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Abstract The development of the Brazilian disc test for

determining indirect tensile strength and its applications in

rock mechanics are reviewed herein. Based on the history

of research on the Brazilian test by analytical, experi-

mental, and numerical approaches, three research stages

can be identified. Most of the early studies focused on the

tensile stress distribution in Brazilian disc specimens, while

ignoring the tensile strain distribution. The observation of

different crack initiation positions in the Brazilian disc has

drawn a lot of research interest from the rock mechanics

community. A simple extension strain criterion was put

forward by Stacey (Int J Rock Mech Min Sci Geomech

Abstr 18(6):469–474, 1981) to account for extension crack

initiation and propagation in rocks, although this is not

widely used. In the present study, a linear elastic numerical

model is constructed to study crack initiation in a 50-mm-

diameter Brazilian disc using FLAC3D. The maximum

tensile stress and the maximum tensile strain are both

found to occur about 5 mm away from the two loading

points along the compressed diameter of the disc, instead

of at the center of the disc surface. Therefore, the crack

initiation point of the Brazilian test for rocks may be

located near the loading point when the tensile strain meets

the maximum extension strain criterion, but at the surface

center when the tensile stress meets the maximum tensile

strength criterion.

Keywords Brazilian test � Tensile strength � Tensile

strain � Crack initiation � Rock mechanics � Review

1 Introduction

The Brazilian test is a simple indirect testing method to

obtain the tensile strength of brittle material such as con-

crete, rock, and rock-like materials. In this test, a thin

circular disc is diametrically compressed to failure. Four

typical loading configurations are shown in Fig. 1.

The compression induces tensile stresses normal to the

vertical diameter, which are essentially constant over a

region around the center. The indirect tensile strength is

typically calculated based on the assumption that failure

occurs at the point of maximum tensile stress, i.e., at the

center of the disc. The suggested formula for calculating

the splitting tensile strength rt (MPa) based on the

Brazilian test is (ASTM 2008; ISRM 1978)

rt ¼
2P

pDt
¼ 0:636

P

Dt
; ð1Þ

where P is the load at failure (N), D is the diameter of the

test specimen (mm), and t is the thickness of the test

specimen measured at the center (mm). Since it was

introduced independently by Carneiro and Akazawa in

1943 (Carneiro 1943; Akazawa 1943; Fairbairn and Ulm

2002), the Brazilian tensile test has received considerable

attention even until nowadays (Erarslan and Williams

2012).

In this paper, we present a review of and some new

insights into the intact Brazilian test for rock mechanics
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applications. Firstly, we discuss the background of the

Brazilian test from the viewpoint of assumptions, percep-

tions, and debates related to the test in Sect. 2. The three

major developmental stages of the Brazilian test for rock

mechanics applications are presented in Sect. 3 based on a

comprehensive literature review. One of the key issues of

the Brazilian test related to the crack initiation position of

rocks or rock-like materials obtained from the test is dis-

cussed in Sect. 4, where the applicability of the critical

extension strain criterion is discussed. In Sect. 5, we

present numerical modeling using FLAC3D to obtain the

stress and strain distributions in the Brazilian disc test.

Both the maximum tensile stress and the maximum tensile

strain in the Brazilian disc are studied by numerical mod-

eling to determine the crack initiation positions. Finally,

some conclusions are drawn in Sect. 6. It should be pointed

out that the present review and study only focus on the

intact Brazilian disc test. The cracked Brazilian disc test

and the dynamic loading problems of the Brazilian disc test

are not covered.

2 Background

2.1 Assumptions

In the Brazilian test, a thin disc specimen is assumed to be

loaded by a uniform pressure, which is radially applied over

a short strip of the circumference at each end of a diameter.

The frictional stresses between loading platens and speci-

men are neglected. The failure of the Brazilian specimen

follows the Griffith criterion. The intermediate principal

stress (r2) is assumed to have no influence on the disc

fracture (Fairhurst 1964). An important and basic assump-

tion for the determination of the tensile strength of rocks and

rock-like materials by the Brazilian test is that the material is

regarded as homogeneous, isotropic, and linearly elastic

before brittle failure occurs (Mellor and Hawkes 1971).

2.2 Perceptions

Because of the difficulty of performing direct uniaxial

tensile tests, Brazilian tests are widely used to measure the

indirect tensile strength of rocks and rock-like materials.

As pointed out by the ISRM-suggested Brazilian test

method, the justification for the test is based on the

experimental fact that most rocks in biaxial stress fields fail

in tension at their uniaxial tensile strength, when one

principal stress is tensile and the other principal stress is

compressive with a magnitude not exceeding three times

that of the tensile principal stress (ISRM 1978). Some

perceptions regarding the Brazilian test have developed

over the years; for example, the Brazilian test specimen

should split along the compressive diametral line, or else is

regarded as exhibiting an invalid failure mode. In other

words, the fracture should initiate from the central part of

the Brazilian disc, where the maximum tensile stress

induces the rock failure (Colback 1966). Another percep-

tion is that, since the Brazilian test may overestimate the

tensile strength of rocks because of its biaxial stress instead

of uniaxial tension condition, the Brazilian test can never

replace uniaxial tensile testing of rocks. In addition, the

compressive stress concentration near the loading platen

has been recognized as having a significant influence on the

results of Brazilian tests. Specially designed curved loading

platens or cardboard cushions between a flat loading platen

and the specimen are suggested for using in the Brazilian

test (ISRM 1978; ASTM 2008).

2.3 Debates

The validity of the Brazilian test has been debated for a

long time, ever since it was introduced to measure the

tensile strength of rock and rock-like materials; For

example, as early as 1964, Fairhurst (1964) had already

pointed out that failure may occur away from the center of

the test disc for small angles of loading contact area for

Fig. 1 Typical Brazilian tensile test loading configurations: a flat loading platens, b flat loading platens with two small-diameter steel rods, c flat

loading platens with cushion, and d curved loading jaws
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materials with low compression–tension ratios. In such

cases, the ‘‘tensile strength’’ as usually calculated from test

results was lower than the true value. After that, Hudson

et al. (1972) found that failure always initiated directly

under the loading points in the Brazilian test if only flat

steel platens were used to load the specimens in a servo-

controlled testing machine. They concluded that neither the

Brazilian test nor the ring test could be recommended as a

proper method for measuring the ‘‘tensile strength’’ as a

material property. Based on three-dimensional (3D) finite

element method (FEM) numerical analysis, Yu (2005)

pointed out that the Brazilian test was not suitable to

measure the tensile strength of rock-like materials, because

the largest equivalent stress was not at the center of the end

surface of the disc but always at the loading point of the

end surface.

The crack initiation point should be located at the center

of the Brazilian disc based on the Griffith fracture criterion,

which is evidently supported by experimental and numer-

ical studies (Yanagidani et al. 1978; Chen et al. 2004a).

However, crack initiation at points away from the center of

the disc have also been frequently observed (Fairhurst

1964; Hooper 1971; Hudson et al. 1972; Swab et al. 2011).

The discrepancy between the theoretical analysis and lab-

oratory observations may be the result of both the

assumptions and the criteria for fracturing, and also the

inherent defects and heterogeneity of the tested rocks.

3 Development of the Brazilian Test in Rock Mechanics

Applications

The Brazilian tensile test for rock mechanics applications is

like a work of art, drawing the research interest of a

number of outstanding scholars over the past 70 years.

Table 1 presents the developmental timeline of the Bra-

zilian test from 1943 to 2012. The review focuses on the

various milestones and the research approaches over the

years.

Based on the comprehensive review presented in

Table 1, three research stages for the development of the

Brazilian test in the field of rock mechanics can be

observed.

Stage 1 (1943–1978) This stage began with the publi-

cations by Carneiro (1943) and Akazawa (1943). Research

focused on 2D stress analysis of the Brazilian disc and

comparisons with other indirect tensile testing methods and

uniaxial tensile tests (Hobbs 1965; Hiramatsu and Oka

1966; Jaeger and Hoskins 1966a, b; Jaeger 1967; Hudson

1969; Mellor and Hawkes 1971; Hudson et al. 1972; Peng

1976), as well as the validity of the tensile strength of rocks

and rock-like materials obtained by the Brazilian test

(Fairhurst 1964; Colback 1966; Hudson et al. 1972; Wijk

1978). Indirect tensile tests (the Brazilian test and the ring

test) of anisotropic rocks were experimentally and theo-

retically investigated by Barla and Innaurato (1973).

Analytical and experimental studies, which were the main

research approaches, provided the groundwork for the

preparation of the suggested testing method by ISRM

(1978).

Stage 2 (1979–1991) The release of the ISRM-sug-

gested method for determination of tensile strength of rock

materials marked the beginning of this application stage.

The Brazilian test had become very popular to measure the

tensile strength of rocks all over the world. Relatively

fewer references related to the Brazilian test were found.

The anisotropy, nonlinear deformation characteristics

under compression and tension, and the size effect of rock

specimens drew attention from some scholars in this stage

(Lajtai 1980; Sundaram and Corrales 1980; Pandey and

Singh 1986; Satoh 1987; Newman and Bennett 1990;

Bazant et al. 1991). The end of this stage is marked by the

publication of the review articles by Andreev (1991a, b).

