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1. Introduction

According to Azevedo and
Marques (2002), rocks are consoli-
dated solid materials, formed naturally
by aggregates of mineral matter. Their
internal cohesion — the force that binds
the particles to each other — and the
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Abstract

In the search for alternatives to obtain more information from rock tests and
to make them more accessible, this study applies the Digital Image Correlation tech-
nique (DIC 2D) in a diametral compression test called Brazilian Test, comparing the
result measured by an extensometer with the result obtained by DIC. Rock tests pro-
vide information about rock characteristics applicable to several engineering areas,
such as mining and construction. In tests using strain gauges to measure strain, the
equipment is expensive and there is a risk of breaking the instrument due to the con-
tact with the specimen. However, tests measuring strain through the DIC technique
may be more accessible, using open source software and lower cost equipment when
compared to the cost of the extensometers. The results of this study demonstrate
that the DIC technique enables: 1) complementing the information of diametrical
tests obtained using strain gauges, for example, supporting the visualization of crack
propagation; and 2) in some cases, replacing the use of extensometers, as far as a
variation is tolerated.

Keywords: Digital Image Correlation, rock mechanics, extensometer.

tensile strength are the main properties
that distinguish them from soils.

Due to the large variation in rock
properties, some basic measurements
are taken as a reference to describe the
rocks quantitatively. These properties

are known as index properties, ob-
tained through rock samples and they
are relatively easy to measure. These
properties are physical indices that
reflect the structure, composition and
mechanical behaviour of rocks, such
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as moisture content, wave propagation
velocity, durability, strength, porosity
and permeability.

In rock compression tests to mea-
sure radial and axial strain, load cells,
strain gauges and position transducers
are used. The linear displacement can
be measured by a position transducer,
known as LVDT (Linear Variable Dif-
ferential Transformer). Strain gauges are

(2)

Strain analysis in diametral compression test through digital image correlation

attached to the specimen and they are
discarded after the test.

In rock mechanic studies, em-
pirical analyses are used to assess rock
behaviour. The Brazilian test is used
as an indirect way of determining the
tensile strength of a rock. Also known
as indirect traction test, this test follows
ISRM (International Society for Rock
Mechanics, 1978) or ASTM D 3967

(American Society for Tests and Mate-
rials, 2008) international standards. In
the test, the specimen is placed directly
in contact with the press and the applied
force should be distributed in a range,
rather than linearly, thus avoiding high
concentrations of stress at the points
of contact. Figure 1 illustrates the tests
following the parameters of the two
international standards.

Figure 1 - (a) Brazilian test following ISRM (1978); (b) Brazilian test following
D3967 standard (ASTM, 2016). (adapted from Markides and Kourkoulis, 2016).

An alternative to assess rock be-
haviour in diametrical tests is the use of
Digital Image Correlation (DIC 2D). In
DIC, the specimen is painted to obtain a
random surface pattern. During the test,
single points of the specimen surface are

identified in all frames of the test video,
evaluating rock strain and crack propa-
gation through a correlation algorithm.
DIC, also known as photogrammetry,
was developed in the early 1980s at the
University of South Carolina, in the
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United States, as a method for total analy-
sis of surface strain (Peters & Ranson,
1981; Peters & Ranson, 1982; Sutton et
al., 1983; Chu et al., 1985). A schematic
representation of the equipment is shown
in Figure 2.
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Figure 2 - Schematic representation of equipment to capture 2D images (PAN et al., 2009).

The main objective of this study
was to apply the DIC technique to a dia-
metrical compression test comparing the
displacement obtained by instrumenta-

2. Material and method

To perform the test, it was
necessary to prepare the specimens,

2.1 Preparation of test specimens
Cylindrical specimens with a diame-

ter of 91.0mm and a height of 75.0mm were

prepared according to the ISRM specifica-

tion versus CID. In the test, the specimen
was instrumented and loaded without
breaking the specimen. Low cost photo
camera and image correlation freeware

install an extensometer, arrange the
image capture system and measure the

tion. Then the surface of the specimen was
prepared by applying a white background
followed by a black paint spray to create
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were used. The specification of the trac-
tion test through diametrical compres-
sion followed the recommendations of
the ISRM.

digital image correlation, as detailed
below.

contrast in the surface that is necessary for
the analysis. Figure 3 illustrates the process
of preparing the specimen surface.
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In image analysis, the texture on
the specimen surface is represented
by a matrix whose values correspond

Figure 3 - Preparation of the specimen surface.

to the intensity of each pixel. Figure
4 illustrates this representation. Each
point chosen has a unique matrix

identified in all frames of the video,
thus enabling the analysis of strain
by DIC.

Figure 4 - Digital representation of texture on the specimen surface (SUTTON et al., 2009).

2.2 Installing the strain gauge
The strain measured through DIC
technique is compared with the strain
measured by a strain gauge. The strain
gauge is installed on one side of the

specimen, and on the other side, the
surface will be painted to enable data
collection through image. The equip-
ment was assembled as in Figure 5. A

servo-controlled press model MTS815
was used and the force application
rate was 0.05kN/s, limiting the test to
40kN.

Figure 5 - The strain gauge assembled on the specimen.

