
 

 

 

Abstract

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and
railway track, several European railway authorities define the transition zones between the “normal” open tracks 
and "rigid" track 
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 
new 
 
Keywords:

Résumé

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre
normales » et les sections « rigides » ou sous
problématiques de la voie.
Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition
 
Mot

 

* Tel.: 
   E

Abstract

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and
railway track, several European railway authorities define the transition zones between the “normal” open tracks 
and "rigid" track 
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 
new innovative 

Keywords:

Résumé

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre
normales » et les sections « rigides » ou sous
problématiques de la voie.
Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

Mots-

Tel.: 
E-mail address

Application of different methods for rehabilitation of existing 

Abstract

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and
railway track, several European railway authorities define the transition zones between the “normal” open tracks 
and "rigid" track 
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

innovative 

Keywords:

Résumé 

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre
normales » et les sections « rigides » ou sous
problématiques de la voie.
Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

-clé:

Tel.: 00 385 (0)1 6125 827
mail address

Application of different methods for rehabilitation of existing 

Abstract 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and
railway track, several European railway authorities define the transition zones between the “normal” open tracks 
and "rigid" track 
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

innovative 

Keywords:  railway transition zones

 

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre
normales » et les sections « rigides » ou sous
problématiques de la voie.
Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

:  zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

 

00 385 (0)1 6125 827
mail address

Application of different methods for rehabilitation of existing 

Marko Vajdi

bTU

dUniversity of Twente, Construction Management and Engineering, 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and
railway track, several European railway authorities define the transition zones between the “normal” open tracks 
and "rigid" track 
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

innovative 

railway transition zones

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre
normales » et les sections « rigides » ou sous
problématiques de la voie.
Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

00 385 (0)1 6125 827
mail address: 

Application of different methods for rehabilitation of existing 

Marko Vajdi

TU-Munich, Chair and institute of road, railway and airfield construction, 

University of Twente, Construction Management and Engineering, 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and r
railway track, several European railway authorities define the transition zones between the “normal” open tracks 
and "rigid" track sections
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

innovative solutions

railway transition zones

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre
normales » et les sections « rigides » ou sous
problématiques de la voie.
Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

00 385 (0)1 6125 827
: marko.vajdic@igh.hr

Application of different methods for rehabilitation of existing 

Marko Vajdi

Munich, Chair and institute of road, railway and airfield construction, 

University of Twente, Construction Management and Engineering, 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

renewal
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

sections
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

solutions

railway transition zones

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre
normales » et les sections « rigides » ou sous
problématiques de la voie.
Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

00 385 (0)1 6125 827
marko.vajdic@igh.hr

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

Marko Vajdi

Munich, Chair and institute of road, railway and airfield construction, 

University of Twente, Construction Management and Engineering, 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

enewal
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

sections or substructure
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

solutions for 

railway transition zones

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre
normales » et les sections « rigides » ou sous
problématiques de la voie.
Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

00 385 (0)1 6125 827; fax: 
marko.vajdic@igh.hr

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

Marko Vajdića

Munich, Chair and institute of road, railway and airfield construction, 

University of Twente, Construction Management and Engineering, 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

enewal (or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

or substructure
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

for transition zones.

railway transition zones

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre
normales » et les sections « rigides » ou sous
problématiques de la voie. 
Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

; fax: 
marko.vajdic@igh.hr

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

a,*, Duo Liu

Munich, Chair and institute of road, railway and airfield construction, 

University of Twente, Construction Management and Engineering, 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

or substructure
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

transition zones.

railway transition zones

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre
normales » et les sections « rigides » ou sous

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

; fax: 00 385 (0)1 6125 
marko.vajdic@igh.hr

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Duo Liu

Munich, Chair and institute of road, railway and airfield construction, 

University of Twente, Construction Management and Engineering, 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

or substructure
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

transition zones.

railway transition zones, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre
normales » et les sections « rigides » ou sous

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

00 385 (0)1 6125 
marko.vajdic@igh.hr 

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Duo Liu

Munich, Chair and institute of road, railway and airfield construction, 

University of Twente, Construction Management and Engineering, 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

or substructure
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

transition zones.

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre
normales » et les sections « rigides » ou sous

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

00 385 (0)1 6125 
 

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Duo Liu
a Institut IGH d.d.,

Munich, Chair and institute of road, railway and airfield construction, 
cZAG

University of Twente, Construction Management and Engineering, 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

or substructures such as br
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

transition zones.

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre
normales » et les sections « rigides » ou sous

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

00 385 (0)1 6125 

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Duo Liub, Stanislav Lenart

Institut IGH d.d.,

Munich, Chair and institute of road, railway and airfield construction, 
ZAG Ljubljana,

University of Twente, Construction Management and Engineering, 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

such as br
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

transition zones. 

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre
normales » et les sections « rigides » ou sous-structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

00 385 (0)1 6125 

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Stanislav Lenart

Institut IGH d.d.,

Munich, Chair and institute of road, railway and airfield construction, 
Ljubljana,

University of Twente, Construction Management and Engineering, 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

such as br
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

 

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

00 385 (0)1 6125 889

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Stanislav Lenart

Institut IGH d.d.,

Munich, Chair and institute of road, railway and airfield construction, 
Ljubljana,

University of Twente, Construction Management and Engineering, 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

such as bridges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

889 

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Stanislav Lenart

Institut IGH d.d.,

Munich, Chair and institute of road, railway and airfield construction, 
Ljubljana, Ljubljana, Slovenia

University of Twente, Construction Management and Engineering, 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

 

 

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Stanislav Lenart

Institut IGH d.d.,Zagreb,

Munich, Chair and institute of road, railway and airfield construction, 
Ljubljana, Slovenia

University of Twente, Construction Management and Engineering, 

                  

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Stanislav Lenart

Zagreb,

Munich, Chair and institute of road, railway and airfield construction, 
Ljubljana, Slovenia

