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Abstract. The Brazilian test is widely used to measure the indirect tensile strength of rocks and con-
crete. In this study, a Digital Image Correlation (DIC) system is incorporated during the split tensile
test to capture and characterize the complex full field deformation, crack nucleation and propagation
in steel fiber reinforced concrete (SFRC) specimens, along with the comparison and correlation with
the data computed through strain gauges on both faces of the specimen. The displacement and in-
plane strain fields are evaluated across the full surface of the specimens using DIC. In the standard
practice of Brazilian tests, the computation of matrix failure or load responsible for crack initiation
in the concrete matrix is difficult. Using DIC it is possible to capture the exact location of crack
initiation and the load corresponding to the crack initiation.

Due to the difficulty of performing a direct uniaxial tensile test, Brazilian tests are used to assess
the indirect tensile strength of concrete. The indirect tensile strength is typically calculated based
on the assumption that the fracture failure occurs at the point of the maximum tensile stress i.e., at
the center of this specimen. To make sure that the width of the loading contact and the stability of
the specimen during a test, this research introduces the T-shape loading mechanism along with the
hinge arrangement above the specimen. The results show the test’s success with no instability of the
specimen during the test and crack propagation at the center of the specimen.

1 INTRODUCTION

The Brazilian test (BT) is widely employed
for the characterization of tensile strength due
to its convenient setup for simple compression
loading. However, in order to ensure an accu-
rate interpretation of the results and determina-
tion of tensile strength, it is imperative to ascer-
tain the initiation location of cracks and anal-
yse the nature of the induced fracture (tensile
or shear). This study integrates a 2D-Digital
Image Correlation (DIC) system into the BT
procedure to effectively capture and analyse
the intricate deformation patterns exhibited by
SFRC samples [1, 2]. Utilizing DIC, the dis-

placements and in-plane strain fields are com-
prehensively evaluated across the entire sur-
face of the specimens. The investigation ex-
amines the variations in failure load, displace-
ment, strain fields, and final fracture patterns
induced by testing as a function of the orien-
tation of bedding planes in relation to the load-
ing axis. Through the implementation of DIC, it
becomes possible to precisely identify the sites
where fracture initiation occurs, thus facilitat-
ing the determination of the validity of each
specific experiment for the evaluation of tensile
strength. The fractures observed in the reliable
tensile test experiments are conclusively classi-
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fied as tensile fractures based on the strain fields
observed at the locations of crack initiation.

2 SPECIMEN PREPARATION AND EX-
PERIMENTAL SETUP

2.1 Material
Material proportions are arrayed in Ta-

ble 1. The compressive strength obtained with
150 mm × 300 mm (diameter × height) cylin-
ders was 56.7± 1.8 MPa (average ± std. dev.),
whereas it reached 58.6± 3.4 MPa when mea-
sured with 100 mm× 100 mm cubes. The elas-
tic modulus was 32.9± 0.8 GPa.

Table 1: Material proportions

Raw material [kg/m3]
Cement 380
Water 182

Superplasticizer 3.800
Air Occluded reducer 1.518

Limestone Powder 90
Fine Aggregate 0/4mm 950

Coarse Aggregate 4/12 mm 525
Coarse Aggregate 12/20 mm 225

Steel Fiber 47.1

2.2 Modified Brazilian Test
Numerous standardized methods exist

for conducting the BTS (Brazilian Tensile
Strength) test to measure tensile strength. The
most commonly employed approaches are the
ISRM and ASTM methods, which define both
direct and indirect Brazilian test methods.

Traditionally, the BTS test involved flat load-
ing platens. However, recent research suggests
that curved platens might be more suitable to
alleviate the crushing effect at loaded points. It
has been observed that the elastic properties of
the material remain unaffected by the loading
configuration [2], but curved loading platens are
difficult to stabilize the test control [3], and it
also constrains the specimen geometrical shape
to be cylindrical, whereas in case of SFRC, cu-
bic specimens are best to test due to the proper
fiber orientation in the specimen.

Therefore, the testing specimen in this ex-
perimental program is a cubic specimen of size
100 mm. The tests were performed by apply-
ing a compressive load at two points using a T-
shaped loading device cushioned with two 3D-
printed plastic fillers of a very low elastic modu-
lus (about 0.1% of that of concrete), along with
a hinge mounted on top of it, specifically de-
signed to minimize the load eccentricity. The
configuration of the test setup is schematically
shown in Fig. 1a. The bearing width of the T
is 15% the cube side (b/L = 0.15), which rep-
resents a reasonable compromise between the
stability of the set-up and the desired profile
of tensile stresses in the cube, see Fig. 1b. A
1 MN servohydraulic universal testing machine
(Instron 8801) was utilized at the Materials and
Structures Laboratory of the Civil Engineering
School of the University of Castilla-La Mancha
in Ciudad Real, Spain.