Stage 3 (1992–present) The improvement and modifi-

cation of the traditional Brazilian test have been exten-

sively studied and discussed during this stage. Researchers

attempted to take into consideration all the influencing

factors in the Brazilian test of rocks; for example, the

influence of intermediate principal stress (r2) on the Bra-

zilian test was considered using the 3D numerical modeling

technique (Yu and Meng 2005; Yu et al. 2006, 2009). The

effects of the anisotropic (transverse isotropic) nature of

rocks in the Brazilian test have been analytically, numeri-

cally, and experimentally studied (Chen et al. 1998;

Exadaktylos and Kaklis 2001; Claesson and Bohloli 2002;

Cai and Kaiser 2004; Chou and Chen 2008; Tavallali and

Vervoort 2010a, b). The assumption of homogeneous

material in the Brazilian test has been extended to heter-

ogeneous rock materials by numerical modeling techniques

(Yue et al. 2003; Chen et al. 2004a, b; Zhu and Tang

2006). The influence of the frictional force between the

loading platen and the Brazilian specimen on the stress

distribution and failure modes of the Brazilian disc has

been theoretically, experimentally, and numerically studied

(Lavrov and Vervoort 2002; Xu et al. 2006; Markides et al.

2011; Dorogoy and Banks-Sills 2005). Closed analytical

solutions for the stress field of the Brazilian disc have been

given by considering the influence of material anisotropy

(Claesson and Bohloli 2002), tangential friction along the

loading rims (Lavrov and Vervoort 2002; Markides et al.

2012), and the distribution of applied load (Markides et al.

2010; Markides and Kourkoulis 2012). The crack patterns

(including crack initiation and propagation) in the Brazilian

test are still a hot issue. Different numerical analysis

methods and experimental observations have been under-

taken to study this problem (Lavrov et al. 2002; Van De

The Brazilian Disc Test: Review and New Insights 271
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Table 1 Developmental timeline of the Brazilian test on rocks and rock-like materials (1943–2011)

Authors (year) Contributions Remarks Methods

Carneiro (1943) Proposing a testing method and giving an evaluation

formula to calculate the tensile strength from the

elastic tensile strength limit

Inventing the ‘‘Brazilian testing method’’ to obtain

the tensile strength of concrete

[E]

Akazawa

(1943)

Presenting a method similar to the Brazilian test

independently in Japan almost at the same time as

Carneiro (1943) (firstly published in Japanese only

2 months later than that by Carneiro, and

republished in French in 1953)

Presenting the work without any communication

with overseas researchers (Brazil and Japan were

on opposite sides in World War II)

[E]

Hondros (1959) Giving a complete stress solution for the case when

the load is distributed over finite arcs with diametral

compression, valid for conditions of both plane

stress (discs) and plane strain (cylinders)

Assuming that the material is homogeneous,

isotropic, and linearly elastic

[A]

Hobbs (1964,

1965, 1967)

Using the diametrical compression of a disk with a

central hole (ring test) as a technique for

determining the tensile strength of rocks, and

comparing with Brazilian test results

Considering the influence of laminations on the

tensile strength of rocks

[E]

Fairhurst (1964) Indicating that failure may occur away from the center

of the test disc for small angles of loading contact

area with materials of low compression–tension

ratios. Pointing out that the ‘‘tensile strength’’ as

calculated from the Brazilian test results is lower

than the true value. A parameter called stress

severity S was defined and used

Generalizing a Griffith-type fracture criterion to

analyze the failure of Brazilian test specimens.

The applied loading was assumed to have a

uniform radial distribution

[A]

Hiramatsu and

Oka (1966)

Analyzing the stress in an irregular test piece

subjected to a pair of concentrated loads by three-

dimensional photoelastic experiments as well as by

mathematical analysis, and presenting a new method

to test the tensile strength of rocks

This testing method was not perfect because the

stress state in the test piece was not simple and

uniform, and was affected by the nature of the

rock

[A] ? [E]

Colback (1966) Using the modified Griffith fracture theory to predict

fracture initiation in a Brazilian loaded disc.

Pointing out that failure must originate at the center

of the disc if the test is to be a valid tensile test.

However, under certain conditions, fracture can

initiate at the loading points, thereby invalidating the

test

High-speed photography of the photoelastic patterns

induced in birefringent layers was used to

determine the fracture initiation point and study its

subsequent propagation

[A] ? [E]

Jaeger and

Hoskins

(1966b),

Jaeger (1967)

Comparing three different cases of measurement to

obtain the tensile strength of rocks both theoretically

and experimentally. Finding that the calculated

maximum tensile stress was of the order of the

uniaxial tensile strength of the material

Based on the tensile stress calculation [A] ? [E]

Hudson (1969) Comparing two indirect testing methods, the Brazilian

test and the ring test, for obtaining tensile strength

The tensile strength was concluded to be an

experimental property and not a material property

[E]

Mellor and

Hawkes

(1971)

Measuring tensile strength by diametral compression

of Brazilian discs and annuli for Griffith-type

materials. Designing a curved-jaw loading jig to

reduce the stress concentration at the loading points

Pointing out that the Brazilian test was capable of

giving a good measure of uniaxial tensile strength

[A] ? [E]

Hudson et al.

(1972)

Observing that failure always initiated directly under

the loading points in the Brazilian test if only flat

steel platens were used in a closed-loop servo-

controlled machine. Neither the Brazilian test nor

the ring test could be recommended to measure the

material property ‘‘tensile strength’’

Some scanning electron photomicrographs of a

crack were included to study crack propagation in

the Brazilian test

[E]

Barla and

Innaurato

(1973)

Experimentally and numerically investigating the

suitability of indirect tensile tests (the Brazilian test

and the ring test) on anisotropic rocks

Two types of anisotropic rocks were tested under

different orientations along the axes of anisotropy

[E] ? [N-2D]
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Table 1 continued

Authors (year) Contributions Remarks Methods

Vutukuri (1974) Using the ring test to determine the tensile strength of

limestone and discussing the effect of liquids on the

tensile strength of limestone. Finding that, as the

dielectric constant and surface tension of the liquid

increased, the tensile strength of the limestone

decreased

Using Hobbs’ equation to calculate the tensile

strength of a ring specimen as

rt ¼
W 6þ38a2ð Þ

ptb
a

[E]

Wijk (1978) Showing that the three-dimensional ‘‘correction’’ to

the two-dimensional theoretical solution was

considerable, even for rather thin samples in the case

of the Brazilian test. Discussing the influence of

Poisson’s number in Brazilian tests and point load

tests

The three-dimensional stress distribution was

considered rather than the plane stress or plane

strain problem

[A]

Yanagidani

et al. (1978)

Observing that the crack was not initiated from the

loading point but from the tensile stress zone in the

Brazilian disc by using strain gages for crack

detection

A transient recorder (TR) was used to record the

strain variation on the surface of the Brazilian

specimen

[E]

ISRM (1978) Suggesting a standard Brazilian testing method to

determine the indirect tensile strength of rocks.

Meanwhile, the uniaxial tension test was put forward

as a method for determining the direct tensile

strength of rock

Formula to calculate tensile strength

rt ¼ 2P
pDt ¼ 0:636 P

Dt. Refer to Eq. (1) in the text

[E]

Lajtai (1980) The tensile strength determined by point load testing

and as calculated by the Frocht formula was found to

be consistently lower than that obtained by the

Brazilian test

The Brazilian test seemed to yield a more accurate

definition of both the tensile strength and its

variation with direction

[E]

Sundaram and

Corrales

(1980)

Pointing out that the assumption of the same elastic

properties in both tension and compression could

overestimate the Brazilian tensile strength of rocks

Considering the difference of elastic properties of

rocks under tension and under compression

[N-2D]

Pandey and

Singh (1986)

Finding that the Brazilian tensile strength was almost

double, and the corrected bending tensile strength

was three times the value obtained in uniaxial

tension. Discussing the deformation characteristics

of rocks under tensile stress

Arguing that tensile strength was an experimental

property rather than a material property

[E]

Newman and

Bennett

(1990)

Carrying out statistical experimental studies on the

effect of specimen geometry and stress rate on the

determination of the tensile strength of sandstone by

the Brazilian test

Confirming that the length-to-diameter ratio of the

specimen has a significant effect on the tensile

strength

[E]

Andreev

(1991a, b)

Reviewing two aspects of the Brazilian test for rock

tensile strength determination: calculation formula

and contact conditions. Pointing out that the

Brazilian test was valid for materials which exhibit

brittle failure

Arguing that the experimental result should be

abandoned if the failure initiates under the

loading devices

[A] ? [N-2D]

? [E]

Guo et al.

(1993)

Proposing a calculation formula and a testing method

to measure the fracture toughness of rocks by

fracture mechanics analyses of the intact Brazilian

disc test

Assuming that the tensile crack initiated from the

center to the outside along the compressive

diameter

[A] ? [E]

Malan et al.

(1994)

Investigating the influence of an interface on crack

initiation and propagation in the Brazilian test.

Using a computer program to simulate the failure

process based on the displacement discontinuity

method

Mohr–Coulomb failure criterion with a tension

cutoff was used in the two-dimensional numerical

simulation

[N-2D]

Chen et al.

(1998)

Presenting a combination of analytical and

experimental methods to determine the tensile

strength and elastic constants of transversely

isotropic rocks by the Brazilian test

The solution is implicit, and the mathematical

computation procedure is complex

[A] ? [E]

Rocco et al.

(1999a, b)

Experimentally and theoretically studying the size

effect and boundary conditions in the Brazilian test

A cohesive crack model was used for the

theoretical analysis

[E] ? [N-2D]
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Table 1 continued

Authors (year) Contributions Remarks Methods

Exadaktylos

and Kaklis

(2001)

Presenting explicit expressions for the stresses and

strains at any point of an anisotropic circular disc

compressed diametrically

Discussing the strain distributions of the anisotropic

Brazilian disc

[A] ? [E]

Claesson and

Bohloli

(2002)

Deriving an explicit solution and giving the stress

charts for the tensile principal stress for anisotropic

(transversely isotropic) rock, particularly the

principal tensile stress at the center of a disc due to

opposing normal point loads

Stress-based analysis on the effect of anisotropy of

rocks. The proposed approximate formula reduces

to Eq. (1) for isotropic rocks

[A]

Lavrov and

Vervoort

(2002)

Analyzing the influence of the friction force applied

over two opposite arcs on the stress distribution of

the Brazilian test theoretically. Pointing out that the

stress distribution inside the sample is only

marginally affected by the effects of the frictional

conditions at the boundary

Both inward and outward friction forces acting on

the Brazilian specimen are taken into

consideration

[A]

Lavrov et al.

