Analysis of Polyurethane Reinforcement in the Transition Zone of Railway Track
Wahana Aris Munandar, Ir. Latif Budi Suparma, M.Sc., Ph.D.; Prof. Ir. Suryo Hapsoro Tri Utomo, Ph.D.

Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

REFERENCES

Anderson, W. and Key, A. 1999. Two layer ballast beds as railway track foundations. In:
Twelfth European Conference on Soil Mechanics and Geotechnical Engineering
(Proceedings) The Netherlands Society of Soil Mechanics and Geotechnical
Engineering; Ministry of Transport, Public Works and Water Management, AP
van den Berg Machinefabriek; Fugro NV; GeoDelft; Holland Railconsult.

Banimahd, M., Woodward, P.K., Kennedy, J. and Medero, G.M. 2012. Behaviour of
train—track interaction in stiffness transitions. Proceedings of the Institution of
Civil Engineers - Transport. 165(3), pp.205-214.

Cai, Y., Xu, L., Liu, W., Shang, Y., Su, N. and Feng, D. 2020. Field Test Study on the
dynamic response of the cement-improved expansive soil subgrade of a heavy-
haul railway. Soil Dynamics and Earthquake Engineering. 128, p105878.

Charoenwong, C., Connolly, D.P., Woodward, P.K., Galvin, P. and Alves Costa, P. 2022.
Analytical forecasting of long-term railway track settlement. Computers and
Geotechnics. 143.

Choudhury, D., Bharti, R., Chauhan, S. and Indraratna, B. 2008. Response of Multilayer
Foundation System beneath Railway Track under Cyclic Loading. Journal of
Geotechnical and Geoenvironmental Engineering. 134, pp.1558-1563.

Chumyen, P., Connolly, D.P., Woodward, P.K. and Markine, V. 2022. The effect of soil
improvement and auxiliary rails at railway track transition zones. Soil Dynamics
and Earthquake Engineering. 155, p107200.

Chumyen, P., Connolly, D.P., Woodward, P.K. and Markine, V. 2023. A comparison of
earthwork designs for railway transition zones. Construction and Building
Materials. 395, p132295.

Esmaeili, M., Heydari-Noghabi, H. and Kamali, M. 2020. Numerical investigation of
railway transition zones stiffened with auxiliary rails. Proceedings of the
Institution of Civil Engineers - Transport. 173(5), pp.299-308.

Faragau, A., Jain, A., de Oliveira Barbosa, J., Metrikine, A. and van Dalen, K. 2022.
Auxiliary rails as a mitigation measure for degradation in transition zones.

Ferreira, J.N.V.d.S. 2013. Long-term behaviour of railway transitions under dynamic
loading application to soft soil sites. PhD thesis, Universidade Nova de Lisboa.

Fortunato, E., Paixdo, A. and Cal¢ada, R. 2013. Railway Track Transition Zones: Design,
Construction, Monitoring and Numerical Modelling. The International Journal
of Railway Technology. 2, pp.33-58.

Fu, H., Yang, Y. and Kaewunruen, S. 2023. Multi-Hazard Effects of Crosswinds on
Cascading Failures of Conventional and Interspersed Railway Tracks Exposed
to Ballast Washaway and Moving Train Loads. Sensors. 23(4), p1786.

Gundavaram, D. and Hussaini, S.K.K. 2023. Application of Elastomeric Polyurethane in
Performance Improvement of Rail Ballast Subjected to Cyclic Loading. Journal
of Materials in Civil Engineering. 35(4), p04023019.

Heydari, H., Varandas, J., Esmaeili, M. and Zakeri, J. 2017. Investigating the Influence
of Auxiliary Rails on Dynamic Behavior of Railway Transition Zone by a 3D

47



Analysis of Polyurethane Reinforcement in the Transition Zone of Railway Track
Wahana Aris Munandar, Ir. Latif Budi Suparma, M.Sc., Ph.D.; Prof. Ir. Suryo Hapsoro Tri Utomo, Ph.D.

Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAHIMADA  Tain-Track Interaction Model. Latin American Journal of Solids and

Structures. 14.