University of Twente, Construction Management and Engineering, 

                  

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fr
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Stanislav Lenartc, Irina Stipanovi

Zagreb, Croatia

Munich, Chair and institute of road, railway and airfield construction, 
Ljubljana, Slovenia

University of Twente, Construction Management and Engineering, 

                  

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
maintien de l'infrastructure ferroviaire. En raison du besoin fréquent d'y effectuer des travaux additionnels 
d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

Transport Research Arena

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Irina Stipanovi

Croatia

Munich, Chair and institute of road, railway and airfield construction, 
Ljubljana, Slovenia

University of Twente, Construction Management and Engineering, 

                   

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
équent d'y effectuer des travaux additionnels 

d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

Transport Research Arena

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Irina Stipanovi

Croatia 

Munich, Chair and institute of road, railway and airfield construction, 
Ljubljana, Slovenia

University of Twente, Construction Management and Engineering, 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
équent d'y effectuer des travaux additionnels 

d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
en œuvre de nouvelles solutions innovantes pour les zones de transition. 

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

Transport Research Arena

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Irina Stipanovi

 

Munich, Chair and institute of road, railway and airfield construction, 
Ljubljana, Slovenia 

University of Twente, Construction Management and Engineering, Enschede, The 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
équent d'y effectuer des travaux additionnels 

d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce
 

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

Transport Research Arena

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Irina Stipanovi

Munich, Chair and institute of road, railway and airfield construction, 

Enschede, The 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
équent d'y effectuer des travaux additionnels 

d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

Transport Research Arena

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Irina Stipanovi

Munich, Chair and institute of road, railway and airfield construction, Munich

Enschede, The 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
équent d'y effectuer des travaux additionnels 

d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

Transport Research Arena

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines 

, Irina Stipanović

Munich

Enschede, The 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
équent d'y effectuer des travaux additionnels 

d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

Transport Research Arena

Application of different methods for rehabilitation of existing 
transition zones on the old railway lines  

, Irina Stipanović Oslakovi

Munich, 

Enschede, The Netherlan

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

, rehabilitation project, SMART RAIL research project

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
équent d'y effectuer des travaux additionnels 

d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

Transport Research Arena 

Application of different methods for rehabilitation of existing 
 

ć Oslakovi

, Germany

Netherlan

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

, rehabilitation project, SMART RAIL research project 

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
équent d'y effectuer des travaux additionnels 

d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

 2014

Application of different methods for rehabilitation of existing 

 Oslakovi

Germany

Netherlan

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
équent d'y effectuer des travaux additionnels 

d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conce

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

2014, Paris

Application of different methods for rehabilitation of existing 

 Oslakovićd

Germany 

Netherlanths

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
équent d'y effectuer des travaux additionnels 

d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre

structures telles que les ponts, tunnels et arches, comme des parties 

Cet article présente une étude de cas sur le pont « Buna » en Croatie qui se concentre sur la conception et la mise 

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL

, Paris

Application of different methods for rehabilitation of existing 

d 

 

ths 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
équent d'y effectuer des travaux additionnels 

d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
voie ferrée, plusieurs autorités ferroviaires européennes définissent les zones de transition entre les voies « 

structures telles que les ponts, tunnels et arches, comme des parties 

ption et la mise 

zones de transition ferroviaires, projet de réhabilitation, projet de recherche SMART RAIL 

, Paris

 

Application of different methods for rehabilitation of existing 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track.
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
équent d'y effectuer des travaux additionnels 

d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
les voies « 

structures telles que les ponts, tunnels et arches, comme des parties 

ption et la mise 

 

Application of different methods for rehabilitation of existing 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

idges/ tunnels/ culverts as problematic parts on the track. 
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
équent d'y effectuer des travaux additionnels 

d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
les voies « 

structures telles que les ponts, tunnels et arches, comme des parties 

ption et la mise 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

 
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
équent d'y effectuer des travaux additionnels 

d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
les voies « 

structures telles que les ponts, tunnels et arches, comme des parties 

ption et la mise 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

(or even overhaul), which are disproportional compared to other sections of the 
railway track, several European railway authorities define the transition zones between the “normal” open tracks 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 

L'un des objectifs fondamentaux des autorités ferroviaires est de réduire les coûts de maintenance liés au 
équent d'y effectuer des travaux additionnels 

d'entretien et de renouvellement (ou même de révision), disproportionnés par rapport à d'autres sections de la 
les voies « 

structures telles que les ponts, tunnels et arches, comme des parties 

ption et la mise 



 

1. 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and renewal (or even overhaul),
railway track, several European 
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
parts on the track
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.
 
Tra
and non
the rigidity of the track struct
the change in the structural elements and the foundation. 
increases
 
In order to limit additional and frequent costs of rehabilitation or renewal of 
degradation mechanisms are analysed within S
quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 
infrastructure
 
This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
new innovative solutions for transition zones
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
investigation 
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 
passing tra

2. 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC
2008.).
 
Type of the transition zone depends on where it is located: 
• 

• 

• 

Within the 
types of substructure, between t

2.1.

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
order to find the best possible solution for 
negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:
• 

• 

  Introduction

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and renewal (or even overhaul),
railway track, several European 
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
parts on the track
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

Transition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
and non
the rigidity of the track struct
the change in the structural elements and the foundation. 
increases

In order to limit additional and frequent costs of rehabilitation or renewal of 
degradation mechanisms are analysed within S
quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 
infrastructure

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
new innovative solutions for transition zones
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
investigation 
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 
passing tra

 Transition zones

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC
2008.).

Type of the transition zone depends on where it is located: 
 transition between different types of superstructure,
 transitio
 direct transition between two different types of rigid substructures.

