. Based on the degree of risk and its total weight,
the most suitable measure will be recommended. The full risk analysis will be conducted
latest by the end of 2021.

The figure 4 gives an example of the list of risks with the expected scenario for risk develop-
ment and the proposed mitigation measures.

6 Conclusion

As a conclusion we may state that there is almost one year left till January 2022 and the ma-
jority of problems are likely of having been addressed and solved by then. Still, it is worth
thinking about the ways of handing the major problems as mentioned above. Within the
framework of the available information, there has been no similar project (handling a BIM
model of a construction project, risk analysis and methodology) in the working groups ad-
dressing the BIM implementation in the Czech Republic. The country proceeds on the level of
the Ministry of Industry and Trade with the State Fund of Traffic Infrastructure and the working
groups by gradually formulating regulations and partial sections of a complex methodology
(e.g. [2]) along with the pilot projects. This can be characterised as rather chaotic in compar-
ison to methodology of phasing in proposed by this paper. Unfortunately, the fact that the
progress of BIM implementation in road construction is partly a closed-door discussion issue
to the specialist public [1] and there is no involvement of broader academic community which
has been suggesting the completion of a due risk analysis with an economic evaluation fora
long time, seems another major problem.
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Abstract

Over the years, in construction industry, BIM (building information modelling) is one of the
most mentioned topics with the main question: “Do we need it?” The answer should be com-
monly known, like with every solution that modernizes the profession and society. BIM in lin-
ear construction projects (transportation facilities and structures, sewage/water supply) and
landscape design are still “one step behind” with already accepted “BIM implementation” in
AEC (Architecture, Engineering and Construction) industry and MEP (Mechanical, electrical,
and plumbing) industry. With more than 10 years of experience KAP4 company is one of the
leading brands in BIM — Croatia. Along with our knowledge, courage, and motivation, we
successfully realized multitude projects in Croatia and Europe, mostly in AEC industry but
also in linear construction projects. Through our biggest project in linear construction in-
dustry “ROUTE 6 PRISHTINE — HANI | ELEZIT” (Sections 2&3), on real life project we will show
advantages of BIM implementation in road structures design (bridges, overpasses, under-
passes, etc.), but also in survey data, road design and earthwork optimizations, along with
challenges in process (changes in design, no BIM environment, etc.) and later BIM impact
on our Client and associate designers on route. With dozens of BIM road/structure models
on route we will demonstrate output results with drawings/documents full of information,
improved graphic outputs, document and team design collaboration, process of design, as-
sociate designers’ collaboration and facilitating the client to follow the whole process and
documentation. Hopefully, and answer to first question, do we need it.

Keywords: BIM, road structures design, KAP4 d.o.o., model, documentation, collaboration
1 Introduction

Among knowledge, idea, experience, and other essential engineer skills, for quality and opti-
mal solutions, time and information’s are crucial. If we add control and managing, before time
and information’s, in “equation”, then we can fulfil most of our engineers’ potentials and deliv-
er quality product (buildings & structures as ultimate goals) in reasonable time with minimum
cost. And that is BIM, the tool (technology...) that give us power to control and manage informa-
tion’s trough whole process of design, construction, and management of building/structure.
From early days, society/professions seek progress through optimization of processes (time
& expenses following...) and innovations that enables them. BIM — “Building information
modelling” was introduced more than 50 years ago [1], and only last 10-20 years is accepted
by part of profession/industry [2]. AEC (Architecture, Engineering and Construction) industry
is leading part in BIM implementation and commonly known as “only” construction industry
where BIM is effective, which for sure cannot be true.
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Figure1 ROUTE 6 BIM models — KAP4

BIM or Building Information Modelling is a process for creating and managing information
on a construction project across the project lifecycle. One of the key outputs of this process
is the Building Information Model, the digital description of every aspect of the built asset.
This model draws on information assembled collaboratively and updated at key stages of a
project. Creating a digital Building Information Model enables those who interact with the
building to optimize their actions, resulting in a greater whole life value for the asset. [3]
Intention of this paperis to show benefits (or at least part of them) of BIM application through
all phases of the project. Management of processes and information from the early-stage
design, through the main and implementation design for the benefit (as the final goal) of
construction and building usage (or generally, project itself) but also for benefit to all partic-
ipants in construction.

2 BIMin design
2.1 Early-stage design

In the early-stage design phase, the available information and especially the possibilities of
its use (and speed of exploitation) come to the fore. With route input data, terrain topogra-
phy (3D scan or classical survey data), geomechanics, etc., the engineer can think globally
and locally to create the best and most optimal solution.

From the global level and consideration of road route correction, through variant solutions
of structures regarding location possibilities, access roads, on-site construction, or delivery,
to more detailed approach of important structure elements regarding earthworks, slope sta-
bility, etc. Each individual solution / variant can be analysed relatively quickly with defined
main quantities for construction and recognizing types, scope of works and their time-cost
analysis.
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Figure 2  Point cloud terrain topography — earthwork analysis

In the early-stage design phase, analysing bridges and other structures of section C3, sig-
nificant earthworks were noticed (visually and quantitatively) to perform foundations of
structures but also subsequent large areas of unstable cuts that needed to be permanently
protected. The problematic part of the section (approx. 3 km) was modelled as designed and
quantified. Parallel with that a completely new model was made with different approach. In
addition to the visually clear difference, the quantities could be compared and analysed and
then presented to the client for final confirmation and change of route.

Afterwards, given the possibilities of location, access, period when which structure should
be in function for access to other facilities, etc., each building is observed separately, and
variant solutions were made. Solutions were harmonized with the surrounding structures to
present to the contractor and client and adapted to required technology and capabilities for
faster, more economical, and simpler construction on site.

According to the selected building concept, the construction is further analysed to at least
identify all key problems and present them to all participants in the project, if itis not already
possible to solve them immediately before the next design phase.

New design_Section C3 (+306 770,00 _+310 175,00) SITUATION

Existing design New design

v/

> ASTY AP~ | ==
Figure 3 Route optimizations & structure variants (global & local level of optimizations)

2.2 Main and implementation design

In BIM design, the process of creating documentation and the design itself moves in reverse
order. The engineer has the ability (or rather, the opportunity) to build his building virtually
and to identify all the key problems he must solve. He proves his solution with calculations,
harmonizes all load bearing, non-load bearing and auxiliary elements (drainage installa-
tions, lighting, equipment, fences, etc.) and then approaches the preparation of documenta-
tion and drawings for construction. Of course, the drawings are not drawn but are automat-
ically extracted from the BIM model and equipped with needed and desired information by
the designer, contractor, and client. This gives the engineer extra time to think and create,
instead of wasting the same on 2D drawings, manually calculating quantities, etc.

INFRASTRUCTURE AND TRAFFIC: PLANNING, (RE)CONSTRUCTION AND MANAGEMENT 111
CETRA 2020* - 6" International Conference on Road and Rail Infrastructure



~ X

Figure 4 Bridge level of details (main design BIM model)

At this stage, each element (or segment, set of elements) contains all necessary information
for the designer and basic or advanced information (available to the designer) for the Con-
tractor (order of construction, quantities, maximum dimensions and weight for delivery and
installation, etc.) and the Client (time required for construction, costs ...). All this enables
preparation of 4D, 5D, n-D BIM analysis for the Contractor and the Client, as well as better
preparation, planning, and organization of the construction of the building.

All documentation (general drawings, 3D detailed reinforcement and formwork plans, survey
data, automatic quantity reports) is made with superior precision and almost flawless (espe-
cially without human errors like in no-BIM environment).

3D representations on the drawings give a new level of simplicity to representation of com-
plex solutions, explanations of construction from the technical aspect but also the order of
execution, level, etc. The level of information (necessary and additional) on the drawings and
documentation is at a very high level and there is almost no possibility of unknown, unfore-
seen problems and costs at a later stage of construction.

T
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Figure 5 Detailed general drawings with necessary and additional information
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Figure 6 Automatic detailed global coordinates (X,Y,Z) & 3d position representation

As in the previous phase, the collaboration and communication with the Contractor and the
Client is constant, clear, and transparent and they are familiar with all technical solutions,
construction and installation sequences and quantities, with quality visually representa-
tions. For communication, it is possible (and desirable) to launch BIM platforms for direct
communication on the BIM model at this stage.