(2002)

Presenting an analysis of the Kaiser effect degradation

with increasing deviation of the principal stress

between loading cycles in Brazilian tests. Using the

displacement discontinuity method to confirm these

experimental results

Acoustic emission was monitored during the

Brazilian test, and a two-dimensional (2D)

displacement discontinuity numerical method

was introduced

[N-2D] ? [E]

Yue et al.

(2003)

Presenting a digital image processing-based finite-

element method for two-dimensional mechanical

analysis of geomaterials, taking into account

material inhomogeneities and microstructures

The inhomogeneities of the material have

significant effects on the tensile stress distribution

along the loading axis of Brazilian specimens

[N-2D] ? [E]

Wang et al.

(2004)

Proposing a flattened Brazilian disc test to determine

the elastic modulus E, tensile strength rt, and

opening mode fracture toughness KIC for brittle

rocks in one test

2D stress-based analysis of a flattened Brazilian disc

specimen using FEM code ANSYS

[A] ? [N-2D]

Van De Steen

et al. (2005)

Proposing that fracturing in the Brazilian test initiated

in shear in the vicinity of one of the platens,

subsequently growing in tension

A boundary element code DIGS was used in the

numerical simulations of the experiments

[N-2D] ? [E]

Coviello et al.

(2005)

Presenting a critical assessment of some widely used

laboratory techniques on the basis of experimental

data from the literature and their own investigations.

Performing various types of tests for determining the

tensile strength of soft rocks, including the uniaxial,

Brazilian, ring, three- and four-point bending, and

Luong tests

Experimental results indicate that the tensile

strength is strongly dependent on the specific test

used for its evaluation

[E]

Aydin and Basu

(2006)

Proposing an indicator of weathering and

accompanying microstructural weakening of

igneous rocks by using the diametral stress–strain

curves in the Brazilian tension test

A 2-cm-long strain gage was placed in a Brazilian

test specimen along its horizontal diametral plane

[E]

Yu et al. (2006) Pointing out that the formula for the indirect tensile

strength is inaccurate when the Brazilian disc has

significant thickness. A 3D FEM stress analysis

showed that size/shape effects existed in the

Brazilian test when the disc thickness was increased

Stress analysis based on a 3D FEM program was

used, and the influence of specimen thickness was

considered

[N-3D]

Zhu and Tang

(2006)

Studying the deformation and failure process of a

Brazilian disk of heterogeneous rock subjected to

static and dynamic loading conditions by numerical

simulation based on rock failure process analysis

(RFPA)

Considering rock heterogeneity by assuming that

the material properties of elements conform to a

Weibull distribution

[N-2D]

Ye et al. (2009) Presenting an analytical formula and an experimental

method to obtain the tensile elastic modulus (Et) of

rock by using strain gages in the Brazilian splitting

test

The ratios of Et to Ec for marble, sandstone,

limestone, and granite were about 60–90 %,

where Ec is the compressive elastic modulus

[A] ? [E]

Lanaro et al.

(2009)

Discussing the influence of initiated cracks on the

stress distribution, and modeling the crack initiation

and propagation of Brazilian rock specimens

subjected to indirect tensile loading

A boundary element method (BEM) code

(FRACOD2D) was used to model the Brazilian

tests

[N-2D]
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Steen et al. 2005; Zhu and Tang 2006; Lanaro et al. 2009;

Erarslan et al. 2011). Researchers have attempted to obtain

more information besides the indirect tensile strength of

rocks from the Brazilian test, e.g., the tensile elastic

modulus of rocks (Ye et al. 2009; Gong et al. 2010). A

flattened Brazilian disc test and some relevant modifica-

tions of the traditional Brazilian test were put forward and

studied during this stage (Wang et al. 2004; Yu et al.

2009). Research on the Brazilian test in the field of rock

mechanics became rejuvenated, as reflected by an

increasing number of related publications.

To summarize, research on the Brazilian test of rock

mechanics has been centered around the following five

questions over the past 70 years:

• Why can the Brazilian test be used to determine the

tensile strength of rocks?

• What is the stress distribution inside a Brazilian disc of

rock?

• Where is the crack initiation point of a Brazilian disc of

rock?

• Which criterion can be used to describe crack propa-

gation in a Brazilian disc?

• How can we improve the Brazilian test to obtain more

accurate testing results and other useful information for

rocks?

These questions are extensively discussed, and their

answers can be found, in the related references. In gen-

eral, almost all of the previous studies are based on stress

analysis of the Brazilian test of rocks. Only a few

experimental studies recorded and analyzed the strain

distribution of the Brazilian disc for the purpose of

measuring the extension strain or lateral deformation of

rock specimens under diametral compressive loading

(Yanagidani et al. 1978; Exadaktylos and Kaklis 2001; Ye

et al. 2009; Gong et al. 2010). Despite the simple exten-

sion strain criterion for fracture of brittle rock put forward

by Stacey (1981) three decades ago, most of the studies

assumed that the splitting fracture of rocks in the

Brazilian test was caused by the maximum tensile stress

along the diametral loading line. The extension strain

Table 1 continued

Authors (year) Contributions Remarks Methods

Yu et al. (2009) Presenting a modified Brazilian disk test by using two

special spacers at the loading points to reduce the

stress concentrations. Pointing out that the

traditional Brazilian test seriously underestimates

the tensile strength of the tested material

3D FEM stress analysis was adopted by assuming

that the test material is a continuous, isotropic, and

homogeneous elastic body

[N-3D] ? [E]

Tavallali and

Vervoort

(2010a, b)

Presenting the effects of layer orientation (anisotropy)

on the Brazilian tensile strength and failure patterns

in the Brazilian test. The influences of microscale

parameters on the macroscale behavior were

discussed

Three different fracture types were observed for the

particular layered sandstone, namely layer

activation, central fractures, and noncentral

fractures

[E]

Markides et al.

(2010, 2011)

Obtaining closed full-field solutions for the stresses

and displacements in a Brazilian disk under

uniformly distributed radial load and considering the

influence of a uniform distribution of friction stress

at the loading rims. Pointing out that the fracture

may start at the edge of the load contact points rather

than at the specimen center

Assuming that the material of the disk is

homogeneous, isotropic, and linear elastic. A

plane stress problem is assumed for the analytical

analysis

[A] ? [E]

Markides and

Kourkoulis

(2012)

Giving analytic full-field formulae for the components

of the stress field developed in a Brazilian disc under

four types of loading distribution on the actual

contact length

Based on the linear elasticity assumption and

ignoring the friction at the loading rims

[A] ? [E]

Erarslan and

Williams

(2011)

Presenting experimental results for an investigation of

the stress–strain characteristics of Brisbane tuff disc

specimens under diametral compressive cyclic

loading

The reduction in indirect tensile strength of tuff was

found to be 33–37 % for cyclic loading conditions

under the Brazilian test

[E]

Erarslan et al.

(2011)

Investigating the difference between standard

Brazilian jaws and various loading arc angles for the

Brazilian test on Brisbane tuff by experimental and

numerical studies

The best loading geometry for indirect tensile

testing of rock material was found to be from

2a = 20� to 30� based on loading arc simulations

[E] ? [N-2D]

Classification of study approaches: analytical (A); experimental (E); numerical (N). The latter is further classified into two-dimensional

numerical (N-2D) and three-dimensional numerical (N-3D) analyses
a Where W is load, a is the ratio of the internal radius (a) to the external radii (b), and t is thickness
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criterion has not been widely used to account for rock

fracturing in the Brazilian test.

On the other hand, contradictory conclusions about the

relationship between the tensile strength of rocks obtained

by indirect Brazilian tests and that observed by direct

uniaxial tensile tests exist in the literatures; for example,

some researchers concluded that the Brazilian test may

underestimate the tensile strength for rock with low ratio of

compressive to tensile strength (Fairhurst 1964; Coviello

et al. 2005), while some researchers concluded that the

Brazilian disc results appeared to give a reasonable value

for the tensile strength of rocks (Mellor and Hawkes 1971;

Andreev 1991a, b). However, a significant number of

researchers showed that the Brazilian test overestimated

the tensile strength of rocks (Pandey and Singh 1986;

Efimov 2009; Fuenkajorn and Klanphumeesri 2011). In

view of these, some researchers have suggested that the

tensile strength should not be considered as a material

property but rather an experimental property (Hudson et al.

1972; Pandey and Singh 1986). Table 2 compiles some

tensile strengths of rocks determined by direct and indirect

tensile testing methods available in literatures. Compared

with the ring tensile test, the Brazilian tensile test usually

yields testing results much closer to those determined from

the uniaxial tensile test. Normally, the Brazilian test may

overestimate the tensile strength of rocks. Despite such

deviation, the Brazilian test is still a popular means to

determine the tensile strength of rocks, since the specimen

preparation and experimental procedures for the Brazilian

test are much easier than those for the direct uniaxial

tensile test.

4 Crack Initiation Points of Rocks in the Brazilian Test

It is reasonable to expect that, in uniaxial tension, fracture

preferentially initiates from the tips of microcracks lying

perpendicular to the direction of principal tensile stress.

