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ABSTRACT

This research examines the applicability of the planned Digital Image Correlation (DIC) system to measure
the strains in tensile experiments. DIC is a low-cost optical technique, and is an appropriate measurement
used to measure surface displacement, strain and stress map distribution without any contact with the tested
surfaces. In the present research, the tensile test is conducted on two different flat samples, which are painted
in a speckle pattern on the tested surface to use DIC features in stain measurements. To guarantee the
efficiency of the planned DIC system, the DIC code has been built using MATLAB programming language.
The obtained results from DIC technique is compared with the results from open-source software (Ncorr),
the finite element analysis (ANSYS) as well as the exact and analytical solutions. The comparison results
showed that there was A quite acceptable and agreement achieved between them. According to the exact
solution, the percentage of accuracy of the obtained results for the Aluminum without hole plate was around
(89-93) % whereas the accuracy with the NCORR was about 96 %. For the second copper plate with a central
hole, the accuracy has been obtained to be (80.7-99) % with the analytical solution wherein its value has
reached (81-97) % with Ncorr software.
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1. Introduction

Reliable stress and strain measurement are often required as part of component and sample assessment in various
engineering fields. Stress measurement has abroad applications such as the distinguish between alloy
deformation mechanisms, tensile loads on the immediate shift of stress in super-elastic alloys, and residual
stresses on creeping crack growth in steel, etc. [1-4].

The popular methods for measuring strain are diffraction analyses, including neutron diffraction and X-ray
diffraction (XRD). The diffraction analysis coupled with mechanical testing had used in the study of various
metals and alloys [5-6].

Numerous strategies had been proposed within full-field displacement and, strain measurements such as speckle
pattern, holographic interferometry, geometric moiré, speckle photography and DIC [8].

Each of the used methods to obtain the full-field displacement and strain measurements has become the primary
interest in the scientific fields among the other improved experimental techniques in the mechanical tests [7].
DIC represents a non-contact optical method that is used to measure the full-field displacements, strain, and
stress. The captured images of the tested specimen have considered as an input to the developed program. The
specimen considered in DIC technique might be in different forms such as too small, big, complex, soft, cold,
or hot. Hence, this technigue can be used inside or outside the laboratory [9].

DIC technique is an optical technique that uses the mathematical context to correlate images, examine the data
and evaluate the results of the samples. This technique requires a series of images of a sample. When the sample

1767 @


mailto:mohanadnazhan@gmail.com

PEN Vol. 8, No. 3, August 2020, pp.1767- 1785

is under an incremental load, DIC examines the sample’s surface changes and behaviour. the samples are needed
to be painted in a random dot pattern (speckle pattern) in this technique as well [10].

In DIC technique with a single camera, it only provides in-plane displacement/strain fields on flat/planner
objects whereas using a pair of cameras can estimate the 3-D displacement and strain fields of any 3-D object
[11].

This study is in general focuses on building a DIC program, carry out experiments, evaluation for image analysis
to find the full-field measurements in the mechanical tests as well as validate the results regarding to the
numerical simulation software like ANSYS.

J. Cirne, et al [12], investigated the full-field displacements, strain and stress measurement methods (and their
rates). The tensile test had been applied on a splitting Hopkinson bar. The results and measurements were
performed using the ARAMIS software. The stated DIC system has two single digital high-speed cameras which
give and offer the synchronization. Apparently, this analysis mainly depends on counting the number of pixels
of images under the test. The used DIC system can record the frames at a rate of up to 250,000 / second by using
the stereo cameras. In contrast, our current work presented in this paper investigates the applicability of DIC to
measure full-field displacements, strain and stress measurement using DIC technique. This technique is based
on the concept of a searching algorithm to execute image correlation. Single-camera has been used to capture
images, Nikon D3200 has been used with shooting rate by 1 frame per second (fps) to 4 fps.