3 BIMin construction and maintenance
3.1 Construction and collaboration

With well-done project preparations in the earlier stages, the Contractor is already thorough-
ly familiar with the project and has at his disposal all the necessary information for quality
organization and planning, which is certainly one of the main challenges at this stage. It is
not necessary for the contractor to use BIM technologies (like in this project) and BIM model
to improve it (supplement with new information), which is certainly recommended. In the
previous phases of the project, quality approach of the designer and active participation of
all necessary participants in the construction, it is possible to anticipate and solve all iden-
tified and potential problems/challenges, which provides an opportunity to actively monitor
the project to its final purpose.

Figure 7 Change in earthworks and pier heights after construction of an access road for heavy machinery
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However, what if previously known conditions change? Then, of course, there are chang-
es in the project and project documentation. The connection between the BIM model and
the created documentation is constantly active. On the example of making the approach of
heavy machinery to the location of the bridge, the descending ramps disrupted the planned
existing condition of the ground. By adapting the terrain model to the new survey data and
correcting the excavation (3D and then automatic 2D drawing and excavation quantities) in a
short time, the impact of the change on the designed solution was known.

Such changes and all other needs, requirements and adjustments are best done through
platforms for communication and collaboration of construction participants. With clear
visual connections to the elements and/or parts of the structure, all communication and
changes remain permanently and clearly visible to the necessary participants (via control
rights) and all drawings, technical sheets, etc., are directly linked to the model and available
with just a few clicks (current and archived versions of documents).

Changes (especially large-scale) are very rare and mostly must be caused by changes in pro-
ject settings, technology, etc. All participants are actively involved in the project through
earlier stages, structure is already virtually built, and more time is available for detailed cost/
time planning before construction, etc.

All this allows participants feel of control and stability over the project. Result is addition-
al energy, good relationships, and better cooperation between associates and ultimately,
time&cost benefit to the project itself.

|

Figure 8 Bridge on site vs virtual bridge (BIM model)

Most of the work for the designers in this phase is only actively monitoring construction site
and, if necessary, preparation of additional displays and explanations of technical solutions.
Designer can also record changes and enter additional information into the BIM model for
later stages of building use. Also, for the Contractor or the Client, he can prepare measure
proof of installed quantities and / or the required quantities of materials for ordering, in-
stallation, production, and delivery, with automatic (or custom made) reports from the BIM
model.
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Figure 9 Supplemental 3D detailed installation guides for contractor

3.2 As built and maintenance

As Built documentation is the standard for essential buildings. If the designer actively par-
ticipates in the construction (updating the BIM model during the construction and thus auto-
matically the drawings), the preparation of such documentation does not require very much
time and effort. In addition to the 2D drawings and BIM models, active scanning (3D scan
and point cloud) can record the exact position (georeferenced) of all hidden / closed ele-
ments (ground installations, piles, etc.) and can be submitted to the Client. Additionally, all
certificates and technical documentation and serial numbers of equipment (installation /
replacement dates, etc.) can be added to the BIM model as information (and/or document).
Such as-built model (with as-built 2D documentation) can be submitted to the Client (or end
user) who later can continue to use it for active maintenance of the building/structure.
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Figure 10 Technicald added to BIM model for further maintenance
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4 Conclusion

If you could have second chance to do same thing all over again, would you make same mis-
takes or you would avoid them? If you had necessary information which indicates problem,
would it occur on site or you would eliminate it in earlier stage? If you knew all information,
exact quantities, execution order, etc. and virtually examined whole structure that you are
building, would you plan and organize site in same way? Etc.

These are rhetorical questions, but they can present main BIM advantages in simple exam-
ples. Virtual construction, or design and build (and maintenance) with BIM gives you more
time (in all project phases) for better planning, optimisations of design and technical solu-
tions, but also a control of the entire project and processes. Financial, organizational, logis-
tical, construction issues (and other) can be recognized in early phases of design and elimi-
nated so that they never even appear as a problem, additional cost, downtime, etc. on site.
Shortly, BIM design gives designer, contractor and client, key information’s in right time to
control the whole project and related processes.

In profession, common mistake is belief that BIM has advantages only for designer, or at
least, mostly for designers. Yes, we spare much time making automatic drawings instead
2D drawing, using automatic quantities and reports instead of calculations, etc., but all that
is to invest that time on actual design and solutions to the benefit for all participants in the
construction and construction/project itself. Better planning and more efficient processes
prevent unexpected issues and therefore additional cost, time, etc.

Another benefit is that Client (and contractor) can be included in early-stage design with
clear & attractive visual representation, quantitative information, etc., so that they can ac-
tively participate and make decisions/suggestions. On previously shown project, client, con-
tractor (and other designers on route) completely changed their perception about 3D, BIM
design, collaboration, etc. but mostly about possibilities and advantages that come with
BIM. Biggest “win” was that all structures were designed almost flawless at all and that both,
contractor, and client, gained security, stability and (a sense of) control over all parts and
processes on the project.
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Abstract

Bridges and tunnels, crucial elements of the railway infrastructure, are exposed to various
types of deterioration processes. Their condition is a subject of monitoring, as it is important
to collect as much as possible information in every life cycle phase to reliably predict their
future performance. An enormous quantity of monitoring data is generated during the whole
life cycle of these assets. EU funded Shift2Rail research project Assets4Rail which is focusing
on measuring, monitoring, and data handling for railway assets, as data management is as
important as their generation. This paper presents the major outcomes of the Assets4Rail
project and its application to infrastructure projects.

Keywords: monitoring, data management, bridge, tunnel, Assets4Rail
1 Introduction

Building Information Modelling (BIM) is a model-based process of generating and managing
building data during the building life cycle. The concept of BIM was first introduced by East-
man et al. [1] and explained in detail more by Van Nederveen and Tolman [2]. Real implemen-
tation and popularity of BIM started at the end of the millennium with various commercially
available solutions, which first extended traditionally building design from two-dimensional
drawings to 3D modelling (ArchiCAD, AutoCAD, MicroStation). BIM augments spatial dimen-
sions with time as the fourth dimension and cost as the fifth [3]. Thus, nowadays BIM is
defined as a digital representation of physical and functional characteristics of a facility and
a shared knowledge resource for information about a facility forming a reliable basis for deci-
sions during its life-cycle (6D); defined as existing from earliest conception to demolition [4].
Compared to the area of the average building, infrastructure assets can span several kilome-
tersin one direction while only a few meters in another dimension. Therefore, 3D representa-
tion of engineering infrastructure seems less attractive and GIS asset data were transferred
to asset management systems for operation and maintenance for a long time [5]. 3D virtual
design, construction, and facility management of civil engineering infrastructures are imple-
mented into modern engineering practice to enhance collaboration of all involved stakehold-
ers, resolve conflicts and improve cost-effective performance of infrastructure. Furthermore,
a survey conducted by ASCE and associates reveals the recent accelerated application of
BIM for Infrastructure, i.e. Infrastructure Building Information Modelling (I-BIM). Engineering
firms adopt technology from vertical buildings for infrastructure projects most quickly, but to
an extent, they are waiting for demand from their clients [6]. Although spatial visualization
does not attract infrastructure owners so much as vertical building operators, it is evident [6]
that infrastructure owners often tend to make far more effective use of the information once
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data is collected. In general, they increasingly recognize the benefits of 3D modelling using
intelligent objects.

Globally, there are two major vendors; Autodesk and Bentley, and several minor vendors pro-
viding software solutions for infrastructure design supporting BIM workflows. Each provider
has its data format and object models that are not compatible. Industry Foundation Classes
(IFC) is a platform-neutral, open file format specification developed by BuildingSMART [7]. As
such, IFC is the most commonly used vendor-neutral format to allow BIM data exchange be-
tween different applications and disciplines in the AEC industry. However, in its current state,
IFC mostly supports building information with IFC for the infrastructure still being in develop-
ment stages [8]. Nevertheless, the bulk of object model data such as geometry, properties,
relations, etc. can still be transferred from I-BIM via existing IFC standards.

The objective of the EU (Shift2Rail) funded research project Assets4Rail is to contribute to
improving the inspection, maintenance, and upgrade methods for cost reduction and quality
improvement of railway bridges and tunnels. It aims to improve information gathering and
analysis for bridges and tunnels by developing a Building Information Modelling (BIM) plat-
form to optimize inspection, maintenance, and upgrade costs. The project, which started
in December 2018, will develop an integrated platform for handling data based on the BIM
concept. The BIM approach enables the data layer integration for bridges and tunnels (sen-
sors information, infrastructure geometry, traffic data, loads and fatigue detection, graphi-
cal information, etc.) within a single platform. This promising technology will facilitate and
optimize the decision-making process regarding maintenance issues and will improve the
monitoring of the infrastructure.

