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1. Introduction

The Digital Image Correlation (DIC) is a
frequently used method for the analysis of
displacement and strain fields in experimental
mechanics. It is widely used due to its versatility.
Thus, analyses can be performed on very large
down to microscopically small objects [1,2]. This
abstract describes, how the displacement field at the
bottom of a narrow borehole can be investigated
using DIC. In the following section, the investigated
specimen is described, as well as the application of
the speckle pattern required for the DIC.

2. Specimen and speckle pattern application

For the investigations a test specimen was
designed and manufactured from polycarbonate, see
Fig. 1. The borehole has a diameter of 6 mm and a
depth of 8 mm with a plain bottom.
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Fig. 1. Test specimen with borehole.

The DIC requires a randomly distributed speckle
pattern. Its manufacture and application are
described below. The structure of the speckle
pattern is directly related to the size of the object
field. The smaller the field, the finer the speckle
pattern has to be, so that a high resolution can be
achieved. The production of such a pattern was
already described in [3], but slightly modified.
Instead of a direct application on the measuring
object, a thin foil was first produced, which was
then applied to the test specimen using adhesive, see
Fig. 2.
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Fig. 2. Manufacturing of the speckle pattern.

The first step of the preparation was to cast liquid
silicone rubber on the surface of an abrasive paper
with the grain size 1000. After curing, the rubber
could be separated with the negative of the abrasive
paper. In the third step a drop of black pigmented
epoxy resin was applied to a plane silicone rubber
surface and covered with the abrasive paper
negative. A thin epoxy foil was separated after
curing that contains a rough surface. The hollows
were coloured with white pigments. In the last step,
a suitably cut foil was adhered to the hole bottom of
the specimen using epoxy resin or cyanoacrylate.

3. Experimental setup

In the previous section, the preparation of the
specimen was described. For future investigations,
it is necessary to have a 2 mm diameter hole in the
bottom of the 6 mm diameter borehole, see Fig. 3.
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Fig. 3. Test specimen and speckle pattern at the bottom.
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In Fig. 3 the test specimen and the view into the
borehole containing the speckle pattern is shown.
The test specimen was integrated into the
experimental setup, as depicted schematically in
Fig. 4.
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Fig. 4. Experimental Setup.

Illuminating of the borehole bottom is essential
to achieve the image quality, which is required for
the DIC. A beam splitter enables the illumination
with simultaneous image acquisition. The images
were taken by a CCD camera with a telecentric lens.
Fixed in a loading device, the specimen was set
under compressive forces that were monitored with
a load cell (10 kN) in several load steps. With each
load step, the compressive force was increased by
200 N and an image was captured. These images are
the basis of the evaluation, which is described in the
next section.

4. Analysis and Results

The used CCD camera has a resolution of
1280 x 980 pixel. The selection of the telecentric
lens results in an object field of 8.8 mm x 6.6 mm,
that allows optimal observation of the prepared
annulus at the bottom of the hole.

For the evaluation, the program GOM Correlate
Professional 2018 was used first. The captured
images were imported into this program. The
software creates facets and tracks them during the
load steps. For further processing of the data in
Matlab, the coordinates of the facets were exported.
The displacement and strain fields were calculated
from the exported data. A parametrisation was used
which is based on calculations in [4] that was
adapted to the annulus around the small borehole.
Fig. 5 shows the measured displacement field and
the calculated strain field of the annulus at a load of
1000 N. A superposition of rigid body displacement

and deformation occurs. The further away the
coordinates are from the clamping, the greater the
displacement.
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Fig. 5. Displacement and strain field of the annulus at a
force of 1000 N.

The resulted strain is almost symmetrical to the
horizontal in the middle of the borehole, which
corresponds to the expectations.

5. Conclusions

The speckle patterns based on abrasive paper
could be applied in a narrow borehole. By the
described measuring strategy, it was possible to take
pictures of the borehole bottom, from which
displacement and strain fields could be determined
by DIC and a parameterised evaluation.
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