2.3 Assembling the image capture system

Shooting was done with a Nikon
D7000 digital camera installed on a tripod
and a circular led light was adapted. A
Tokina 100 F 2.8D macro lens and a po-

larizing filter were used. The test was shot
and the video was then divided into frames
using a freeware, in order to obtain as
few frames as possible, improving image

processing time without compromising the
results. Figure 6 illustrates the equipment
used in the test and Figure 7 shows how
it was assembled for the test.

Figure 6 - Video recording equipment used for the test: camera, lens, polarising filter and circular led light.
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Figure 7 - How the video recording equipment was assembled for the test.

2.4 Measurement of digital image correlation

The strain analysis through digital image
correlation was conducted using a GOM
Correlate system, supplied by GOM Opti-
cal Measuring Techniques. As described in
the specimen preparation step in the Meth-
odology, DIC requires the specimens to
be spray-painted to create a non-uniform
surface pattern, which is tracked by the

AT

GOM Correlate software based on the
digital images captured during the test.

The test video was split into JPG frames
using Free Video to JPG Converter free-
ware. The test video, lasting approximate-
ly 15 minutes, was divided into 93 frames
to reduce image processing time, without
compromising the information collected.

AT AT

The quality of the specimen preparation
was tested using GOM Correlate software
prior to performing the test. Figure 8
shows a specimen within the specifications
at the top, and a specimen out of specifi-
cation at the bottom, as demonstrated by
the points not recognized by the software

(in blank).

Figure 8 - Testing the quality of specimen preparation using GOM Correlate software.

3. Results and discussion

Figure 9 shows the results obtained
in the vertical strain test with one stage
test load. With this feature, the images also

support the assessment of displacement
and crack propagation. Figure 10, based
on the points in the surroundings of the
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extensometer, shows the strain obtained
along the loading, with strain of approxi-
mately 0.58mm measured by DIC.
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Figure 9 - Example of displacement in one stage test load.
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Figure 10 - Strain obtained by DIC during the test.

The strain measured through the  gauge correspondsto 17%. This difference
extensometer is presented in Figure 11,  may be related to the fact that the points
reaching 0.48mm. The difference of  selected to determine the strain are lo-
0.10 mm between the measurement of the  cated surrounding the extensometer, and
strain through DIC and through strain  therefore, they are not exactly the central
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point measured by the extensometer. In
addition, variables associated with image
analysis, such as camera angle, illumina-
tion, and parallelism can be better handled
by using templates that facilitate assembly.
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Figure 11 - Strain measured through strain gauge.
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4. Conclusion

According to the results, in this
first study, there was a 17% variation
comparing the strain of the specimen
measured through DIC with the strain
measured using an extensometer. How-

Acknowledgments

The authors thank the Coordina-
tion for the Improvement of Higher
Education Personnel (CAPES), the
Pro-Rectory of Extension of Federal
University of Minas Gerais (PROEX-
UFMG), the National Council for

References

ever, the DIC technique proved to be
promising in the analysis of strain in
rock tests that allow such variation and
require a reduced cost. A future develop-
ment stemming from our contribution

Scientific and Technological Develop-
ment (CNPQ) and Minas Gerais State
Agency for Research and Development
(FAPEMIG) for their institutional
support to the post-graduation pro-
grammes. We also thank the Rock

could be suggestions for repeating the
test, including a complete test — until it
reaches pre-peak — in order to obtain a
more comprehensive database to com-
pare both measurement techniques.

Technology Laboratory, in the Min-
ing Engineering Department at the
Federal University of Minas Gerais
(UFMG) for the supply of the labora-
tory structure to carry out the experi-
mental simulations.

AZEVEDO, 1. C. D.; M ARQUES, E. A. G. Introducdo a mecanica das rochas. Vicosa: Editora UFV, 2002. p.15,
p.50-76.

CHU, T. C.; RANSON, W. E.; SUTTON, M. A.; PETERS, W. H. Application of digital image correlation techniques
to experimental mechanics. Experimental Mechanics, v. 25, n. 3, p. 232-244, Sep. 1985.

MARKIDES, Ch. F.; KOURKOULIS, S. K. The influence of jaw’s curvature on the results of the Brazilian disc test.
Journal of Rock Mechanics and Geotechnical Engineering, [S. l.],v. 8, n. 2, p. 127-146, Apr. 2016.

PAN, B.; QIAN, K.; XIE, H.; ASUNDI, A. Two-dimensional digital image correlation for in-plane displacement and
strain measurement: a review. Measurement Science and Technology, v. 20, n. 6, p. 1-17, Apr. 2009.

PETERS, W. H.; RANSON, W. F. Digital imaging techniques in experimental stress analysis. Optical Engineering,
v. 21, n. 3, p. 427-431, June 1982.

SUTTON, M. A; WOLTERS, W. J.; PETERS, W. H.; RANSON, W. E.; McNEILL, S. R. Determination of displacements
using an improved digital correlation method. Image and Vision Computing, v. 1, n. 3, p. 133-139, 1983.

SUTTON, M. A.; ORTELU, J. J.; SCHREIER, H. Imnage correlation for shape, motion and deformation measurements:
basic concepts, theory and applications. New York, N'Y: Springer, 20009.

Received: 9 August 2020 - Accepted: 30 October 2021.

‘(CQ All content of the journal, except where identified, is licensed under a Creative Commons attribution-type BY.

REM, Int. Eng, J., Ouro Preto, 75(1), 67-72, jan. mar. | 2022