2 Assets4Rail project approach

Assets4Rail aims to develop a holistic monitoring data handling procedure based on integ-
rity inspection of railway assets (bridges and tunnels) and processing algorithms built into
the information model. It consists of four steps: (1) Monitoring; (2) Information modelling;
(3) Fatigue consumption assessment, and (4) Intervention measures. These four circularly
related steps offer the development of novel technologies, which will be consequently test-
ed and validated in relevant environments on selected test sections within the project. New
alternative automated and enhanced inspection methods will allow faster and more accurate
inspection of tunnels and bridges, including improved repeatability and reproducibility. The
second step aims to develop novel central information models for data collection and further
processing. The third step aims to provide a tool for realistic fatigue capacity assessment for
individual structural components and thus to allow for larger axle loads and higher speeds
of trains. The fourth step aims to provide a set of novel techniques (e.g., reduction of noise
and vibration intensity on structures, cleaning of long tunnel drainage pipes, etc.) which
permit an increase in rail traffic, less traffic disturbance due to intervention activities, reduce
future problems and prolong infrastructure service life. When the last step is performed, the
whole procedure is repeated, starting with monitoring to evaluate how the measures affect
the asset performance.

2.1 Infrastructure monitoring

Various monitoring technologies represent the source of data for the assessment of the infra-
structure’s condition. They can be listed into following groups: (1) manual inspection - visual
or using some apparatus, (2) traditional sensors - strain gauges, geodetic instruments, in-
clinometers, etc., (3) safety and security (S&S) sensors, (4) remote sensing technologies,
(5) distributed fiber-optics sensing, (5) wireless sensor networks (WSN), (6) low power mi-
cro-electromechanical system sensors (MEMS), and (7) citizens as sensors.
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The first three monitoring approaches engage manual inspection or installation of S&S and
traditional monitoring sensors. They are still constantly evolving and producing new instru-
ments (models). The remaining five emerging sensor technologies have only recently gained
more and more attention. According to [9], sensor and communications research has been
going through dramatic innovative changes resulting also in numerous remote sensing tech-
nologies including photogrammetric image platforms (drones) and laser or radar sensing
systems (scanners, ground-penetrating radar, etc.). Sensing is rapidly becoming part of
everyday life not only for health and living but also for the environment and security. Effec-
tive use of existing and new smart monitoring systems with a better understanding of how
people use the infrastructure services would lead to the realization of resilient adaptable
infrastructure systems.

Of the above-listed emerging technologies, we highlight the optical fiber sensing technology
because the standard optical fiber becomes the sensor that can be installed to cover even
large infrastructure elements to assure continuous and distributed measurements of condi-
tions around the optical fiber (e.g., temperature, strain, acoustic noise, etc.). Its’ simple and
quick installation and low production cost compared with point measurement sensors, make
itideal for long-term monitoring once the fiber is permanently embedded in a structure.
Wireless sensor networks (WSN) transmit sensor data using radio frequencies. This allows
rapid deployment of monitoring instrumentation due to the elimination of some of the ca-
bling. Combined with micro-electromechanical system (MEMS) sensors it is possible to
significantly reduce the overall costs for large-scale monitoring purposes. WSN sensors are
typically small-sized and low-powered enabling on-the-fly on-board calculations to derive
acceleration, inclination, and displacement in real-time without human intervention. Thus,
sensor data is not only collected but can also be processed and interpreted using cus-
tom-made algorithms that can be embedded into these sensors. This way, users can access
final WSN outputs on any Internet-enabled device. MEMS are the product of the ever-increas-
ing miniaturization trend in the design and processing capabilities of emerging sensor sys-
tems. MEMS are small integrated devices or systems that combine electrical and mechanical
components varied in size from micrometers to millimeters (or even smaller for the next gen-
eration nanoelectromechanical systems), which can merge the function of computation and
communication with sensing and actuation. These miniature systems can perform measure-
ments ranging from acceleration, strain, inclination, temperature, and pressure. In combina-
tion with other sensors, MEMS are integrated into novel instrumentation systems able also
to monitor surface defects, e.g., cracks [10].

Structural health monitoring (SHM) has greatly benefited from rapid sensor advances in re-
cent years. But, no matter novel monitoring approaches the question of data management
and handling with a huge amount of data remains. Data processing technologies, as well as
advances stemming from sophisticated computeraided construction management tools, can
help on that significantly. Successful implementation of any SHM system depends on em-
ploying the appropriate technical instrumentation and equipment. First, the monitoring data
acquisition approach (i.e. choosing the appropriate sensor technology and configuration) is
selected to meet the established monitoring requirements. Furthermore, data acquisition
and data analysis tools and methods for structure state evaluation are also chosen. Finally, a
detailed installation and monitoring operation plan is prepared. Next, monitoring database
requirements are defined (if needed) and procedures for data handling and communication
should be described in detail to optimize the monitoring system’s long-term function avoid-
ing possible data redundancy occurrences. The physical architecture of the SHM system can
be very different, depending on various factors, e.g. investigative structure’s size, data ac-
quisition rate, level of automation, etc. In Fig.1an example of the monitoring system architec-
ture is shown into which BIM is integrated as the final data repository unit.
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This kind of approach was used for Assets4Rail project. The monitoring results are typical-
ly imported on demand via the BIM software’s sensor data integration module. Hence, the
oversaturation of the BIM model with the monitoring results can be prevented, especially
when dealing with SHM of higher data acquisition rates. Thus, BIM environment becomes
an optimal environment for visualization of monitoring data and results of analysis based on
those data. BIM capabilities enable the convenient presentation of various parameters relat-
ed to the structure being monitored and they enable an effective decision-making process.

2.2 Bridge and tunnel information modelling system

BIM methodology has seen arise in adoption across different types of construction projects,
and throughout the entire project lifecycle, both isolated and in an integrated manner. BIM
software platforms offer a wide variety of use cases, analyses, and scenarios supported by
the BIM model, from design development and review, through tendering and construction
planning, to construction management. Operations and facility maintenance planning and
tracking is the newest addition to BIM, and it is still being developed and improved. Conse-
quently, sensor information within the BIM model has been scarce, especially with a focus
on real-time data, and appropriate case-studies with infrastructure projects have been even
more scarce. Currently, the state of the art provides a limited subset of the above-mentioned
functionalities, as discussed in some recent articles regarding the combination of BIM and
sensor data [11]. However, no solution offers an industry-scale, integrated BIM environment
with information from the entire project lifecycle (the “single source of truth” approach, with
design, construction, cost, asset, operations, and maintenance data) together with real-time
sensory data and analyses. Current solutions offer either only 3D geometry and sensor data
without asset information and other BIM integrated data, or offer no sensory information in
the asset model.

It is a BIMs task to help in collecting, analyzing, and aggregating the huge amounts of data
necessary to connect the design of assets to the context of the surrounding environment and
its future performance. Employment of parametric engines to make the connections between
design and reality is possible [12]. The design model needs to be connected to reality (via
monitoring), so that huge amounts of data can be accessed, analyzed, and adapted over
time. A possibility of artificial neural network (ANN) employment for decision-making is rec-
ognized. Building a neural network forecaster for a particular problem is a non-trivial task.
ANN suffers from knowledge extraction and extrapolation uncertainty. Data contained within
BIM models about influencing variables should be available based on FEM/FDM of an asset
from its structural analysis. Sufficient predictions of infrastructure asset performance can
thus be achieved using the feedforward ANN and to consider adaptive-network-based fuzzy
inference systems (ANFIS) [13]. By using a hybrid learning procedure one can construct an
input-output mapping based on both human knowledge (in the form of fuzzy if-then rules)
and stipulated input-output data pairs.
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Multiple iterations of very complex analysis also need very powerful computational tools,
which can be recognized in today’s penetrating cloud-based computing approach. Using
virtually infinite power of cloud-based parallel processing it will be possible to simulate
analysis of multiple factors in a shared model environment [12] and thus reliable real-time
prediction performance of infrastructure assets, particularly bridges and tunnels, impacted
by various load cases soon.

The platform being developed within Assets4Rail will incorporate the integrated BIM ap-
proach, with real-time and historical sensory data and related analyses. This means that
the currently available integrated BIM — tunnel and bridge geometry, element properties,
quantities, linked documents, drawings, and other information such as cost, scheduling,
operations and maintenance plans and data which can be tracked and managed, will incor-
porate a new layer of information - sensory data. Specifically, it will include sensory readings,
both real-time and historical, enabling this data to be displayed side-by-side with all other
relevant asset and maintenance information, 3D model data and properties, already present
within the BIM environment.

