FACULTY OF MECHANICAL AND CIVIL ENGINEERING
IN KRALJEVO
UNIVERSITY OF KRAGUJEVAC

The Eighth Triennial
International Conference

HEAVY

MACHINERY
HM 2014

Proceedings

/LATIBOR, SERBIA
24 - 26 June 2014







FACULTY OF MECHANICAL AND CIVIL ENGINEERING KRALJEVO
UNIVERSITY OF KRAGUJEVAC
KRALJEVO - SERBIA

=p]

THE EIGHTH INTERNATIONAL TRIENNIAL CONFERENCE

HEAVY MACHINERY
HM 2014

PROCEEDINGS

Zlatibor, June 25 — June 28 2014.



FACULTY OF MECHANICAL AND CIVIL ENGINEERING KRALJEVO
UNIVERSITY OF KRAGUJEVAC
KRALJEVO - SERBIA

©
-

THE EIGHTH INTERNATIONAL TRIENNIAL CONFERENCE

HEAVY MACHINERY
HM 2014

PROCEEDINGS

ORGANIZATION SUPPORTED BY:

Ministry of Education and Science, Republic of Serbia

Zlatibor, June 25 — June 28 2014



FACULTY OF MECHANICAL AND CIVIL ENGINEERING KRALJEVO
UNIVERSITY OF KRAGUJEVAC
KRALJEVO - SERBIA

.

PUBLISHER:
Faculty of Mechanical and Civil Engineering, Kraljevo

EDITORS:

Prof. dr Milomir Gasi¢, mech. eng.

PRINTOUT:
SaTCIP d.o.0. Vrnjacka Banja

TECHNICAL COMMITTEE

Dr Vladimir Stojanovié¢
Milan Bizié¢

Zoran Bogicevi¢
Goran Boskovi¢
Marina Boskovi¢
Vladan Grkovié
Marko Nikoli¢
Aleksandra Petrovic¢
Nenad Stoji¢
Miljan Veljovi¢
Aleksandar Vrani¢
Vladimir Pordevi¢
Bojan Beloica
Slobodan Bukarica
Milorad Stamboli¢

No. of copies: 200

REVIEWS:

All papers have been reviewed by members of scientific committee



=

=

=3

FACULTY OF MECHANICAL AND CIVIL ENGINEERING KRALJEVO
UNIVERSITY OF KRAGUJEVAC
KRALJEVO - SERBIA

CONFERENCE CHAIRMAN

Prof. dr Milomir Gasi¢, FMCE Kraljevo

INTERNATIONAL SCIENTIFIC PROGRAM COMMITTEE

CHAIRMAN
Prof. Dr Mile Savkovi¢, FMCE Kraljevo
VICE-CHAIRMAN

Prof. Dr Milan Kolarevi¢, FMCE Kraljevo, Serbia

MEMBERS

1.

O 0 R

11.
12.

13.

14.
15.

16.

17.

18.

19.

Prof. Dr M. Alamoreanu, TU Bucharest,
Romania

Prof. Dr S. Arsovski, FME Kragujevac,
Serbia

Prof. Dr D. Atmadzhova, VTU “Todor
Kableshkov”, Sofia, Bulgaria

Prof. Dr M. Berg, Royal Institut of
Tecnology-KTH, Sweden

Prof. Dr H. Bogdevicius, Technical
University, Vilnus, Lithuania

Prof. Dr S. Bosnjak, FME Belgrade, Serbia
Prof. Dr A. Bruja, TU Bucharest, Romanija
Prof. Dr Z. Bucevac, FME Belgrade, Serbia
Prof. Dr R.Bulatovi¢, FMCE Kraljevo,
Serbia

Prof. Dr A. Bukvi¢, FME East Sarajevo,
Bosnia and Herzegovina

Prof. Dr M. Dedi¢, FMCE Kraljevo, Serbia
Prof. Dr A. 1. Dotsenko, MGSU, Moscow,
Russia

Prof. Dr R. Durkovi¢, FME Podgorica,
Montenegro

Prof. Dr M. Papi¢, FMCE Kraljevo, Serbia
Prof. Dr Z. Pinovié, Integrated
MicroSystem, Vienna, Austria

