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Many materials can fracture either along existing
weak interfaces or through the bulk solid material,
along with more diffuse failure modes. Layered
composites, reinforced concrete, and welded joints
are examples. Often such materials fail through
some combination of mechanisms.
Masonry materials are a classical example of this
type of material. In our research, we are
particularly interested in studying earthen structural
materials such as rammed earth and stabilized mud
block [1]. While the former only has weak
interfaces between compacted layers, the latter is
an earthen brick that is often joined with standard
or soil-cement mortar. Unlike standard masonry
construction, the blocks may be weaker and more
ductile than the mortar, admitting a wide range of
failure modes [2].
To analyze these materials, we have developed an
enhanced finite element that allows for failure both
on predefined interfaces and through the bulk
element at a critical orientation defined during the
simulation.
The continuum deformation is defined by a 3invariant cap plasticity model with isotropic and
kinematic hardening. Initially developed for
geomaterials, the model is currently under
modification with a smooth tensile cap to better
capture the behavior in that regime.
Bulk localization is determined by the now
classical loss of ellipticity conditions, both for
continuous and discontinuous bifurcation for this
model [3]. Motion on existing weak interfaces is
governed by a traction yield surface. This surface
uses an elliptical relationship to account for the
coupled shear and normal traction in tension, and a
cohesive-frictional model in compression along the
surface. A slip-weakening traction-displacement
[4] relationship describes the loss of cohesive force
with motion along the interface.

case that both bulk and existing interfaces localize
at once, the more critical interface governs.
Propagating fractures are allowed to follow the
bulk material or the interface, depending on which
is most critical.
The models are used to examine the behavior of
earthen structures under shear loading, both inplane shearing and out-of-plane bending of walls.
Critical importance is placed in examining the
effects of openings, and the design of the brick
laying to improve the performance of these
structures.
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Bulk softening is governed by a similar constitutive
model, though with different parameters, as it is
typically more ductile for these materials. In the
CFRAC 2013

Prague, Czech Republic, 5–7 June 2013

