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Abstract

The paper presents highlights of the seismic design guidelines for port structures developed by the International Navigation Association (PIANC). The author served as chairman of a working group for developing the guidelines. The members of the working group represent 11 countries, including Algeria, Canada, Denmark, Germany, Greece, Italy, Japan, Netherlands, Spain, UK, and USA. The guidelines are the first of their kind in presenting international guidelines for seismic design. The provisions reflect the diverse nature of port facilities: constructed along a long waterfront line, they provide multiple land-sea alternative transport connections (e.g.. one failed berth during an earthquake can be compensated by nearby operational berths); facilities are provided for small to very large vessels, and critical facilities, including those for handling potentially hazardous materials and those which must be emergency operational immediately after a devastating earthquake.
The primary charge of the working group was to develop a consistent set of seismic design guidelines that would have broad international support. The characteristics of port structures mentioned earlier led the working group to adopt an evolutionary design strategy based on seismic response and performance requirements of port structures. Proven simplified methods and state-of-the-art analysis procedures have been carefully chosen and integrated in the guidelines in order to provide a flexible and consistent methodology for the seismic design of port facilities.

In performance-based design, appropriate levels of design earthquake motions must be defined and corresponding acceptable levels of structural damage must be clearly identified. Two levels of earthquake motions are typically used as design reference motions, defined as follows: Level 1 (L1): the level of earthquake motions that are likely to occur during the life-span of the structure; Level 2 (L2): the level of earthquake motions associated with infrequent rare events, that typically involve very strong ground shaking.

The acceptable level of damage is specified according to the specific needs of the users/owners of the facilities and may be defined on the basis of the acceptable level of structural and operational damage. The structural damage is directly related to the amount of work needed to restore the full functional capacity of the structure and is often referred to as direct loss due to earthquakes. The operational damage is related to the amount of work needed to restore full or partial serviceability. Economic losses associated with the loss of serviceability are often referred to as indirect losses. In addition to the fundamental functions of servicing sea transport, the functions of port structures may include protection of human life and property, functioning as an emergency base for transportation, and 

The principal steps taken in the proposed performance-based design are as follows:

1) Choose a performance grade from S, A, B, or C: This step is typically done by selecting the damage level consistent with the needs of the users/owners. Another procedure for choosing a performance grade is to base the grade on the importance of the structure. Degrees of importance are defined in most seismic codes and standards. If applicable, a performance grade other than those of S, A, B, or C may be introduced to meet specific needs of the users/owners. 

2) Define damage criteria: Specify the level of acceptable damage in engineering parameters such as displacements, limit stress states, or ductility factors. 

3) Evaluate seismic performance of a structure: Evaluation is typically done by comparing the response parameters from a seismic analysis of the structure with the damage criteria. If the results of the analysis do not meet the damage criteria, the proposed design or existing structure should be modified. Soil improvement including remediation measures against liquefaction may be necessary at this stage. 
