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As part of an ongoing green revolution that looks for-
ward to preserve the environment, the concept of linear
economy has migrated to a circular economy. The main
goal is to reduce the requirement of virgin resources and
work on the concept of secondary raw materials as en-
vironmentally risky waste sources. Mining is a energy-
intensive industry that creates a high volumes of waste
such as waste rocks and overburden. There are several
ways to use the waste material such as backfill, land-
scaping material and aggregate for road construction.
Particularly, slag is often used for road construction as
well as aggregate to concrete and cement [1].

In order to increase the viability of the material for
secondary applications, ores are often crushed in stages.
The amount of energy spent in this kind of processes is
nearly 4% of the global generated energy and the over-
all energy is around 1-3% [2]. Most of the energy is
spent in splitting particles and creating new surfaces,
and therefore, increasing the knowledge of the fracture
process in a multi-level system contributes to the opti-
mization of the comminution. Numerical analysis have
a great potential within optimization of mining activ-
ities considering that they allow us to obtain fast and
reasonable solutions at lower costs compared to ordi-
nary experimental procedures.

The challenge here is to calibrate and validate nu-
merical models at the mesoscale for future upscaling. It
is necessary to characterize micromechanical processes
during the macroscopic fracture of a continuum by get-
ting information about the behavior of the material un-
der different loading conditions. Silico-manganese as-
semblies of slag (see Figure 1 ) showing a great variety
of textures and structures were classified, prepared and
tested.

Figure 1: Manganese slag

The macro-behavior of the material was character-
ized by implementing digital image photography to in-
clude actual spatial distribution of the mineral mate-
rial and obtain the evolution of damage by means of
strain fields. Additionally, digital image correlation

techniques were implemented considering that they are
independent of the geometry, size and deformation rate.
Information of the behavior was captured by taking
pictures of the surface in 2D or 3D and then tracked
changes in time to extract the deformation mapping
function that relates the images. Two (2) set of quasi-
static experiments were developed: standard failure and
cyclic loading. The first, to obtain information about
the ultimate tensile strength, development of the strain
field (see Figure 2) and elastic properties. In addition
of this, cyclic loading provided information of the be-
havior of the structure and evolution of damage seen as
“degradation”.

Figure 2: Evolution of the strain field of a Brazilian disc slag
sample tested under quasi-static conditions

Dynamic tests were performed in an in-built house
split Hopkinson pressure bar together with high speed
photography in 2 dimensions to record the evolution
of damage during the test. Brazilian disc tests were
recorded at 660,000 fps, while axially loaded at 380,000
fps. History of strains were obtained by DIC for brazil-
ian disc samples, while histories of axially loaded sam-
ples were obtained from the incident, transmitted and
reflected pulses. The crack propagation path at high-
speed conditions revealed different fracture behaviors
of spherical inclusions embedded in the matrix.
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