
Abstract

The need for a reduction of heat losses through building facades has been one of the

driving forces with regard to new developments within the brick producing industry for

decades. Such a reduction can be achieved through a decrease of the apparent density

on different levels of observation (on the level of a brick through a reduction of the net

cross section, on level of a fired clay body through the addition of pore-forming agents).

However, especially the further developments in the recent decades (e.g., the creation

of advanced hole patterns for new vertically perforated bricks) were rather based on

the experience of skilled workers, more than on physically based material models and

numerical simulation tools. The development of such models is therefore the main

objective of this work.

The material properties of fired clay, being a microheterogeneous material, are re-

lated to its hierarchical organization. At its highest scale, pores being induced by coarse

pore-forming additives can be distinguished with the bare eye, while at lower scales the

extremely complex microstructure with an amorphous phase as well as classic clay min-

erals evolving during the firing process can be observed, being embedded in a surround-

ing clay matrix, which itself contains micropores. Those different scales of observation

motivate the use of methods of continuum micromechanics to establish a link between

the microstructural characteristics to the corresponding thermal or mechanical proper-

ties. Thereto, the observation scales are identified for the fired clay, the morphology

of the porous space is determined as well as the material phases, and the thermal and

elastic properties of the aforementioned are measured. On basis of the obtained data,

multiscale material models are developed, which are able to predict the macroscopic

material behavior, and verified by macroscopic measurements on fired clay bodies of

different mineralogy, burning temperature and pore-forming agents (with different con-

centrations).

At the scale of masonry, a numerical simulation tool for the prediction of the load

carrying capacity is established. To reduce computational costs, periodic boundary con-

ditions are used. Plus, the brittle material behavior is taken into account by means of the

extended finite element method. The proposed model is finally used to predict the load

carrying capacity of different vertically perforated bricks with different hole patterns,

and verified by measurements on masonry specimens.

With the proposed models, which are able to derive effective material properties

based on microstructural characteristics, effective computational tools for the develop-

ment of new bricks are provided, allowing for a more substantiated future optimization

in the brick producing industry.