 
Within the 
types of substructure, between t

2.1. Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
order to find the best possible solution for 
negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:
 discontinuity 
 differential settlements of the rail track structure

Introduction

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and renewal (or even overhaul),
railway track, several European 
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
parts on the track
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
and non-ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 
the rigidity of the track struct
the change in the structural elements and the foundation. 
increases

In order to limit additional and frequent costs of rehabilitation or renewal of 
degradation mechanisms are analysed within S
quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 
infrastructure

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
new innovative solutions for transition zones
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
investigation 
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 
passing tra

Transition zones

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC
2008.). 

Type of the transition zone depends on where it is located: 
transition between different types of superstructure,
transitio
direct transition between two different types of rigid substructures.

Within the 
types of substructure, between t

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
order to find the best possible solution for 
negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

discontinuity 
differential settlements of the rail track structure

 

Introduction

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and renewal (or even overhaul),
railway track, several European 
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
parts on the track
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

the rigidity of the track struct
the change in the structural elements and the foundation. 
increases of the traffic load 

In order to limit additional and frequent costs of rehabilitation or renewal of 
degradation mechanisms are analysed within S
quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 
infrastructure

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
new innovative solutions for transition zones
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
investigation 
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 
passing trains are not negatively affected at these locations. 

Transition zones

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

Type of the transition zone depends on where it is located: 
transition between different types of superstructure,
transition from one type of substructure to another,
direct transition between two different types of rigid substructures.

Within the SMART RAIL 
types of substructure, between t

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
order to find the best possible solution for 
negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

discontinuity 
differential settlements of the rail track structure

Introduction

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and renewal (or even overhaul),
railway track, several European 
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
parts on the track
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

the rigidity of the track struct
the change in the structural elements and the foundation. 

the traffic load 

In order to limit additional and frequent costs of rehabilitation or renewal of 
degradation mechanisms are analysed within S
quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 
infrastructure (Gavin

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
new innovative solutions for transition zones
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
investigation works
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

ins are not negatively affected at these locations. 

Transition zones

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

Type of the transition zone depends on where it is located: 
transition between different types of superstructure,

n from one type of substructure to another,
direct transition between two different types of rigid substructures.

SMART RAIL 
types of substructure, between t

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
order to find the best possible solution for 
negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

discontinuity 
differential settlements of the rail track structure

Introduction 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and renewal (or even overhaul),
railway track, several European 
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
parts on the track (
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

the rigidity of the track struct
the change in the structural elements and the foundation. 

the traffic load 

In order to limit additional and frequent costs of rehabilitation or renewal of 
degradation mechanisms are analysed within S
quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

Gavin

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
new innovative solutions for transition zones
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 

works
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

ins are not negatively affected at these locations. 

Transition zones

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

Type of the transition zone depends on where it is located: 
transition between different types of superstructure,

n from one type of substructure to another,
direct transition between two different types of rigid substructures.

SMART RAIL 
types of substructure, between t

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
order to find the best possible solution for 
negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

discontinuity in the s
differential settlements of the rail track structure

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and renewal (or even overhaul),
railway track, several European 
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/

(Coelho
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

the rigidity of the track struct
the change in the structural elements and the foundation. 

the traffic load 

In order to limit additional and frequent costs of rehabilitation or renewal of 
degradation mechanisms are analysed within S
quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

Gavin et al.

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
new innovative solutions for transition zones
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 

works, differen
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

ins are not negatively affected at these locations. 

Transition zones 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

Type of the transition zone depends on where it is located: 
transition between different types of superstructure,

n from one type of substructure to another,
direct transition between two different types of rigid substructures.

SMART RAIL 
types of substructure, between t

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
order to find the best possible solution for 
negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

in the s
differential settlements of the rail track structure

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and renewal (or even overhaul),
railway track, several European 
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/

Coelho
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

the rigidity of the track struct
the change in the structural elements and the foundation. 

the traffic load 

In order to limit additional and frequent costs of rehabilitation or renewal of 
degradation mechanisms are analysed within S
quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

et al.

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
new innovative solutions for transition zones
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 

, differen
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

ins are not negatively affected at these locations. 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

Type of the transition zone depends on where it is located: 
transition between different types of superstructure,

n from one type of substructure to another,
direct transition between two different types of rigid substructures.

SMART RAIL 
types of substructure, between t

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
order to find the best possible solution for 
negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

in the stiffness of the track structure
differential settlements of the rail track structure

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and renewal (or even overhaul),
railway track, several European 
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/

Coelho,2010; 
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

the rigidity of the track struct
the change in the structural elements and the foundation. 

the traffic load and 

In order to limit additional and frequent costs of rehabilitation or renewal of 
degradation mechanisms are analysed within S
quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

et al., 2012.)

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
new innovative solutions for transition zones
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 

, different approaches for both ends were applied for a systematic comparison of the overall 
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

ins are not negatively affected at these locations. 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

Type of the transition zone depends on where it is located: 
transition between different types of superstructure,

n from one type of substructure to another,
direct transition between two different types of rigid substructures.

SMART RAIL project
types of substructure, between t

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
order to find the best possible solution for 
negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

tiffness of the track structure
differential settlements of the rail track structure

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and renewal (or even overhaul),
railway track, several European 
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/

,2010; 
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

the rigidity of the track structure and track settlement occurs between individual transverse profiles, as a result of 
the change in the structural elements and the foundation. 

and higher 

In order to limit additional and frequent costs of rehabilitation or renewal of 
degradation mechanisms are analysed within S
quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

, 2012.)

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
new innovative solutions for transition zones
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 

t approaches for both ends were applied for a systematic comparison of the overall 
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

ins are not negatively affected at these locations. 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

Type of the transition zone depends on where it is located: 
transition between different types of superstructure,

n from one type of substructure to another,
direct transition between two different types of rigid substructures.

project
types of substructure, between the open track on embankment and the bridge.