Hornicek, L., Tyc, P., Lidmila, M., Krej¢itikova, H., Jasansky, P. and Btest?'ovsky, P.
2010. An investigation of the effect of under-ballast reinforcing geogrids in
laboratory and operating conditions. Proceedings of the Institution of
Mechanical Engineers, Part F: Journal of Rail and Rapid Transit. 224(4),
pp-269-277.

IEA. 2019. The Future of Rail Opportunities for energy and the environment.
International Energy Agency.

Jing, G., Qie, L., Markine, V.L. and Jia, W. 2019. Polyurethane reinforced ballasted track:
Review, innovation and challenge. Construction and Building Materials. 208,
pp-734-748.

Kaewunruen, S. 2014. Dynamic responses of railway bridge ends: A systems
performance improvement by application of ballast glue/bond. Massachusetts
Institute of Technology.

Kennedy, J. 2011. A Full-Scale Laboratory Investigation into Railway Track
Substructure Performance and Ballast Reinforcement. PhD thesis, Herriot-Watt
University.

Kennedy, J., Woodward, P.K., Medero, G. and Banimahd, M. 2013. Reducing railway
track settlement using three-dimensional polyurethane polymer reinforcement of
the ballast. Construction and Building Materials. 44, pp.615-625.

Li, D. 1994. Railway track granular layer thickness design based on subgrade
performance under repeated loading. University of Massachusetts Amherst.

Li, D. and Davis, D. 2005. Transition of Railroad Bridge Approaches. Journal of
geotechnical and geoenvironmental engineering. 131(11), pp.1392-1398.

Li, D., Hyslip, J.P., Sussmann, T.R. and Chrismer, S.M. 2016. Railway geotechnics. Boca
Raton: Taylor and Francis.

Li, D., Otter, D. and Carr, G. 2010. Railway Bridge Approaches under Heavy Axle Load
Traffic: Problems, Causes, and Remedies. Proceedings of the Institution of
Mechanical Engineers, Part F: Journal of Rail and Rapid Transit. 224(5),
pp-383-390.

Li, D. and Selig, E.T. 1996. Cumulative plastic deformation for fine-grained subgrade
soils. Journal of geotechnical engineering. 122(12), pp.1006-1013.

Li, X., Chalmers tekniska hogskola Department of, M. and Maritime, S. 2019. Wheel-rail
impact loads and track settlement in railway crossings. Gothenburg, Sweden:
Department of Mechanics and Maritime Sciences, Chalmers University of
Technology Gothenburg, Sweden.

Liu, X., Han, J., Liu, M., Wang, J., Xiao, X. and Wen, Z. 2022. Rail Roughness
Acceptance Criterion Based on Metro Interior Noise. Chinese Journal of
Mechanical Engineering. 35(1), p36.

Lundqvist, A. and Dahlberg, T. 2005. Load impact on railway track due to unsupported
sleepers. Proceedings of the Institution of Mechanical Engineers, Part F:
Journal of Rail and Rapid Transit. 219(2), pp.67-77.

48



Analysis of Polyurethane Reinforcement in the Transition Zone of Railway Track
Wahana Aris Munandar, Ir. Latif Budi Suparma, M.Sc., Ph.D.; Prof. Ir. Suryo Hapsoro Tri Utomo, Ph.D.

Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJA%/}Bﬁra, A. and Suzuki, T. 2007. Evaluation of countermeasures against differential

settlement at track transitions. Quarterly Report of RTRI. 48(3), pp.176-182.

Nicholl, G., Zettor, B. and Woodward, P.K. 2004. Application of XiTRACK
GeoComposite technology to Bletchley Points on the west caost main line. In:
Proceedings of the 7th International Confernce on Maintenance & Renewal of
Permanent Way: Power & Signalling: Structures & Earthworks.

Nicks, J.E. 2009. The bump at the end of the railway bridge.

Paixdo, A., Fortunato, E. and Calgada, R. 2013. Design and construction of backfills for
railway track transition zones. Proceedings of the Institution of Mechanical
Engineers, Part F: Journal of Rail and Rapid Transit. 229(1), pp.58-70.

