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Abstract. The digital image correlation (DIC) technique is increasingly used, especially for monitoring
strain distribution and deflection of concrete structure elements. This technique is an alternative to
measuring deflections and strains. In this research, four concrete prisms were tested to evaluate the accuracy
of the DIC technique. Two concrete prisms, with dimensions of 310 mm x 150 mm x 150 mm, and the others
with 510 mm x 150 mm x 150 mm, were used as specimens. The specimens were prepared with a white
base coat and speckles to facilitate image tracking. A hydraulic actuator was used to load the specimen
during the test, while a high-resolution camera captured video footage of the test. The collected video data
was processed into sequential images using Ncorr V-1.2, integrated with MATLAB, to obtain deflection
and strain distribution. The application of the DIC method in this study generates the normal strain in the x
and y directions and shear strain Xy, major and minor principal strains, as well as displacement values. The
DIC results are compared with the displacement value results obtained from conventional tools (LVDT).
The results show that the DIC technique accurately measures displacements and strains in concrete prisms.

1 Introduction

For efficient measurement of constitutive behavior
parameters of materials, such as nonlinear stress-strain
relationships, a simple yet effective method is needed to
extract various mechanical properties from testing. The
method of Digital Image Correlation (DIC), which is
suitable for obtaining displacements and strains across the
surface of a test specimen, is one such technique [1-2].
The DIC is a non-destructive test commonly used to study
the global displacement on the surface of a specimen . The
technique utilizes the speckle pattern painted on the
specimen's face to facilitate strain and displacement
analysis. During testing, DIC uses an optical-based
approach to compare correlated images on the specimen
surface and generate full-field data regarding
displacement, strain, and deformation [3]. The DIC
technique begins by capturing digital specimen images
under various loading conditions (in terms of time and
state) using digital imaging devices, such as optical,
electronic, or scanning probe-based imaging tools.
Afterward, image analysis is performed with correlation-
based algorithms through matching methods and
numerical differencing approaches. This process enables
quantitative extraction of global strain and displacement
data to learning the response of materials, components,
and structures [4].

DIC has been applied in various fields, such as
biomechanics, civil engineering, aerospace engineering,
and materials science. This method has been utilized in
uniaxial compression testing to record the overall shape
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of the specimen and measure deformation and strain [5].
DIC also measures global deformation of structures
subjected to fluid loads in fluid-structure experiments.
This method allows researchers to analyze materials and
structural behavior under flowing fluid environmental
conditions [6].

The displacement and deformation of objects in 3D
space can be measured through non-contact measurement
(DIC). For 3D measurements, two cameras working
stereographically are required to capture images of the
specimen. The measurement volume’s location and
dimensions relative to the cameras, as well as the spatial
relationship between the two cameras, are predetermined
by capturing a series of images of a calibration object
containing targets with known dimensions and spacing
[7]. Recorded images of the specimen were captured at
predetermined time intervals, either constant or variable,
during the testing process. The first capture is used as a
reference  configuration. Through digital image
processing, the software then analyzes the data. DIC uses
the random dot pattern on the specimen surface as the
basis for tracking deformation.

This pattern of dots was recorded before and after the
test was conducted, then digitized, and the data was
stored. The initial and current images are segmented into
small areas known as ‘subsets, as illustrated in Fig. 1.
Digital image correlation techniques match subsets in the
non-deformed images with corresponding subsets in the
deformed images.
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Fig. 1. Subset deformation [7].

This paper discusses the development and
optimization of a relatively affordable system to develop
the application of DIC in civil and structural engineering.
The system is designed to fulfill several key
characteristics: durability, ease of use, flexibility in
structural and material testing, and low cost. The system
utilizes a digital camera as its primary recording device to
achieve these goals. In addition, an open-source image
correlation software called Ncorr [8], which runs on the
MATLAB programming platform, is used. The selection
of Ncorr is based on the popularity and accessibility of
MATLAB as a widely used tool among researchers and
practitioners [9]. With this approach, the proposed system
is expected to provide a practical and economical solution
for supporting material and structural testing in various
civil engineering applications.