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
order to find the best possible solution for 
negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

tiffness of the track structure
differential settlements of the rail track structure

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and renewal (or even overhaul),
railway track, several European and American 
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/

,2010; AAR Report
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
the change in the structural elements and the foundation. 

higher 

In order to limit additional and frequent costs of rehabilitation or renewal of 
degradation mechanisms are analysed within S
quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

, 2012.).  

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
new innovative solutions for transition zones
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 

t approaches for both ends were applied for a systematic comparison of the overall 
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

ins are not negatively affected at these locations. 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

Type of the transition zone depends on where it is located: 
transition between different types of superstructure,

n from one type of substructure to another,
direct transition between two different types of rigid substructures.

project, focus is on
he open track on embankment and the bridge.

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
order to find the best possible solution for 
negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

tiffness of the track structure
differential settlements of the rail track structure

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and renewal (or even overhaul),

and American 
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/

AAR Report
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
the change in the structural elements and the foundation. 

higher train speed, the mo

In order to limit additional and frequent costs of rehabilitation or renewal of 
degradation mechanisms are analysed within S
quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
new innovative solutions for transition zones
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 

t approaches for both ends were applied for a systematic comparison of the overall 
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

ins are not negatively affected at these locations. 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

Type of the transition zone depends on where it is located: 
transition between different types of superstructure,

n from one type of substructure to another,
direct transition between two different types of rigid substructures.

focus is on
he open track on embankment and the bridge.

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
order to find the best possible solution for 
negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

tiffness of the track structure
differential settlements of the rail track structure

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and renewal (or even overhaul),

and American 
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/

AAR Report
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
the change in the structural elements and the foundation. 

train speed, the mo

In order to limit additional and frequent costs of rehabilitation or renewal of 
degradation mechanisms are analysed within S
quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
new innovative solutions for transition zones
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 

t approaches for both ends were applied for a systematic comparison of the overall 
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

ins are not negatively affected at these locations. 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

Type of the transition zone depends on where it is located: 
transition between different types of superstructure,

n from one type of substructure to another,
direct transition between two different types of rigid substructures.

focus is on
he open track on embankment and the bridge.

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
order to find the best possible solution for 
negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

tiffness of the track structure
differential settlements of the rail track structure

Vajdi

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and renewal (or even overhaul),

and American 
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/

AAR Report
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
the change in the structural elements and the foundation. 

train speed, the mo

In order to limit additional and frequent costs of rehabilitation or renewal of 
degradation mechanisms are analysed within S
quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
new innovative solutions for transition zones
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 

t approaches for both ends were applied for a systematic comparison of the overall 
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

ins are not negatively affected at these locations. 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

Type of the transition zone depends on where it is located: 
transition between different types of superstructure,

n from one type of substructure to another,
direct transition between two different types of rigid substructures.

focus is on
he open track on embankment and the bridge.

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
order to find the best possible solution for solving the problems that happen in the transition zones, all the 
negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

tiffness of the track structure
differential settlements of the rail track structure

Vajdić. Liu, Lenart, Oslakovi

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 
maintenance and renewal (or even overhaul), which are disproportional compared to other sections of the 

and American 
“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/

AAR Report, 1993
reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
the change in the structural elements and the foundation. 

train speed, the mo

In order to limit additional and frequent costs of rehabilitation or renewal of 
degradation mechanisms are analysed within SMART RAIL, FP7 research project
quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
new innovative solutions for transition zones between 
with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 

t approaches for both ends were applied for a systematic comparison of the overall 
performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

ins are not negatively affected at these locations. 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

Type of the transition zone depends on where it is located: 
transition between different types of superstructure,

n from one type of substructure to another,
direct transition between two different types of rigid substructures.

focus is on solving the problem in the 
he open track on embankment and the bridge.

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

tiffness of the track structure
differential settlements of the rail track structure

ć. Liu, Lenart, Oslakovi

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
and American railway authorities define the transition zones between the 

“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
1993

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
the change in the structural elements and the foundation. 

train speed, the mo

In order to limit additional and frequent costs of rehabilitation or renewal of 
MART RAIL, FP7 research project

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
between 

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

ins are not negatively affected at these locations. 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

Type of the transition zone depends on where it is located: 
transition between different types of superstructure,

n from one type of substructure to another,
direct transition between two different types of rigid substructures.

solving the problem in the 
he open track on embankment and the bridge.

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

tiffness of the track structure;
differential settlements of the rail track structure; 

. Liu, Lenart, Oslakovi

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
1993.) Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
the change in the structural elements and the foundation. 

train speed, the mo

In order to limit additional and frequent costs of rehabilitation or renewal of 
MART RAIL, FP7 research project

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
between 

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

ins are not negatively affected at these locations. 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

Type of the transition zone depends on where it is located: 
transition between different types of superstructure, 

n from one type of substructure to another, 
direct transition between two different types of rigid substructures.

solving the problem in the 
he open track on embankment and the bridge.

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

; 
 

. Liu, Lenart, Oslakovi

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
the change in the structural elements and the foundation. 

train speed, the more urgent the transition zone issues are.

In order to limit additional and frequent costs of rehabilitation or renewal of 
MART RAIL, FP7 research project

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
between the 

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

ins are not negatively affected at these locations. 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

Type of the transition zone depends on where it is located:  

direct transition between two different types of rigid substructures.

solving the problem in the 
he open track on embankment and the bridge.

Negative mechanisms that occur in the transition zones

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

. Liu, Lenart, Oslakovi

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
the change in the structural elements and the foundation. Regarding to

re urgent the transition zone issues are.

In order to limit additional and frequent costs of rehabilitation or renewal of 
MART RAIL, FP7 research project

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
the open track on 

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

ins are not negatively affected at these locations.  

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

 

direct transition between two different types of rigid substructures.

solving the problem in the 
he open track on embankment and the bridge.