Paixdo, A., Fortunato, E. and Calgada, R. 2014. Transition zones to railway bridges: Track
measurements and numerical modelling. Engineering Structures. 80, pp.435-
443,

Paixao, A.L.M. 2014. Transition Zones in Railway Track an Experimental and Numerical
Study on the Structural Behaviour. Doctor of Philosophy thesis, University of
Porto.

Puppala, A.J., Saride, S., Archeewa, E., Hoyos, L.R. and Nazarian, S. 2009.
Recommendations for design, construction, and maintenance of bridge approach
slabs: synthesis report.

Ramos, A., Gomes Correia, A., Cal¢ada, R. and Connolly, D.P. 2022. Ballastless railway
track transition zones: An embankment to tunnel analysis. Transportation
Geotechnics. 33, p100728.

Read, D. and Li, D. 2006. Design of track transitions. TCRP research results digest. (79).

Safiudo, R., dell'Olio, L., Casado, J.A., Carrascal, I.A. and Diego, S. 2016. Track
transitions in railways: A review. Construction and Building Materials. 112,
pp-140-157.

Safiudo, R., Jardi, 1., Martinez, J.-C., Sanchez, F.-J., Miranda, M., Alonso, B., dell’Olio,
L. and Moura, J.-L. 2022. Monitoring Track Transition Zones in Railways.
Sensors. 22(1), p76.

Sasaoka, C.D. and Davis, D. 2005. Implementing track transition solutions for heavy axle
load service. In: Proceedings, AREMA 2005 Annual Conference, Chicago, IL:
Citeseer.

Sayeed, M.A. 2016. Design of Ballasted Railway Track Foundations using Numerical
Modelling with Special Reference to High Speed Trains. PhD thesis, Curtin
University.

Selig, E.T. and Cantrell, D.D. 2001. Track substructure maintenance—from theory to
practice. In: Proc., American Railway Engineering and Maintenance-of-Way
Association Annual Conference.

Selig, E.T. and Waters, J.M. 1994. Track geotechnology and substructure management.
Thomas Telford.

49



Analysis of Polyurethane Reinforcement in the Transition Zone of Railway Track
Wahana Aris Munandar, Ir. Latif Budi Suparma, M.Sc., Ph.D.; Prof. Ir. Suryo Hapsoro Tri Utomo, Ph.D.

Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

GADJAF%Q ?aki, M., Warnakulasooriya, C. and Witt, K.J. 2015. Numerical study of transition
zone between ballasted and ballastless railway track. Transportation
Geotechnics. 3, pp.58-67.

Shan, Y., Albers, B. and Savidis, S.A. 2013. Influence of different transition zones on the
dynamic response of track—subgrade systems. Computers and Geotechnics. 48,
pp.21-28.

Sun, Y.Q. 2018. Mitigating train derailments due to sharp curve and overspeed. Frontiers
in Mechanical Engineering. 4, p8.

Terashita, Y. and Tatsumi, M. 2003. Analysis of Damaged Rail Weld. Quarterly Report
of RTRI. 44(2), pp.59-64.

Thompson, D.R. and Woodward, P.K. 2004. Track stiffness management using the
XiTRACK GeoComposite. Journal of the Permanent Way Institution. 122(3),
pp-135-139.

Toha, M.T., Setiabudidaya, D., Ghadafi, M.A., Adiwarman, M. and Irvan, M. 2019.
Pseudo-static slope stability analysis around the landslide at railway tunnel,

South Sumatera, Indonesia. IOP conference series. Materials Science and
Engineering. 620(1), p12129.

Tzanakakis, K. 2013. Track Settlements. In: Tzanakakis, K. ed. The Railway Track and
Its Long Term Behaviour: A Handbook for a Railway Track of High Quality.
Berlin, Heidelberg: Springer Berlin Heidelberg, pp.147-148.

UIC, R. 2008. Earthworks and track bed for railway lines.

Usman, K., Burrow, M. and Ghataora, G. 2015. Railway Track Subgrade Failure
Mechanisms Using a Fault Chart Approach. Procedia Engineering. 125, pp.547-
555.

Varandas, J.N., Paixao, A., Fortunato, E., Holscher, P. and Cal¢ada, R. 2014. Numerical
Modelling of Railway Bridge Approaches: Influence of Soil Non-Linearity.
International Journal of Railway Technology. 3(4), pp.73-95.

