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Managing vibration serviceability of civil structures: from design to in-service monitoring

Synopsis:

With increased confidence in design for ultimate limit states, we now see increasing numbers of serviceability problems resulting from poor dynamic performance under normal service loads, rendering structures unfit for purpose. This is particularly so for human-induced dynamic loading due to walking, bouncing or jumping of one or more people.

Our research group has long experience in investigating problems as they occur; for floors and footbridges, in particular. With this experience has grown our understanding of the significant part of the problem, which is the nature of the loading from occupants and pedestrians. Surprisingly, this is very poorly understood, compared to other forms of dynamic loads such as wind and earthquakes. We are also learning, from experience in observing full-scale performance, how mistakes are still made in structural modelling, and finally we see many problems where the performance criteria are badly or vaguely defined.

Every vibration serviceability problem has three parts:
(1) Vibration source characterisation
(2) Vibration path (mass, stiffness and damping of the system) modelling, and
(3) Assessment of vibration response.
We are tackling these three parts of the problem concurrently.  Firstly, by learning about dynamic loading by pedestrians using unique laboratory facilities so we can develop appropriate loading models. Secondly, by improving our capabilities in structural analysis through full-scale testing and finite element model updating. Finally, by developing techniques for predicting acceptability of performance by tracking and assessing the performance of full-scale real structures in operation via short and long term monitoring programs.

The talk presents the state-of-the-art technology used in this process through a number of case studies.

Speakers:

Professor Aleksandar Pavic (BSc MSc PhD CEng MIStructE) has 15 years experience with vibration serviceability problems through research and consulting for major UK structural engineering consultancies. His contribution to the field has been recognised in all three key UK design guidelines dealing with vibration serviceability of floors and footbridges published by the Concrete Society in 2005, and the Concrete Centre and the Steel Construction Institute in 2007. Also, he is a member of the UK national working group, which is currently developing design guidance for stadia under crowd-induced dynamic loading and ISO working group, which recently updated ISO 10137 guidelines on serviceability of buildings against vibration.

Professor James MW Brownjohn (BSc PhD CEng MIStructE FIMechE) has 20 years consulting and research experience with full-scale performance of civil structures, with particular emphasis on wind and seismic loads, and on performance of highly-vibration sensitive manufacturing and experimental facilities.

