CETRA?=°*?

2"¢ International Conference on Road and Rail Infrastructure
7-9 May 2012, Dubrovnik, Croatia

Road and Rail Infrastructure Il
Stjepan LakuSi¢ — EDITOR

Organizer
University of Zagreb

Faculty of Civil Engineering
Department of Transportation




CETRA?Z2
2" International Conference on Road and Rail Infrastructure
7—9 May 2012, Dubrovnik, Croatia

TITLE
Road and Rail Infrastructure I, Proceedings of the Conference CETRA 2012

EDITED BY
Stjepan Lakusié

ISBN
978-953-6272-50-1

PUBLISHED BY

Department of Transportation
Faculty of Civil Engineering
University of Zagreb

Kaciceva 26, 10000 Zagreb, Croatia

DESIGN, LAYOUT & COVER PAGE
minimum d.o.o.
Katarina Zlatec - Matej Korlaet

COPIES
600

A cip catalogue record for this e-book is available from the National and University Library in Zagreb under 805372

Although all care was taken to ensure the integrity and quality of the publication and the information herein,
no responsibility is assumed by the publisher, the editor and authors for any damages to property or persons
as a result of operation or use of this publication or use the information’s, instructions or ideas contained in
the material herein.

The papers published in the Proceedings express the opinion of the authors, who also are responsible for their
content. Reproduction or transmission of full papers is allowed only with written permission of the Publisher.
Short parts may be reproduced only with proper quotation of the source.



Proceedings of the
2" International Conference on Road and Rail Infrastructures — CETRA 2012
7—9 May 2012, Dubrovnik, Croatia

Road and Rail Infrastructure Il

EDITOR
Stjepan Lakusié

Department of Transportation
Faculty of Civil Engineering
University of Zagreb

Zagreb, Croatia



CETRA?°12
2" International Conference on Road and Rail Infrastructure
7—9 May 2012, Dubrovnik, Croatia

ORGANISATION

CHAIRMEN

Prof. Zeljko Korlaet, University of Zagreb, Faculty of Civil Engineering
Prof. Stjepan Lakusié, University of Zagreb, Faculty of Civil Engineering

ORGANIZING COMMITTEE

Prof. Stjepan Lakusi¢
Prof. Zeljko Korlaet
Prof. Vesna Dragcevic
Prof. Tatjana Rukavina
Maja Ahac

Ivo Haladin

Sasa Ahac

Ivica Stanceri¢

Josipa Domitrovi¢

All members of CETRA 2012 Conference Organizing Committee are professors and assistants of the Department
of Transportation, Faculty of Civil Engineering at University of Zagreb.

INTERNATIONAL ACADEMIC SCIENTIFIC COMMITTEE

Prof. Ronald Blab, Vienna University of Technology, Austria

Prof. Vesna Dragcevi¢, University of Zagreb, Croatia

Prof. Nenad Gucunski, Rutgers University, USA

Prof. Zeljko Korlaet, University of Zagreb, Croatia

Prof. Zoran Krakutovski, University Sts. Cyril and Methodius, Rep. of Macedonia
Prof. Stjepan Lakusié, University of Zagreb, Croatia

Prof. Dirk Lauwers, Ghent University, Belgium

Prof. Giovanni Longo, University of Trieste, Italy

Prof. Janusz Madejski, Silesian University of Technology, Poland
Prof. Jan Mandula, Technical University of Kosice, Slovakia

Prof. Nencho Nenov, University of Transport in Sofia, Bulgaria

Prof. Athanassios Nikolaides, Aristotle University of Thessaloniki, Greece
Prof. Otto Plasek, Brno University of Technology, Czech Republic
Prof. Christos Pyrgidis, Aristotle University of Thessaloniki, Greece
Prof. Carmen Racanel, Technical University of Bucharest, Romania
Prof. Stefano Ricci, University of Rome, Italy

Prof. Tatjana Rukavina, University of Zagreb, Croatia

Prof. Mirjana Tomici¢-Torlakovi¢, Univiversity of Belgrade, Serbia
Prof. Brigita Salaiova, Technical University of Kosice, Slovakia
Prof. Peter Veit, Graz University of Technology, Austria

Prof. Marijan Zura, University of Ljubljana, Slovenia



FOREWORD

The 2" International Conference on Road and Rail Infrastructure — CETRA 2012 was organized
by the University of Zagreb — Faculty of Civil Engineering, Department of Transportation. The
Conference is held in Dubrovnik, Croatia. Dubrovnikiis the “pearl of the Adriatic coast” and well
known phrase related to it states “Those who seek paradise on Earth should come to Dubrovnik
and see Dubrovnik”. The First International Conference on Road and Rail Infrastructure — CETRA
2010 is held in Opatija, Croatia. Great interest of participants in topics from the field of road
and rail infrastructure during the conference CETRA 2010 in Opatija, where 140 presentations of
papers from 29 countries took place, confirmed the soundness of Department for Transportation
Engineering's decision on organizing such international event. Positive comments of the par-
ticipants after the past Conference motivated the Department for Transportation Engineering,
Faculty of Civil Engineering at University of Zagreb to continue the organization of such an event
in the upcoming years (on a biennial basis).

In the year 2012, 2" International Conference on Road and Rail Infrastructure — CETRA 2012 has
been organized, with the intention of bringing together scientists and experts in the fields of
road and railway engineering, giving them another opportunity to present the results of their re-
searches, findings and innovations. Road and railway infrastructure is closely related, but scien-
tificand professional gatherings covering both fields simultaneously are rarely being organized.
The growing volume of traffic, both passenger and cargo, demands not only the development
of the vehicles themselves (increasing their cargo capacity and speed), but also the timely
construction and regular maintenance of infrastructure. It is exactly for this reason that the
2" International Conference on Road and Rail Infrastructure — CETRA 2012 covers many areas:
traffic planning & modelling, infrastructure projects, design of road and rail substructure and
superstructure, construction and maintenance process, structural monitoring, urban transport
infrastructures, application of recycled materials, innovation and new technology, environmen-
tal protection — noise and vibrations and, above all, education, which today has an increasingly
important role.

This second Conference CETRA 2012 attracted a large number of papers from 39 countries and 52
Universities. More than 142 papers were presented at the Conference and are contained in these
proceedings Road and Rail Infrastructure 11. The papers are divided into the following sections:
Education, Traffic planning and modelling, Infrastructure projects, Infrastructure management,
Road infrastructure planning, Road pavement, Road maintenance, Structures and structural
monitoring, Innovation and new technologies, Design of road and railways, Rail track structure,
Environmental, Geotechnics, Integrated timetables, Urban transport planning and modelling,
Urban transport infrastructure, Vehicles, Traffic safety.

The organizers of the Conference express their thanks to all Businesses and Institutions who
helped in organization of this Conference. The Editor is grateful to all the authors for the excellent
papers contributed to this book and wishes to thank the members of the International Academic
Scientific Committee who participated in the review process. Our gratitude also goes to all the
participants for their willingness to come to Dubrovnik and take part in CETRA 2012.

THE EDITOR

Prof. dr. Stjepan Lakus3ic
May, 2012.
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