Additionally to the reading and visualization of sensory data, analyses of that data will be
improved by new algorithms based on Bayesian networks, taking full advantage of the gath-
ered information with the help of sensors and making use of synergies derived from the use
of BIM approach. Analyzed monitoring results will be present as well, within the same BIM
platform, from simple color-coding, alarms, and warnings based on sensory data thresholds,
to other more sophisticated analyses. To enhance different visualizations of the information,
the goal will also be to work on optimizing the usability of the user interface system, as well
as in scenarios of high visual quality for dissemination and communication based on the BIM
models and data generated within the framework of the project. Although the IFC standard
is not yet at the wanted maturity level for infrastructure, open data exchange can still be
facilitated using available schemas and custom model view definitions (MVDs). By estab-
lishing well-defined mappings and utilizing already existing element class structures such as
IfcSensor and IfcSensorType, as well as time-stamped data types such as IfcTimeSeries, the
combined I-BIM and sensor data can be exported in an open, vendor-neutral format, further
enriching the open BIM ecosystem.

Processing
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Analyzing
@ ‘
Advanced Visualizations,
Monitoring, T

Analyses & Reports,
Open BIM Data Exchange

Figure 2 An overview of the Assets4Rail integrated BIM platform solution
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2.3 BIM integration example

The following example was developed as a part of “Information Modelling” (WP2) in Work
Stream 1of the Assets4Rail project for demonstrational purposes. The entire solution is built
on top of Bexel Manager BIM software platform using its Application Programming Interface
(API) to develop a sensor data integration add-in. This extension allows the user to connect
to an arbitrary data source (xml and csv files are used in the example) to import the pro-
cessed sensor readings into the BIM environment. The imported values can then be linked to
related assets (e.g. sensor elements or parts of the infrastructure model) by using a 1-1 map-
ping schema through a unique sensor identifier. On the BIM side, this identifier is defined as
an attribute (property) on the BIM element itself, while on the sensor data side it is defined
as a data column (Figure 3, left). This kind of mapping enables an automatic bi-directional
relationship between the BIM elements and the related sensor data which allows for rich
visualizations, advanced filtering, and more. For example, the add-in allows loading sensor
data into BIM only for the specified timestamp, but this will be expanded upon further in
development. The add-in has a dedicated User Interface (Ul) which displays loaded sensor
data as a bar chart based on selected BIM element or a specified time range. Once the data
is loaded into BIM environment, all the benefits of the BIM software can be utilized. In this
particular example, Bexel Manager’s dedicated 3D color-coded view allows the user to easily
distinguish between various sensor readings in 3D space and quickly locate a section of the
infrastructure which requires attention. Additional documentation can be attached to these
elements to provide more details on the issue (e.g. thermal scan images) using the concept
of BIM element document linking. All of the integrated data can be exported into an open
BIM format using Bexel Manager’s IFC and BCF exchange capabilities to allow information
flow between different BIM applications.

Figure 3 An example of the Assets4Rail integrated BIM platform solution on a railway bridge (left) and tunnel
(right)

3 Conclusions

Traditional monitoring includes periodically prepared reports including all necessary infor-
mation to assist in the planning of the future infrastructure operation. Unfortunately, a large
number of data sets become uncontrollable as the number of sensors and frequency of data
logging increases. Therefore, despite (or even due to) the huge amount of information, re-
liable prediction of future performance of infrastructure assets becomes very difficult. Big
data needs to be putinto context. Thus, BIM should become a central hub for all information
about the infrastructure assets from its design and construction onward. At its heart is a com-
puter-generated model that contains all graphical and tabular information about the asset
since its design, construction, and operation.

This paper presents the background of the BIM approach in the field of infrastructure
management and the issue of proper handling through monitoring data. Decision-making
processes based on the data obtained from real-time monitoring are also included. Data
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generated during the whole life cycle of assets, in the presented case - railway bridges and
tunnels, are important information for the prediction of an asset’s future performance when
combined with the proper expert system. Monitored data management supported by various
API for data analysis can be provided by BIM. The use of IFC standards is highly important in
these processes.
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Abstract

The Hrvatski Leskovac - Karlovac section is located on the M202 Zagreb GK - Rijeka railway
line, which is part of the Mediterranean corridor of the EU core network. The section is cur-
rently a single-track line, and represents a bottleneck in terms of infrastructure capacity. The
project envisages the reconstruction of the existing and construction of the second track with
the reconstruction of the existing stations in order to meet the conditions of interoperability,
the transformation of individual stations into stops, and the reconstruction of existing stops.
Some of the existing railway-road crossings will be delevelled by constructing crossroads in
two levels (underpasses and overpasses), some will be eliminated with the construction of
connection roads and some will be reconstructed. The project is currently in the contracting
phase of works and supervisions. In the period from 2017 until today, the Ministry of Environ-
mental Protection and Energy (MZOE) Decision was published on the Environmental Impact
Study, the Location Permit was obtained, and the Feasibility Study was completed and ap-
proved by the JASPERS Mission in the Republic of Croatia.

Keywords: Hrvatski Leskovac - Karlovac rail line, track reconstruction, track construction
1 Introduction

The Zagreb Gk - Karlovac section is part of the main corridor of importance for international
traffic M202 Zagreb GK - Karlovac - Rijeka, the starting point or destination of the former Vb
corridor Budapest - Rijeka, and now part of the Mediterranean TEN-T corridor, or RH2 corridor.
According to the Decision on the classification of railway lines, this international railway line
Botovo - Zagreb - Rijeka, on the territory of the Republic of Croatia has the designation RH2
and consists of lines:

* M201 state border (DG) - Botovo - Koprivnica - Dugo Selo

* M102 Zagreb Central Station - Dugo Selo

¢ M202 Zagreb Central Station - Karlovac - Rijeka

» M203 Rijeka - Sapjane DG (llirska Bistrica)

This railway line is important in connecting central Croatia, Gorski Kotar and the northern
Primorje, but also in connecting European regional integrations such as the Alps - Adriatic,
Mediterranean - Danube and the Central European Initiative.

The project in question deals with a part of the traffic route M202, on the section from Hrvat-
ski Leskovac to Karlovac (stations included) in the length of 44.02 km. This project envisages
the reconstruction and modernization of the existing railway in terms of the construction of
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a new track next to the existing one and the reconstruction of the existing railway track on
the section Hrvatski Leskovac - Karlovac. Also included is the reconstruction of the Hrvatski
Leskovac, Jastrebarsko and Karlovac stations, the conversion of the Horvati, Zdencina and
Draganic stations into stops, and the reconstruction of the existing Mavracici, Desinec, Do-
magovi¢ and Lazina stops.

Reconstruction and upgrading takes place in the narrower corridor of the existing railway,
following the position of the route of the existing railway.

After the implementation of the project, which also includes the reconstruction of some LCPs
and modernization of all other railway infrastructure subsystems (electricity and traffic man-
agement and signaling - safety), and in full compliance with applicable regulations govern-
ing rail transport, including interoperability, the line will allow passenger traffic at a design
speed of up to 160 km / h, and freight traffic up to 120 km / h.

2 Route geometry and track structures

On the existing line on this section, the maximum permissible train mass is D4 (22.5 t/o
and 8 t/m). The maximum current speed per area is: Hrvatski Leskovac - Zdencina 110 km/h
(conventional trains) or 130 km/h (trains with tilting technique), Zdencina - Jastrebarsko 140
km/h, Jastrebarsko - Dragani¢ 80 km/h with a limit in the curve behind Jastrebarsko at 75
km/h, Draganic - Karlovac 100 km/h. The railway is electrified with the AC 25kV / 50Hz sys-
tem.

The type of insurance is APB, while relay devices are installed in the stations. The traffic takes
place in a block distance.

The line is envisaged as conventional, for mixed passenger and freight traffic.

New line retains the existing geometry on most of the route. The distance between the rails
will remain 1.435 mm, the distance between the new track and the existing track on the open
track will be 4,75 m. Applied minimum radius of the horizontal curve is 700 m and the maxi-
mum 25.000 m, while stopping way is 1.500 m.

Forvertical geometry, the maximum longitudinal slope is 12 mm/m. Vertical curves have min-
imum radius of 10.000 m, and maximum of 40.000 m. Level of the railway after reconstruc-
tion basically follows the existing level, with deviations in some sections in the range from
+2,00 mto -0,41m, so it can be generally stated that the level of the railway after reconstruc-
tion and upgrade is slightly highrt than the existing condition. Distance between tracks at
stations and at AV junctions the rail is 4,75 m, and railway will be constructed for GC profile
and electrification is AC 25kV / 50Hz.