Jean-Jose' Orteu [13], proposed a stereovision technique which experimentally uses two cameras as
measurement of 3-D displacement/strain fields on any 3-D object. The paper proved that the stereovision
technique is a non-contact method used for the calculations of 3-D displacement, strain and stress fields of any
3-D specimen in industrial applications. This technique is useful in many applications used in large and small
scale of structural mechanical problems, and definitely for small and large structures. Our current paper
concentrates on performing DIC code to study the functionality of this technique and carry out the measurements
on image series taken from the mechanical testing. In this context, only 2D DIC problem has been considered.
S. Kut [14], tested ductile fracture of strain measurements technique, for the sample of the circular cross-section
offered by Finite Element Method (FEM) theory. For steel, copper and aluminium tested samples, each obtained
result dealing with the ductile fractures. Strains in various fractures positions has been estimated and compared
in terms of each sample and another. While the current research presented in our paper has used two rectangular
flat samples, first was a copper plate with a central hole and second was aluminium plate without hole. FEM
principle also has been used to build the DIC code algorithm.

Shilpa Chakinala [15], the results of the full-field displacement and strain had been computed by a method of
subpixel resolution by using sub-pixel DIC algorithms. The researchers in [15] had presented three sub-pixel
DIC algorithms that is used in calculations which is most suitable for an implemented experiment. In our paper
presented here, the DIC method that is related to the greyscale correlation is indispensable to have at least two
images of different experimental states of objects. The captured images have been transformed into a greyscale
images by means of using the developed program. The correlation considered 2D cross-correlation analysis,
which was applied to perform the technique correlation by computing the scale of submatrices formed between
the reference image and the deformed image.

Po-Chih H. and A. S. Voloshin [16], proposed a “fast and simple” (FAS) algorithm that relay on DIC technique
to measure the planner sample surface deformation. The future algorithm practices the satisfactory correlation
at the pixel especially the resolution and surface scanning for sub-pixel level. There are two individual
specimens were examined to find the probability of the planned algorithm. On the contrary, in this current paper,
the written DIC code principle is based on finding the grayscale correlation coefficient. This correlation gives
a satisfactory relationship between distorted and undistorted sub-images for estimating the distortion of sub-
image shown in Figure 1. The correlation coefficient is well-defined as eq (2).

Ellon Bernardes de Assis and Francisco Evangelista Junior [17], had implemented DIC routine to calculate in-
plane displacements and strain field. The algorithm achieved an accuracy of 95%. The results in the mentioned
paper had taken into consideration the systematic error within the displacement and strain measurements due to
the grey-level interpolation. The authors used an interpolation to get the desired results and it was interesting.
In our current research presented in this paper, the results of the numerical and experimental investigation are
considered. The results that had been discussed in this paper, used to obtain the full-field displacements, strain,
and further the stress of each one of the tested specimens. The validity of the results had checked, ANSY'S had
mainly been used for this purpose. Besides, other open sources DIC software (Ncorr) has been used. Eq (16) is
used to compute the percentage of accuracy. The minimum (80.7%) and maximum (99%) accuracy values were
achieved. The grey-level interpolation has not been used in this paper.
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2. Fundamental theory

This work considers DIC technique to measure the surface deformation by tracking an image feature. With this
technique, the entire surface is measured and this represents the full field required measurement. Subsequently,
the output of the deformed full-field measurements is involved in many applications. Furthermore, the full-field
displacements, strain and stress measurements gained from this technique can be used to validate the finite
element simulations and characterize materials, etc. [18]. Some of these measurements are used for
characterizing materials by using DIC, VFM (Virtual Fields Methods) and FEMU Finite Element Model
Updating [19] [20].

Images of the specimen at zero loads (reference image) and deformed image with one different second load
state are required in DIC technique. These images are compared among each other using the developed program
as can be seen in Figure 1. The comparison and correlation is carried out using 2D cross-correlation analysis so
as to correlate the scale sub matrices between the reference image and the deformed image [21] [22].
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Figure 1. The Corresponding relation for distorted and undistorted tested-images [23]

Of importance, the DIC method, which relates to the grey scale correlation shown in Figure 2, requires at least
two images of different experimental states for the investigated objects. The Camera images have converted to
a grey scale image series according to the load changes. Then the images had analyzed to solve more sophisticate
measuring tasks. High resolution or high-speed cameras need to be used. In this paper, high-resolution DSLR
(Digital Single-Lens Reflex (the camera had been chosen to carry out this task.

