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1. Background :
From the moment they are constructed, breakwaters are bound to be damaged someway. Accepting damage is one of the basic principles of rubble mound breakwater design. This is mainly due to the stochastic nature of wave attack.

Damage can take place either gradually or catastrophically after a major storm. Gradual deterioration of the armour layers or foundation may be unnoticed without the aid of a monitoring programme, and may ultimately result in the failure of the armour layer or in unacceptably large deformations of the structure. Comparison of measurements of the state of the structure at regular time intervals allows changes to be identified at an early stage, thus enabling the appropriate maintenance action to be carried out.

Monitoring can be defined as a periodical technical description of the actual condition of the structure, including collecting data concerning the structural response under destructive mechanisms (of waves, tidal, ... actions) and measuring the environmental forces and conditions driving the structural responses. Summarising : monitoring is taking a picture or a movie as precisely as possible of the breakwater and the environment.

Damage is a significant change in the state of the structure. Damage involves a reduction of the compliance of performance with predetermined standards.

Failure is the exceedance of a predefined limit state. This exceedance is characterised by a relatively large increase in response, which is unacceptable for the normal functional requirements of the structure.

Appraisal of the monitoring data with a good understanding of damage mechanisms allows the designer or the owner to plan maintenance and repair works, and to improve the knowledge for new designs.

There are two principal areas of monitoring : measurement of the structural state and measurement of environmental loading conditions. Structural monitoring concerns the structural response and the mechanical properties of the structure and its foundations. Environmental monitoring concerns the external loading on the structure and the effect the structure has on the total environment.

Several techniques can be used for both structural and environmental monitoring. In the design of a rubble mound breakwater several damage mechanisms must be taken into account.

2. Objective :

The objective of the Working Group is to formulate appropriate levels of monitoring activity to be carried out in order to ensure the reliability and good longterm performance of various classes of breakwaters.

3. Method :

Collect and review data on the nature and extent of monitoring actually carried out on a wide variety of breakwaters world-wide.

Review the suitability of existing monitoring techniques for the investigation of different mechanisms of failure.

Consider what improvements are required to existing monitoring techniques and how these might be developed.

Review the effectiveness of monitoring particularly in relation to :

1. improving the planning of maintenance requirements 

2. enabling failure probabilities during design service life to be re-assessed (ref. WG 12 Report) and risk analysis carried out to plan measures to reduce the probability of failure or the consequential losses. 

Review monitoring costs in relation to the importance and cost of different classes of breakwater and suggest appropriate levels of monitoring.