2.3 Image Acquisition by Digital Image
Correlation (DIC)

2.3.1 DIC Setup & Specimen Preparation

In the realm of material deformation mea-
surement, DIC emerges as a sturdy non-contact
technique [4–6]. By utilizing image registra-
tion algorithms, DIC adeptly tracks relative dis-
placements between material points in a refer-
ence (typically undeformed) image and a cur-
rent (typically deformed) image [7,8]. Its ver-
satility knows no bounds, allowing for defor-
mation analysis across various scales, from me-
ters to the nanoscale [9-10], as long as the ma-
terial is suitably patterned and imaged. Over
the years, DIC has been successfully applied to
study the behavior of diverse systems, ranging
from biological materials, metal alloys, shape
memory alloys, porous metals, polymers, to
polymer foams [11]. Nevertheless, certain ma-
terial systems present unique challenges, neces-
sitating adaptations to standard DIC algorithms,
especially in scenarios of highly localized de-
formation or significant strains.

In pursuit of accurate full-field measure-
ments, the efficacy of DIC software algorithms

2



Vaibhav W. Masih, Gonzalo Ruiz, Rena C. Yu and Angel De La Rosa

(a)

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

0.075
0.150
0.225
0.300
0.375
0.450

y/
L

σ πL2/2P

b/L

(b)

Figure 1: a) Setup configuration of modified Brazilian test; b) elastic stress profile curves for different
width of bearing strip.

(a)

(b)

Figure 2: a) Speckles painted face of specimen and speckle size; b) Setup configuration of Aramis for
DIC.
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hinges on their ability to precisely identify and
track small image elements throughout the im-
age sequence. Hence, the quality of the object
texture plays a pivotal role in establishing a re-
liable correspondence between elements in the
reference (first) image and the corresponding el-
ements in the deformed ones. To ensure this
accuracy, a black-on-white random speckle pat-
tern (Fig. 2a) is carefully applied to each sam-
ple’s plain face using opaque spray paint. It is
crucial to use special DIC-adherent paints that
conform to the sample’s surface while avoiding
the introduction of rigid paint films that may al-
ter the mechanical stress conditions.

The meticulously planned experimental DIC
configuration aimed to monitor the indirect ten-
sile tests with both strain gauges and a 2D-
DIC system in a simultaneous manner, en-
abling meaningful comparisons. Throughout
the tests, Strain Gauge information was em-
ployed, while simultaneously capturing data us-
ing Aramis setup. Achieving optimal function-
ing of the 2D-DIC system necessitates posi-
tioning the specimen’s surface perpendicular to
the camera’s axis, which prompts the placement
of the Aramis optical module in a front-facing
position to enable recording in-plane deforma-
tions. GOM’s recommended distance to the
specimen, varying with the calibration template
used (in this case, 290 mm), guides the posi-
tioning of the Aramis optical module.

2.3.2 DIC Calibration

The selection of camera parameters, encom-
passing focal length, setup distance, and field
of view (FoV), demands careful consideration,
as these parameters are intricately interrelated
with other intrinsic camera factors such as CCD
size. Successfully aligning the desired FoV
with the area of interest (AOI) calls for pri-
oritizing the position and setup of the cam-
eras. With a well-considered setup (Fig. 2b),
DIC systems adhere to the general recommen-
dation of 2–30 pixels per speckle in the pattern.
Furthermore, to ensure adequate brightness and
contrast of the pattern, a cold light LED source

is employed. Prior to the experiments, all cam-
era timers are synchronized to facilitate precise
adjustments during the post-processing phase.
As an additional measure, a digital millisecond
timer with its screen within the FoV of the cam-
eras is introduced to verify synchronization.

2.3.3 DIC Post-Processing

During the DIC (Digital Image Correlation)
process, image acquisition holds utmost signifi-
cance, and it is crucial to obtain a suitable set of
high-quality images to ensure reliable results.
To enhance image quality and precision, the
GOM software employed an internal protocol
based on a calibration plate [1].

