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Tensile strength is an important control parameter for the design and stability analysis in rock engineering. In order to reveal the
infuence of elastic modulus on tensile strength test results, Brazilian splitting tests were carried out on specimens with diferent
strengths, such as mudstone, white sandstone, green sandstone, red sandstone, and marble. Longitudinal and transverse strains
were monitored to analyze the infuence of elastic modulus on the maximum contact angle and peak contact load between head
and disc. A numerical model of Brazilian splitting tests was built, and the contact load between the head and rock disc were
detailed revealed. Based on the experimental and numerical results, a modifed formula to calculate tensile strength considering
the modulus efect was proposed theoretically. Results show that the maximum pressure between the head and disc increases and
the contact angle decreases with the increasing of elastic modulus, which show great infuence on the splitting failure; the
distribution of contact load can be divided into three types: parabolic I, sinusoidal, and parabolic II, which are suitable for soft
rock, medium-hard rock, and hard rock, respectively; the new models can improve the calculation accuracy of rock tensile
strength.

1. Introduction

Te tensile strength of rock is far less than the compressive
strength, so tension failure is frequently occurred in un-
derground project, deep mining, and energy storage engi-
neering. Rock tension failure is one of the main forms of
surrounding rock instability [1]. Tus, for the design and
stability analysis of various rock engineering, the tensile
strength of rock is an important control parameter. Accu-
rately obtaining the rock tensile strength is of great sig-
nifcance to ensure the safety of engineering construction
and disaster prevention.

Tere are two methods for testing the tensile strength,
that is direct measurement and indirect measurement.
Although the direct measurement method has high ac-
curacy, it is difcult to realize, such as it is difcult to
ensure that the axial load is completely along the axis of
the specimen, and the fracture of the specimen is not

necessarily in the middle, these difculties will seriously
afect the test results, so the indirect measurement is
generally used. Te Brazilian splitting method is the most
widely used in the indirect measurement. Tere are three
loading methods: diameter loading, platform loading, and
arc loading. Among them, the arc loading mode is rela-
tively reliable which can reduce the stress concentration
near the contact area [2–5]. According to platform
loading, You and Su [6] and Yu et al. [7] fnd that the
measured tensile strength increases with the platform
center angle 2α which should be 20°∼30°. Kaklis et al. [8]
establish two kinds of platform splitting loading model
and propose that the center angle of the disc center should
be at least 2α≥ 20°. It is suggested that the loading angle
should be controlled within 2α≤ 30° based on the platform
splitting test conducted byWang and Cao [9], Huang et al.
[10] fnd that when the contact angle is too small, the
pressure of head-disc contact area is signifcantly higher.
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With the increase of contact angle, the tensile stress at the
center point of the disc end face has a decreasing trend.
When the loading angle is ≥15°, the center crack of the end
face can be guaranteed. Junhonget al. [11] study the in-
fuence of load distribution on tensile strength based on
theoretical and experimental methods and give the
minimum loading angle to meet the crack initiation at the
center point of the end face. Te head-disc contact angle
afects the test results in arc loading mode. Kourkoulis
et al. [12–15] study the contact problem in the Brazilian
splitting test considering the contact problem between the
head and the disc, and the result shows that the head-disc
contact condition is the factor of afecting the stress state
inside the disc. Yu et al. [16, 17] obtain the stress state and
failure process of specimens in Brazilian discs under
diferent arc loading angles. Bahaaddini et al. [18] fnd that
with the increase of contact loading angle, the com-
pressive stress in the contact area decreases and the degree
of stress concentration decreases. Yuan and Shen [19]
point out that the elastic modulus of the disc and the ratio
of compressive strength to tensile strength are the main
factors afecting the stress distribution near the contact
point. Te specimen with a smaller elastic modulus and
a longer contacting range, which afects the stress dis-
tribution near the contact of the disc and then afects the
tensile strength. However, no quantitative results
are given.

