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energy harvesting device. The events which were easily 
identifiable in the acceleration profile of the forced vibration 
testing were found to be present in the voltage output of the 
energy harvesting device. More research is required to obtain 
accurately correlations between the acceleration and voltage 
response and also for further applications arising from the 
integration of energy harvesting technology with civil 
infrastructure elements. This paper demonstrates that such 
applications are possible and further advance the range of 
applications that can be achieved through the integration of 
smart technology with civil infrastructure elements. 

ACKNOWLEDGEMENTS 

The authors would like to acknowledge the financial 
support from the Irish Research Council GOIPG/2013/482, 
Science Foundation Ireland TIDA Program and the FP7-
PEOPLE-2013-IAPP-BridgeSMS Project. 

REFERENCES 

 [1] Kim, S., Pakzad, S., Culler, D., Demmel, J., Fenves, G., Glaser, S. and 
Turon, M. (2007), ‘Health monitoring of civil infrastructure using 
wireless sensor networks’, in 6th International Symposium on 
Information Processing in Sensor Networks, IEEE, 254-263. 

[2] Gangone, M. V., Whelan, M. J. and Janoyan, K. D. (2011), ‘Wireless 
monitoring of a multi-span bridge superstructure for diagnostic load 
testing and system identification’ Computer-Aided Civil and 
Infrastructure Engineering, 26(7), 560-579. 

[3] Spencer, B.F. and Yun, C.-B. (2010), ‘wireless sensor advances and 
applications for civil infrastructure monitoring’, Technical report, 
Newmark Structural Engineering Laboratory. University of Illinois at 
Urbana-Champaign, Champaign, Illinois, USA. 

[4] Cahill, P., Jackson, N., Mathewson, A and Pakrashi, V. (2013), 
‘PolyVinyliDene fluoride (PVDF) Material based energy harvesting 
from train and damaged bridge interaction’, Key Engineering 
Materials, 569-570, 335-341. 

[5] Harb, A. (2011), ‘Energy harvesting: state-of-the-art’, Renewable 
Energy, 36(10), 2641-2654. 

[6] Beeby, S. P., Tudor, M. J. and White, N. M. (2006), ‘Energy harvesting 
vibration sources for microsystems applications’, Measurement Science 
and Technology, 17(12), R175-R195. 

[7] Priya, S. (2007), ‘Advances in energy harvesting using low profile 
piezoelectric transducers’, Journal of Electroceramics, 19(1), 167-184. 

[8] Xie, X. D., Wu, N., Yuen, K. V. and Wang, Q. (2013), ‘Energy 
harvesting from high-rise buildings by a piezoelectric coupled 
cantilever with a proof mass’,  International Journal of Engineering 
Science, 72, 98-106. 

[9] Wischke, M., Masur, M., Kröner, M and Woias, P. (2011), ‘Vibration 
harvesting in traffic tunnels to power wireless sensor nodes’, Smart 
Materials and Structures, 20(8), 085014. 

[10] Ali, S. F., Friswell, M. I., and Adhikari, S. (2011) ‘Analysis of energy 
harvesters for highway bridges’ Journal of Intelligent Material Systems 
and Structures, 22(16), 1929 – 1938. 

[11] Erturk, A. (2011) ‘Piezoelectric Energy Harvesting for Civil 
Infrastructure System Applications: Moving Loads and Surface Strain 
Fluctuations’, Journal of Intelligent Material Systems and Structures, 
22(17), 1959 – 1973. 

[12] Cahill, P. A., Nuallain, N. A., Jackson, N., Mathewson, A., Karoumi, 
R. and Pakrashi, V. (2014) ‘Energy Harvesting from Train-Induced 
Response in Bridges.’ Journal of Bridge Engineering, 
10.1061/(ASCE)BE.1943-5592.0000608. 