The superstructure of the track consists of: rails type UIC 60E1, prestressed reinforced con-
crete sleeper 260 cm long and elastic fastening accessories.

The minimum thickness of the gravel curtain is 30 cm below the concrete sleeper at the side
of the lower rail, and on bridges 40 cm below the lower rail.

The substructure of the railway consists of a bed 40 cm thick, geotextile for open drainage,
and geomembrane for closed drainage, embankment core, soil stabilization where neces-
sary and protective coverings of the slope with humus 30 cm thick.

As part of the reconstruction of the railway, there is also a drainage system, canals, drainage
ditches, noise protection walls, service roads.

According to the state of design solutions, the characteristic cross-sections of the designed
line have a total planum width of 13.35 m and the track spacing is 4.75 m. Depending on the
situation and available space, the circumferential ditch and service road are added on one
or both sides.

A 0.4 m thick protective layer and a geotextile layer are located between the ballast and the
embankment bed. The protective layer has a bed-like slope, of 3 % towards the ends of the
planum to ensure the removal of water from the body of the track. On the parts of the route
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where closed internal drainage is planned, the geotextile is replaced by a geomembrane and
elements for collecting rainwater and draining to treatment plants are added.

The upgrade of the second track will take place by step excavation of the existing embank-
ment and connection with the existing embankment in phases.

The first step envisages the cascading design of the existing embankment on the side where
the construction of the new track will be performed. After that, a new embankment and all
layers in the hull of the railway, including the upper structure of the new track, are built. After
the traffic is moved to the new track, part of the embankment and the upper structure of the
existing track will be renovated, in accordance with the design solutions and depending on
the condition of the existing embankment.

The implementation of the project is in principle planned without interruption of traffic, ie
at the same time as the traffic. Exceptions to this are situations of switching between the
northern and southern tracks and the construction of switch areas, when complete closures
of traffic for a certain period of time are possible.
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Figure1 Cross-section of a double-track rail line

3 Stations and stops

The project envisages the reconstruction of 3 stations, the conversion of 3 stations into stops
and the reconstruction of existing stops. The project envisages that existing stations Hrvatski
Leskovac, Jastrebarsko and Karlovac will be reconstructed. Stations Horvati, Zdencina and
Draganic will be converted to stops, and existing stops Mavracici, Desinec, Domagovi¢ and
Lazina will be reconstructed and upgraded. Stations that allow the retention of interopera-
ble freight trains will be able to accept trains up to 750 m in length. Stations that allow the
retention of interoperable passenger trains will have a platform length of 400 m, and other
stations and stops with a platform length of 160 m.

INFRASTRUCTURE AND TRAFFIC: PLANNING, (RE)CONSTRUCTION AND MANAGEMENT 127
CETRA 2020* - 6" International Conference on Road and Rail Infrastructure



128

3.1 Hrvatski Leskovac station

As part of this project, the reconstruction of the Hrvatski Leskovac station is planned in order
to meet the conditions of interoperability. In relation to the current situation, the reconstruc-
tion of the entire station is envisaged, except for the part where the track for the necessary
local industries is located. It is planned to build platforms for receiving passengers and un-
derpasses. In order to achieve a useful track length of 750 m, the station will be extended
in the direction of Zagreb, since in the direction of Karlovac it is not possible to perform an
extension due to construction.

The existing building with a toilet is being reconstructed on the same site. A new station
building is planned on the west side of the existing building. The new building will house
the new ESSU, TK equipment, uninterruptible power supply and a new traffic office (since the
station will be occupied after the reconstruction). The building will be single-storey.

The installation of a new traffic - management and signal - safety infrastructure subsystem,
as well as the electricity infrastructure subsystem in accordance with the new track plan of
the station is planned.

3.2 Jastrebarsko station

Reconstruction of Jastrebarsko station is also planned in order to meet the conditions of
interoperability.

After the reconstruction, the number of tracks in the station will not change compared to the
existing condition. In relation to the current plan, the reconstruction of the entire station is
planned, except for the part where there are industrial tracks for the necessary local indus-
tries (Betongrad, Drvoproizvod), the construction of platforms for receiving passengers and
underpasses is planned.

By upgrading the second track of the open track on the north side of the existing one, it is
necessary to build a new 1st track, and the existing tracks 4 and 5 will be completely disman-
tled. The existing curve on the exit side towards Karlovac is maintained and the construction
of a new deviation for 160 km/h is not planned. In order to achieve a useful track length of
750 m, the station will be extended in the direction of Zagreb

The existing station building is being reconstructed in order to accommodate the devices
and arrange the waiting rooms and conversion of individual rooms. The part of the station
building in which the rooms with the SS device and the traffic office are located will remain
in function until the works on the new ESSU are completed, ie as long as the APB is in func-
tion. After putting the new device into operation, the premises can be rearranged for other
purposes. The part of the building where the toilet is now located is being demolished to
build a parking lot.

For the needs of passenger transport, the construction of two side platforms with a length of
160 m is planned. They are planned along the first and fourth track, respectively, and their
connection is provided by an underpass with a staircase and elevators.

The installation of a new traffic - management and signaling - safety subsystem and electric
power infrastructure subsystem is planned in the station in accordance with the new track
picture of the station.

3.3 Karlovac station
The project plans a complete reconstruction of Karlovac station in order to meet the require-

ments of interoperability, except for the part related to the bridge over the river Kupa on the
exit side towards Mrzlo Polje and the track for garaging DMV.
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After the reconstruction, the function of the station will not change in relation to the existing
one and the station will be functionally divided into two parts, the first part of the station
(tracks 1-4) will be used for traffic on the Zagreb GK - Rijeka line, and tracks 5. - 7. for the
railway Karlovac - Kamanje — State border. In relation to the existing situation, the number of
tracks is reduced from 12 receiving-dispatching or shunting to 7 receiving-dispatching tracks.
The existing track 9 will be completely dismantled, and the tracks 10 and 11 will be partially,
ie the tracks 11 and 12 will become tracks 8 and 9, and will serve as connecting / pull-out
tracks for the garage part of the station.

Due to the extension of the track in the direction of Zagreb, and the construction of a new
connection for the railway Karlovac - Kamanje — State border, dismantling of three tracks 12,
13and 19 is planned. Due to the construction of the side platform next to the station building,
track 15 is also dismantled. Under the current conditions, maintenance TMDs are installed on
said track, and it will be placed on track 9 after reconstruction with respect to a sufficiently
useful length.

The installation of a new traffic - management and signal - safety infrastructure subsystem
and the electricity infrastructure subsystem is planned in the station in accordance with the
new track picture of the station.

The construction of an island platform 400 m long is planned between 4 and 5 tracks, which
will result in the dismantling of the existing 5 tracks. In addition to the island platform, be-
tween the station building, 1. and 1a. the construction of a side platform with a length of 400
m is planned. The connection of the platform is planned by an underpass with elevators. An
underpass is provided under the entire station to allow the unimpeded arrival of passengers
and to the right side of the station. The entrance to the underpass is planned next to the ex-
isting station building. Along with the planned exit from the underpass on the west side, the
construction of a new parking lot is planned.

Since the station building and the canopy next to it are registered as a protected cultural
asset, the solution of the new side platform has been adapted to this and the supporting
pillars of the canopy. In the station area, only the removal of the building is planned for the
construction of a new connection to the L104 line, a dilapidated building next to the Kupa
bridge and several smaller dilapidated buildings for the construction of a noise protection
wall. In the existing station building, interventions are planned in certain rooms for the in-
stallation of new SS devices and equipment, and a common entrance area, corridors and a
toilet on the ground floor are being renovated.

The construction of a new pedestrian and bicycle underpass at Karlovac station is also
planned, which will connect the newly planned parking lot and the existing underpass under
DC1 (V. Holjevac Street).
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Figure 2 New track plan (red) with pedestrian and bicycle underpasses and arrangement of Karlovac station

3.4 Stops

The existing stations Horvati, Zdencina and Dragani¢ are being converted into stops. Existing
tracks are removed completely, as well as all switches, devices and equipment.

The existing station building in Horvati is being removed, and in Zdencina and Draganic (cul-
tural property) they remain and are being renovated. Parking lots with accesses from the
local road network are being built next to all stops.

At all stops, two side platforms 160 m long, 0.55 m high above the upper edge of the rails
will be built, connected by an underpass with a staircase and elevators and equipped with
canopies 100 m long.