Secarch Gray-Scale
Correlation

Undeformed Sub-image Deformed Sub-image
Figure 2. Gray-scale correlation between deformed and un-deformed sub-image [23]

The Pearson's linear correlation coefficient is considered in this work. Taking column Xa in form matrix X

and column Yb in a form matrix Y, having means.
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X, = Z:lzo(xa,i)/n and¥, = Zj=1(ij)/n (1)

Pearson's linear correlation coefficient rho (a, b) is defined as:

rho(a,b) = Yi=1(Xqi — )_(a)(Yb'i -Y,) "

{Bia(rai — X2 Ejea(Vhi — V)2

Where n is the length number of each column.
The results of the achieved correlation coefficient range is from [-1, +1], and the value of —1 indicates a perfect
negative correlation while the value of +1 indicates of a perfect positive correlation. The value of 0 shows there
is no correlation between columns.
It is obvious that the successful usage of the above-mentioned correlation processes mainly depends on various
parameters such as those mentioned below:

1. The contrast.

2. Speckle size of the scanned gray scale matrices patterns,
3. Subset matrix size,

4. Subset used shape functions

5. Digitization level of the gray scale values,

As shown in Figure 3. A speckle pattern had used and applied by using the spray white and black painting of
the specimen surface

Figure 3. Reference image with an example of located subset and the deformed image with current subset
location

Proceeding to the distortion of point P, this point has shifted to point P*. The expression of this deformation is
shown in Eq (3) and (4).

XP* =xP +u (X, y) 3)

yPx=yP + Vv (X,y) (4)
Where (xP , yP ) and (xPx, yPx) are the coordinates of point P before and after distortion, respectively u (x, y)
and v (x, y) are the shift functions in x- and y-direction separately. Finding the grayscale correlation coefficient
will give the agreeing relationship between distorted and undistorted sub-images for estimating the distortion
of sub-image as shown in Figure. 3. The correlation coefficient is represented in Eq. (2).

2.1. Calculation of strain and stress field

It is well-known that strain calculations and the relationship between the strain and displacements are described
as a numerical differentiation process. In order to attain the strain estimation, the most straightforward
estimation method is the differentiation of the calculated displacement fields. The numerical differentiation
processing is listed as an unstable and/or risky process and should be undertaken with great caution because it
might amplify the noise, especially at high-frequency levels. Strains are more difficult in term of resolving than
the displacement fields because the strain field involves differentiation, which is quite sensitive to noise. This
means any noise in the displacements field will magnify errors in the strain fields.
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Now, to calculate the stress and strain field from the displacement field, the four points data after correlation
need to be used, and for each point have displacement in X and Y direction which is represented as u and v
subsequently. Hence these data are essential to compute the strain and stress numerically in advance. The
equations which are used to get this aim and the theory are all taken from the reference textbook of finite element
analysis, there are four points used to perform this computation. By using this method, the natural coordinates
are used for two-dimensional domains are represented by & and 1. Thus, the transformation will be carried out
from (x-y) coordinates to (¢ - #) coordinates. Assuming there is a quadrilateral ABCD as shown in the Figure 4.
The right shape with 4’ B’ C’ D’ indicates &, # which have value between -1 and +1 as shown in Figure 4.

