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ABSTRACT

Pore-forming additives and temper have been used to improve the mechanical and thermal prop-
erties of fired clay since the very beginning of its fabrication [9], depending on its further use
in pottery or as a building material. Nowadays, such pore-forming additives are used in brick
production to reduce the bulk density of fired clay, thereby reducing the effective thermal con-
ductivity [5] in order to minimize corresponding heat losses through building façades. However,
material models able to describe the effect of such additives on the overall material behaviour
with respect to thermal conductivity, stiffness and strength have not yet been in the scientific
focus. This motivated the development of physically sound material models to improve present
optimization concepts, which essentially rely on phenomenological observations until now.

Such material models, translating microstructural characteristics (such as porous space, mor-
phology and the elastic and thermal properties of the constituent phases on a microscale) into
corresponding material properties, are developed in the framework of continuum micromechan-
ics or random homogenization theory [6, 7, 11], and were already successfully established for
different materials, such as concrete [3, 10], wood [2, 8] or bone [1, 4]. A huge set of identi-
fication experiments to characterise the microstucture of the considered material is therefore
needed, such as scanning electron microscopy coupled with energy dispersive X-rays and X-ray
powder diffraction to identify the material phases and their morphology, µ-CT and mercury in-
trusion porosimetry to define the porous space, as well as nanoindentation and scanning thermal
microscopy to determine elastic and thermal properties of the governing material phases.

With the derived information on the microstructural characteristics, a multiscale material model
was developed, and results from the model were consequently compared to macroscopic measure-
ments on a set of 12 different fired clays, allowing for a validation of the proposed model. The
validated model is assumed to contribute to a comprehensive understanding of how microstruc-
tural characteristics affect the overall material behaviour, representing the basis for complete
new optimizations stragies for fired clay products.
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