4 Railway facilities
4.1 Railway crossings with roads

Depending on the importance and rank of the road, and the traffic load on it, the intersec-
tions of the road network with the railway are solved by denivelations or arrangement in level
with the complete equipment of the LCP. Some pedestrian or crossings on uncategorized
roads are abolished and reduced to adjacent locations.

The underpasses of Bedekova Street in Hrvatsko Leskovac, the underpass in Lazina and the
Ribnjak underpass in Draganic¢ are planned. Overpasses in Pavucnjak, Zdencina, Cvetkovié
and Domagovic have been solved.

LCP Demerje, Stupnik, Desinec, Dragani¢ and Zagrebacka (in Karlovac) remain level cross-
ings, equipped with appropriate signalization in accordance with regulations.

LCP Orlovac is being abolished and the construction of a new road through the industrial
zone in Karlovac is planned.

Underpasses are monolithic frame structures that translate the road below the track.
Overpasses are constructions combined from concrete and steel elements. The end spans are
made of concrete T-beams with a monolithic slab, and the span across the track is a composite
structure of steel girders coupled with a monolithic slab. The overpasses are 85-135 m long.
Pedestrian paths are run through individual underpasses and overpasses, and the corre-
sponding part of the road on both sides of the building is arranged.

INFRASTRUCTURE AND TRAFFIC: PLANNING, (RE)YCONSTRUCTION AND MANAGEMENT
CETRA 2020* - 6" International Conference on Road and Rail Infrastructure



4.2 Structures in therailway substructure

It is planned to demolish the existing structures in the substructure of the railway because
they do not meet the condition or geometry of the conditions for the construction of the
second track and the construction of new ones. Of the larger facilities in the route are the
bridge Ilovac 1 (15 m) and the viaducts llovac 2 (32 m) and Kupa-Kupa (100.5 m). At all three
locations, the existing facility is being renovated and a new one for the second track is being
added. In addition to these facilities, it is planned to install 50 smaller bridges or culverts
over the existing watercourses in the hull of the railway. These constructions are prefabricat-
ed frame elements (box elements) of openings 6.0 * 4.0 m, 3.5 *5.0 m, 2.5 * 3.0 m, 2.0 * 4.0
m which are in the profile of the watercourse. stack individually or two or three in a block,
depending on the required hydraulic parameters of the watercourse.

4.3 Installations, security systems, equipment

Itis planned to install ESSU in the stations Hrvatski Leskovac, Jastrebarsko and Karlovac and
an electronic automatic track block (APB) on the sections Hrvatski Leskovac - Jastrebarsko
and Jastrebarsko - Karlovac. The so-called “Multistation” solution will be used, in which one
signal-safety station device (at Karlovac station) controls and manages several stations and
their external elements.

The stations Hrvatski Leskovac and Jastrebarsko will have the possibility of local manage-
ment from the local traffic office and the possibility of remote management from the station
Karlovac.

Railway - road crossings are provided with a new electronic device for securing the LCP, which
must have a technical dependence with electronic signal - safety devices.

The telecommunications system along the Hrvatski Leskovac - Karlovac railway will be com-
pletely renovated, and the existing SDH will remain during the construction works.
Appropriate optical cables for the transmission of all types of data are installed along the
entire section. The section will be equipped with a telephone system, a radio system, ticket
vending machines and all passenger information devices.

Reconstruction of two EVPs, Zdencina and Mrzlo Polje, is planned for the supply of electricity
to the section and the supply of the catenary.

The construction of two new sectioning plants, PSN Hrvatski Leskovac and PSN Draganié, is
planned.

The catenary will be provided in accordance with the new solution and the new configuration
of the station. The equipment for overhead lines will be designed for a maximum permitted
train speed of 160 km/h.

5 Conclusion

The main projects have been prepared, the remaining building permits are being obtained,
the land has been purchased and a tender for the execution of works is in the process. At
the beginning of March 2019, the project was submitted to an independent EC quality control
office and a positive decision was made to finance the project, with a total estimated cost
of eligible costs of € 366 million. The grant contract was signed on 27.12.2019. the MZOE
Decision was published on the Environmental Impact Study, the Location Permit was ob-
tained, and the Feasibility Study was completed and approved by the JASPERS Mission in the
Republic of Croatia. The main projects have been prepared, the remaining building permits
are being obtained, the land has been purchased and a tender for the execution of works is
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in the process. At the beginning of March 2019, the project was submitted to an independent
EC quality control office and a positive decision was made to finance the project, with a total
estimated cost of eligible costs of € 366 million.
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Abstract

In the existing railway network of the Republic of Croatia there is no direct connection
between Rijeka and Trieste via Istria. It is theoretically possible to achieve this indirectly
through several railway lines crossing Slovenia. As a result, our largest peninsula of Istria has
remained completely isolated from the rest of the country from the point of view of rail trans-
port. Trieste-Rijeka section is not included in the Mediterranean corridor, that is, in the basic
TEN-T network. Some research [1], [2], [5] and facts show that there are numerous reasons for
the construction of a new modern railway line between Rijeka and Trieste, which could be of
greatimportance in the transport, technological and economic system of the Republic of Cro-
atia and the European Union. The new concept of railway connection between Rijeka and Tri-
este envisages the construction of a new high-efficiency two-lane railway across the territory
of Istria and partly across the territory of the Republic of Slovenia. In fact, the construction of
a new railway line is foreseen on the Rijeka - Jurdani - Divaca route, while the Divaca - Trieste
section is foreseen for reconstruction and modernization within the investment program of
the Mediterranean Corridor. According to above research, this connection can be achieved in
two ways: according to the first, the connection can be achieved by upgrading and modern-
izing existing lines on the route Jurdani - Pivka - Divaca, and the second, by constructing a
new line on the route Jurdani - Lupoglav - Divaca. This second method of connection has the
advantage in that it directly connects the Istrian railways into a complete system of Croatian
railways.

Keywords:
1 Introduction

In the existing railway network of the Republic of Croatia, there is no direct connection be-
tween Rijeka and Trieste via Istria. Theoretically, it is possible to achieve it indirectly through
several railways corridors that cross the territory of Slovenia. Thus, our largest peninsula,
Istria, from the point of view of railway traffic, remained completely isolated from the rest of
the country.

The Primorje-Gorski Kotar County, in partnership with a number of public bodies led by
the Friuli Venezia Giulia Region of Italy, was involved in the “ADB Multiplatform” project, a
cross-border project with the full name “Adriatic-Danube-Black Sea multimodal platform”.
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The intention of the project [3], was to develop and promote environmentally friendly, mul-
timodal transport solutions from ports in the program area of Southeast Europe (Black Sea,
Aegean, Adriatic) to inland countries and regions along the selected pilot transnational net-
work. This will be achieved through the development and establishment of a multimodal
transport development platform that integrates different regions and stakeholders from the
transport industry. As part of this project [3], a study was conducted and a study of frame-
work options for connecting the northern Adriatic port system by high-efficiency railway [2],
as a platform for undertaking appropriate activities at EU and Croatian level to include a new
line in the Mediterranean Corridor, and thus in the basic TEN-T network. EU, and in the ADB
multiplatform concept which outlines the efficient connection of the northern Adriatic ports
with the Danube and the Black Sea.

It should be noted that the proposed network concept fits in and does not undermine the im-
portance of the project of a new railway from Rijeka to Zagreb and further to Hungary. In this
research in the context od studies [3], special emphasis was placed on the exceptional need
for this project as a complete solution of the railway transport network in Croatia.

2 About the project

There is no direct connection between Rijeka and Trieste in the existing railway network.

Theoretically, it is possible to achieve it through several railways that cross the territories of

Croatia, Slovenia and Italy. These are the railways: Rijeka-Sapjane DG-llirska Bistrica-Pivka,

then the railway Pivka-Divaca-SeZana and finally SeZzana-Trieste. Existing railways have very

unfavorable technical and technological parameters:

e across Divaca and Pivka railway it is 122 km long, which is almost 25 % more than the
planned new railway (80 km)

* almost all lines have a maximum allowed longitudinal slope of 25 mm/m

e the maximum speed on the mentioned lines is 60/80 km/h

It follows from the above that the existing lines are not favorable for the establishment of
direct railway traffic Rijeka-Trieste, so they do not run any direct train between these desti-
nations.

2.1 New European policy for transport infrastructure TEN-T

The global concept of the core network is based on the fact that transport is crucial for the
efficiency of the European economy. Without good transport links, the European economy
will not be able to grow and develop. As a means of boosting growth and competitiveness,
a strong European transport network is being set up under the new EU infrastructure policy,
covering 27 Member States. It will be a true European network that will connect East and West
and thus eliminate the current traffic fragmentation of Europe.