Negative mechanisms that occur in the transition zones 

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

. Liu, Lenart, Oslaković

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
Regarding to

re urgent the transition zone issues are.

In order to limit additional and frequent costs of rehabilitation or renewal of 
MART RAIL, FP7 research project

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
open track on 

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

direct transition between two different types of rigid substructures.

solving the problem in the 
he open track on embankment and the bridge.

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are:

. Liu, Lenart, Oslaković/ Transport Research 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
Regarding to

re urgent the transition zone issues are.

In order to limit additional and frequent costs of rehabilitation or renewal of 
MART RAIL, FP7 research project

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
open track on 

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 200
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

direct transition between two different types of rigid substructures. 

solving the problem in the 
he open track on embankment and the bridge.

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 
analysed. Negative mechanisms that occur in the transition zones are: 

/ Transport Research 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
Regarding to

re urgent the transition zone issues are.

In order to limit additional and frequent costs of rehabilitation or renewal of 
MART RAIL, FP7 research project

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
open track on 

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
railway structure in its entirety takes place, (Esvald, 2001.; Jenks, 2006.; Rossmann et al., 2008). Under the basic 
characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

 

solving the problem in the 
he open track on embankment and the bridge.

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 
 

/ Transport Research 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
Regarding to the 

re urgent the transition zone issues are.

In order to limit additional and frequent costs of rehabilitation or renewal of 
MART RAIL, FP7 research project

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
open track on embankment and the bridge.

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
design. Geotechnical specialized FEM modelling work with PLAXIS software 
preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
6.; Rossmann et al., 2008). Under the basic 

characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

solving the problem in the transition zones between two different 
he open track on embankment and the bridge.

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 

/ Transport Research 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
the emerging needs, 

re urgent the transition zone issues are.

In order to limit additional and frequent costs of rehabilitation or renewal of 
MART RAIL, FP7 research project

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
embankment and the bridge.

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
software 

preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
6.; Rossmann et al., 2008). Under the basic 

characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

transition zones between two different 
he open track on embankment and the bridge. 

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 

/ Transport Research 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
emerging needs, 

re urgent the transition zone issues are.

In order to limit additional and frequent costs of rehabilitation or renewal of 
MART RAIL, FP7 research project

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
embankment and the bridge.

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
software 

preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
6.; Rossmann et al., 2008). Under the basic 

characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

transition zones between two different 

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 

/ Transport Research Arena

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
emerging needs, 

re urgent the transition zone issues are.

In order to limit additional and frequent costs of rehabilitation or renewal of the transition sections
MART RAIL, FP7 research project, with the aim to find a high

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
embankment and the bridge.

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
software was then carried out for a 

preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
6.; Rossmann et al., 2008). Under the basic 

characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

transition zones between two different 

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 

Arena

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

“normal” open tracks and "rigid" track sections or substructures such as bridges/ tunnels/ 
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
emerging needs, 

re urgent the transition zone issues are.

the transition sections
, with the aim to find a high

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
embankment and the bridge.

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
was then carried out for a 

preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
6.; Rossmann et al., 2008). Under the basic 

characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

transition zones between two different 

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 

Arena 2014

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

 culverts as problematic 
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
emerging needs, 

re urgent the transition zone issues are.

the transition sections
, with the aim to find a high

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and 
embankment and the bridge.

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
was then carried out for a 

preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
6.; Rossmann et al., 2008). Under the basic 

characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

transition zones between two different 

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 

2014, Paris

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

culverts as problematic 
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
emerging needs, higher 

re urgent the transition zone issues are.

the transition sections
, with the aim to find a high

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

This paper presents case study of “Buna” bridge in Croatia, which focuses on the design and implementation of 
embankment and the bridge.

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
was then carried out for a 

preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
6.; Rossmann et al., 2008). Under the basic 

characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

transition zones between two different 

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 

, Paris 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

culverts as problematic 
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
higher 

re urgent the transition zone issues are. 

the transition sections
, with the aim to find a high

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

implementation of 
embankment and the bridge.

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
was then carried out for a 

preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
6.; Rossmann et al., 2008). Under the basic 

characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

transition zones between two different 

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 

 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

culverts as problematic 
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
higher 

the transition sections
, with the aim to find a high

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

implementation of 
embankment and the bridge.

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
was then carried out for a 

preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
6.; Rossmann et al., 2008). Under the basic 

characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC

transition zones between two different 

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 

2 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

culverts as problematic 
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
higher axle load, 

the transition sections
, with the aim to find a high

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

implementation of 
embankment and the bridge. Starting 

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
was then carried out for a 

preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
6.; Rossmann et al., 2008). Under the basic 

characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
each substructure layer and each superstructure part, overall value of track deformations, geometric restraints. 
The transition zones in general represent the appearance of discontinuity in the track structure, (UIC Report

transition zones between two different 

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

culverts as problematic 
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority.

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
axle load, 

the transition sections, the 
, with the aim to find a high

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

implementation of 
Starting 

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
was then carried out for a 

preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
6.; Rossmann et al., 2008). Under the basic 

characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
restraints. 

Report

transition zones between two different 

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

culverts as problematic 
Frequent repairing of the places like these has resulted in 

reduction of the track capacity and traffic continuity, which generates additional costs to the railway authority. 

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
axle load, 

, the 
, with the aim to find a high-

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

implementation of 
Starting 

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
was then carried out for a 

preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
6.; Rossmann et al., 2008). Under the basic 

characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
restraints. 

