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A Study on Fire Resistance Rating of Structural Steel Columns with Concrete Encasement

Using Finite Element Method
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Abstract

This research investigates the fire resistance rating of
structural steel columns with concrete encasement using the
commercial finite element software ANSYS. The main objectives

include (1) to implement the transient heat transfer analysis with
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the ANSYS and validate the results with benchmark solutions, (2)
to investigate the effects of parameters such as the structural steel
shape and size, concrete encasement thickness, concrete thermal
conductivity, and moisture content, (3) to compare the FE results
with the standard fire equation recommended by ASCE/SEI/SFPE
29- 05 [1]. The Eurocodes [3], [4] thermal properties are
implemented in the ANSYS. From the FE results, it can be
concluded that (1) the higher thermal conductivity, the lower fire
endurance, (2) concrete encasement thickness has more effects
on fire resistance rating than steel size (3) the rectangular hollow
section has a lower fire resistance rating than the H section with
the same thickness of concrete encasement, (4) the moisture
content impacts on the specific heat of concrete: the higher
moisture content, the higher specific heat and fire endurance, (5)
calculated  from

the fire resistance

recommended by ASCE/ SEIl/ SFPE 29- 05 [1] is higher than

rating the equation

ANSYS results using the same thermal properties, (6) the fire
resistance rating calculated from the standard equation is less than
ANSYS results using critical properties from Eurocodes [3], [4]
which gives fire resistance rating more than 3 hours, (7) increasing
rate of fire resistance over percent of moisture content form the
standard equation is higher than from ANSYS results using critical
properties from Eurocodes [3], [4].

Keywords: concrete protection method, finite element method,

standard calculation method
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