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1Univ. Grenoble Alpes, CNRS, Grenoble INP, 3SR, F-38000 Grenoble, France
2ESRF–European Synchrotron Radiation Facility, Grenoble, France

Keywords: x-ray tomography, in-situ, digital volume correlation, inclusions

Summary: Performing digital volume correlation on materials composed of a fine-grained matrix and coarse
inclusions can be challenging since there are two scales of interest. When inclusions present no character, a fine
correlation cannot work within the inclusions. A simple strategy is proposed to correlate inclusions separately
using DiscreteDVC (with an individual non-rigid correlation for each inclusion). Encouraging results for both
clay-rocks and concrete are obtained

1. Introduction

Mechanical experiments with in-situ 3D volume measurements are allowing unpredecented advances in the
micro-scale understanding of the mechanical behaviour of materials.

Unlike the 2D case where a free surface is observed with a camera, and can be painted with an optimised
speckle pattern to aid the correlation measurement, in tomography the real micro-structure of the material
is used for the correlation. In some cases the contrast and the variation of greylevels is suitable for image
correlation, however in the case of materials made of a matrix with inclusions it may happen that the matrix
presents a suitable texture for a highly spatially resolved correlation and that coarse inclusions have practically
no texture.

Natural materials in which this can be encountered range from clay-rocks to concrete (at different spa-
tial scales), materials which are characterised by their natural heterogeneity. These common materials have
mechanical properties which are of high engineering interest, thanks to their particular microstructure.

The mechanical failure of these materials derives from microscale processes starting with strain concentra-
tions related to the scale of the aggregates. In order to understand and predict failure in these materials, in-situ
testing with x-ray tomography with sufficient spatial resolution to clearly identify inclusions is an ideal tool.
This paper briefly discusses a DVC technique adapted to the measurement of strain field for this sort of material.

2. Examples

Two examples will be given of in-situ mechanical loading of materials with inclusions. Both are timeseries data
acquired during the compression of cylindrical samples examples at quite different scales:

- micro-Concrete sample of φ = 11 mm deformed in uniaxial compression

- Clayrock sample of φ = 1 mm deformed in triaxial compression with a confining pressure of 5 MPa

For both of these materials, the measurement of a highly spatially-resolved displacement – and therefore
strain field – is impossible within the inclusions due to their lack of character.

Figure 1 (column “zoom”) shows a zoom into the microstructure for both of these materials, and in both
cases inclusions can be seen clearly: in the concrete, flat zones within the specimen correspond to textureless
aggregates, whereas in the clayrock these inclusions are quartz and calctie particles. The figure also presents
three vertical sections of different tomographies acquired during loading, showing a fragile failure in both cases
with fractures related to the presence of inclusions in both cases.

∗e-mail: edward.ando@3sr-grenoble.fr



Concrete φ = 11 mm in uniaxial compression
1 2 3 zoom

Clayrock φ = 1 mm in triaxial compression
1 2 3 zoom

X-ray attenuation

Low High

Figure 1: Vertical slices at different loading stages of compression tests on two materials with inclusions

We present a new DVC technique, which measures displacements of the matrix material and the inclusions
separately and merging the resulting displacement fields. The open-source spam code is used [1] which allows a
deformation function to be measured (meaning that displacements, rotations, zooms and shears can be captured
in 3D). The displacement field in the material’s matrix is measured on a regularly-spaced matrix which is made
as fine as possible to detect small strain features. Inclusions do not correlate well with fine correlation windows
due to their lack of texture, so in fact this feature is used to recognise them (typically with a variance filter).
Inclusions are then individually numbered and correlated with Discrete DVC [2] where the (slightly dilated)
numbered inclusion is used as a mask for correlation. Using the regularly-spaced field for the matrix as a
reference, measurement points falling inside an inclusion are assigned the value of displacement by applying the
deformation function measured in the inclusion to the measurement point.

The resulting regular displacement field can thereafter be used to calculate strains, allowing unprecedented
measurements of early cracking to be revealed, as hinted at in [3].
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