Report, 

transition zones between two different 

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 

One of the basic objectives of the present railway authorities refers to the reduction of maintenance costs 
allocated for maintaining the railway infrastructure. Due to the frequent need for conducting additional 

which are disproportional compared to other sections of the 
railway authorities define the transition zones between the 

culverts as problematic 
Frequent repairing of the places like these has resulted in 

nsition zones between bridges, tunnels, artificial and earth structures, including transitions between ballast 
ballast permanent way (slab track), are a part of the railway track structure where the abrupt change in 

ure and track settlement occurs between individual transverse profiles, as a result of 
axle load, 

, the 
-

quality, economically and environmentally acceptable solution for revitalizing deteriorated and aged existing rail 

implementation of 
Starting 

with reviewing and evaluating the existing conditions by application of geotechnical and geophysical 
t approaches for both ends were applied for a systematic comparison of the overall 

performance. Innovative materials like cementitious composites, geotextiles and geogrids were included in the 
was then carried out for a 

preliminary analysis and evaluation on both approaches. Transitions were designed in a way that both 
settlements and stiffness variations are smoothened in a reasonable way so that both safety and comfort of 

Transition zones are defined as parts of the railway track where a change of basic characteristics that define a 
6.; Rossmann et al., 2008). Under the basic 

characteristics following parameters are considered: substructure and superstructure stiffness, deformation of 
restraints. 

, 

transition zones between two different 

Poor condition of the transition zones is a consequence of numerous complex and interrelated mechanisms. In 
solving the problems that happen in the transition zones, all the 

negative mechanisms which influence the behaviour of the track structure should be taken into account and 



 

• 

• 

 
The above
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence

2.2.

A certain structural 
 
The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 
dynamically irrelevant intervals, 
 
Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 
dynamic occurrences, 

3. 

“Buna” 
Zagreb  at km 398+422, is selected for the case stu
immediately before and after
such as 
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 
stiffness
 

3.1.

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a
the whole rai
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

 influence of rail services speed
 influence of the direction of the train.

The above
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence

2.2. Role of transition zones

A certain structural 

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 
dynamically irrelevant intervals, 

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 
dynamic occurrences, 

 Case study: transition zones at ''

“Buna” 
Zagreb  at km 398+422, is selected for the case stu
immediately before and after
such as 
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 
stiffness

3.1. Technical characteristics of the

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a
the whole rai
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

nfluence of rail services speed
influence of the direction of the train.

The above
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence

Role of transition zones

A certain structural 

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 
dynamically irrelevant intervals, 

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 
dynamic occurrences, 

ase study: transition zones at ''

“Buna” bridge (
Zagreb  at km 398+422, is selected for the case stu
immediately before and after
such as track unevenness and under ballast gaps, and vertical displacements of t
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 
stiffness (

Technical characteristics of the

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a
the whole rai
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

 

nfluence of rail services speed
influence of the direction of the train.

The above-mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence

Role of transition zones

A certain structural 

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 
dynamically irrelevant intervals, 

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 
dynamic occurrences, 

ase study: transition zones at ''

bridge (
Zagreb  at km 398+422, is selected for the case stu
immediately before and after

track unevenness and under ballast gaps, and vertical displacements of t
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

(Error! Reference source not found.

Technical characteristics of the

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a
the whole rai
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

nfluence of rail services speed
influence of the direction of the train.

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence

Role of transition zones

A certain structural 

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 
dynamically irrelevant intervals, 

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 
dynamic occurrences, 

ase study: transition zones at ''

bridge (
Zagreb  at km 398+422, is selected for the case stu
immediately before and after

track unevenness and under ballast gaps, and vertical displacements of t
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Error! Reference source not found.

Technical characteristics of the

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a
the whole railway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

nfluence of rail services speed
influence of the direction of the train.

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence

Role of transition zones

A certain structural 

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 
dynamically irrelevant intervals, 

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 
dynamic occurrences, 

ase study: transition zones at ''

bridge (Error! Reference source not found.

Zagreb  at km 398+422, is selected for the case stu
immediately before and after

track unevenness and under ballast gaps, and vertical displacements of t
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Error! Reference source not found.

Technical characteristics of the

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a

lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

nfluence of rail services speed
influence of the direction of the train.

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence

Role of transition zones

A certain structural solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 
dynamically irrelevant intervals, 

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 
dynamic occurrences, (Rossmann et al., 2008).

ase study: transition zones at ''

Error! Reference source not found.

Zagreb  at km 398+422, is selected for the case stu
immediately before and after

track unevenness and under ballast gaps, and vertical displacements of t
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Error! Reference source not found.

Technical characteristics of the

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a

lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

nfluence of rail services speed
influence of the direction of the train.

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence

Role of transition zones

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 
dynamically irrelevant intervals, 

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

(Rossmann et al., 2008).

ase study: transition zones at ''

Error! Reference source not found.

Zagreb  at km 398+422, is selected for the case stu
immediately before and after

track unevenness and under ballast gaps, and vertical displacements of t
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Error! Reference source not found.

Technical characteristics of the

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a

lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

nfluence of rail services speed
influence of the direction of the train.

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence

Role of transition zones 

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 
dynamically irrelevant intervals, 

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

(Rossmann et al., 2008).

ase study: transition zones at ''

Error! Reference source not found.

Zagreb  at km 398+422, is selected for the case stu
immediately before and after 

track unevenness and under ballast gaps, and vertical displacements of t
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Error! Reference source not found.

Fig. 1. (a) 

Technical characteristics of the

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a

lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

nfluence of rail services speed
influence of the direction of the train.

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence

 

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 
dynamically irrelevant intervals, 

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

(Rossmann et al., 2008).

ase study: transition zones at ''

Error! Reference source not found.

Zagreb  at km 398+422, is selected for the case stu
 the bridge. 

track unevenness and under ballast gaps, and vertical displacements of t
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Error! Reference source not found.

Fig. 1. (a) 

Technical characteristics of the

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a

lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

nfluence of rail services speed; 
influence of the direction of the train.

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 
dynamically irrelevant intervals, (Esvald, 2001.; Jenks, 2006.).