The new infrastructure policy is tripling the EU’s transport budget. At the same time, the fo-
cus of transport financing is shifting to a clearly defined new core network. The core network
will be the mainstay of the European single market. It will remove bottlenecks, modernize
infrastructure and increase the flow of cross-border traffic. As a first step in establishing this
network, nine main transport corridors have been set up, connecting Member States and
allowing them to pool their resources to achieve better results.

The new core TEN-T network will be supported by a comprehensive network of traffic routes
that will flow into it at regional and national level. The goal is to gradually ensure, by 2050,
that the vast majority of European citizens and businesses are no more than 30 minutes away
from this comprehensive network.
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Figure1  TEN-T core network corridors

Furthermore, by 2050, freight traffic is expected to increase by 80 % and passenger traffic by
more than 50 %. Adequate trade is needed for growth, and it is not possible without turno-
ver. European areas that are not well connected will not be able to develop as planned. The
lack of links, especially on cross-border sections, is a major obstacle to the free movement
of goods and passengers within and between Member States, but also towards neighboring
non-EU countries. There is a large gap in the quality and availability of infrastructure between
Member States, and often within them. Improvements are particularly needed on East-West
connections, which can be achieved by building new transport infrastructure and / or main-
taining, renovating or modernizing existing ones.

The transport infrastructure necessary to connect the various modes of transport is also in-
complete. Many European freight and passenger terminals, land and sea ports, airports and
city hubs are not up to the task. Due to the weak multimodal connectivity in these hubs, the
possibilities of combined transport, which could solve the problem of bottlenecks and the
lack of connections, are underused. Investment in transport infrastructure should contrib-
ute to the 60 % target of reducing greenhouse gas emissions in transport by 2050. Member
States still have different operational rules and requirements, especially in the area of inter-
operability, which further increase infrastructure barriers and bottlenecks.

A major novelty of the new TEN-T guidelines is the introduction of nine corridors that make up
the core network. Each corridor must cover three modes of transport, three Member States
and two cross-border sections. Corridors that stretch in area and are important for Croatia
are the Mediterranean and Rhine-Danube corridors. Within the new TEN-T network, the im-
portance of the Mediterranean corridor was especially emphasized, which is extremely im-
portant for Croatia and for the project of the planned new Rijeka-Trieste railway. It connects
the Iberian Peninsula with the Hungarian-Ukrainian border, follows the Mediterranean coast
of Spain and France, passes the Alps where it turns to the east and north of Italy, from where
it crosses the Adriatic coast of Slovenia and Croatia to Hungary. It can be seen from the
above that the planned new Rijeka-Trieste railway is an integral and unavoidable part of this
corridor.

INFRASTRUCTURE AND TRAFFIC: PLANNING, (RE)YCONSTRUCTION AND MANAGEMENT 135
CETRA 2020* - 6" International Conference on Road and Rail Infrastructure



136

2.2 Objectives of the planned project

The main goals of this project would be:

* development of a network of multimodal hubs in the southeast area with common quality
and performance standards related to innovative IT and transport services

* development of accessibility and trade within Southeast Europe and the mentioned corri-
dors

» multimode development transport as a real alternative to inland roads but also the inclu-
sion of Adriatic / Aegean / Black Sea ports through joint activities for the development of
multimodal transport

» development of the railway as a reliable solution for economic entities in the southeast-
ern area, through the development of a railway corridor connecting the Black Sea with the
mainland countries, with branches towards the main ports on the Adriatic;

e integration of rail and river transport through the strengthening of major rail and river hubs
and the promotion of intermodality on the rail-inland waterway route;

 environmental protection in the area of Southeast Europe through the change of modalities
of transport from roads to railways and inland navigation, the development of international
agreements for the development of regulations for the internalization of external costs.

2.3 Railway development opportunities in the Republic of Croatia

The railway system in Croatia has organizationally adapted to the railway system in the EU.
Now follows the harmonization of the elements of railway infrastructure in Croatia with that
in the EU. In order to create a single railway area in the EU and liberalize access to railway
infrastructure, the railway system in the EU countries (and candidate countries for EU acces-
sion) has been divided into infrastructure and carriers. Infrastructure has been declared a
public good and the care for the maintenance and development of railway infrastructure has
been taken over by the state.

As independent economic entities on the railway services market, railway undertakings
equally impose themselves in the provision of railway services, and take care of their oper-
ations and development plans. Regulatory bodies established in the Member States should
provide unhindered and non-discriminatory access to railway infrastructure for railway un-
dertakings.

The EU transport system is giving increasing importance to transport branches that have a
less negative impact on the environment, and contribute to the overall efficiency of the trans-
port system and the reduction of total transport costs. Preference is given to combined and
intermodal transport, with an incentive to develop water (inland waterways and maritime
transport) and rail transport. Croatia has all these components of the transport system, so
we can expect more generous support for their development as part of the development of
the entire EU transport infrastructure.

In addition to the construction of a new high-efficiency railway Rijeka-Zagreb, one of the
primary directions for the development of transport infrastructure in the Primorje-Gorski Ko-
tar County is to consider the development of high-efficiency railway infrastructure on the
Rijeka-Trieste route. Apart from being the backbone of the North Adriatic transport route,
which is the shortest and most economical route to the Mediterranean and further to Asian
countries, this transport route will be the starting point for further connecting the transport
infrastructure on the Adriatic-lonian transport route whose main task is transport and eco-
nomic integration. countries along the corridor (Italy, Slovenia, Bosnia and Herzegovina,
Montenegro, Albania, Macedonia and Greece).
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In the case of the port of Rijeka, connecting to Trieste by rail would be vital for integrating
regional and urban economy and competitiveness. Namely, such a connection would open
the door for Croatia to the whole of Italy and further through the railway freight corridor 6 (RFC
6) to EU countries, which would greatly contribute to the overall regional development, and
this cannot be achieved through the existing railway.

With this new line, Istrian lines could be connected to the Croatian railway network within the
territory of the Republic of Croatia, which would mean a strong economic rise induced by a
quality railway network directly for the Istrian county.

The construction of a new high-efficiency railway Rijeka-Zagreb and a new railway Rijeka-Trieste
will shorten the connection between Southeast Europe with its central and western part, which
will increase the exploitation of transport infrastructure in the Republic of Croatia, which will
lead to job creation., creating economic growth and increasing government revenue.

It is to be expected that this railway will greatly stimulate economic activities in the area
through which it passes. According to the Transport Development Strategy of the Republic
of Croatia, specific objective 5b states the need to improve accessibility in freight transport
- North Adriatic (Rijeka), according to which the commitment is that the railway line between
Trieste and Rijeka gained better and safer access to the Danube corridor and further east to
the Black Sea, and would import the Adriatic-lonian initiative into the system.

3 Variant solutions for the new railway from Rijeka to Trieste

Three possible variant solutions for the railway connection between Rijeka and Trieste were
considered. An analysis of traffic demand was made, an analysis of the financial and eco-
nomic aspects of the new railway. By multi-criteria analysis of the proposed corridors, a pre-
ferred solution was nominated.

Variant solutions were consideredthe possibility of connecting to the railway network of Ital-
ian railways, and previously by connecting to Slovenian railways, in order to analyze the
possibility of connecting with the ports of Koper and Trieste.

Variant solutions were also considered the possibility of connecting to the existing and
planned transport (railway) network in Croatia, Slovenia and Italy in accordance with nation-
al development plans as well as EU development plans. The railway was planned as a two-
track, and in the economic evaluation the cost-effectiveness of the two-track was examined
with regard to the traffic forecast, ie the phasing in the realization of the two-track.

3.1 Project solutions

The boundary elements of the open line route (floor and height elements) are determined for

a conventional line with a design speed:

*V__=160km/h.

* Vg = 100 km / h.

In the area of Primorje-Gorski Kotar County and the corridor from Jurdani to Pivka, two basic

variants were analyzed:

* V1: new railway route with a detour of Sapjane and Ilirska Bistrica with a connection to the
Ljubljana - Divaca railway in Pivka,

¢ V1A: a variant that goes around the settlements north of Jurdani (in this context a larger
tunnel appears), uses part of the existing line (with the necessary geometry corrections)
and ends the same at the Pivka station. In terms of “environmental protection”, there are
basically no significant differences between variant V1, but it is less investment-friendly.
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In the Istrian County, 5 variants were analyzed in principle, primarily due to finding a possible
connection of Istrian railways to the new route, and the connection of the new route to Slove-
nian railways, whether on the line Koper - Divaca or directly in Divaca.

