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NUMERICAL SIMULATIONS OF STEEL FLOOR STRUCTURES CONSIDERING LARGE
DEFORMATIONS UNDER ELEVATED TEMPERATURES IN FIRES

R OR B WA T M RO
Jiro TAKAGI, Yu KAWAI and Toshiki MAKIUCHI

The behavior of steel floor structures under elevated temperatures is numerically simulated using detailed FEM models,
considering inelastic temperature-dependent material properties and large deformation. The component models are
independently validated with existing experimental data. Deflection of the beams and slabs, and failure of simple bolted
connections at elevated temperatures are evaluated. Using these models, the behavior of a one-bay floor structure in fires is
simulated. It is found that catenary effect can carry the vertical load, under different damage conditions such as shear failure
of the bolted connections, the slab cracks and yielding of the reinforcement in the slabs.

Keywords: steel structure, fire, floor structure, slab, large deformation, FEM analysis
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In this research, the behavior of steel floor structures, which are composed of steel beams, concrete slabs and bolted
connections, under elevated temperatures in fires are numerically simulated using detailed FEM models. The simulations
account for the inelastic temperature-dependent material properties and thermal elongations, considering the large

deformation. The findings are as follows:

1) The simulation models of the components of the floor structures, such as beams, slabs and bolted connections were
independently validated by comparing with existing experimental data at elevated temperatures. Deflections of
composite beams agreed between the results of the experiments and simulations, where beams and slabs are
modeled with shell elements.

2) The created FEM models of reinforced concrete slabs simulate the experiments well. The deflections at the elevated
temperatures agreed, taking into account the thermal distribution in the sections. The simulated stress of the
reinforcement significantly increased in the center and corners of the slab, where the slab cracked and ruptured in
the experiment.

3) Shear failure of high-strength bolts is a major failure mode of simple bolted connections in fires. The inelastic shear
force displacement relationships at elevated temperatures are defined by reviewing the existing experimental data
and are applied for the springs of bolts. The principle direction of the shear forces of bolts in beam ends may change
with respect to beam sagging and consequently generate tensile axial forces of the beams at elevated temperatures.
The created bolt springs return the reactions in the changing principle shear directions. The behavior and shear
failure of simple bolted connections at elevated temperatures in the existing experiment are reasonably simulated
using the models.

4) FEM models of a one-bay floor structure composed of primary and secondary beams and concrete slabs are modeled
with shell elements. Insulated primary beams located on the perimeter of the rectangular bay are rigidly supported
at the ends, and two uninsulated secondary beams are supported by the primary beams. Shear springs for the bolts
are used for the simple bolted connections at the secondary beam ends. In the case that the bay is internally located
in the plan of a building and the slab edges are rigidly supported at the perimeter, shear failure of the bolted
connections of the secondary beams may occur due to thermal expansion under elevated temperatures. Sagging
increases, and the slab cracks at the center and corner of the bay. However, catenary effect can maintain the
vertical load carrying capacity associated with yielding of the reinforcement, given that the reinforcement is
perfectly bonded to the slabs.

5) The simulations of the one-bay floor structure are conducted under various conditions. It is found that the
uninsulated secondary beams may reduce the deflection at the beam temperatures of 600°C or lower, and the
catenary effect of slabs play an important role in carrying the vertical load at higher temperatures. The quantity of

slab reinforcement influences the deflection in the catenary effect.
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