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Abstract

Keywords: Complex Disasters, Full-Scale Steel-Framed Building, Fire, Earthquake

The definition of “complex disasters” generally refers to that the occurrence of a main
disaster rarely causes the damages from a single disaster but usually from the direct
disaster or the subsequent secondary disasters. The damages of “complex disasters” are
from the chained-related multi-disasters. In this research, “complex disasters” refer to the
interaction of fire and earthquake, such as the post-fire buildings subjected to an
earthquake or the post-earthquake buildings subjected to fire. Taiwan locates in the
earthquake zone of the Pacific Rim. The post-earthquake buildings are usually subjected to
the followed fires. Fast assessment mechanism is needed to understand the usabilities of
this kind of buildings subjected to complex disasters in order to reduce the secondary
damages. The fire-resistant behaviors of building components in fire are mainly tested by
single structural component subjected to the fire according to the standard elevating
temperature-time curve. For more complicated buildings and fire scenarios, this kind of
fire tests usually cannot provide the fire responses of the whole building. Besides, the
temperature distribution of the heat flow field for a building in fire varies due to different
fire ignition methods, fire spreading speeds and fire spreading scenarios. The temperature
distribution of a structural component, such as beam or column, is not uniform in a
building fire because of its relative location to floor and wall, and its exposed surfaces to
fire. This special kind of thermal-stress condition causes the strength variation of a
building structure after fire, and has a large influence for the structural safety of a post-fire
building structure. Therefore, the best fire assessment method is to use the full-scale
building structure subjected to the real fire scenarios for verification.

Based on the complex disaster characteristic of fire-earthquake interaction and limited
budget, this project planned the economical and feasible base facility and superstructure,

and focused on the in-situ test related simulations and studies of the components’
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earthquake-resistant behaviors. This project analyzed the loading requirements for the base
facility and superstructure, proceeded the dimensions and member analysis and design for
the related steel framed experimental house, and discussed the economical and effective
loading methods to perform the feasibility study of the future earthquake-resistance
evaluation after fire.

The important findings of this research project are as follows:

(1) For the needs of complex disaster experiments, a base facility, on which a
full-scale five-story steel framed experimental building could be built in the future, was
designed and constructed.

(2) With the limit budget, a one-story steel framed experimental house was
designed and constructed.

(3) This research has developed the 3-D nonlinear finite-element numerical
analysis model for the full-scale one-story steel framed experimental house, and completed
the structural analysis of the one-story steel framed experimental house in high
temperatures.

(4) This research has completed the planning evaluation of the static and forced
vibration loading facility for the full-scale steel framed building.

This project comes to two immediate strategies.

For the first immediate strategy:

1. Fire test for a full-scale steel framed building.

2. The fire-resistant behaviors of building components in fire are mainly tested by
single structural component subjected to the fire according to the standard
elevating temperature-time curve.

3. The fire-resistant time and behavior of a single component are evaluated by this
method.

4. However, the best fire assessment method is to use the full-scale building

XIII
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structure subjected to the real fire scenarios for verification.

For the second immediate strategy:

1.

Vibration characteristic study for a full-scale steel framed building before and
after fire.

Typical performance evaluations of scale-down components or full-scale
structures under fire damage are based on design or ultimate loading demands.
However, the seismic resistant performance of the full-scale steel model building
of current research subject can be evaluated through system identification of
dynamic characteristics based on the established multi-hazard outdoor
experimental facilities.

The relationships between those dynamic factors and the degradation of material
properties subjected fire damage are important to perform seismic rehabilitation.
Furthermore, they can be expanded to be the evaluation guidelines for safety

evaluation of fire-damaged steel structures.
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