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Abstract

Concrete exhibits a highly non-linear material behavior, especially under non-isothermal
conditions like fire exposure. At elevated temperatures, the interaction between heat and
mass transfer can lead to a specific mode of concrete degradation, also called thermal spalling,
affecting substructural components such as walls and columns. Spalling can be explosive,
resulting in a substantial reduction in the load-bearing capacity at structural scale such as
buildings. Extreme temperature gradients and moisture clogs play an important role in un-
derstanding the cracking and subsequent spalling of the fire-exposed substructural concrete
components. Recently, the phase-field method has been proposed to address this challenge
and simulate fire-induced concrete spalling (1). This approach facilitates a straightforward
numerical setting to simulate complicated phenomena at the component level, e. g., the
initiation and development of cracks. Drastic reduction in the load bearing capacity of one
substructural component results in a redistribution of the internal forces and coordination
of deformations between all substructures. Furthermore, simulations of the structural scale
necessitate damage simulations of each component and a computational framework, which
can deal with scale transition during fire-structure interactions. However, simulating these
multiphysics phenomena at structural scale is numerically very challenging.
The objective of this contribution is to provide a computational framework for fire-structure
simulations to elucidate the interplay between local damage of the concrete due to fire and
its effects on load-bearing capacity on the building scale. In this simulation framework,
the temperature distributions and the evolution of the fire exposed components are taken
from the simulation results of the real fire scenario using the open-source software Fire Dy-
namics Simulator (2). It is a computational fluid dynamics code relying on the large-eddy
simulation technique to account for the instantaneous turbulent flow and heat transfer in-
cluding combustion and radiation. Furthermore, the substructural model treats concrete
components as a porous material locally exposed to the fire, whereas the structural model
simulates load-bearing capacity on the building scale. Thus, in the proposed computational
setup, two additional softwares are used to simulate material damage and the resulting load
redistribution of an exemplary structure under fire. The substructural-scale model uses a
FEniCS -based solver for the concrete material. Herein, the concrete damage such as cracks
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and subsequent spalling is computed using a unified phase-field method. The structural-
scale model uses ABAQUS for mechanical simulations. These solvers exchange information
on the damage and the resulting changes in geometry across scales through the open-source
coupling library preCICE (3). The proposed model is illustrated by an example case that
forecasts the fire-induced damage caused by the thermal spalling of the concrete substructure
and its effects on the global scale.
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