-

View metadata, citation and similar papers at core.ac.uk brought to you byf’f CORE

provided by University of Birmingham Research Portal

UNIVERSITYOF
BIRMINGHAM

Research at Birmingham

Structural Crack Identification in Railway
Prestressed Concrete Sleepers Using Dynamic
Mode Shapes

Janeliukstis, Rims; Rucevskis, Sandris; Kaewunruen, Sakdirat

DOI:
10.3390/proceedings2161139

License:
Creative Commons: Attribution (CC BY)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):

Janeliukstis, R, Rucevskis, S & Kaewunruen, S 2018, 'Structural Crack Identification in Railway Prestressed
Concrete Sleepers Using Dynamic Mode Shapes', Proceedings, vol. 2, no. 16, 1139.
https://doi.org/10.3390/proceedings2161139

Link to publication on Research at Birmingham portal

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

» Users may freely distribute the URL that is used to identify this publication.

» Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

» User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
» Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy . . _ o . ) .
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 01. Feb. 2019


https://core.ac.uk/display/185511218?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://doi.org/10.3390/proceedings2161139
https://research.birmingham.ac.uk/portal/en/publications/structural-crack-identification-in-railway-prestressed-concrete-sleepers-using-dynamic-mode-shapes(1d058d52-d7ae-4e03-90e1-904ab6c56d4a).html

Y RISE
1.

E proceedings ' ﬁw\l)a

Extended Abstract
Structural Crack Identification in Railway

Prestressed Concrete Sleepers Using Dynamic
Mode Shapes *

Rims Janeliukstis 12*, Sandris Rucevski 2 and Sakdirat Kaewunruen 13

1 Birmingham Centre for Railway Research and Education, The University of Birmingham,
Birmingham B15 2TT, UK; s.kaewunruen@bham.ac.uk

2 Institute of Materials and Structures, Riga Technical University, Kipsalas street 6, LV-1658 Riga, Latvia;
sandris.rucevskis@rtu.lv

3 Laboratory for Track Engineering and Operations for Future Uncertainties (TOFU Lab.),
School of Engineering, The University of Birmingham, Birmingham B15 2TT, UK

* Correspondence: rimas.j@inbox.lv; Tel.: +44-(0)-1214-142-670

t Presented at 2018 International Symposium on Rail Infrastructure Systems Engineering (i-RISE 2018), Brno,
Czech Republic, 5 June 2018.

Published: 17 September 2018

Railway prestressed concrete sleepers are a structural and safety-critical component in railway
tracks. They are commonly embedded in ballast or gravel to enhance lateral track stability. This
practice has prohibited the ability to visually observe or inspect the structural condition of the railway
sleepers. It is important to note that damage of a sleeper may not seem to immediately lead to train
derailments in a plain ballasted track. However, such the damage can lead to broken switch, bowed
crossing, broken welds and wing-rail in switches and crossings or on the transom or railway bridge,
potentially resulting in a train derailment from either excessive resultant track geometry defects or
progressive component defects. Without proper maintenance or replacement in a timely manner,
such the small damage can extend to a larger damage and lead to costly unplanned maintenance
costs from aggravated impact loading, unbalanced load transfer, and other consequences caused by
broken sleepers [1-10].

This study is the word first to demonstrate a novel identification technique that is able to locate
crack damage in full-scale railway prestressed concrete sleepers. By using dynamic mode shapes of
the sleepers, the curvature squares can be used to identify structural cracks in the sleepers. This novel
approach adopts structural deflection shapes extracted from experimental modal analysis using an
impact excitation [11-15]. In this study, the full-scale railway concrete sleepers are loaded to
experience the first crack and exposed to 1.5 times above the first-crack loads using quasi-static
loading regimes in accordance with the British Standard as shown in Figure 1.

We are the first to report that the curvature square approach can be used to identify the structural
damage in the full-scale railway prestressed concrete sleepers. It is found that accurate locations of
structural cracks mostly in the mid span of the sleepers (e.g., centre binding cracks in the field) can
be reasonably detected in comparison with the actual crack measurements from the experimental
data. Our future work will establish a standardized damage index distributions and subsequent
thresholding with different levels of confidence of damage localization to enhance the accuracy of
crack localization. The insight into this approach can enhance the development of on-board and on-
track technology to identify structural cracks for railway concrete sleepers embedded in ballasted
railway tracks using operational modal analysis.
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Figure 1. Experimental testing and damage localization flowchart.
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