The DIC has been widely applied in numerous studies
to evaluate displacements and strains across various
material types, such as FRP composites [10], highway
materials [11], steel [12], and concrete [13].

Based on the background, this study uses the DIC
technique to calculate deflection and obtain normal and
principal strain values at the concrete prism.

2 Methodology

2.1 DIC system configuration

The DIC method was utilized to observe the damage of
the concrete prisms and presented in the form of the
displacement and strain obtained from the test. This
research uses four test specimens in the form of reinforced
concrete prisms. Two concrete prisms measuring 310mm
x 150mm x 150mm and two measuring 510mm x 150mm
x 150mm. Table 1 presents the detailed specifications of
the test object.

Table 1. The detailed specifications of the specimens.

Name of Size of specimens fle
Specimens (mm) (MPa)

Bl 310x 150 x 150 30

B2 310x 150 x 150 30

B3 530 x 150 x 150 30

B4 530x 150 x 150 30

After testing, test data will be obtained as videos
converted into images during specific loading. The data
are processed using the Ncorr v1.2 program, integrated
with MATLAB, to determine displacement and strain. A
self-compiled program using the Fortran programming
language was used to calculate the principal strain. From
the results of this strain, the pattern of damage that occurs
in the test object due to the bending load given will be
observed.

Matlab and Ncorr v1.2 software were used in this
study. The experiment video was taken with a digital
camera [14]. The video was converted into a digital
image. In Ncorr v1.2, the initial image was designated as
the initial image, and all subsequent images were assigned
as current images for displacement calculation. The test
video was captured in 4K resolution, and Ncorr
automatically converted the pixel dimensions into spatial
measurements to calculate the displacement. The diagram
in Figure 2 illustrates the detailed procedure for
performing Digital Image Correlation (DIC) using the
Ncorr software.

Video Recording DIC Parameters DIC Processing

from Experimental Setting Analysis
Convert Video to Set ROI ) Format
Images Displacement

! f |

Software
Installation

Calculate Strain

»  Load Images

Fig. 2. Diagram of the DIC technique workflow.

In this research, the specimen's surface was uniformly
coated with a white improper layer. After the base layer
dried, arbitrary spots were manually added to the surface
using a black marker. Figure 3 illustrates the area selected
for DIC observation.

(a) Bl (b) B2

(c) B3

Fig. 3. Specimen by speckle pattern on the surface.
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2.2 Test setup and instrument

A load is applied to the test object using an actuator in the
testing process. The object's displacement was recorded
by a Linear Variable Differential Transformer (LVDT).
Meanwhile, the LVDT is connected to a data logger to

record the movement during the test. To record video data
during the testing process, a digital camera with 4K video
capture resolution and multiple exposure capabilities is
required to avoid inconsistent images that can cause errors
in computational analysis. An illustration of the
experiment is shown in Fig. 4

~

A

Fig. 4. Experimental test setup for DIC.

The position of the DIC equipment is shown in Fig. 5.
The camera is positioned perpendicular to the test object,
and adequate lighting is provided to ensure the dot pattern
is clearly visible in the video recording. The camera used
in this research is the SONY model ILCE-6700 with a
frame rate of 50.00 frames/second.

Applied Load

Speciment side facing
the camera

Focal Distance

=15m Jwr
@ Camera (4K Resolution)

3.1 Displacement

From the test results, the displacement value was obtained
at maximum load, as demonstrated in Table 2. The data in
Table 2 shows that the difference in displacement values
ranges from 1.11% to 8.6%. This shows that the
maximum displacement value from the LVDT with DIC
is nearly identical. It can be concluded that the DIC
technique is quite accurate in processing displacement
values.

4

Stable light source

>, <

Stable light source

®

Stable light source

Fig. 5. Position of equipment during DIC test.

