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Abstract:
Digital image correlation (DIC) is a optical method for
determining strain, displacement, and concentration
gradients for a sample undergoing deformation. Two
sensitive CCDs collect a series of 3D photographs and
imports them into Vic-3D. Vic-3D is a software application
used to perform the digital image correlation analysis for
samples undergoing deformation. It is capable of determining
the first four components of the Lagrange finite strain tensor,
in addition to providing a graphical representation of the
strain concentration gradient. Digital image correlation
provides a means for non-contact strain measurement as
well as the ability to see localized strains anywhere on the
sample. The tests performed here sought to determine the
accuracy of a 3D DIC system. DIC began becoming
commercially available for testing around 1998.

Experiments:
Three types of tests were performed. All the tests were performed on the Instron
Tensile Machine with forces roughly from 0KN to 3KN. All tests required a
calibration procedure to account for the relative position of each camera. The
Youngʼs modulus was determined for straight samples with no holes, in order to
verify the accuracy of the 3D camera system. For samples with a circular hole, the
concentration factor from the hole was determined to verify the accuracy of Roarkʼs
stress concentration formula. 3 different hole diameters were tested. Finally,
Poisonʼs ratio was verified for flat and hourglass samples. This type of test was
very difficult to perform with extensometers and proved to be a perfect way to test
the 3D DIC system.

Fig. 1: Speckled
and Un-Speckled
Specimens

Background:
Tensile tests are often performed to determine the mechanical
properties of a material. To obtain this information, typically an
extensometer will be attached to the sample to determine the
mechanical strain in the sample. This is not ideal for all cases, as
it increases the strength of the sample, can result in damage to
the sample, itself, and can induce an additional layer of error into
the measurements. Additionally, the environment in which the
test is being performed may be damaging to the extensometer.
Digital image correlation solves these problems by removing the
measurement device from the environment of the test and from
contact with the specimen. Several properties can be determined
from the stress and strain, which are recorded from a tensile
test. These include the Youngʼs modulus, Poissonʼs ratio, and
concentration factors (where applicable). DIC allows all 3 to be
calculated with good accuracy.

Data and Results:
Part 1: A straight sample (no holes or
notches) was subjected to a tensile
test, to verify the Youngʼs Modulus of
the sample using the 3D camera
system.
ection

Youngʼs Modulus: 120 GPa
Fig. 3: A 3D Model of a twisted sample with a
circular central hole (see part 2)

Fig. 2: Prepared
Specimen in
Grips

(CuBe)

Average Stress
(MPa)

Average Strain
(%)

Youngʼs Modulus
(MPa)

Error E
(%)

Test 1

5.068E-04

8.002E-02

119.600

-0.333

Test 2

6.505E-04

1.025E-01

123.830

3.192

Test 3

1.360E-03

2.074E-01

122.085

1.737

Part 2: When the sample has a hole drilled into it,
the strain is concentrated by a certain factor. This
concentration factor was determined for a sample
with a circular hole. The butterfly gradient, seen
in figure 4, shows how the hole concentrated the
strain. For these tests, a verification of Roarkʼs
Stress Concentration formula was determined by
subjecting several samples with holes of several
different diameters to tensile tests.

Average Stress
(MPa)

Average Strain (%)

Poissonʼs Ratio

Error ν (%)

Test 1 (flat)

0.164

0.00122

0.3343

1.3

Test 2
(hourglass)

0.148

0.000775

0.235

30

Fig. 6: Hourglass Sample
Conclusion:
The MS&T lab recently improved its 2D DIC system by adding a
second camera and creating a 3D system. I have had the privilege to
setup, troubleshoot, and improve the process of performing tensile
tests with 3D DIC. The 3D camera system completely eliminates the
alignment issues I found with the 2D system, however a good
calibration is necessary for the 3D system. If a good calibration
cannot be obtained, the accuracy of the data is virtually
nonexistent. Once the system is properly calibrated and setup, the
remainder of the process is fairly simple. It should be noted that
care must be taken to ensure a proper sampling area is chosen from
the analyzed images. Once all of this is done, very accurate
measurements of strain, velocity, and other properties can be
calculated with 3D DIC. The tests on Poissonʼs ratio should be
performed again with additional samples to improve accuracy and
the understanding of the process of testing this property using DIC.
Additionally, the choice of lens and quality of speckle pattern affect
the accuracy of the results a great deal.
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Table 1: Some Results from Part 2

Poissonʼs Ratio: 0.33

Table 3: Some Results from Part 3

Force Direction

Fig. 7: Calibration Image

Concentration Factor
(in picture): 2.1
Graph 1: Stress vs Strain for CuBe

*Not Entire Graph

Relevant Equations Used in Tensile Testing:
Eq. 1: Cross-sectional Area

Fig. 4: 2D View of Strain Concentration
Gradients from a Circular Hole
Table 2: Some Results from Part 2

r/D

Eq. 2: Actual engineering stress

Test
1.16/9.58
1
Eq. 5: Concentration factor for a circular hole in a flat plate

Eq. 3: Stress=Force/Area

Eq. 4: Youngʼs Modulus for
Elastic Deformation

Eq. 6: Poissonʼs Ratio

Fig. 8: (Top) A Good Speckle Pattern
(Bottom) Good Variation of Dot Size
(Zoomed in to pixels)

Eq. 7: Cartesian Lagrange Finite Strain Tensor
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2

3/9.66

Test
3

5/9.64

Average Stress
(MPa)

Average
Strain (%)

Youngʼs
Modulus (MPa)

Concentration
Factor (Kt)

Desired Kt

Error Kt (%)

0.199204

0.00136

120.42

2.58

2.67

3.37

0.11299

0.000615

130.8

2.11

2.33

5.15

Fig. 9: Camera Setup for Instron
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Part 3: These tests sought to verify Poissonʼs ratio for Copper samples. As the
height of the material is stretched, the width must contract, and this ratio is a
known constant for each material. For an hourglass-shaped sample, this can only
easily be verified using DIC. More work is needed on these tests as there was not
enough time to perfect this analysis.
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