[13] Cahill, P., Jackson, N., Mathewson, A. and Pakrashi, V. (2014), 
‘Comparison of piezoelectric materials for energy harvesting from civil 
infrastructure elements for use in health monitoring’, in ‘Life Cycles of 
Structural Systems: Design, Assessment, Maintenance and  
Management. Proceedings 4th International Symposium on Life-Cycle 
Civil  Engineering, 16-19 November 2014’, CRC Press, Tokyo, 153–
159. 

[14] Peigney, M., and Siegert, D. (2013) ‘Piezoelectric energy harvesting 
from traffic-induced bridge vibrations’, Smart Materials and 
Structures, 22(9), 095019.  

[15] Kaur, N. and Bhalla, S. (2015), ‘Combined Energy Harvesting and 
Structural Health Monitoring Potential of Embedded Piezo-Concrete 
Vibration Sensors’,  Journal of Energy Engineering 141 (4) , 1–18. 

[16] Kołakowski, P., Szelążek, J., Sekuła, K., Swiercz, A., Mizerski, K. and 
Gutkiewicz, P. (2011), ‘Structural health monitoring of a railway truss 
bridge using vibration-based and ultrasonic methods’, Smart Materials 
and Structures ,20(3), 035016. 

[17] Salawu, O.S. and Williams, C. (1995), ‘Bridge assessment using 
forced-vibration testing’, Journal of Structural Engineering, 121(2), 
161-173. 

[18] Morassi, A. and Tonon, S. (2008), ‘Dynamical testing for structural 
identification of a bridge’, Journal of Bridge Engineering, 13(6), 573-
585. 

[19] Salawu, O.S. and Williams, C. (1995), ‘Review of full-scale dynamic 
testing of bridge structures’, Engineering Structures, 17(2), 113-121. 

[20] Kwark, J., Choi, E., Kim, Y., Kim, B. and Kim, S. (2004). ‘Dynamic 
behaviour of two-span continuous concrete bridges under moving high-
speed train’, Computer & Structures, 82(4-5), 463-474. 

[21] Ülker-Kaustell, M. and Karoumi, R. (2011), ‘Application of the 
continuous wavelet transform on the free vibrations of a steel-concrete 
composite railway bridge’, Engineering Structures, 33(3), 911-919. 

[22] Farrar, C. and James, G. (1997), ‘System identification from ambient 
vibration measurements on a bridge’, Journal of Sound and Vibrations, 
205(1), 1-18. 

[23] Cunha, A., Caetano, E., Magalhães, F. and Moutinho, C. (2013), 
‘Recent perspective in dynamical testing and monitoring of bridges’, 
Structural Control and Health Monitoring 20(6), 853-877. 

[24] Peeters, B., Maeck, J and Roeck, G. D. (2001), ‘Vibration-based 
damage detection in civil engineering: excitation sources and 
temperature effects’ Smart Materials and Structures 10(3), 518-527. 

[25] Halling, M. W., Muhammad, I. and Womack, K. C. (2001), ‘Dynamic 
field testing for condition assessment of bridge bents’, Journal of 
Structural Engineering, 127(2), 161-167. 

[26] Maragakis, E., Douglas, B., Chen, Q. and Sandirasegaram, U. (1998), 
‘Full-scale tests of a railway bridge’ Transportation Research Record: 
Journal of the Transportation Research Board, 1624(98), 140-147. 

[27] Farrar, C. R. and Jauregui, D. A. (1998), ‘Comparative study of 
damage identification algorithms applied to a bridge: I. experiment’, 
Smart Materials and Structures, 7(5), 704-719.  

[28]  Vinogradov, A. and Holloway, F. (1999), “Electro-mechanical 
properties of the piezoelectric polymer PVDF.”, Ferroelectrics, 226(1), 
169-181. 

[29] Andersson, A., Ulker-Kaustell, M., Borg, R., Dymen, O., Carolin, A & 
Karoumi, R. (2015). “Pilot testing of a hydraulic bridge exciter”, in 
MATEC Web of Conferences, 24, 02001. 


