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Abstract

This seminar begins with a brief review of the technical investigation of the collapse of the World
Trade Center in New York City by the United States National Institute of Standards and Technology.
The investigation made clear there was a need to enhance the capability of available computational
software to predict the effects of fires in buildings, for use in the design of fire protection systems and
the analysis of building response to fires. Following this recommendation, this seminar presents two
new interfaces in fire—thermal-structural analysis. The first interface uses adiabatic surface
temperatures to provide an efficient way of transferring thermal results from a fire simulation to a
thermal analysis. It assigns these temperatures to surface elements of structural members based on
proximity and directionality. The second interface allows the transfer of temperature results from a
thermal analysis modeled with solid elements to a structural analysis modeled with beams and shells.
The interface also allows the reverse, namely the geometric updating of the thermal model with
deflections and strains obtained from the structural analysis. This last step is particularly useful in
intense fires of long duration, where significant deflections and strains could cause damage to
insulation and displace the structure to a different thermal regime. The procedures can be used for a
variety of fire simulation, thermal and structural analysis software.
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Abstract

Current design procedures in the United States use the envelope of individual hazard demands on a
structure to ensure safety against multiple hazards, for example wind and earthquakes. Implicit in this
approach is the belief that the standard assures risks of exceedance of the specified limit states that are
essentially identical to the risks inherent in the provisions for regions where only wind or earthquakes
occur. This belief is, in general, unwarranted, and the American Society of Civil Engineers ASCE 7
provisions are not risk consistent, i.e., in regions with significant wind and seismic hazards, risks of
exceedance of limit states can be up to twice as high as those for regions where one hazard dominates.
This conclusion is valid even if the limit states due to wind and earthquake are defined differently, as
is the case in ASCE 7. A second focus is the issue of multi-hazard design synergy. This talk shows that,
for the case study of a ten-story steel frame building, the use of reduced beam section (RBS)
connections, intended to enhance ductility in seismic design, does not reduce the risk of structural
damage due to exposure to wind alone or exposure to wind or earthquakes.
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GENERAL

Dat Duthinh is a research structural engineer with the National Institute of Standards and
Technology in Gaithersburg, Maryland. His research activities there aimed at:

- Improving measurement methods and techniques for monitoring the health of the
physical infrastructure, under normal service loads as well as accidental loads, in
particular fire and wind;

- Improving computational methods at the interfaces between fire, thermal and
structural analyses;

- Improving design standards for structures to resist multiple hazards in ways that are
risk consistent and synergistic;

- Developing design standards, through experimentation and computation, for new
construction materials, such as high performance concrete, and fiber-reinforced
polymers.

Prior to joining NIST, Dat Duthinh worked with the offshore oil industry, where he helped:

- improve the understanding of the mechanics of drilling risers though computation
and measurements;

- design the first high strength concrete platform conceived to resist iceberg impact
(Hibernia, offshore Newfoundland).



HONORS

United States Dept. of Commerce Silver Medal for Scientific / Engineering Achievement,
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Keynote Lecture, 1 Int. Conf. on Modern Design, Construction and Maintenance of
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Best Paper in Civil Engineering, 2006 International ANSYS Conference (Two-way Interface
Between Thermal Solid Elements and Structural Beam and Shell Elements)
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