The resulting crack would propagate in a plane normal to

the loading direction, and the specimen would finally

separate into two halves. Hawkes and Mellor (1970)

pointed out that the final fracture surface, even in very

precise tests, was neither perfectly flat nor exactly normal

to the loading direction under uniaxial tension. Some direct

pull tests showed that the rock fracture surface could not be

planar and might be inclined to the loading direction (Nova

and Zaninetti 1990; Okubo and Fukui 1996; Li et al. 2010).

For homogeneous rocks subjected to the Brazilian test, it is

quite common for the fracture surface to be parallel to the

compressive loading direction, leading to splitting of the

cylindrical disc into two halves. However, the generation

of a central diametral crack provides no information

regarding the crack initiation position. Researchers have

long been curious to know where the first crack initiates

and how the crack propagates.

A complete stress solution along the load diameter for

the case of a load distributed over finite arcs (for instance,

2a in Fig. 2), valid for conditions of both plane stress

Table 2 Comparison of the measured tensile strength of rocks and rock-like materials obtained by direct and indirect tensile testing methods

Rock type Direct tensile

strength

(rUTS) (MPa)

Brazilian tensile

strength

(rBTS) (MPa)

Ring tensile

strength

(rRTS)a (MPa)

rBTS/rUTS

ratio

References

Bowral trachyte 13.72 12.00 24.13 0.87 Jaeger (1967)

Gosford sandstone 3.59 3.72 8.27 1.04 Jaeger (1967)

Carrara marble 6.90 8.72 17.24 1.27 Jaeger (1967)

Barre granite 13.45 14.34 23.80 1.07 Mellor and Hawkes (1971)

Indiana limestone 5.86 6.21 11.38 1.06 Mellor and Hawkes (1971)

Sandstone 2.96 ± 0.51 7.80 ± 0.30 – 2.64 Pandey and Singh (1986)

Vitosha syenite 20.50 21.05 – 1.03 Andreev (1991a, b)

Grey gypsum 1.75 1.99 – 1.14 Andreev (1991a, b)

White gypsum 1.42 1.29 – 0.91 Andreev (1991a, b)

Gravina calcarenite 0.69 ± 0.03 0.64 ± 0.10 – 0.93 Coviello et al. (2005)

Gasbeton 0.86 ± 0.08 0.54 ± 0.06 – 0.63 Coviello et al. (2005)

Ufalei marble 5.90 ± 2.66 6.90 ± 1.24 – 1.17 Efimov (2009)

PP sandstone 6.49 ± 0.22 10.68 ± 0.70 16.10 ± 3.00 1.65 Fuenkajorn and Klanphumeesri (2011)

SB marble 6.33 ± 0.62 8.02 ± 0.25 20.59 ± 1.24 1.27 Fuenkajorn and Klanphumeesri (2011)

SB limestone 9.31 ± 0.65 10.90 ± 0.19 23.18 ± 1.70 1.17 Fuenkajorn and Klanphumeesri (2011)

a The ratio of internal to external radius is equal to 0.5 for these ring tests
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(discs) and plane strain (cylinders), was given by Hondros

(1959) as

rh ¼þ
P

pRta

1� r=Rð Þ2
h i

sin2a

1� 2 r=Rð Þ2cos2aþ r=Rð Þ4
� tan�1 1þ r=Rð Þ2

1� r=Rð Þ2
tana

" #8<
:

9=
;;

ð2aÞ

rr ¼�
P

pRta

1� r=Rð Þ2
h i

sin2a

1� 2 r=Rð Þ2cos2aþ r=Rð Þ4
þ tan�1 1þ r=Rð Þ2

1� r=Rð Þ2
tana

" #8<
:

9=
;;

ð2bÞ

where P is the applied load, R is the disc radius, t is the disc

thickness, 2a is the angular distance over which P is

assumed to be distributed radially (usually B15�), and r

is the distance from the center of the disc. Tensile stress is

taken positive.

Theoretically, according to the Griffith criterion, the

exact center of the disc is the only crack initiation point at

which the conditions for tensile failure at a value equal to

the uniaxial strength are met. The principal stresses there

are

rh ¼ þ
P

pRt

sin 2a
a
� 1

� �
� þ P

pRt
; ð3aÞ

rr ¼ �
P

pRt

sin 2a
a
þ 1

� �
� � 3P

pRt
: ð3bÞ

With a 15� contact arc, the error introduced by using the

approximate expression for rh is 2 %. For the ISRM

standardized device, two steel loading jaws are designed to

create a contact with a disc-shaped rock sample over a

finite arc of approximately 10� (ISRM 1978) or even within

5� (depending on the relative deformability of the disc and

the jaw material) (Markides and Kourkoulis 2012) at the

failure of the specimen. However, in some laboratory

Brazilian tests, the crack initiation points have been

observed to be located away from the center of the test

disc. In addition, the stress concentration near the loading

platen occasionally leads to an early shear failure fracture

in the rock (Fairhurst 1964; Hudson et al. 1972). Yue et al.

(2003) used a novel FEM analysis to demonstrate that

material inhomogeneity had significant effects on the

tensile stress distribution along the vertical loading

diameter in the classical Brazilian test. They pointed out

that the tensile cracks might not initiate at the center

because of material inhomogeneity. Based on closed

full-field solutions for stresses and displacements in the

Brazilian disc under a distributed load, Markides et al.

(2010) found that ‘‘discontinuity’’ of stress and displacement

fields occurred at the edges of the load contact. They

pointed out that the fracture might start at these points

rather than at the specimen center. This observation could

explain the fact that, for relatively hard materials, which do

not permit smooth transition from the loaded rim to the

unloaded portion of the specimens, the fracture indeed

starts from the perimeter of the disk. On the other hand,

based on experimental and numerical studies of rocks,

some authors have shown that the failure of the Brazilian

disc begins as an extension fracture in the center (interior)

of the disk and then propagates to the top and bottom

surfaces (Yanagidani et al. 1978; Van De Steen et al. 2005;

Zhu and Tang 2006; Cai and Kaiser 2004). It should be

pointed out that these numerical studies are all based on

stress analysis of the Brazilian disc, which assumes that

tensile cracks will occur if the maximum tensile stress

exceeds its tensile strength.

It is rather strange that few studies use the critical

extension strain criterion to assess crack initiation and

propagation in the Brazilian test of rocks, even though the

criterion is particularly applicable in areas of low confining

stress. This criterion states that ‘‘a fracture of brittle rock

will initiate when the total extension strain (e) in the rock

exceeds a critical value which is characteristic of that rock

type’’ (Stacey 1981). In other words, fracture initiates when

the following condition is satisfied:

Fig. 2 Sketch of the Brazilian disc test under a uniformly distributed

load over finite arcs
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e� ec; ð4Þ

where ec is the critical value of extension strain. The

fractures will form in planes normal to the direction of the

extension strain, which corresponds to the direction of the

minimum principal stress (the least compressive principal

stress). For material that shows ideal linear deformation

behavior, the strain in this direction is related to the three

principal stresses (r1, r2, r3) by the following equation:

e3 ¼
1

E
r3 � m r1 þ r2ð Þ½ �; ð5Þ

where E is the Young’s modulus and v is Poisson’s ratio.

At the center of the Brazilian disc surface,

r3 = rh & ?P/pRt and r1 = rr & -3P/pRt. If we

neglect the intermediate principal stress (r2) on the Bra-

zilian disc surface and substitute r3 and r1 in Eq. (5), we

can obtain

e3 ¼
1þ 3m

E

P

pRt
¼ rh

E
1þ 3mð Þ; ð6Þ

where e3 is the extension strain normal to the compressed

diameter. This shows that the extension strain at the center

of the Brazilian disc is larger than the value of rh/E, and it

is related to the Poisson’s ratio of the rock. According to

the critical extension strain criterion, the extension crack

will initiate at the disc point when e3 C ec. Table 3 lists the

critical magnitudes of extension strain for various rock

types obtained from the laboratory tests by Stacey (1981).

It can be seen from Table 3 that the magnitudes of the

critical extension strain of rocks are very low. Taking

quartzite as an example, the critical extension strain is

about 110 9 10-6. Considering a typical Young’s modulus

of 55 GPa and a Poisson’s ratio of 0.10 for quartzite

(Goodman 1989; Christensen 1996), the required tensile

stress (rh) for crack initiation in the rock will be about

4.65 MPa according to Eq. (6). This value is obviously less

than the tensile strength of quartzite, which is reported to

be larger than 10 MPa (Goodman 1989). The difference

between the required tensile stress based on the critical

extension strain criterion and the measured tensile strength

indicates that the tensile cracks might have first initiated at

the place where the tensile strain equals the critical

extension strain for rock specimens subjected to the

Brazilian test.

5 Numerical Modeling of the Brazilian Test by FLAC3D

Existing numerical analyses of the Brazilian test mostly

consider the tensile stress distribution along the diametral

loading line, while ignoring the tensile strain distribution.

In this work, the commercial software FLAC3D was used to

analyze both the stress and strain distributions of a Bra-

zilian disc. The material is assumed to be homogeneous

and linear elastic. The studied Brazilian disc specimen is

50 mm in diameter and 25 mm in thickness. For a more

even distribution of elements, brick- and wedge-shaped

mesh instead of cylindrical-shaped mesh were built using

the FEM software ANSYS and then imported into

FLAC3D. The size of the brick-shaped mesh is 1.00 mm in

the thickness direction (Y-direction) and 1.25 mm in both

the diametrical loading direction (Z-direction) and the

horizontal direction (X-direction). The 3D model contains

33,375 zones and 36,348 grid points (Fig. 3).

