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Failure

Tensile strength is one of the most important mechanical properties of brittle
materials and plays a decisive role in the stability of many civil and mining
structures. The Brazilian test is the most common indirect method for determining
tensile strength and is widely employed. In this test, it is generally assumed that
a central tensile crack initiates and propagates along the loading axis. However,
the actual fracture process in the Brazilian test remains a controversial issue, and
using curved loading platens has been recommended to better concentrate tensile
stresses at the center of specimen. This study investigated the influence of platen
curvature on the estimated tensile strength and the fracture patterns. To this end,
five types of platen with curvature ratios of 0, 0.50, 0.57, 0.67, and 0.80 were
prepared. All tests were recorded using a high-speed camera to precisely capture
the initiation and propagation of cracks. To minimize the effect of rock
heterogeneity and obtain consistent results, synthetic specimens were used, and
five samples were tested for each curvature ratio.The results indicated that
increasing the platen curvature led to a higher estimated tensile strength. While
the increase was negligible for curvature ratios up to 0.67, at the ratio of 0.80 the
tensile strength was approximately 48% higher compared to 0.67. Analysis of
fracture patterns revealed that at the curvature ratio of 0.80, the fracture mode
shifted to an unstable and disturbed pattern, characterized by secondary shear
cracks and the irregular propagation of the main crack.

Introduction

reliable results, they are difficult to implement,

Tensile strength is one of the most important
mechanical properties of materials and plays a
decisive role in various branches of engineering,
particularly in rock mechanics, engineering
geology, and the design of structures located in
rock foundations. As geotechnical and
construction materials are much weaker in
tension than in compression or shear, accurate
measurement of this property is essential for
predicting material behaviour and ensuring the
safe design of structures. There are various
methods of determining tensile strength, which
fall into two categories: direct and indirect.
Although direct methods provide the most

which is why indirect methods are more
common, especially the Brazilian test, due to its
simplicity and ability to provide acceptable
results. The validity of the Brazilian test is
influenced by various factors, including sample
characteristics ~ (shape, size, mechanical
properties, and internal cracks) and loading
conditions (angle and curvature of the platens,
loading rate, and type of contact). Previous
studies have shown that the curvature of loading
platens significantly affects stress distribution,
crack initiation locations, and fracture patterns
of specimens. However, a comprehensive
investigation of the effect of the contact angle
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between the platen and the specimen on fracture
patterns and tensile strength values has not yet
been fully conducted.

This study involved carrying out Brazilian tests
on rock-like specimens using five types of
loading platens with different specimen-to-
platen radius ratio. The process of crack
initiation and propagation was recorded using
high-speed cameras to accurately examine the
effect of platen curvature on tensile strength
values and fracture patterns.

Materials and Methods

This study involved conducting 25 Brazilian
tests were conducted on rock-like specimens
with sand-to-cement and water-to-cement ratios
of 0.5. The specimens were prepared using Type
Il Portland cement, fine sand in accordance with
ASTM C136-06 (ASTM, 2015), and water.
After precise measurement, the mixture was
poured into molds and compacted by tamping
and vibrating. Specimens were kept in molds for
24 hours, after which they were cured in water
for 28 days. All specimens were cut into discs
with a thickness-to-diameterratio of 0.6, and
their contact surfaces were polished. Tests were
carried out using an MTS 815 machine at a
loading rate of 0.2 mm/min. Five types of
loading platen with specimen-to-platen radius
ratios (p) of 0, 0.50, 0.57, 0.67, and 0.80 were
employed.. All tests were recorded with high-
speed cameras, and the videos were analyzed
frame by frame to accurately investigate the
effect of platen type and loading conditions on
fracture patterns and tensile strength values.

Results and discussion

The results showed that with an increase in the
jaw curvature ratio (p), the peak load and the
estimated tensile strength increases. The highest
strength was observed in all specimens p = 0.80,
due to an increase in the contact angle and a
greater concentration of compressive stresses in
the loading area. The load—displacement curves
also indicated that significant change in the
behavior of the specimens mainly occurred at p

=0.80, where the displacement corresponding to
the peak load increased and showed greater
scatter.

Four types of fracture patterns were observed in
the specimens:

Type 1: A tensile crack that initiates from the
centre of the disc and propagates to the platens,
representing the standard Brazilian failure
pattern.

Type 2: A central tensile crack accompanied by
shear cracks near the contact points, the most
frequent type observed in experiments.Type 3:
The specimen is crushed into multiple fragments
due to multiple unstable cracks and a central
crack. This was mostly observed in specimens
with a higher strength, at p =0.67 and p = 0.80.
Type 4: A central tensile crack accompanied by
a horizontal crack at the edges of the specimen,
which was observed more frequently as p
increased.

Type 2 failure was dominant in specimens with
medium strength. Types 3 and 4 failures
exhibited the greatest variability and scatter in
the data, attributed to the interplay of tensile and
shear stresses, as well as the manner of crack
formation.

Conclusions

Specimens with an estimated low tensile
strength (less than 3 MPa) mostly exhibited a
single central crack. In contrast, specimens with
a medium strength (3 to 5 MPa) predominantly
exhibited Type 2 failure, consisting of a central
crack accompanied by shear cracks. In
specimens with an estimated higher strength,
particularly at higher radius ratios, boundary
failures and  multiple  fractures  were
predominant, which could lead to an
overestimation of tensile strength. Additionally,
a failure mode was observed in which horizontal
cracks appeared at the specimen edges
simultaneously with the central crack.

A detailed analysis showed that the increase in
the jaw curvature ratio had a significant effect
on tensile strength, on average. The following
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increases were observed: 9.9% for a jaw
curvature ratio of 0.50 compared to a flate platen
(0.0); about 1.36% for a jaw curvature ratio of
0.57 compared to 0.50; 12.34% for a jaw
curvature ratio of 0.67 compared to 0.57; and
about 47.7% for a jaw curvature ratio of 0.80
compared to 0.67. However, it was found that a
jaw curvature ratio of 0.80 causes a considerable
overestimation of tensile strength due to an
increase in contact angle and generation of

compressive stresses. Therefore, it is not
recommended for determining tensile strength.
Overall, the results indicated that, when Type 1
failure does not occur, it is preferable to use the
term ‘apparent tensile strength'. It is also
recommended that numerical analyses with
calibrated simulations be conducted to address
the practical limitations of the test and the
influence of shear cracks fully.
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Fig. 4. Recording crack evolution in Brazilian discs with different jaw curvature ratios.
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