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Introduction

Thermal cracking

Under severe thermal conditions,
the failure of heterogeneous
materials originates from ther-
mal expansion anisotropy, non-
uniformity and/or mismatches be-
tween the constituents at themeso
or micro level. Therefore a com-
prehensive understanding of the
thermal and mechanical fields and
their interaction at all relevant lev-
els of observation is essential for the prediction of failure.

Objective
The goal of this contribution is to construct a multi-scale
thermomechanical analysis approach within the framework
of computational homogenization, which can be used to in-
vestigate the underlying mechanisms and the interaction be-
tween mechanical and thermal fields more transparently.

Modeling
The basic idea is the derivation of the macroscopic material
response from the solution of a thermomechanical bound-
ary value problem (BVP) defined at the micro level. The
mechanical and thermal excitation of the microstructure is
prescribed in terms of the macroscopic deformation gradi-
ent FM , the macroscopic temperature θM and temperature
gradient �∇MθM through microscopic boundary conditions.
Upon solution of the micro level problem, the macroscopic
quantities are extracted as simple volume averages of the re-
sulting stress and heat flux distributions, see [1] and [2].

Planar view

0.6 m

0.03 m

T0

TF

Time

Temperature

X

Y

Z

0.165 mm

0.165 mm

X

Y

0.102 mm

RVE

T0

Figure 1 Thermomechanically loaded plate - Geometry, boundary
conditions and RVE
The macroscopic thermomechanical problem is treated by
the finite element method in combination with the opera-
tor split approach which leads to uncoupled thermal and
mechanical equilibrium equations to be solved sequentially.
The solution of the micro-BVP is embedded in the macro-
scopic solution algorithm which leads to a nested finite el-
ement procedure.

Results and Discussion
The implemented operator split nested finite element frame-
work is demonstrated by an example problem. In fig. 1, a
long, aluminum plate uniaxially (parallel to Z-axis) reinforced
with boron fibers is presented. The boron fibers are assumed
to be elastic and the aluminum matrix is taken to be elasto-
plastic with isotropic hardening. The upper surface of the
plate is exposed to a ramp type thermal loading and down-
ward acting distributed loadwith an intensity of 10 N/m. Due
to geometry and boundary conditions, the problem can be re-
duced to a plane-strain case.
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Figure 2 Solution via computational homogenization
In fig.2, the two-scale solution and in fig.3 quantitative
comparison of computational homogenization, Taylor’s and
Sachs’ assumption solutions are presented.
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Figure 3 Horizontal reaction force and bending moment at the left
end, comparison of Taylor’s, Sachs’ and computational homoge-
nization solution

Future Work
Damage mechanisms at the micro level (e.g. interfacial fail-
ure) will be introduced to the model.
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