The material properties assigned to the specimen are:

Young’s modulus (E) = 50 GPa, Poisson’s ratio (m) =

0.24, and density (q) = 2.70 g/cm3. The displacements of

the grid points in the loading parts are restricted in the X-

and Y-directions at both the top and bottom locations. A

vertical distributed load (Z-direction) is applied to the

specimen along and parallel to the diametral line (AB)

incrementally with the calculation steps. The uniform load

is applied vertically to each grid point in the loading strip

(three grid points in the vertical plane view shown in

Fig. 2b) at loading rate of 0.2 N/step for 2,000 steps, then

being kept constant until reaching a final mechanical

equilibrium in the model. Therefore, the final vertical

loading force (P) is equal to 31.2 kN (0.2 9 3 9 26 9

2,000 = 31,200 N). It should be noted that the load applied

in the model (uniformly distributed and parallel to the

diameter AB) is slightly different from the radial load

Table 3 Critical magnitudes of extension strain for various rock

types, obtained from the laboratory tests by Stacey (1981)

Rock type Core size Specimen

length/

diameter ratio

Extension

strain (ec)

Quartzite A BX 2 0.000120

Quartzite B BX 2 0.000109

Quartzite C AX 2 0.000081

Quartzite D BX 2 0.000107

Quartzite E BX 2 0.000130

Lava A BX 2 0.000152

Lava B BX 2 0.000138

Diabase BX 2 0.000175

Norite NX 2.5 0.000173

Conglomerate Reef A BX 2 0.000086

Conglomerate Reef B BX 2 0.000073

Conglomerate Reef C BX 2 0.000083

Sandstone BX 2 0.000090

Shale A BX 2 0.000116

Shale B BX 2 0.000150

Shale C AX 2 0.000095
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distribution considered by Hondros (1959). For small

contact arcs, this difference is not expected to play a crucial

role, especially in disc regions far from the loaded rim. The

loading angle (2a) in the model can be calculated by

2a ¼ 2� sin�1 1:25

25
¼ 5:73� � 6�: ð7Þ

After 3,402 calculation steps, the maximum unbalanced

force reaches a very small value (about 0.005 N) and the

mechanical ratio falls below the default limit of 1.0 9 10-5

in the model. This implies that mechanical equilibrium has

been reached (Itasca 2006). Figure 4 shows the variation of

the maximum unbalanced force and the total applied axial

load in the model.

According to Eq. (3a), the tensile stress at the center of

the disc specimen is about 15.90 MPa. To better understand

the principal stress distribution along the compressed

diameter AB, both the tangential stress (rxx, tensile stress)

and the radial stress (rzz, compressive stress) were obtained

from the numerical modeling. Meanwhile, the principal

stresses along the diameter AB were calculated according

to the Hondros solution using Eqs. (2a) and (2b) for com-

parison. The principal stresses obtained on the mid-plane of

the specimen (Y = 12.5 mm), normalized by 2P/pDt, are

plotted against the Z-coordinate of the specimen along the

line AB in Fig. 5. It can be seen that the numerical results

for both rxx and rzz agree well with the Hondros solution

except near the two loading points. The tensile stresses (rxx)

in the middle section (-20 mm \ Z \ 20 mm) are almost

uniformly distributed and almost equal to the value of 2P/

pDt. However, the compressive stresses (rzz) are not uni-

formly distributed along the diameter AB; they increase

from the center of the diameter to the two loading points.

In order to show the difference of the principal stress

distribution caused by the 3D effect of the Brazilian disc

specimen, Fig. 6 shows the normalized principal stresses

along the diameter AB obtained on the surface plane and

the middle plane of the disc. It can be seen that the tensile

stress (rxx) distribution on the surface plane is different

from that on the middle plane, while the compressive stress

(rzz) distribution is almost the same on the two planes.

Along the diameter AB the tensile stress in the range of

-18 mm \ Z \ 18 mm is about 8–25 % larger than the

value of 2P/pDt on the disc surface, while it is about

10–22 % less than the value of 2P/pDt on the middle cross-

section plane (Y = 12.5 mm). In addition, on the speci-

men’s surface, the maximum tensile stress value occurs

Fig. 3 The model of a Brazilian disc specimen: a 3D model and b a

vertical plane view (note: arrows represent the applied loading

direction at grid points; X, Y, and Z represent the coordinate axes)

Fig. 4 Maximum unbalanced force and total applied load in the

Brazilian disc specimen
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near the two loading points (about 5–6 mm away from

points A and B).

The influence of triaxiality on the failure of glass cyl-

inders under diametral compression was discussed analyt-

ically by Hooper (1971). Numerical analyses were later

carried out by Yu et al. (2006) using 3D FEM modeling,

where uniform line loading was applied on the disc spec-

imen instead of the uniformly distributed loading presented

here. A revised formula to calculate the tensile strength to

account for the 3D size effect of the Brazilian disc speci-

men was put forward by Yu et al. (2006):

rt ¼ 0:2621k þ 1ð Þ 2P

pDt
; ð8Þ

where k is the ratio of the thickness to the diameter (t/D) of

the disc specimen. However, they did not consider the

Fig. 5 Comparison of

normalized principal stresses

along the middle part of the

compressed diametral line (AB)

between the numerical

modeling results and Hondros’

solutions. The dashed circle
represents the Brazilian disc

specimen

Fig. 6 Comparison of

normalized principal stresses

along the compressive diametral

line between the surface and the

middle part of a Brazilian disc

specimen in numerical

modeling results. The dashed
circle represents the Brazilian

disc specimen
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distribution of tensile strain, or its effect on crack initiation

and propagation in the Brazilian specimen. The distribution

of tensile strain in the Brazilian specimen obtained

numerically is further described and discussed below.

The strain distribution of the Brazilian specimen was

obtained by a FISH program in FLAC3D. The contour

diagrams of either the tensile stress (rxx) or tensile strain

(exx) along with the outline of the Brazilian disc specimen

are shown in Fig. 7 on the specimen surface zones

(Y = 1.00 mm), and in Fig. 8 on the middle cross-section

zones (Y = 12.5 mm) of the specimen.

It can be seen that both the tensile stress and strain have

local concentrations on the Brazilian disc surface, which

occur at some distance away from the two loading points

(Fig. 7a, b). However, such a bimodal tensile stress dis-

tribution is absent in the middle cross-section (Fig. 8a),

while the bimodal tensile strain distribution still exists in

the middle cross-section (Fig. 8b). The results thus show

the 3D effect on the nonuniform stress distribution along

the thickness (Y-direction) in the Brazilian disc. In addi-

tion, the maximum tensile strain is found to be located

neither in the center of the disc nor at the two loading

points. It occurs at some distance away from the two

loading points, being about 5 mm away from the loading

points on the Brazilian specimen surface for a 50-mm-

diameter disc. As shown in Fig. 7b for the specimen sur-

face, the maximum tensile strain is approximately 900 9

10-6, while it gradually decreases to about 550 9 10-6 in

the central portion. Similar strain distribution results along

the compressive diametral line have been observed by

using a 3D digital image correlation (DIC) system in the

Brazilian test of polymethylmethacrylate (PMMA) mate-

rial and also by analytical solutions (Markides and

Kourkoulis 2012). Figure 9 shows the experimentally

measured and the theoretically calculated radial and

transverse strains along the compressive radius of a PMMA

disc subjected to the Brazilian test by Markides and Ko-

urkoulis (2012), where the maximum tangential tensile

strain occurs at about r = 0.80R; for example, in our

numerical model where R = 25 mm, then r = 20 mm,

which is the same as the presented numerical modeling

results (5 mm away from the loading points).

The location where the maximum tensile strain occurs is

usually described as corresponding to a failure mode tran-

sition between shear failure and tensile failure (Fig. 10), as

observed for many rock types in the solid Brazilian disc test

(Hobbs 1964). The central splitting fracture line GH should

be associated with a tensile failure mode. However, it is

difficult to judge whether the tensile fracture initiates and

propagates from the point G (H) to the center or from the

center to the point G (H) during experimental study.

As indicated in Eq. (6), the tensile strain developed in

the Brazilian specimen is related to the Poisson’s ratio. To

investigate the influence of the Poisson’s ratio, the

numerical calculations were repeated with Poisson’s ratio

of 0.12, 0.16, 0.30, and 0.36, while keeping the other

parameters the same as before. The maximum tensile strain

(exx-max) along the central diametral line and the tensile

strain at the center of the disc surface (exx-center) determined

from the numerical calculations were obtained and plotted

against the Poisson’s ratio, as shown in Fig. 11.

As shown in Fig. 11, both exx-max and exx-center increase

with the Poisson’s ratio. The former increases nonlinearly,

while the latter increases almost linearly with the Poisson’s

ratio. It can be observed from Fig. 11 that, the larger the

value of the Poisson’s ratio, the greater the difference

between the maximum tensile strain and the tensile strain

at the disc center. Since the numerically investigated

Poisson’s ratios span from 0.12 to 0.36 in Fig. 11, covering

the values for most rock types, it can be used as a reference

for different rock types under the Brazilian test.

In addition, if the loading condition changes to line

loading or uniform diametrically distributed radial loading

in the numerical modeling, similar distributions of tensile

stress and tensile strain can be obtained except for a small

difference occurring near the two loading points. This

difference has been analytically solved and reported by

Markides and Kourkoulis (2012) under different distribu-

tions of applied load, including diametral point load, uni-

form, sinusoidal, and parabolic loading conditions. They

pointed out that the stress field in the major part of the disc

was rather insensitive to the exact loading application

mode, but critical differences were detected in the vicinity

of the loaded arc of the disc. Further work can be carried

out to model the influence of loading conditions and the

frictional stresses between the loading platens and the

specimen in the Brazilian test. The purpose of the numer-

ical modeling part of this work is to reveal and highlight

that the maximum tensile strain does not occur at the center

of the Brazilian specimen surface but in the vicinity of the

loading points.