Yy 4

(o)) (Ln
4 c

I
(x )

o0 > X
Figure 4. A general four-nodded quadrilateral element [24]

Under the assumption that P point within the element boundary, the displacements of this point extracted and/or
interpolated by using the nodal displacements by using the shape functions for the above-shown element, which
is name as an “isoperimetric element”, and the displacements written as:

_u1 -
U1
Us
[u] _ N1 0 NZ 0 N3 0 N4 0 vz

v - 0 N1 0 N2 0 N3 0 N4_ u3
o ©)

v, |
For this particular element and from Eq (9), this specific equation in FEM the Jacobian matrix,
which had been involved in this work programming, is:

oN; oN;
-7 Xi =7 Vi
o 9
= 6
U1 oN, oN, (6)
an Xi an Vi
For this look to the above quadrilateral element, the transformation is:
*y) f&n ()

By consider P is considered as a point within the element in terms of nodal coordinates, the interpolation then
can work like.

xp = Y.Ni xi yp = > Niyi (8)

Where i = 1, 2, ..., which represent the number of nodes for the element equal 4 here)., considering Ni to be
unity at node i and zero at all other remaining nodes, then the shape functions Ni can be written as
N1 = (SF) (Equation of line 2-3) (Equation of line 3-4)

= (SF) (1) (1-n)
The SF had chosen such that at node, 1 is unity at lines 2-3 and 3-4 the shape functions values are considered
to ensure that N1 is zero at nodes 2, 3 and 4.
Which means at node 1, £ =n = -1 and, therefore, SF=0.25 Thus our shape function is given by:

Ni= () (1) (1) ©)

The remaining shapes functions will be
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N=(3) (1+9) (1-n) (10)
Na= () (1+9) (1+n) (12)
Ne= () (L) (1+n) (12)

The gained results from DIC written MATLAB program have been compared as well with the stress gained
from Kirsch's equations that give the stress in any radial coordinates around the plate hole as shown in the Figure
5. Below:

ool oy b
c;

o
Figure 5. the Kirsch's equations parameters

Hence, the Kirsch's Equations are:

o () o)
Oy = %O (1 — (g)z) — %(1 + 3 (2)4) cos 26 (14)
T,6 = — %"(1 +2 (%)2

As per the above figure, the oxand oy from DIC can be compared by taking the angle 8 either 0 or 90°, so by
taking the angle equal to zero the o will be equal to ox and cee will be equal to oy,
The percentage of accuracy of the obtained results is computed according to the following equation.

T]:(1_|(Exact—DIC)|)*100 (16)

Exact

2.2. DIC program approach

4

+ 3 (%)4) cos 20 (13)

~ 3 (2)4) sin 20 (15)

The code was built based on the DIC as a subset and finite element analyses. The formulation has provided
results close to the ANSYS. The program was built to apply a “finite-element” DIC consideration as the basis
for this study. By keeping similar DIC formulations to conduct the analysis of the experiments as the same
numerical modelling (FEM).

The used code was based on “finite-element” theory by making quadrilateral element with four nodes and DIC
algorithm. It is used to find and extract the nodal displacements for each picture and for each subsequently
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loading step and this approach was used as fundamental in this study. The main input information that are
forming all elements and nodes in the mesh.

The algorithm works to find the displacements, strain and stress, by taking the information for both of the
reference image and deformed image with grayscale values, the data were obtained from both reference images
and deformed images with grayscale values. Figure 6 shows the flowchart indicating the main parameters that
the program used to initiate the correlation.

Tnsent Qriginal Picire
Insert Cropped Picture

Converting All Piciues To
Gray Seale

Maich Part OF

onpmal Picnage
With Defoamed

Py

I Calculate Shifting |

Calculate strain & strens

Figure 6. Flowchart for the written DIC program

Shifting For Another Part In Original Pichue

3. Experimental settings
3.1. Tensile test
The explanation in the current section describes the preparation processes of tensile samples and, the procedure
of measurement system, machinery, and the usage of X-Y camera setting system.
The entire plate dimension has specified in Table.1. each plate fixed by three bolts and jaw from the top and
bottom of the tested plate.

Table 1. Plates dimension

. Plate height | Width Hole / Notch | Thickness
Material
(mm) (mm) (mm) (mm)
Copper 109.21 153.84 45 mm hole 2.56
Aluminium 104.31 153.45 N/A 1.52

3.2. Experimental test rig
The main principles to get the deformation of the tested plates are through these steps that can be summarized
as below:

i. The type of camera used in this experiment is NIKON (DSLR) D3200. To capture the series of the

specimen images.
ii. During the entire experiment, each one of the two light sources was continuously provided as LED (Light
Emitting Diode) sources that was directly illuminating the plate surface.
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iii. Data monitoring to record the load number and monitor the behaviour of the plate.