3 Result

According to the experimental test results, the contour
maps of strain and displacement distribution over the
specimen surface were successfully generated. The results
of the principal strain calculation can also be compared to
the shape of the strain field with the damage pattern that
occurs due to the load applied during the test.
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Fig. 6. Comparison Curve of Displacement from Experimental
with DIC.

Figure 6 presents the comparative displacement curve
initiated from both the experimental results and the DIC
analysis. From the curve, it can be seen that the test result
of the four test specimens agrees with the DIC result. This
result demonstrates that the DIC technique is capable of
measuring displacement with high accuracy.
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Table 2. Comparison of LVDT displacement values with DIC.

Name of Specimens Deflection from LVDT (mm) Deflection from DIC (mm) Difference (mm) Difference (%)
Bl 0.26 0.277 0.017 6.5
B2 0.2 0.371 0.171 8.6
B3 0.33 0.339 0.009 2.7
B4 0.27 0.273 0.003 111
3.2 Normal strain DIC analysis produces normal strain in the y-axis

across the test object's surface, as shown in Fig. 8.

DIC analysis yields a normal strain in the x-axis across
the test object's surface, as shown in Fig. 7.

(¢) B3

(d) B4 (d) B4

Fig. 7. & at maximum load obtained from DIC. Fig. 8. 5, at maximum load obtained from DIC.
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Figures 7 and 8 demonstrate that the DIC technique 3.4 Principal strain
can yield normal strain values in the x and y axes across ] )
the entire surface of the test specimen being observed, From the outcomes of the DIC analysis, the major
enabling the creation of strain contour maps. principal strain was obtained on the entire surface of the

test object under maximum load, as shown in Fig. 10. The
major principal strain contour map shows the crack

3.3 Shear strain patterns on all four test specimens.

The DIC technique can also produce shear strain in the xy
plane across the full surface of the test object. Figure 9
shows the shear strain contour in the Xy plane under
maximum load conditions for all four test specimens.

-0.00100 0.01000

(a) B1

-0.00100 0.01000

(b) B2 (b) B2

0.00850 0.01800

(c) B3 (¢) B3

—0.001950 0.01530
(d) B4
Fig. 10. Major principal strain at maximum load obtained from
@ B4 DIC.

Fig. 9. &y at maximum load obtained from DIC.
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Minor principal strains can also be obtained over the
entire surface of the test object under maximum load, as
shown in Fig. 11. The minimum principal strain value
describes the direction and magnitude of the major
compressive strain of the test object.
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Fig. 11. Minor principal strain at maximum load obtained from
DIC.

4 Conclusion

The results demonstrate that the DIC technique can be
effectively utilized to obtain full-field displacement,
normal, and shear strain components, principal strains,

and crack initiation points in reinforced concrete
specimens.

According to the results of the displacement
comparison, this technique provides very accurate results,
with the difference in deflection measured by DIC and
that obtained from experiments ranging from 1.11 to
8.6%.

In addition, the major principal strain contour from
DIC shows comparable crack patterns to the test
specimen.

References

1. J. Gao and H. Shang, Deformation-pattern-based
digital image correlation method and its
application to residual stress measurement. Appl
Opt, 48, 1371-1381 (2009).
https://doi.org/10.1364/A0.48.001371

2. B.Pan, K. Qian, H. Xie, and A. Asundi, Two-
dimensional digital image correlation for in-plane
displacement and strain measurement: A review.
Meas Sci Technol., 20, (2009).
https://doi.org/10.1088/0957-0233/20/6/062001

3. S.Daij, X. Liu, and K. Nawnit, Experimental study
on the fracture process zone characteristics in
concrete utilizing DIC and AE methods. Appl.
Sci., 9(7), 1346 (2019).
https://doi.org/10.3390/app9071346

4. Z.Wang, S. Wang, and Z. Wang, An analysis on
computational load of DIC based on Newton—
Raphson scheme. Opt. Lasers Eng., 52(1), pp. 61—
65 (2014).
https://doi.org/10.1016/j.optlaseng.2013.07.019