Although the present numerical modeling of the Bra-

zilian disc is based on an elastic analysis, the local con-

centration of tensile strain has been shown to be associated

with a first crack initiation position near the loading points,

instead of at the center of the specimen where the maxi-

mum extension strain criterion is satisfied. This means that

the splitting fracture of a Brazilian disc may not be con-

trolled only by the maximum tensile stress, but also by the

maximum tensile strain. In previous numerical studies of

fracture propagation in the Brazilian test using the

boundary element code DIGS (Van De Steen et al. 2005)

and the FRACOD2D code (Lanaro et al. 2009), the mate-

rial failure criteria are all based on the Mohr–Coulomb

criterion with a tension cut-off, while the critical extension

strain criterion has not been adopted. Assessing the
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Minneapolis, MN  USA

 ?006 Itasca Consulting Group, Inc. 

Step 3402  Model Perspective
15:18:41 Mon Nov 28 2011

Center:
 X: 0.000e+000
 Y: 1.250e-002
 Z: 0.000e+000

Rotation:
 X:   0.000
 Y:   0.000
 Z:   0.000

Dist: 1.508e-001 Mag.:        1
Ang.:  22.500

Plane Origin:
 X: 0.000e+000
 Y: 1.250e-002
 Z: 0.000e+000

Plane Normal:
 X: 0.000e+000
 Y: 1.000e+000
 Z: 0.000e+000

Job Title:    Numerical Modelling of Brazilian Disc (T=25mm) by Force Loading Control

  Plane: on
  Magfac =  0.000e+000
  Live mech zones shown

 0.0000e+000 to  1.0000e-004
 1.0000e-004 to  2.0000e-004
 2.0000e-004 to  3.0000e-004
 3.0000e-004 to  4.0000e-004
 4.0000e-004 to  5.0000e-004
 5.0000e-004 to  6.0000e-004
 6.0000e-004 to  7.0000e-004
 7.0000e-004 to  8.0000e-004
 8.0000e-004 to  8.8883e-004

Fig. 8 Contour plots of tensile stress and tensile strain on the middle cross-section plane zones (Y = 12.5 mm): a tensile stress (rxx) and

b tensile strain (exx)

The Brazilian Disc Test: Review and New Insights 283

123



suitability of the strain criterion in modeling 3D crack

initiation and propagation of a Brazilian rock disc is an

important research task for the future. Application of the

strain criterion can be helpful to explain the splitting

fracture not only in the Brazilian test but also extension

slabbing fractures under uniaxial compression testing of

hard rock; for example, Li et al. (2011) observed that

slabbing fractures parallel to the loading direction initiate

at a critical extension strain which is about equal to the

maximum tensile strain of the rock as measured by lateral

strain gages on the specimen surface when subjected to the

Brazilian test.

6 Conclusions

The development and applications of the intact Brazilian

disc test in rock mechanics have been reviewed and

investigated. Based on the history of research on the Bra-

zilian test by analytical, experimental, and numerical

approaches, three main research stages have been identi-

fied: before 1978 (the stage of groundwork for the prepa-

ration of the standard suggested Brazilian test method for

rock and rock-like materials), 1979–1991 (the stage of

widespread application of the Brazilian test in rock

mechanics), and 1992–present (the stage of application,

modification, and improvement of the Brazilian test in rock

mechanics).

The Brazilian test is found to usually overestimate the

tensile strength of rocks. Despite this deviation, the Bra-

zilian test is still a popular means to determine the tensile

strength of rocks due to its much easier specimen prepa-

ration and experimental procedure as compared with the

direct uniaxial tensile test. The crack initiation point of the

Brazilian disc has been intensively investigated, since

different experimental results have been obtained. The

critical extension strain criterion (Stacey 1981), which is

seldom used, appears to be promising to explain crack

initiation and propagation in the Brazilian test.

A numerical analysis has been conducted using a linear

elastic model by FLAC3D to study the stress and strain

distributions in a 50-mm-diameter Brazilian disc. The

maximum tensile stress and the maximum tensile strain are

both found to occur about 5 mm away from the two

loading points along the central loading diameter of the

disc, instead of at the center of the disc surface. The crack

initiation point of the Brazilian test for rocks may be

located near the loading point when the tensile strain meets

the critical extension strain criterion, and it may also be

located at the surface center when the tensile stress meets

the maximum tensile strength criterion.

Fig. 9 Experimentally measured and theoretically calculated radial

and transverse strains along the compressive radius of a PMMA disc

subjected to the Brazilian test, redrawn from Markides and Kourkou-

lis (2012)

Fig. 10 Transition between shear and tensile failure modes in a solid

disk in the Brazilian test, modified from the illustration by Hobbs

(1964)

0

200

400

600

800

1000

1200

1400

1600

1800

0 0.06 0.12 0.18 0.24 0.3 0.36 0.42

T
en

si
o

n
 s

tr
ai

n
, 1

0
-6

Poisson's ratio, v

The maximum value

At the disc surface centre

Fig. 11 Influence of Poisson’s ratio on the maximum tensile strain

and the tensile strain at the center of the Brazilian disc surface

284 D. Li, L. N. Y. Wong

123



Acknowledgments The authors would like to thank all the

researchers who have contributed to the development of the Brazilian

test on rock and rock-like materials over the past 70 years. The first

author acknowledges the support of the National Natural Science

Foundation of China (no. 11102239) and the 973 Program (no.

2010CB732004).

References

Akazawa T (1943) New test method for evaluating internal stress due

to compression of concrete: the splitting tension test. J Japan Soc

Civil Eng 29:777–787

Andreev GE (1991a) A review of the Brazilian test for rock tensile

strength determination. Part I: calculation formula. Min Sci

Technol 13(3):445–456. doi:10.1016/0167-9031(91)91006-4

Andreev GE (1991b) A review of the Brazilian test for rock tensile

strength determination. Part II: contact conditions. Min Sci

Technol 13(3):457–465. doi:10.1016/0167-9031(91)91006-4

ASTM (2008) D 3967-08: Standard test method for splitting tensile

strength of intact rock core specimens. ASTM International,

West Conshohocken, USA

Aydin A, Basu A (2006) The use of Brazilian Test as a Quantitative

Measure of Rock Weathering. Rock Mech Rock Eng 39(1):

77–85. doi:10.1007/s00603-005-0069-0

Barla G, Innaurato N (1973) Indirect tensile testing of anisotropic

rocks. Rock Mech 5(4):215–230

Bazant ZP, Kazemi MT, Hasegawa T, Mazars J (1991) Size effect in

Brazilian split-cylinder tests. Measurements and fracture analy-

sis. ACI Mater J 88(3):325–332

Cai M, Kaiser PK (2004) Numerical simulation of the Brazilian test

and the tensile strength of anisotropic rocks and rocks with pre-

existing cracks. Int J Rock Mech Min Sci 41 (Suppl. 1):2B 03

01-06. doi:10.1016/j.ijrmms.2004.03.086

Carneiro FLLB (1943) A new method to determine the tensile

strength of concrete. In: Paper presented at the Proceedings of

the 5th meeting of the Brazilian Association for Technical Rules

(‘‘Associação Brasileire de Normas Técnicas—ABNT’’), 3d.

section

Chen C-S, Pan E, Amadei B (1998) Determination of deformability

and tensile strength of anisotropic rock using Brazilian tests. Int J

Rock Mech Min Sci 35(1):43–61. doi:10.1016/s0148-9062(97)

00329-x

Chen S, Yue ZQ, Tham LG (2004a) Digital image-based numerical

modeling method for prediction of inhomogeneous rock failure.

Int J Rock Mech Min Sci 41(6):939–957

Chen S, Yue ZQ, Tham LG, Lee PKK (2004b) Modeling of the

indirect tensile test for inhomogeneous granite using a digital

image-based numerical method. Int J Rock Mech Min Sci 41

(Suppl. 1):2B 01 01-06

Chou Y-C, Chen C-S (2008) Determining elastic constants of

transversely isotropic rocks using Brazilian test and iterative

procedure. Int J Numer Anal Meth Geomech 32(3):219–234. doi:

10.1002/nag.619

Christensen NI (1996) Poisson’s ratio and crustal seismology.

J Geophys Res 101(B2):3139–3156. doi:10.1029/95jb03446

Claesson J, Bohloli B (2002) Brazilian test: stress field and tensile

strength of anisotropic rocks using an analytical solution. Int J

Rock Mech Min Sci 39(8):991–1004. doi:10.1016/s1365-1609

(02)00099-0

Colback PSB (1966) An analysis of brittle fracture initiation and

propagation in the Brazilian test. In: Paper presented at the

Proceedings of the First Congress International Society of Rock

Mechanics, Lisbon, Portugal

Coviello A, Lagioia R, Nova R (2005) On the measurement of the

tensile strength of soft rocks. Rock Mech Rock Eng 38(4):

251–273. doi:10.1007/s00603-005-0054-7

Dorogoy A, Banks-Sills L (2005) Effect of crack face contact and

friction on Brazilian disk specimens—a finite difference solution.

Eng Fract Mech 72(18):2758–2773. doi:10.1016/j.engfracmech.

2005.05.005

Efimov VP (2009) The rock strength in different tension conditions.