The experimental rig was specially designed and manufactured to combine these three conditions and able to
perform the tensile deformation. The experimental layout that was used to perform the testing of a 2D DIC
application has shown in Figure 7.

Loading
system
—

Qﬂ camera

wMeasuring surface

(speckle pattem)

N
o

White light source

Figure 7. Testing layout

The flat specimen used in this experiment is mounted in a loading structure rig and with a pair of individual
white lights. The DSLR camera stands on a tripod in front of the specimen. It captures one reference image
before the test and series of images during the test. First, these images are checked, analyzed and correlated one
after another to get the load increasing full-field strain maps. The main optical arrangement axis of the camera
has to be in a direction perpendicular with respect to the plate surface. The working distance (which is defined
between the target surface and the support of the cameras) was set about 0.66 mm.
3.3. The experimental procedures
The experimental work was carried out based on some theoretical calculations such as the position of the
maximum tensile load that is applied on the plates to put the loading system on the right position. The test
operation can be described in several steps as mention below:

i.  Switch on the power from the power source to the LCD (Liquid-Crystal Display) load reader.

ii.  Setthe cameratripod in the horizontal ground level. Thus, there is no inclination angle. Later, the optical
system was positioned to face the surface of the specimen.

iii.  Switch on both LED lights and check the light distribution on the plate in the camera screen.
iv.  Tight both chains enough. Thus, the loading process will be accurate.
v.  Make the theoretical calculation to put the upper load limit.

vi.  Record the load reading continuously with 100 kg interval.

4. Results and discussion

4.1 Aluminum plate in tension

The results obtained from the developed programs, other DIC software and exact analysis results are compared.
The percentage of accuracy of the obtained results is computed according to the Eq (16).

For the cases where the exact results are not available, ANSYS results are used in Eq (16).

The results of plates that was analyzed by the built tensile rig are presented in this section. The analysis aims to
obtain deformation, strains and stresses. Several types of plates with several conditions are considered for the
analysis. A uniform plate under tension is analyzed. The plate is of 1.52 mm thickness and 153.45 X 104.31
mm width and height respectively. The plate is loaded by 25 KN is tension.

Exact results for stress and strain in loading direction for this case is
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_P_ 25000 =107.0095 MPA (18)
O = 4T 15345+152+106
Since Young Modulus (E) = z (19)

&

o _ 107.0095x 10°

Thus, strain (¢) = =1.5287 % 1073

70% 109 (20)

Table 2. Stress and strain results for plate without hole
o with a percentage of agreement with the developed program

Exact Developed Program Ncorr

107 99.51 (93%) /
Strain with a percentage of agreement with the developed program

Exact Developed Program Ncorr

1.5287 * 1073 1.36 * 1072 (89%) 1.6 * 1073 (96%)

Figure 8. The point plotted by written DIC MATLAB program for case 1.
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Figure 9. Ncorr V displacements for the case 1
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Figure 10. Ncorr results (strain (eyy)) for the aluminum without hole
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The photos of the experiment of the plate are further analyzed by Ncorr for strains. A plate with a central hole
in tension is analyzed for strains. The plate is made of copper with 2.56 mm thickness and 153.84 X 104.31 mm
width and height respectively. The plate has a central circular hole with 45 mm diameter. The plate has subjected
to 31750 N force by the built tensile rig. Photos have taken and analyzed by DIC using the built program Ncorr
and ANSYS.