5. A. Abdulgader and D. C. Rizos, Advantages of
using digital image correlation techniques in
uniaxial compression tests. Results Eng., 6, 100109
(2020).
https://doi.org/10.1016/j.rineng.2020.100109

6. J. Banks, L. Marimon Giovannetti, X. Soubeyran,
A. M. Wright, S. R. Turnock, and S. W. Boyd,
Assessment of digital image correlation as a
method of obtaining deformations of a structure
under fluid load. J Fluids Struct., 58, 173—-187
(2015).
https://doi.org/10.1016/j.jfluidstructs.2015.08.007

7. B. Gencturk, K. Hossain, A. Kapadia, E. Labib,
and Y. L. Mau, Use of digital image correlation
technique in full-scale testing of prestressed
concrete structures. Measurement, 47, 505-515
(2014).
https://doi.org/10.1016/j.measurement.2013.09.018

8. J. Blaber, B. S. Adair, and A. Antoniou, Ncorr:
Open-source 2D digital image correlation Matlab
software. Exp. Mech., 55(6), 1105-1122 (2015).
https://doi.org/10.1007/s11340-015-0009-1

9. J. Blaber and A. Antoniou, Instruction mnual
Necorr version 1.2.2, (2017) Accessed: Nov. 2024.
[Online]. Available:



https://doi.org/10.1364/AO.48.001371
https://doi.org/10.1088/0957-0233/20/6/062001
https://doi.org/10.3390/app9071346
https://doi.org/10.1016/j.optlaseng.2013.07.019
https://doi.org/10.1016/j.rineng.2020.100109
https://doi.org/10.1016/j.jfluidstructs.2015.08.007
https://doi.org/10.1016/j.measurement.2013.09.018
https://doi.org/10.1007/s11340-015-0009-1

E3S Web of Conferences 677, 06001 (2025)
3 ICDMM 2025

https://doi.org/10.1051/e3sconf/202567706001

10.

11.

12.

https://ncorr.com/download/ncorrmanual vl 2 2.
pdf

E. del Rey Castillo, T. Allen, R. Henry, M.
Griffith, and J. Ingham, Digital image correlation
(DIC) for measurement of strains and
displacements in coarse, low volume-fraction FRP
composites used in civil infrastructure. Compos.
Struct., 212, 43-57 (2019).
https://doi.org/10.1016/j.compstruct.2019.01.024
J. Gorszezyk, K. Malicki, and T. Zych, Application
of digital image correlation (DIC) method for road
material testing. Materials, 12(15), 2349 (2019).
https://doi.org/10.3390/mal12152349

R. Yang, Y. Li, D. Zeng, and P. Guo, Deep DIC:
Deep learning-based digital image correlation for

13.

14.

end-to-end displacement and strain measurement.
J. Mater. Process. Technol., 302, 117474 (2022).
https://doi.org/10.1016/j.jmatprotec.2021.117474

T. M. Fayyad and J. M. Lees, Application of
digital image correlation to reinforced

concrete fracture. Procedia Mater. Sci., 3, 1585—
1590 (2014).
https://doi.org/10.1016/j.mspro.2014.06.256

J. Blaber, B. S. Adair, and A. Antoniou, A
methodology for high resolution digital image
correlation in high temperature experiments. Rev.
Sci. Instrum., 86(3), 035111 (2015).
https://doi.org/10.1063/1.4915345



https://ncorr.com/download/ncorrmanual_v1_2_2.pdf
https://ncorr.com/download/ncorrmanual_v1_2_2.pdf
https://doi.org/10.1016/j.compstruct.2019.01.024
https://doi.org/10.3390/ma12152349
https://doi.org/10.1016/j.jmatprotec.2021.117474
https://doi.org/10.1016/j.mspro.2014.06.256
https://doi.org/10.1063/1.4915345

	1 Introduction
	2 Methodology
	2.1 DIC system configuration
	2.2 Test setup and instrument

	3 Result
	3.1 Displacement
	3.2 Normal strain
	3.3 Shear strain
	3.4 Principal strain

	4 Conclusion
	References