J Min Sci 45(6):569–575. doi:10.1007/s10913-009-0071-0

Erarslan N, Williams DJ (2011) Investigating the effect of cyclic

loading on the indirect tensile strength of rocks. Rock Mech

Rock Eng. doi:10.1007/s00603-011-0209-7

Erarslan N, Williams DJ (2012) Experimental, numerical and

analytical studies on tensile strength of rocks. Int J Rock Mech

Min Sci 49(1):21–30. doi:10.1016/j.ijrmms.2011.11.007

Erarslan N, Liang ZZ, Williams DJ (2011) Experimental and

numerical studies on determination of indirect tensile strength

of rocks. Rock Mech Rock Eng. doi:10.1007/s00603-011-0205-y

Exadaktylos GE, Kaklis KN (2001) Applications of an explicit

solution for the transversely isotropic circular disc compressed

diametrically. Int J Rock Mech Min Sci 38(2):227–243. doi:

10.1016/s1365-1609(00)00072-1

Fairbairn E, Ulm F (2002) A tribute to Fernando L. L. B. Carneiro

(1913–2001) engineer and scientist who invented the Brazilian

test. Mater Struct 35(3):195–196. doi:10.1007/bf02533589

Fairhurst C (1964) On the validity of the ‘Brazilian’ test for brittle

materials. Int J Rock Mech Min Sci Geomech Abstr 1(4):

535–546. doi:10.1016/0148-9062(64)90060-9

Fuenkajorn K, Klanphumeesri S (2011) Laboratory determination of

direct tensile strength and deformability of intact rocks. Geotech

Test J 34(1):1–6. doi: 10.1520/GTJ103134

Gong F, Li X, Zhao J (2010) Analytical algorithm to estimate tensile

modulus in Brazilian disk splitting tests. Yanshilixue Yu

Gongcheng Xuebao/Chin J Rock Mech Eng 29(5):881–891 (in

Chinese)

Goodman RE (1989) Introduction to rock mechanics, 2nd edn. Wiley,

New York

Guo H, Aziz NI, Schmidt LC (1993) Rock fracture-toughness

determination by the Brazilian test. Eng Geol 33(3):177–188.

doi:10.1016/0013-7952(93)90056-i

Hawkes I, Mellor M (1970) Uniaxial testing in rock mechanics

laboratories. Eng Geol 4(3):179–285. doi:10.1016/0013-7952(70)

90034-7

Hiramatsu Y, Oka Y (1966) Determination of the tensile strength of

rock by a compression test of an irregular test piece. Int J Rock

Mech Min Sci Geomech Abstr 3(2):89–90. doi:10.1016/0148-

9062(66)90002-7

Hobbs DW (1964) The tensile strength of rocks. Int J Rock Mech Min

Sci Geomech Abstr 1(3):385–396. doi:10.1016/0148-9062(64)

90005-1

Hobbs DW (1965) An assessment of a technique for determining the

tensile strength of rock. Br J Appl Phys 16(2):259–268

Hobbs DW (1967) Rock tensile strength and its relationship to a

number of alternative measures of rock strength. Int J Rock

Mech Min Sci Geomech Abstr 4(1):115–127. doi:10.1016/0148-

9062(67)90009-5

Hondros G (1959) The evaluation of Poisson’s ratio and the modulus

of materials of a low tensile resistance by the Brazilian (indirect

tensile) test with particular reference to concrete. Aust J Appl Sci

10(3):243–268

Hooper JA (1971) The failure of glass cylinders in diametral

compression. J Mech Phys Solids 19(4):179–200

Hudson JA (1969) Tensile strength and the ring test. Int J Rock Mech

Min Sci Geomech Abstr 6(1):91–97. doi:10.1016/0148-9062(69)

90029-1

The Brazilian Disc Test: Review and New Insights 285

123

http://dx.doi.org/10.1016/0167-9031(91)91006-4
http://dx.doi.org/10.1016/0167-9031(91)91006-4
http://dx.doi.org/10.1007/s00603-005-0069-0
http://dx.doi.org/10.1016/j.ijrmms.2004.03.086
http://dx.doi.org/10.1016/s0148-9062(97)00329-x
http://dx.doi.org/10.1016/s0148-9062(97)00329-x
http://dx.doi.org/10.1002/nag.619
http://dx.doi.org/10.1029/95jb03446
http://dx.doi.org/10.1016/s1365-1609(02)00099-0
http://dx.doi.org/10.1016/s1365-1609(02)00099-0
http://dx.doi.org/10.1007/s00603-005-0054-7
http://dx.doi.org/10.1016/j.engfracmech.2005.05.005
http://dx.doi.org/10.1016/j.engfracmech.2005.05.005
http://dx.doi.org/10.1007/s10913-009-0071-0
http://dx.doi.org/10.1007/s00603-011-0209-7
http://dx.doi.org/10.1016/j.ijrmms.2011.11.007
http://dx.doi.org/10.1007/s00603-011-0205-y
http://dx.doi.org/10.1016/s1365-1609(00)00072-1
http://dx.doi.org/10.1007/bf02533589
http://dx.doi.org/10.1016/0148-9062(64)90060-9
http://dx.doi.org/10.1520/GTJ103134
http://dx.doi.org/10.1016/0013-7952(93)90056-i
http://dx.doi.org/10.1016/0013-7952(70)90034-7
http://dx.doi.org/10.1016/0013-7952(70)90034-7
http://dx.doi.org/10.1016/0148-9062(66)90002-7
http://dx.doi.org/10.1016/0148-9062(66)90002-7
http://dx.doi.org/10.1016/0148-9062(64)90005-1
http://dx.doi.org/10.1016/0148-9062(64)90005-1
http://dx.doi.org/10.1016/0148-9062(67)90009-5
http://dx.doi.org/10.1016/0148-9062(67)90009-5
http://dx.doi.org/10.1016/0148-9062(69)90029-1
http://dx.doi.org/10.1016/0148-9062(69)90029-1


Hudson JA, Brown ET, Rummel F (1972) The controlled failure of

rock discs and rings loaded in diametral compression. Int J Rock

Mech Min Sci Geomech Abstr 9(2):241–248. doi:10.1016/0148-

9062(72)90025-3

ISRM (1978) Suggested methods for determining tensile strength of

rock materials. Int J Rock Mech Min Sci Geomech Abstr

15(3):99–103. doi:10.1016/0148-9062(78)90003-7

Itasca Consulting Group, Inc. (2006) FLAC3D—Fast Lagrangian

Analysis of Continua in 3 Dimensions, Version 3.1 User’s

Manual. Minneapolis, Minnesota, USA

Jaeger JC (1967) Failure of rocks under tensile conditions. Int J Rock

Mech Min Sci Geomech Abstr 4(2):219–227. doi:10.1016/0148-

9062(67)90046-0

Jaeger JC, Hoskins ER (1966a) Rock failure under confined Brazilian

test. J Geophys Res 71(10):2651–2659

Jaeger JC, Hoskins ER (1966b) Stresses and failure in rings of rock

loaded in diametral tension or compression. Br J Appl Phys

17(5):685–692

Lajtai EZ (1980) Tensile strength and its anisotropy measured by

point and line-loading of sandstone. Eng Geol 15(3–4):163–171.

doi:10.1016/0013-7952(80)90032-0

Lanaro F, Sato T, Stephansson O (2009) Microcrack modelling of

Brazilian tensile tests with the boundary element method. Int J

Rock Mech Min Sci 46(3):450–461. doi:10.1016/j.ijrmms.2008.

11.007

Lavrov A, Vervoort A (2002) Theoretical treatment of tangential

loading effects on the Brazilian test stress distribution. Int J

Rock Mech Min Sci 39(2):275–283. doi:10.1016/s1365-1609(02)

00010-2

Lavrov A, Vervoort A, Wevers M, Napier JAL (2002) Experimental

and numerical study of the Kaiser effect in cyclic Brazilian tests

with disk rotation. Int J Rock Mech Min Sci 39(3):287–302. doi:

10.1016/s1365-1609(02)00038-2

Li D, Li X, Li CC (2010) Experimental studies of mechanical

properties of two rocks under direct compression and tension.

Yanshilixue Yu Gongcheng Xuebao/Chin J Rock Mech Eng

29(3):624–632 (in Chinese)

Li D, Li C, Li X (2011) Influence of sample height-to-width ratios on

failure mode for rectangular prism samples of hard rock loaded

in uniaxial compression. Rock Mech Rock Eng 44(3):253–267.

doi:10.1007/s00603-010-0127-0

Malan DF, Napier JAL, Watson BP (1994) Propagation of fractures

from an interface in a Brazilian test specimen. Int J Rock Mech

Min Sci Geomech Abstr 31(6):581–596. doi:10.1016/0148-9062

(94)90002-7

Markides CF, Kourkoulis SK (2012) The stress field in a standardized

brazilian disc: the influence of the loading type acting on the

actual contact length. Rock Mech Rock Eng 45(2):145–158. doi:

10.1007/s00603-011-0201-2

Markides CF, Pazis DN, Kourkoulis SK (2010) Closed full-field

solutions for stresses and displacements in the Brazilian disk

under distributed radial load. Int J Rock Mech Min Sci 47(2):

227–237. doi:10.1016/j.ijrmms.2009.11.006

Markides CF, Pazis DN, Kourkoulis SK (2011) Influence of friction

on the stress field of the Brazilian tensile test. Rock Mech Rock

Eng 44(1):113–119. doi:10.1007/s00603-010-0115-4

Markides CF, Pazis DN, Kourkoulis SK (2012) The Brazilian disc

under non-uniform distribution of radial pressure and friction. Int

J Rock Mech Min Sci 50(1):47–55. doi:10.1016/j.ijrmms.2011.

