Executive Summary

increase their interaction in building design and construction, possible considerations for improved egress in
damaged structures, the public understanding of typical building design capacities, issues related to the study
process and future activities, and issues for communities to consider when they are developing emergency
response plans that include engineering response.

National Response. Resources should be directed primarily to aviation and other security measures
rather than to hardening buildings against airplane impact. The relationship and cooperation between public
and private organizations should be evaluated to determine the most effective mechanisms and approaches
in the response of the nation to such disasters.

Interaction of Structural Elements and Fire. The existing prescriptive fire resistance rating method
(ASTM E119) does not provide sufficient information to determine how long a building component in a
structural system can be expected to perform in an actual fire. A method of assessing performance of
structural members and connections as part of a structural system in building fires is needed for designers
and emergency personnel.

The behavior of the structural system under fire conditions should be considered as an integral part of
the structural design. Recommendations are to:

* Develop design tools, including an integrated model that predicts heating conditions produced by
the fire, temperature rise of the structural component, and structural response.

* Provide interdisciplinary training in structures and fire protection for both structural engineers and
fire protection engineers.

Performance criteria and test methods for fireproofing materials relative to their durability, adhesion,
and cohesion when exposed to abrasion, shock, vibration, rapid temperature rise, and high-temperature
exposures need further study.

Interaction of Professions in Design. The structural, fire protection, mechanical, architectural, blast,
explosion, earthquake, and wind engineering communities need to work together to develop guidance for
vulnerability assessment, retrofit, and the design of concrete and steel structures to mitigate or reduce the
probability of progressive collapse under single- and multiple-hazard scenarios.

An improved level of interaction between structural and fire protection engineers is encouraged.
Recommendations are to:

* Consider behavior of the structural system under fire as an integral part of the design process.

* Provide cross-training of fire protection and structural engineers in the performance of structures

and building fires.

Fire Protection Engineering Discipline. The continued development of a system for performance-
based design is encouraged. Recommendations are to:

* Improve the existing models that simulate fire and spread in structures, as well as the impact of fire
and smoke on structures and people.

* Improve the database on material burning behavior.

Building Evacuation. The following topics were not explicitly examined during this study, but are
recognized as important aspects of designing buildings for impact and fire events. Recommendations for
further study are to:

* Perform an analysis of occupant behavior during evacuation of the buildings at WTC to improve
the design of fire alarm and egress systems in high-rise buildings.
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