4.2. Copper plate with a hole

The results are compared with the analytical results (Kirsch’s Equations (13-15). As shown in Figure 11, three
points are selected for the analysis P1, P2 and P3. Coordinates of the points are as follows: P1: (0, 20) ; P2: (-
20, 0) ; P3: (30, 0)

x—i ,

Pl

20 mm

20 mm

e

PZ‘

30 mm

Figure 11. Analyzed plate with a circular hole

The analytical solution of stress in x-direction g, and y-direction o,, for these points are obtained by substituting
the following values of radial coordinates and angle value the Kirsch's Equations (13-15) : g, = 80.6184 MPa,

By taking the P1 coordinates are r = 0.02 m and 6 = 0, in Kirsch's Equations (13-15)

3.2 _3. 4
80.6184x10° 22.5%1073 80.6184%10° 22.5%1073
Opp =———————— 1—( ) +—1—4( ) +
2 0.02 2 0.02

22.5¢10-3\* _ _ (21)
3 (B2 ) = 3253MPa=g,
+106 +10-3\ 2 «106 «10-3\%

Gop = 80.6184+10 (1 _ (22.5 10 ) )_ 80.6184%10 (1 43 (22.5 10 ) ) — 406

2 0.02 2 0.02 22)
MPa = o,

O a2 a\t\

Trg = — T(l +2 (;) -3 (;) ) sin26 =0 (23)

It should be mentioned that the analytical solution (Kirsch’s Equations (13-15)) is limited for plate with infinite
dimensions of width and height. Thus, it is not the exact solution for the analyzed plate in the current study, but
it is considered for comparison. The problem is analyzed by finite element method using ANSYS 17 program,
symmetry only quarter of the plate is considered for modelling. Symmetry, as shown in Figures 6-5 with element
guad mesh type, is adopted in ANSY'S, material properties is E= 128 GPa, v=0.33. By taking the results from
the written program, the first thing that must be done is to take the code and pick up specific rectangle to make
sure the comparison and the validity is working properly.

As mentioned above the validation radial coordinate have been considered with angle (r, 6) as (0, 0.02) by
comparing ANSYS result with the results obtained from Eq (21) which gave the results as 6x and oy.

The coordinates need to be transformed from metric to pixels and this is performed by using a MATLAB code
by taking the actual measurement. The width equals 153.84 mm, and the width of the picture equals 6016 Pixels

Pixles_ 6016
mm  153.84

=39 P/mm (24)

1777



PEN Vol. 8, No. 3, August 2020, pp.1767- 1785

Looking equation (24), it can be noticed that every 1 mm equal 39 pixels in. The coordinates, Thus, the pixels
coordinates of this specific region MATLAB program is ( 2900, 375) the program requires the X location and
Y location, the size of the rectangle that needs to be correlation processes work in and the number of squares
need to be tested. Figure 12 is plotted by the developed program to perform the comparison.

Figure 12. The point plotted by written DIC MATLAB program for the second case
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Figure 13. Ansys g, distribution for the second case
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Figure.14. Ansys a,, distribution for the second case
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Figure 15. Ansys Strain (eyy) distribution for the second case
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Figure 16. eyy Ncorr results for the second case
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Figure 17. Ansys Strain (exx) distribution for the second case
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Figure 18. The exx Ncorr results for the second case
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Figure 19. Ansys (V) Displacements distribution for the second case
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Figure 20. The exx Ncorr results for the second case

Table 3. g, Results for plate with a circular hole

o, (MPa) Results with Percentage of
_ Point Coordinates in mm (x) / in o,.(MPa) agreement with the developed
Point . developed program
Pixles (x,y) / 0 :
program Analytical ANsvs
(Eq. 21) Y
P1 (-0.02,0) / (2900,3219) / 6 = - 90 345 40.6 (85%0) 41.64 (83%)
P2 (0,0.02) / (2900,375) /6 =10 158.4 142.6 (88.9%) 134.3 (82%)
P3 (0.03,0) / (4700,1900) / 6 = - 270 31.1 29.7 (92%) 31.4 (97.7%)
Table 4. o,, Results for plate with a circular hole
o, ( MPa) Results with Percentage of
Point Point Coordinates in mm (x,y) / in a,(MPa) developed agreement with the developed program
Pixles (x,y) / 0 program -
Analytical Ansvs
(Eq. 21) Y
P1 (-0.02,0) / (2900,3219) / 6 = - 90 289.5 325.3 (89%) 339.3 (85%)
P2 (0,0.02) / (2900,375) / 6 = 0 229 19.2 (80.7%) 20.1 (86%)
P3 (0103%/=(A:7207061900) 120.2 141.5 (85%) 134.6 (89%)
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Table 5. Strain (¢,) results for plate with a circular hole