Prof. Dr K. Ehmann, Northwestern
University, Chicago, USA

Prof. Dr A. Emeljanova, HGTUSA Harkov,
Ukraine

Prof. Dr V. Filipovi¢, FMCE Kraljevo,
Serbia

Prof. Dr C. Fragassa, University of
Bologna, Italy

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Prof. Dr M. Gagl, Integrated MicroSystem,
Vienna, Austria

Prof. Dr D. Golubovi¢, FME East Sarajevo,
Bosnia and Herzegovina

Prof. Dr V. Jovisevi¢, FME Banja Luka,
Bosnia and Herzegovina

Prof. Dr B. Jerman, FME Ljubljana,
Slovenia

Prof. Dr Z. Jugovi¢, Tehnical Faculty
Cacak, Serbia

Prof. Dr V. Karamarkovi¢, FMCE Kraljevo,
Serbia

Prof. Dr M. Karasahin, Demirel Univerity,
Istanbul, Turkey

Prof. Dr I. Kiri¢enko, HNADU Kiev,
Ukraine

Prof. Dr K. Kocman, Tecnical University of
Brno, Czech Republic

Prof. Dr S. Kolakovi¢, Faculty of Tehnical
Sciences, Novi Sad, Serbia

Prof. Dr M. Kostic, Northern Illinois
University, DeKalb, USA

Prof. Dr M. Kralik, FME Bratislava,
Slovakia

Prof. Dr E. Kudrjavcev, MGSU, Moskow,
Russia

Prof. Dr B. Ladinovi¢, Faculty of Tehnical
Sciences, Novi Sad, Serbia

Prof. Dr LJ. Luki¢, FMCE Kraljevo, Serbia
Prof. Dr Z. Marinkovi¢, FME Nis, Serbia
Prof. Dr N. MeS§c¢erin, MGSU, Moskow,
Russia

Prof. Dr I. I. Nazarenko, KNUBA Kiev,
Ukraine



=

&
=

FACULTY OF MECHANICAL AND CIVIL ENGINEERING KRALJEVO
UNIVERSITY OF KRAGUJEVAC
KRALJEVO - SERBIA

38. Prof. Dr N. Nedi¢, FMCE Kraljevo, Serbia

39. Prof. Dr N. Nenov, VTU “Todor
Kableshkov”, Sofia, Bulgaria

40. Prof. Dr V. Nikoli¢, FME Nis, Serbia

41. Prof. Dr E. Nikolov, Technical University,
Sofia, Bulgaria

42. Prof. Dr M. Ognjanovi¢, FME Belgrade,
Serbia

43. Prof. DrJ. Peterka, FMS&T, Trnava,
Slovakia

44, Prof. Dr D. Petrovi¢, FMCE Kraljevo,
Serbia

45. Prof. Dr Z. Petrovi¢, FMCE Kraljevo,
Serbia

46. Prof. Dr J. Polajnar, BC University, Prince
George, Canada

47. Prof. Dr V. Radonjanin, Faculty of Tehnical
Sciences, Novi Sad, Serbia

48. Prof. Dr V. RaiCevi¢, FME Kosovska
Mitrovica, Serbia

ORGANIZING COMMITTEE

CHAIRMAN:

Prof. Dr Ljubomir Luki¢, FMCE Kraljevo
VICE-CHAIRMAN:

Prof. Dr Zlatan Soski¢, FMCE Kraljevo, Serbia
MEMBERS:

Doc. Dr S. Ciri¢-Kosti¢, FMCE Kraljevo, Serbia
Doc. Dr Lj. Dubonji¢, FMCE Kraljevo, Serbia
Doc. Dr O. Eri¢, FMCE Kraljevo, Serbia

Doc. Dr R. Karamarkovi¢, FMCE Kraljevo,
Serbia

Doc. Dr M. Marasevi¢, FMCE Kraljevo, Serbia
Doc. Dr D. Prsi¢, FMCE Kraljevo, Serbia

