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Abstract: For localized fire, it is necessary to consider the thermal and mechanical response of building elements under
uneven heating. The object of this paper is a square steel tube beam, simulating its thermomechanical phenomena
under the flame impact on its bottom at different heights. Instead of applying the concept of adiabatic surface
temperature to realize the one-way iterative coupling of fluid-solid heat transfer, this paper proposes a new
computational fluid dynamics-finite element method (CFD-FEM) simulation methodology to realize the two-
way direct coupling of fluid-solid heat transfer. In this direct coupled form, the fire model and the thermal model
are addressed together by CFD method. Firstly, the accuracy of the numerical method is verified by a typical
local fire test. Then, the distribution of the velocity and temperature fields is investigated in the fire model. The
variation of the surface heat flux of the steel beams at different heights and the variation of the radiative and

convective heat flux with time are investigated in the thermal model. Following this, the structural model
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analysis is completed using the solid temperature as the boundary condition to achieve thermal-mechanical
coupling in the solid domain. The mechanical response of steel beams at different heights in this local fire
condition is discussed, and the degradation of yield strength after heating is found.

Keywords: computational fluid dynamics; localized fire; fluid-solid heat transfer; steel beam; thermal-mechanical coupling;

heat flux
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