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ABSTRACT

Buildings’ structural components are sized for anticipated actions that can occur during their
lifetime. However, for unforeseen loading events, like accidental explosions produced at close
distance, the forces imparted to the structure can be only approximated. Therefore, the local
failure of some members is most likely to occur. Providing alternate load paths can prevent
propagation of collapse and preserve the global structural integrity. In case of multi-storey
buildings, the contribution of the floor system and beam-floor interaction to the load
redistribution capacity can be significant if properly accounted for in design. The study
presented in the paper investigates the response of a multi-story steel frame building at the
direct effect of a close-in explosion. The main parameters are the degree of interaction and the
capacity ratio between steel beams and concrete slab.
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INTRODUCTION

Building structural components are designed to meet specific requirements in terms of
strength and deformation capacity. To ensure proper behavior and maintain the integrity,
especially under exceptional loading events, the failure of an element should not lead to a
generalized collapse (progressive collapse). This can be assured by providing the system with
the capacity to redistribute the loads upon removal of an element. Some structural features,
for example two-way floor systems and the interaction between concrete floor and steel
beams can improve the load redistribution (Astaneh-Asl et al., 2001; Stevens, 2008;
Demonceau and Jaspart, 2010). The consideration of the beam-floor interaction can be very
effective in providing resistance to progressive collapse particularly for less redundant
structural systems. This paper presents the results of a study that aimed at investigating the
contribution of the floor system to the load redistribution capacity following the removal of a
column under direct effects of a close-in explosion. For this purpose, a 3D steel frame
structure was designed and detailed using several configurations, i.e. first with beams
designed as bare steel elements and then with different degree of interaction between steel
beams and concrete slab. The capacity ratio between steel beams and concrete slab was also
considered as a parameter.

RESULTS

The steel frame structure has two story, two bays and two spans and is extracted from a six
story reference building, see Figure 1.The structure was designed for permanent and seismic
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design situations. The protection against progressive collapse was considered by applying the
tie force requirements. Loading conditions involve different levels of gravity loads and
pressure loads due to close-in explosions. The numerical models were calibrated using
relevant tests, see Figure 2.
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Fig. 1 - Reference building (a) and model used in the parametric study (b) (position of blast
charge varies)
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Fig. 2 - Calibration of numerical models: (a) steel specimen; (b) composite specimen;
(c) force-displacement curve for internal column removal, steel vs. composite
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