Doc. Dr S. Salini¢, FMCE Kraljevo, Serbia

49. Prof. Dr M. Rajovi¢, FMCE Kraljevo,
Serbia

50. Prof. Dr M. Stefanov¢, FME Kragujevac,
Serbia

51. Prof. Dr D. Sever, Maribor, Civil
Engineering, Slovenia

52. Prof. Dr M. A. Stepanov, MGSU, Moskow,
Russia

53. Prof. Dr 1. S. Surovcev, VGSU, Voronezh,
Russia

54. Prof. Dr Z. Soski¢, FMCE Kraljevo, Serbia

55. Prof. Dr LJ. Tanovi¢, FME Belgrade, Serbia

56. Prof. Dr S. Trifunovi¢, FMCE Kraljevo,
Serbia

57. Prof. DrJ. Vladi¢, Faculty of Tehnical
Sciences, Novi Sad, Serbia

58. Prof. Dr M. Vukicevi¢, FMCE Kraljevo,
Serbia

59. Prof. Dr K. Weinert, University of
Dortmund, Germany

60. Prof. Dr N. Zrni¢, FME Belgrade, Serbia

M.Sc. M. Bjeli¢, FMCE Kraljevo, Serbia
M.Sc. N. Bogojevi¢, FMCE Kraljevo, Serbia
M.Sc. Z. Glav¢i¢, FMCE Kraljevo, Serbia
M.Sc. Lj. Lalovi¢, FMCE Kraljevo, Serbia
M.Sc. G. Markovi¢, FMCE Kraljevo, Serbia
M.A. N. Pavlovi¢, FMCE Kraljevo, Serbia
M.Sc. B. Radicevi¢, FMCE Kraljevo, Serbia
M.Sc. N. Zdravkovi¢, FMCE Kraljevo, Serbia



FACULTY OF MECHANICAL AND CIVIL ENGINEERING KRALJEVO
UNIVERSITY OF KRAGUJEVAC
KRALJEVO - SERBIA

=

&
=

PREFACE

The Faculty of Mechanical Engineering Kraljevo has been traditionally organizing the international
scientific conference devoted to heavy machinery every three years. The VIII International Scientific
Conference HM 2014 is considering modern methods and new technologies in the fields of transport
design in machinery, control energy, production technologies, urban engineering and civili
engineering through thematic sessions for the purpose of sustainable competitiveness of economic
systems. Modern technologies are exposed to fast changes at the global world level so that their timely
application both in large industrial systems and in medium and small enterprises is of considerable
importance for the entire development and technological progress of economy as a whole.

The VIII International Scientific Conference Heavy Machinery HM 2014 is a place for exchange of
experiences and results accomplished in domestic and foreign science and practice, with the goal to
indicate directions of further development of our industry on its way toward integration in european
and world economic trends. Exchange of experiences between our and foreign scientific workers
should contribute to extension of international scientific-technical collaboration, initiation of new
international scientific-research projects and broader international collaboration among universities.

The papers which will be presented at this Conference have been classified into seven thematic fields:

EARTH-MOVING AND TRANSPORTATION MACHINERY
PRODUCTION TECHNOLOGIES

CIVIL ENGINEERING AND MATERIALS

AUTOMATIC CONTROL, ROBOTICS AND FLUID TECHNIQUE
MACHINE DESIGN AND MECHANICS

RAILWAY ENGINEERING

URBAN ENGINEERING, THERMAL TECHNIQUE AND ENVIRONMENT
PROTECTION

Q@mmoaw>

Within this Conference, the First International Students Symposium will be held. The aim is to open
a scientific discussion on this actual problem in industry among young students.

The sponsorship by the Ministry of Science of the Republic of Serbia is the proper way to promote
science and technology in the area of mechanical engineering in Serbia.

On behalf of the organizer, I would like to express our thanks to all organizations and institutions that
have supported this Conference. I would also like to extend our thanks to all authors and participants
from abroad and from our country for their contribution to the Conference. And last but not the least,
dear guests and participants in the Conference, I wish you a good time in Kraljevo — Vrnjacka Banja
and see you again at the Eight Conference, in three years.