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

(Rossmann et al., 2008).

ase study: transition zones at ''

Error! Reference source not found.

Zagreb  at km 398+422, is selected for the case stu
the bridge. 

track unevenness and under ballast gaps, and vertical displacements of t
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Error! Reference source not found.

Fig. 1. (a) “Buna“ bridge

Technical characteristics of the

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a

lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

influence of the direction of the train.

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

(Esvald, 2001.; Jenks, 2006.).

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

(Rossmann et al., 2008).

ase study: transition zones at ''Buna'' bridge

Error! Reference source not found.

Zagreb  at km 398+422, is selected for the case stu
the bridge. 

track unevenness and under ballast gaps, and vertical displacements of t
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Error! Reference source not found.

“Buna“ bridge

Technical characteristics of thet track section

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a

lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

Vajdi

influence of the direction of the train. 

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

(Esvald, 2001.; Jenks, 2006.).

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

(Rossmann et al., 2008).

una'' bridge

Error! Reference source not found.

Zagreb  at km 398+422, is selected for the case stu
the bridge. In the transitions zones irregularities in the geometry have been noticed, 

track unevenness and under ballast gaps, and vertical displacements of t
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Error! Reference source not found.

“Buna“ bridge

t track section

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a

lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

Vajdić

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

(Esvald, 2001.; Jenks, 2006.).

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

(Rossmann et al., 2008).

una'' bridge

Error! Reference source not found.

Zagreb  at km 398+422, is selected for the case stu
In the transitions zones irregularities in the geometry have been noticed, 

track unevenness and under ballast gaps, and vertical displacements of t
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Error! Reference source not found.

“Buna“ bridge

t track section

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a

lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

Vajdić. Liu, Lenart, Oslakovi

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

(Esvald, 2001.; Jenks, 2006.).

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

(Rossmann et al., 2008). 

una'' bridge

Error! Reference source not found.

Zagreb  at km 398+422, is selected for the case stu
In the transitions zones irregularities in the geometry have been noticed, 

track unevenness and under ballast gaps, and vertical displacements of t
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Error! Reference source not found.b).

“Buna“ bridge; (b) 

t track section

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a

lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

ć. Liu, Lenart, Oslakovi

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 
and safety of driving as an immediate consequence (Vajdi

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

(Esvald, 2001.; Jenks, 2006.).

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

una'' bridge 

Error! Reference source not found.

Zagreb  at km 398+422, is selected for the case study because of the obvious problems in the transition zones, 
In the transitions zones irregularities in the geometry have been noticed, 

track unevenness and under ballast gaps, and vertical displacements of t
were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

b). 

; (b) 

t track section 

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a

lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

. Liu, Lenart, Oslakovi

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

(Vajdi

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

(Esvald, 2001.; Jenks, 2006.).

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

 

Error! Reference source not found.a), situated at the railways track 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
track unevenness and under ballast gaps, and vertical displacements of t

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

       

; (b) Deformed geometry of superstructure

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a

lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

. Liu, Lenart, Oslakovi

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

(Vajdić 

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

(Esvald, 2001.; Jenks, 2006.).

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

), situated at the railways track 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
track unevenness and under ballast gaps, and vertical displacements of t

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

       

Deformed geometry of superstructure

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/a

lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

. Liu, Lenart, Oslakovi

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

 et al., 2012.)

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

(Esvald, 2001.; Jenks, 2006.). 

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

), situated at the railways track 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
track unevenness and under ballast gaps, and vertical displacements of t

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Deformed geometry of superstructure

Longitudinal gradient on the planned intervention section is 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 
the speed limit was 60 km/h, allowed axle weight was 22.5 t/axle

lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a
with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

. Liu, Lenart, Oslaković

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

et al., 2012.)

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

 

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

), situated at the railways track 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
track unevenness and under ballast gaps, and vertical displacements of t

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Deformed geometry of superstructure

Longitudinal gradient on the planned intervention section is 0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

xle and 8.0 t/m. Next rehabilitation which included 
lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

. Liu, Lenart, Oslaković / Transport Research Arena

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

et al., 2012.)

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

), situated at the railways track 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
track unevenness and under ballast gaps, and vertical displacements of t

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Deformed geometry of superstructure

0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

and 8.0 t/m. Next rehabilitation which included 
lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

/ Transport Research Arena

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

et al., 2012.). 

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

Ideally these inconsistencies occurring in parts of transition zones do not 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

), situated at the railways track 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
track unevenness and under ballast gaps, and vertical displacements of t

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Deformed geometry of superstructure

0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

and 8.0 t/m. Next rehabilitation which included 
lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

/ Transport Research Arena

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

 

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additiona
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

Ideally these inconsistencies occurring in parts of transition zones do not influence the performance of a passing 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

), situated at the railways track 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
track unevenness and under ballast gaps, and vertical displacements of t

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Deformed geometry of superstructure

0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

and 8.0 t/m. Next rehabilitation which included 
lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

/ Transport Research Arena

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

solution is in fact hidden behind the term “transition zones”.

The main role of transition zones is to prevent sudden changes in stiffness of the load
of the track. The aim is to minimize/ or prevent the occurrence of additional negative dynamic loads over a part 
of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

influence the performance of a passing 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

), situated at the railways track 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
track unevenness and under ballast gaps, and vertical displacements of t

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Deformed geometry of superstructure

0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

and 8.0 t/m. Next rehabilitation which included 
lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

/ Transport Research Arena

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

solution is in fact hidden behind the term “transition zones”. 