Wang, H., Chang, L. and Markine, V. 2018. Structural Health Monitoring of Railway
Transition Zones Using Satellite Radar Data. Sensors (Basel). 18(2).

Wang, H. and Markine, V. 2018. Corrective countermeasure for track transition zones in
railways: Adjustable fastener. Engineering Structures. 169, pp.1-14.

Wang, H., Markine, V. and Liu, X. 2018. Experimental analysis of railway track
settlement in transition zones. Proceedings of the Institution of Mechanical
Engineers, Part F: Journal of Rail and Rapid Transit. 232(6), pp.1774-1789.

Woldringh, R. and New, B. 1999. Embankment design for high speed trains on soft soils.
In: Twelfth European Conference on Soil Mechanics and Geotechnical
Engineering (Proceedings) The Netherlands Society of Soil Mechanics and
Geotechnical Engineering; Ministry of Transport, Public Works and Water
Management,; AP van den Berg Machinefabriek; Fugro NV,; GeoDelft; Holland
Railconsult.

Woodward, P., Kennedy, J. and Medero, G. 2009. XiTRACK reinforcement of high speed
railway track over peat formations. In: /0th International Railway Engineering
Conference, University of Westminster, London.

50



Analysis of Polyurethane Reinforcement in the Transition Zone of Railway Track
Wahana Aris Munandar, Ir. Latif Budi Suparma, M.Sc., Ph.D.; Prof. Ir. Suryo Hapsoro Tri Utomo, Ph.D.

Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

GADJAWégaward, P K., El Kacimi, A., Laghrouche, O., Medero, G. and Banimahd, M. 2012.
Application of polyurethane geocomposites to help maintain track geometry for
high-speed ballasted railway tracks. Journal of Zhejiang University SCIENCE
A.13(11), pp.836-849.

Woodward, P.K., Kennedy, J., Laghrouche, O., Connolly, D.P. and Medero, G. 2014.
Study of railway track stiffness modification by polyurethane reinforcement of
the ballast. Transportation Geotechnics. 1(4), pp.214-224.

Woodward, P.K., Kennedy, J., Medero, G.M. and Banimahd, M. 2011. Application of in
situ polyurethane geocomposite beams to improve the passive shoulder
resistance of railway track. Proceedings of the Institution of Mechanical
Engineers, Part F: Journal of Rail and Rapid Transit. 226(3), pp.294-304.

Woodward, P.K., Kennedy, J., Medero, G.M. and Banimahd, M. 2012. Maintaining
absolute clearances in ballasted railway tracks using in situ three-dimensional
polyurethane GeoComposites. Proceedings of the Institution of Mechanical
Engineers, Part F: Journal of Rail and Rapid Transit. 226(3), pp.257-271.

Woodward, P.K., Nicholl, G. and Thompson, D. 2005. Cost effective solution of
persistent track faults using XiTRACK geocomposite technology. Journal of the
Permanent Way Institution. 123(4), pp.191-195.

Woodward, P.K., Thompson, D. and Banimahd, M. 2007. Geocomposite technology:
reducing railway maintenance. Proceedings of the Institution of Civil Engineers
- Transport. 160(3), pp.109-115.

Xiao, J.-L., Jing, P., Yu, S.-X. and Wang, P. 2021. Analysis on the track quality evolution
law of polyurethane-reinforced ballasted track in high-speed railway.
Proceedings of the Institution of Mechanical Engineers, Part F: Journal of Rail
and Rapid Transit. 235(8), pp.993-1005.

Zakeri, J.-A. and Ghorbani, V. 2011. Investigation on dynamic behavior of railway track

in transition zone. Journal of Mechanical Science and Technology. 25, pp.287-
292.

Zhou, S., Wang, B. and Shan, Y. 2020. Review of research on high-speed railway
subgrade settlement in soft soil area. Railway Engineering Science. 28(2),
pp-129-145.

Zhu, F. and Heitor, A. 2021. Influence of Water Content on Track Degradation at
Transition Zones. Transportation Infrastructure Geotechnology. 9(1), pp.32-53.

51