Kraljevo — Zlatibor, June 2014 Conference Chairman,

x{f//..f :
Prof. Dr Milomir Gasi¢, mech eng.
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Knowledge Innovation Trends on a Standardization Platform —
in Parallel: Civil Engineering and Railway Engineering
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The paper presents multi-criteria research and statistical analyses of trends of separated segments per subfields of
civil engineering and engineering of railway vehicles. A focus is given to trends in knowledge innovating at the beginning
of the second decade of the XXI century. The goal is to provide and improve the resources for quality of knowledge, on the
platform of SRPS and ISO standardization. This paper presents the important details (the results) of comparing the trends
of knowledge, in the analyzed subfields/ fields classified according to the International Classification of Standards (ICS) or
ICS1 = 45 (Railway Engineering) and ICS1 = 93 (Civil Engineering). The directions of further development are presented,
and also possibilities of access to the sources of knowledge and obligations, as well as comparisons with the
standardization of local (national) and international level, in the same and in all other fields of creative work (for ICS1 =

01 to 99).

Keywords: Knowledge trends, Civil engineering, Railway Engineering, Knowledge innovation, Standardisation

1. INTRODUCTION

According to International Classification for
Standards - ICS, civil engineering is a field classified in 12
subfields (ICS2 = 93 xyz), [1], [2]:

1) 93.010 Civil engineering in general,

2) 93.020 Earthworks. Excavations. Foundation
construction. Underground works,

3) 93.025 External water conveyance systems,

4) 93.030 External sewage systems,

5) 93.040 Bridge construction,

6) 93.060 Tunnel construction,

7) 93.080 Road engineering,

8) 93.100 Construction of railways,

9) 93.110 Construction of ropeway,

10) 93.120 Construction of airports,

11) 93.140 Construction of waterways, ports and
dykes,

12) 93.160 Hydraulic construction.

According - ICS, railway engineering is classified
in six sub-fields (ICS2 = 45.xy0), [1], [2]:

1) 45.020 Railway engineering in general,

2) 45.040 Materials and components for railway
engineering,

3) 45.060 Railway rolling stock,

4) 45.080 Rails and railway components,

5) 45.100 Cableway equipment,

6) 45.120 Equipment for railway/cableway
construction and maintenance.

Standardization and innovations are compatible
concepts, based on the trends of knowledge. Standards are
binding: at the same time they accelerate technological and
organizational changes, improve innovation performances,
promote innovative products and services, provide stable
references for the development of new solutions and
products, [3], [4], [5].

The pace of knowledge innovating and training in
professional work is very intensive. Experts are often

faced, also in the fields of ICS =45 and ICS = 93, with the
problem to remain competitive, which imposes new, big
challenges: Lifelong (continuous) education and
maintenance of the knowledge level that is necessary for
good quality performance of work. Much of this
knowledge has been acquired or completely revised
through practice. In this paper, a platform for knowledge
innovating is consisted of ISO and SRPS standards, with
the aim of knowledge modelling and management. 164
national standardization bodies from all over the world are
members of ISO: industrialized countries, developing,
countries in transition, [4]. Classification of Standards
(ICS) includes 40 hierarchically organized fields of
standardization. This paper analyzes the fields ICS1 = 45
and ICS1 =93.

Standards facilitate and improve the methodology
according to PDCA (Plan-Do-Check-Act):

- planning and systematic approach to solving
problems,

- dissemination of technologies and best practices,
inclusion of all the stakeholders in determining the rules
for future research and development, transfer of
knowledge and technologies, networking with other
industries and main stakeholders in future research, access
to new technologies, interoperability of its own with other
compatible technologies,

- evaluations and comparison with the best ones,
compatibility with other manufacturers,

- providing a platform for innovation, the use of
research results [3-7], improvement of products quality,
etc.

This paper presents the methodology and analysis
of trends and comparisons of innovativeness intensity on
the examples of standardization in two fields. The
statistical analysis of the results is shown, obtained with
our own Web applications [7], developed for the purpose
of a comparative analysis and the valuation of
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