The main role of transition zones is to prevent sudden changes in stiffness of the load
l negative dynamic loads over a part 

of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

influence the performance of a passing 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

), situated at the railways track 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
track unevenness and under ballast gaps, and vertical displacements of the whole track structure. These 

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Deformed geometry of superstructure

0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

and 8.0 t/m. Next rehabilitation which included 
lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

/ Transport Research Arena

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

The main role of transition zones is to prevent sudden changes in stiffness of the load-bearing structural elements 
l negative dynamic loads over a part 

of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

influence the performance of a passing 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

), situated at the railways track 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
he whole track structure. These 

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Deformed geometry of superstructure

0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

and 8.0 t/m. Next rehabilitation which included 
lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

/ Transport Research Arena

mentioned degradation mechanisms, which in fact act each on their own, may 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

bearing structural elements 
l negative dynamic loads over a part 

of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

influence the performance of a passing 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

), situated at the railways track M104 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
he whole track structure. These 

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

Deformed geometry of superstructure. 

0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

and 8.0 t/m. Next rehabilitation which included 
lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

/ Transport Research Arena 2014

mentioned degradation mechanisms, which in fact act each on their own, may also be conditioned by 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

bearing structural elements 
l negative dynamic loads over a part 

of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

influence the performance of a passing 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

M104 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
he whole track structure. These 

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated betwe
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

and 8.0 t/m. Next rehabilitation which included 
lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

2014, Paris

also be conditioned by 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

bearing structural elements 
l negative dynamic loads over a part 

of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

influence the performance of a passing 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

M104 Novska 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
he whole track structure. These 

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 
when this track was designed and built. The line was for the first time rehabilitated between 1971 and 1972, 
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

and 8.0 t/m. Next rehabilitation which included 
lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/a

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

, Paris 

also be conditioned by 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

bearing structural elements 
l negative dynamic loads over a part 

of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

influence the performance of a passing 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

Novska 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
he whole track structure. These 

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 

en 1971 and 1972, 
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

and 8.0 t/m. Next rehabilitation which included 
lway line from Novska to Zagreb in 2008 enabled maximum axle weight 22.5 t/axle

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

 

also be conditioned by 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

bearing structural elements 
l negative dynamic loads over a part 

of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

influence the performance of a passing 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

Novska 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
he whole track structure. These 

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 

en 1971 and 1972, 
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

and 8.0 t/m. Next rehabilitation which included 
xle and 8.0 t/m, 

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

 

also be conditioned by 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

bearing structural elements 
l negative dynamic loads over a part 

of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

influence the performance of a passing 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

Novska – Sisak 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
he whole track structure. These 

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 

en 1971 and 1972, 
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

and 8.0 t/m. Next rehabilitation which included 
and 8.0 t/m, 

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

also be conditioned by 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

bearing structural elements 
l negative dynamic loads over a part 

of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

influence the performance of a passing 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

Sisak 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
he whole track structure. These 

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 

en 1971 and 1972, 
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

and 8.0 t/m. Next rehabilitation which included 
and 8.0 t/m, 

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

also be conditioned by 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

bearing structural elements 
l negative dynamic loads over a part 

of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

influence the performance of a passing 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

Sisak –
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
he whole track structure. These 

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

 

0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 

en 1971 and 1972, 
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

and 8.0 t/m. Next rehabilitation which included 
and 8.0 t/m, 

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 

also be conditioned by 
each other. Cyclic repetition of these processes accelerates degradation of track geometry, with reduced quality 

bearing structural elements 
l negative dynamic loads over a part 

of a transition zone, which additionally accelerate the track geometry degradation, with reduced quality and 
safety of driving as an immediate consequence. This can be achieved by linearly changing certain properties of 
the surrounding structures at a reasonable distance by dividing one differential change into smaller steps, i.e. 

influence the performance of a passing 
train in terms of safety but rather they more often reflect upon the quality and comfort of rail services and other 

– 
dy because of the obvious problems in the transition zones, 

In the transitions zones irregularities in the geometry have been noticed, 
he whole track structure. These 

were caused by differential settlements and by dynamic impacts of the train due to the changes in the track 

0.02 ‰. According to the characteristics of this 
track it belongs to the lowland tracks. The original project documentation for this section dates back to the 1893, 

en 1971 and 1972, 
implementing new materials in the superstructure according to the rehabilitation project dating from 1953. Then 

and 8.0 t/m. Next rehabilitation which included 
and 8.0 t/m, 

with the speed limit of 140 km/h, but unfortunately the reconstruction skipped the "Buna" bridge and therefore at 



 

this 
bridge replacement was designed in 2010, which was then extended with the new solution for transition zones in 
2013. 
According to the business plan of Croatian Railways (H
was planned for year 2013, and that is also the reason why it was 
 
Currently rails are fastened on the wooden sleepers on distance of 60 cm, 50 m before and after the “Buna” 
bridge with rigid fastening system (type K). The rest of the track has prestressed concrete sleepers. The wooden 
sleepers are much less stiff compared to the rigid concrete sleepers and thus they easier absorb additional 
dynamic effects that 
bridge presented one kind of solution that was used in the past for transition zones to prevent negative 
consequences in the track caused by the differential stiffness.
 
The n
inclination 40:1, elastic fastening system SKL
monoblock sleepers, ballast of adeq
material texture. Sleepers are installed at distance between centres of sleepers of 60 cm (1670 pieces per km). 
Continuous welded rail will be used on the entire section.

3.2.

At the selected section there is mixed type of traffic; on average there are 28 passengers and 13 freight trains 
daily, which gives about 1.270.827 passengers and 1.554.401 tons of goods annually. 
are operating on this railw
2012

3.3.

An extensive geotechnical and geophysical investigations have been carried out on site in March 2012. Field 
test
conditions
the causes of
reconstruction 

 
 

this section the speed limit is today restricted 
bridge replacement was designed in 2010, which was then extended with the new solution for transition zones in 
2013. 
According to the business plan of Croatian Railways (H
was planned for year 2013, and that is also the reason why it was 

Currently rails are fastened on the wooden sleepers on distance of 60 cm, 50 m before and after the “Buna” 
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