This protocol effectively corrected diffrac-
tion-related issues, enabling precise adjustment
of the aperture size. The result was minimized
motion blur and enhanced contrast in the cap-
tured images. Throughout the indirect tensile
test experiments, images were acquired every
second using the Aramis-2D system, ensuring
a comprehensive and accurate data collection
process. The specimen was loaded until the re-
sulting fracture propagated through the whole
specimen from top to bottom and split into 2
halves. The 2D-DIC images were processed
with the licensed GOM software, which is ca-
pable of computing full-field displacements and
strains from a sequence of images [3]. GOM
identifies small subsets or regions of interest
(ROIs) in the reference image and the deformed
image. It then tracks these ROIs through the
deformation to find their new positions. Based
on the displacements of the ROIs, the software
calculates the strain and deformation fields over
the entire surface of the object or material. This
information provides valuable insights into how
the object responds to applied loads or external
forces. After obtaining the strain and deforma-
tion data, post-processing and visualization are
performed to represent the results in a mean-
ingful way. This may include creating contour
plots, displacement vectors, strain maps, and
other graphical representations [2].
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Figure 3: Load vs. displacement curves for six specimen tested, and bargraphs representing peak
loads and drop-peak loads.
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(a)

(b)

Figure 4: (a) Load vs. displacement (P -δ) and stress vs. strain curves compared with (b) DIC images
located on the P -δ curve.
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3 RESULTS AND DISCUSSION
This section presents the results of the fail-

ure analysis conducted on SFRC cubes. The
outcomes are presented through plots depicting
load vs. displacement (P -δ), stress vs. strain (σ-
ε, the strain measured using gauges), a compar-
ison of curves with DIC images, and a compar-
ison of peak loads.

Six modified Brazilian tests were carried out
in accordance with the procedures outlined in
Section 2. The mechanical response of the six
specimens are graphically represented in Fig. 3.
In all six cases, a drop peak was observed,
indicating the onset of a crack in the mate-
rial’s matrix. The peak and drop-peak loads for
each case are illustrated in Fig. 3b. Displace-
ment maps were computed from the DIC image
dataset captured during each of the six tests.

The experimental findings for SFRC under
quasi-static loading were compared with results
obtained from DIC and strain gauges. Figure 4a
displays the P -δ curves for the selected speci-
mens.

Crack Initiation Detection
Prior to commencing any analysis on SFRC,

it is crucial to address the detection of crack ini-
tiation. In this study, the DIC technique was
utilized to identify micro-crack initiation and
was subsequently compared with the results ob-
tained from strain gauges. Remarkably, in all
instances, the surface crack initiation became
visible at an approximate magnitude of 0.4 µm.
Notably, this observation exhibited a strong cor-
relation with the findings from strain gauges,
which were positioned on two faces of the spec-
imen. Furthermore, the appearance of a drop
peak in the P -δ curve signifies the onset of ma-
trix cracking throughout the section.

The onset of cracking in the matrix is sig-
naled by the drop in load during the pre-peak
stage. The drop peak concurs with a rapid in-
crease in strains at the center of the specimen.
Figure 4b shows the crack patterns of SFRC
under static loading. DIC-1 shows the initia-
tion of cracks and matrix failure, DIC-2 shows
fracture propagation through the entire speci-

men from top to bottom, DIC-3 shows the frac-
ture behavior at peak load, and DIC-4 shows
the ultimate failure of the specimen. Regard-
ing the corresponding load measurements, the
average drop-peak and peak load are 71.1 kN
and 116.5 kN respectively, with coefficients of
variation of 12% and 15%. Consequently, the
drop peak corresponds with a cracking initia-
tion stress in the matrix of 4.5 MPa, whereas
the peak load corresponds with an SFRC ten-
sile strength of 7.4 MPa. It bears emphasis that
the matrix cracking occurs at 61% of the SFRC
tensile strength for this particular material.

4 CONCLUSIONS
In this research, the DIC technique was uti-

lized to explore the initiation and propagation of
cracks in SFRC and compared it with the con-
ventional strain gauge methodology.

1. The study introduced a modified method
for the Brazilian test, enhancing the accuracy
and consistency of the findings while aligning
with the DIC investigation. Figure 2b illustrates
the stress field generated by the selected b/L ra-
tio.

2. The experimental findings establish the
reliability of DIC as a viable alternative to strain
gauges. Leveraging the licensed GOM software
for image series processing enables the extrac-
tion of essential qualitative DIC results, such
as major strains, facilitating the observation of
local behavioral phenomena during the indirect
tensile test.

3. In particular, DIC allows to identify and
record the instant for the initiation of a crack in
the concrete matrix, which is also detected by
the strain gauges and even by a small drop-peak
detected by the load cell. For the SFRC used in
this research, the cracking of the matrix occurs
at only 61% of the tensile strength.
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