12.012

Mellor M, Hawkes I (1971) Measurement of tensile strength by

diametral compression of discs and annuli. Eng Geol 5(3):173–

225. doi:10.1016/0013-7952(71)90001-9

Newman DA, Bennett DG (1990) The effect of specimen size and

stress rate for the Brazilian test—a statistical analysis. Rock

Mech Rock Eng 23(2):123–134. doi:10.1007/bf01020397

Nova R, Zaninetti A (1990) An investigation into the tensile behaviour

of a schistose rock. Int J Rock Mech Min Sci Geomech Abstr

27(4):231–242. doi:10.1016/0148-9062(90)90526-8

Okubo S, Fukui K (1996) Complete stress-strain curves for various

rock types in uniaxial tension. Int J Rock Mech Min Sci Geomech

Abstr 33(6):549–556. doi:10.1016/0148-9062(96)00024-1

Pandey P, Singh DP (1986) Deformation of a rock in different

tensile tests. Eng Geol 22(3):281–292. doi:10.1016/0013-7952

(86)90029-3

Peng SS (1976) Stress analysis of cylindrical rock discs subjected to

axial double point load. Int J Rock Mech Min Sci Geomech

Abstr 13(3):97–101. doi:10.1016/0148-9062(76)90426-5

Rocco C, Guinea GV, Planas J, Elices M (1999a) Size effect and

boundary conditions in the Brazilian test: Experimental verifi-

cation. Mater Struct/Materiaux et Constructions 32(3):210–217

Rocco C, Guinea GV, Planas J, Elices M (1999b) Size effect and

boundary conditions in the Brazilian test: theoretical analysis.

Mater Struct/Materiaux et Constructions 32(6):437–444

Satoh Y (1987) Position and load of failure in Brazilian test; a

numerical analysis by Griffith criterion. J Soc Mater Sci Japan

36(410):1219–1224

Stacey TR (1981) A simple extension strain criterion for fracture of

brittle rock. Int J Rock Mech Min Sci Geomech Abstr 18(6):

469–474. doi:10.1016/0148-9062(81)90511-8

Sundaram PN, Corrales JM (1980) Brazilian tensile strength of rocks

with different elastic properties in tension and compression. Int J

Rock Mech Min Sci Geomech Abstr 17(2):131–133. doi:

10.1016/0148-9062(80)90265-x

Swab JJ, Yu J, Gamble R, Kilczewski S (2011) Analysis of the

diametral compression method for determining the tensile

strength of transparent magnesium aluminate spinel. Int J Fract.

doi:10.1007/s10704-011-9655-1

Tavallali A, Vervoort A (2010a) Effect of layer orientation on the

failure of layered sandstone under Brazilian test conditions. Int J

Rock Mech Min Sci 47(2):313–322. doi:10.1016/j.ijrmms.2010.

01.001

Tavallali A, Vervoort A (2010b) Failure of layered sandstone under

Brazilian test conditions: effect of micro-scale parameters on

macro-scale behaviour. Rock Mech Rock Eng 43(5):641–653.

doi:10.1007/s00603-010-0084-7

Van De Steen B, Vervoort A, Napier JAL (2005) Observed and

simulated fracture pattern in diametrically loaded discs of rock

material. Int J Fract 131(1):35–52

Vutukuri VS (1974) The effect of liquids on the tensile strength of

limestone. Int J Rock Mech Min Sci Geomech Abstr 11(1):

27–29. doi:10.1016/0148-9062(74)92202-5

Wang QZ, Jia XM, Kou SQ, Zhang ZX, Lindqvist PA (2004) The

flattened Brazilian disc specimen used for testing elastic

modulus, tensile strength and fracture toughness of brittle rocks:

analytical and numerical results. Int J Rock Mech Min Sci

41(2):245–253. doi:10.1016/s1365-1609(03)00093-5

Wijk G (1978) Some new theoretical aspects of indirect measure-

ments of the tensile strength of rocks. Int J Rock Mech Min

Sci Geomech Abstr 15(4):149–160. doi:10.1016/0148-9062(78)

91221-4

Xu G, Chen F, Xiao JQ (2006) Influence of load contact condition on

rock tensile strength. Yanshilixue Yu Gongcheng Xuebao/Chin J

Rock Mech Eng 25(1):168–173 (in Chinese)

Yanagidani T, Sano O, Terada M, Ito I (1978) The observation of

cracks propagating in diametrically-compressed rock discs. Int J

Rock Mech Min Sci Geomech Abstr 15(5):225–235. doi:

10.1016/0148-9062(78)90955-5

Ye J, Wu FQ, Sun JZ (2009) Estimation of the tensile elastic modulus

using Brazilian disc by applying diametrically opposed concen-

trated loads. Int J Rock Mech Min Sci 46(3):568–576. doi:

10.1016/j.ijrmms.2008.08.004

286 D. Li, L. N. Y. Wong

123

http://dx.doi.org/10.1016/0148-9062(72)90025-3
http://dx.doi.org/10.1016/0148-9062(72)90025-3
http://dx.doi.org/10.1016/0148-9062(78)90003-7
http://dx.doi.org/10.1016/0148-9062(67)90046-0
http://dx.doi.org/10.1016/0148-9062(67)90046-0
http://dx.doi.org/10.1016/0013-7952(80)90032-0
http://dx.doi.org/10.1016/j.ijrmms.2008.11.007
http://dx.doi.org/10.1016/j.ijrmms.2008.11.007
http://dx.doi.org/10.1016/s1365-1609(02)00010-2
http://dx.doi.org/10.1016/s1365-1609(02)00010-2
http://dx.doi.org/10.1016/s1365-1609(02)00038-2
http://dx.doi.org/10.1007/s00603-010-0127-0
http://dx.doi.org/10.1016/0148-9062(94)90002-7
http://dx.doi.org/10.1016/0148-9062(94)90002-7
http://dx.doi.org/10.1007/s00603-011-0201-2
http://dx.doi.org/10.1016/j.ijrmms.2009.11.006
http://dx.doi.org/10.1007/s00603-010-0115-4
http://dx.doi.org/10.1016/j.ijrmms.2011.12.012
http://dx.doi.org/10.1016/j.ijrmms.2011.12.012
http://dx.doi.org/10.1016/0013-7952(71)90001-9
http://dx.doi.org/10.1007/bf01020397
http://dx.doi.org/10.1016/0148-9062(90)90526-8
http://dx.doi.org/10.1016/0148-9062(96)00024-1
http://dx.doi.org/10.1016/0013-7952(86)90029-3
http://dx.doi.org/10.1016/0013-7952(86)90029-3
http://dx.doi.org/10.1016/0148-9062(76)90426-5
http://dx.doi.org/10.1016/0148-9062(81)90511-8
http://dx.doi.org/10.1016/0148-9062(80)90265-x
http://dx.doi.org/10.1007/s10704-011-9655-1
http://dx.doi.org/10.1016/j.ijrmms.2010.01.001
http://dx.doi.org/10.1016/j.ijrmms.2010.01.001
http://dx.doi.org/10.1007/s00603-010-0084-7
http://dx.doi.org/10.1016/0148-9062(74)92202-5
http://dx.doi.org/10.1016/s1365-1609(03)00093-5
http://dx.doi.org/10.1016/0148-9062(78)91221-4
http://dx.doi.org/10.1016/0148-9062(78)91221-4
http://dx.doi.org/10.1016/0148-9062(78)90955-5
http://dx.doi.org/10.1016/j.ijrmms.2008.08.004


Yu Y (2005) Questioning the validity of the Brazilian test for

determining tensile strength of rocks. Yanshilixue Yu Gongch-

eng Xuebao/Chin J Rock Mech Eng 24(7):1150–1157 (in

Chinese)

Yu Y, Meng C (2005) 3-D distribution of tensile stress in rock

specimens for the Brazilian test. J Univ Sci Technol Beijing

Miner Metall Mater (Eng Ed) 12(6):495–499. doi:10.1111/

j.1524-4733.2005.00041.x

Yu Y, Yin J, Zhong Z (2006) Shape effects in the Brazilian tensile

strength test and a 3D FEM correction. Int J Rock Mech Min Sci

43(4):623–627. doi:10.1016/j.ijrmms.2005.09.005

Yu Y, Zhang J, Zhang J (2009) A modified Brazilian disk tension test.

Int J Rock Mech Min Sci 46(2):421–425. doi:10.1016/

j.ijrmms.2008.04.008

Yue ZQ, Chen S, Tham LG (2003) Finite element modeling of

geomaterials using digital image processing. Comput Geotech

30(5):375–397

Zhu WC, Tang CA (2006) Numerical simulation of Brazilian disk

rock failure under static and dynamic loading. Int J Rock Mech

Min Sci 43(2):236–252. doi:10.1016/j.ijrmms.2005.06.008

The Brazilian Disc Test: Review and New Insights 287

123

http://dx.doi.org/10.1111/j.1524-4733.2005.00041.x
http://dx.doi.org/10.1111/j.1524-4733.2005.00041.x
http://dx.doi.org/10.1016/j.ijrmms.2005.09.005
http://dx.doi.org/10.1016/j.ijrmms.2008.04.008
http://dx.doi.org/10.1016/j.ijrmms.2008.04.008
http://dx.doi.org/10.1016/j.ijrmms.2005.06.008

	The Brazilian Disc Test for Rock Mechanics Applications: Review and New Insights
	Abstract
	Introduction
	Background
	Assumptions
	Perceptions
	Debates

	Development of the Brazilian Test in Rock Mechanics Applications
	Crack Initiation Points of Rocks in the Brazilian Test
	Numerical Modeling of the Brazilian Test by FLAC3D
	Conclusions
	Acknowledgments
	References