Namely, the configuration of the terrain and protected areas in Istria are extremely complex.

In addition, HZI made the decision to abandon the U¢ka tunnel, so the connection of the

Istrian railways became even more complex. In such circumstances, the only possibility was

the connection between Judani and Istria by a tunnel through Ci¢arija, and only so that the

tunnel exits in front of the Lupoglav station. In that way, the station would remain in func-
tion and new railways (with renovation), which would enable the connection of the existing
railways for Pula, RaSa and Buzet to the new railway. With a minor deviation of the existing
line to Pula in the station zone, direct rides from Rijeka to Pula and vice versa are provided.

The route of the existing railway for Buzet and Ra3a remains as it is, and the connection to

the new railway is provided at the Lupoglav station. The following variants of the route were

considered in Istria:

* V2: new route of the railway from Jurdan through the Ci¢arija tunnel to the Lupoglav station,
and further a new route in the wider corridor of the existing railway (elements of the railway
for 160 km/h) towards Divaca,

* V2A: a new route from Jurdan through the Ci¢arija tunnel, but the exit from the tunnel does
not allow a connection with the Lupoglav station, but the route would remain on the pla-
teau above the station, which would result in one tunnel less than in V2. In the continua-
tion, the new route is in the wider corridor of the existing railway (elements of the railway
for 160 km/h) towards Divaca,

* V3: new route of the railway from Jurdani through the Ci¢arija tunnel to the Lupoglav sta-
tion, and further a new route (elements of the railway for 160 km/h) towards the connection
to the railway Divaca - Koper near Crni Kal. Technically extremely complex and demanding
route considering the relief and population,

* V3A, V3B: subvariants of variant V3 in the part from Lupoglav to Crni Kal, primarily trying to
overcome the complex relief in the wider surroundings of Buzet.

In the group of variants 3, there would be a particularly technically complex connection of
the railway to the Divaca - Koper railway (with a large viaduct that should be connected to the
Crni kal viaduct on the Divaca - Koper railway). The connection of the viaduct to the viaduct
cannot be avoided, because before and after the Crni Kal viaduct there are tunnels, which
makes this connection even more difficult. Very demanding technical solutions and connec-
tion conditions (on the open line, without the station) cause exceptional costs and put the
group of variants 3 in a less favorable position than the other groups of variants.
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Figure 2 Spatial position of the investigated corridors with variants of the

Based on the elimination criteria and expert assessment, of the analyzed variants for further
analysis, three were proposed: V1, V2 and V3.

¢ Variant 1: Jurdani station - Pivka - Divaca station;

¢ Variant 2: Jurdani station - Divaca station;

e Variant 3: Jurdani station - connection to the new railway Koper - Divaca

In order for the variants to be analyzed and properly valorized, they always started in the
same station (Jurdani station). The lengths of the sections in question, measured from the
middle of the Jurdani station to the middle of the Divaca station (in Slovenia), as the end
points of all variants, are:
e according to Variant 1: 51,688 km

(Rijeka - Pivka 35,857 km Pivka - Divaca 15.83 km)
¢ according to Variant 2: 66,630 km

(Rijeka - Lupoglav 20.00 km, Lupoglav - Divaca 46.63 km)
¢ according to Variant 3: 66,980 km

(Rijeka - Lupoglav - Crni kal 50.98, Crni kal - Divaca 16.00 km)

From the Divaca station, the reconstruction is planned, ie the construction of a new two-track
railway to Trieste and to Ljubljana. In these analyzes, these corridors were taken over, and
new routes from Rijeka were planned so that a connection to this planned line would be es-
tablished. The combination of the selected variant from Rijeka to Divaca and further with a
new connection to Trieste (Aurissina) and Koper, ensures the interconnection of the ports of
Rijeka, Trieste and Koper, ie their connection to the 6th freight corridor TEN-T network (via the
newly planned line Trieste - Aurissina - Palmanova - Venice).
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Figure 3 Newly planned corridor (blue) Divaca - Sezana - Aurissima (connection to the Trieste - Venice railway)
(green)

The total length of the route according to variant V1 is 35,857.19 km, of which 13 km of the
route is in the territory of the Republic of Croatia and the remaining 22 km of the route is in
the territory of the Republic of Slovenia. In variant V1, the total length of bridges and viaducts
is 6.56 km, and tunnels 28.91 km (the share of buildings is 55.15 % of the section length).
Longitudinal slopes range from 1-12 mm/m.
The total length of the route according to variant V 2 is 64,320 km, of which 35.4 km of the
route is in the territory of the Republic of Croatia and the remaining 28.92 km of the route is in
the territory of the Republic of Slovenia. In variant V2, the total length of bridges and viaducts
is 11.55 km, and tunnels 7.74 km (the share of buildings is 53.82 % of the section length). The
longest tunnel is Cicarija, 15.57 km. Longitudinal slopes range from 3-12 mm/m.
The total length of the route according to variant V3 is 50,329 km, of which 38.5 km of the
route is in the territory of the Republic of Croatia and the remaining 11.8 km of the route is in
the territory of the Republic of Slovenia. In variant V3, the total length of bridges and viaducts
is 16.19 km, and tunnels 20.16 km (the share of buildings is 72.13 % of the section length).
The longest tunnel is Ci¢arija, 15.57 km. Longitudinal slopes range from 0-10 mm/m.
Variant 3 (as well as variant 2) has the advantage of connecting Istrian railways into a com-
plete system of Croatian railways, but it is extremely technically and technologically complex.
The route from Lupoglav to the connection to the planned railway Divaca - Koper is especially
complex, where a number of very complex viaducts appear. The realization of the project is
planned in stages through three stages:
* Stage 1: renovation and modernization of the existing railway for a speed of at least 80
km/h,
* Stage 2: construction of one track of a new two-track railway for a speed of 160 km/h,
» Stage 3: construction of the second track of the new two-track railway with the completion
of all necessary works.

In the study [1], a multi-criteria evaluation of variant solutions was performed by the method
of Promethee | and Il and GAIA (Geometrical Analysis for Interactive Aid) according to the
group of input parameters: economic, traffic, technical-technological, urban-planning and
ecological-social, in principle with 4 sub-criteria in each group, on the basis of which the
input matrix was created. Additional evaluation was performed using the AHP (Analytic Hier-
archy Process) method.
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Based on the conducted evaluation and CBA analysis, it can be concluded that the construc-
tion of a high-efficiency railway: Rijeka - Trieste is fully socio-economically justified in the
case of stage 1 (variant V1) - modernization of the existing railway and stage 2 - construction
of a new single-track railway. Realization of stage 3 - upgrading of the second track does not
represent a socio-economically justified investment. Comparing all variants, variant V1 from
the perspective of defined criteria produces the best socio-economic results.

It should be emphasized that all analyzed variants show a high level of socio-economic
justification and as such are suitable for implementation. Variants V2 and V3 are provided
through the area of Istria and the realization of one of these two variants contributes to the
socio-economic development of the Istrian peninsula due to better access to modern railway
infrastructure, especially considering the fact that the railway in the corridor will be built on
the section Jurdani - Lupoglav (€rni kal) which does not exist today, or be modernized on the
stretch Lupoglav - Divaca.

All analyzes and forecasts, as well as technical solutions and variants of the high-efficiency
railway presented in the research [1], represent an assessment of the framework possibil-
ities of connecting the North Adriatic ports by railway from the current perspective of the
possibility of its realization. The economic justification confirmed by the conducted analysis
is expected to be higher in case the project implementation deadlines are moved to future
periods; provided that no decline in railway demand is expected in the future compared to
the forecast and the view that there will be no significant decline in GDP and other macroe-
conomic indicators in the project area.

The project “Multimodal Platform Adriatic-Danube-Black Sea”, an integral part of which was
the research of possible connections of northern Adriatic ports, included significant stake-
holders from the Republic of Croatia. The holder of part of the activity was the County of
Primorje-Gorski Kotar. With the cooperation of the Port of Rijeka Authority, the Intermod-
al Transport Cluster and with the support of HZ Infrastruktura, further long-term and medi-
um-term development potentials of this area are being integrally considered. This approach
of joint development considerations of all entities in the transport chain certainly ensures
the assumption of dynamic and sustainable development and thus the only possible basis
for ensuring the emphasis on comparative advantages but also a credible positioning within
the entire transport corridor.
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