Point €, Results with Percentage of agreement with the
Point Coordinates in €, developed developed program
mm (x,y) / in program
Pixles (x,y) / 0 Ansys Ncorr
(0,0.02) /
P1 (2900,375) / 0 = 2.154 * 1073 2.367 * 1073 (91%) 2.9*1073 (81%)
0
(-0.02,0)/
P2 (2900,3219) / 2.645%1073 2.814 * 1073 (94%) 3.2*1073 (83%)
0=90
(0.03,0) /
P3 (4700,1900) 2.289*1073 2.083* 1073 (90%) 2.5* 1073 (92%)
/0=270
Table 6. Strain (&,) results for plate with a circular hole
Point g, Results with Percentage of agreement with the
Point Coorc(lina)te/s_ in €y dEVE|Op6d de\/e|0ped program
mm (x,y) / in program
Pixles (x,y) / 0 Ansys Ncorr
(0,0.02) / *140-3 *10-3 (200 *10-3 (910
P1 (2900.375) /0 = 0 1.92613* 10 2.1642 *1073 (89%) 2.1*1073 (91%)
(-0.02,0)/
P2 (2900,3219) / 4,466 * 1073 4,653 * 1073 (96%) 3.8** 1073 (82%)
0=90
(0.03,0) /
P3 (4700,1900) 2.322 %1073 2.638 * 1073 (88%) 2.91 %1073 (80%)
/0=270
Table 7. Displacements (v) results for plate with a circular hole
. . . Displacements (v)mm Results with
. Ppmt Coordma}tes Displacements Percentage of agreement with the developed
Point inmm (x,y) /in (v) mm / developed program
Pixles (x,y)/ 0 program Ansys Ncorr
(0,0.02) / o 0
P1 (2900,375) / 0 = 0 0.20126 0.2164 (93%) 0.183 (90%0)
(-0.02,0) / 0 0
P2 (2900,3219) / 6=90 0.396 0.426 (92%) 0.3469 (84%)
(0.03,0) /
P3 (4700,1900) 0.0037 0 mm (99%) 0.076 (97%)
/0=270

Tables 3-7 show that the results of the developed program provide satisfactory agreement with results obtained
by other methods.

5. Conclusion and recommendations
The following major conclusions can be drawn from the present work:

e The advantage of using the proposed DIC system, it provides a remote way to measure displacements,
strain and stress.

e The experiments performed have successfully fulfilled the given objectives. The experiments conducted
in this paper has shown a successful agreement between the principles of tensile testing using exact
solution results and the proposed DIC system.
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e The proposed DIC system has successfully applied for tensile strain measurement. The measurement
results demonstrate that DIC has a great potential for providing full-field strain measurement into the
specimens.

e Intensile tests, the proposed DIC can measure strain at any point in the sample while the average strain
has obtained with the traditional method.

e The novelty of this research is writing a MATLAB DIC code that presents an approach to perform fast,
accurate and efficient DIC test. This approach involved manufacturing especial device to perform the
testing of the specimen. The optical tool was a high-resolution DSLR camera to capture DIC images.
The measurements on the plates were confirmed to be very effective with satisfactory uncertainties,
both in displacements and strains.

Recommendations

e Using 3D DIC utilizing two digital cameras, which can be applied to test 3D object, and scale up this
study to deal with various and complex states of loading.

e Using other image correlation methods such as DVC (Digital Volume Correlation) and evaluate their
performance in relation to the method presented in this paper, the DIC.

e Comparing the results achieved from this technique with results achieved by other DIC global
approaches.

e Considering the systematic error of the DIC results within the displacement and strain measurements
due to the grey-level interpolation.

e Using the DIC technique to achieve Stress-Strain curves for various materials.
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