Te above-given research studies show that the head-
disc contact stress transfer mode has an important infuence
on the crack initiation position and failure mode of the disc.
However, the determination of rock tensile strength does not
consider the infuence of elastic modulus on the contact load
distribution, resulting in the deviation between the theo-
retical and experimental result. Terefore, the calculation
formula of rock tensile strength needs to be modifed. In this
paper, Brazilian splitting experiments and uniaxial com-
pression experiments were carried out on diferent types of
rocks, and the infuence of elastic modulus on peak contact
load and maximum contact angle was analyzed. Te head-
disc contact load distribution of Brazilian splitting experi-
ments was studied by simulation software. Te rock types
applicable to diferent types of contact load distribution were
analyzed, and the tensile strength correction formula and
correction coefcient of diferent types of contact load
distribution were theoretically derived. Tese works will
guide the Brazilian splitting experiment to obtain a more
accurate tensile strength of rocks.

2. Arc Loading Brazilian Splitting Test on Soft
and Hard Rock

2.1. Experimental Design. In order to compare and analyze
the test results of rocks with diferent modulus, rocks in the
tests were taken from diferent hard and soft rock mining
areas in the east and west of China. As shown in Figure 1, fve
kinds of rock specimens are mudstone, white sandstone,
green sandstone, red sandstone, and marble. Te uniaxial
compression specimens are processed into a cylinder with
a diameter of 50mm and a height of 100mm, and samples in

the Brazilian splitting test are processed into a disc with
a diameter of 50mm and a thickness of 25mm. According to
the rock mechanics test standard, the loading rate of these
experiments is 0.5MPa/s.

Te purpose of the uniaxial compression test is to obtain
the elastic modulus and Poisson’s ratio of rock samples. Two
strain gauges are afxed to the transverse and axial direction
of the specimen. In order to ensure the accuracy, the strain
gauges are bonded to the tested piece with a quick-drying
adhesive, which has high tensile strength, to ensure that the
strain gauges are closely connected with the rock during
loading, so this bonding method has little infuence on the
measurement accuracy. Four groups of strain gauges were
placed in the perpendicular diameter direction as shown in
Figure 2(a). In the Brazilian splitting test, in order to obtain
the strain at the center of the rock disc end face, a strain
gauge was placed in the horizontal direction. Meanwhile,
a strain gauge was placed at the head-disc contact position to
determine the change rule of the head-disc load transfer as
shown in Figure 2(b).

2.2. Experimental Data Processing

2.2.1. Mechanical Parameters. According to the uniaxial
compression test, the elastic modulus E and Poisson’s ratio μ
of rock samples are calculated as shown in Table 1.

2.2.2. Head-Disc Contact Angle. In order to calculate the
head-disc contact angle when the rock is fractured, the
geometric relationship between the head-disc contact angle
and the vertical displacement of the head is shown in Fig-
ure 3, in which A and A′ represent the edge point of the
contact area between the head and the disc, respectively.
Tus, the head-disc contact angle 2α is determined as

2α � 2 arccos
R − ∆y

R
, (1)

where R is the disc radius, and ∆y is the head displacement.
Based on equation (1) and the test result, the maximum
contact angle of diferent samples is calculated and the re-
sults are listed in Table 2.

Figure 4 shows the relationship between the maximum
head-disc contact angle and the elastic modulus of rock
under splitting failure. Te maximum contact angle de-
creases with the increase of the elastic modulus of the rock.
Te relationship of them can be ftted as

2α(E) � −0.0068E
2

− 0.6851E + 36.1. (2)

2.2.3. Head-Disc Contact Load. Te peak contact load be-
tween the head and disc is shown in Figure 5, which is
calculated according to the strain value at the center of the
head-disc contact area. Te load sharply increases with the
increase of the elastic modulus. In the initial stage of loading,
the changing rate of the contact peak load of the fve samples
basically remains unchanged. With the increasing of applied
load, the power changing rate of the contact load decreases.
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(a) (b)

Figure 1: Indoor experimental samples. (a) Uniaxial compression samples. (b) Brazilian disc samples.

(a) (b)

Figure 2: Diagram of strain gauge sticking position. (a) Uniaxial compression test. (b) Brazilian splitting test.

Table 1: Mechanical parameters of rock samples.

Material Elastic
modulus E (GPa) Poisson’s ratio (μ)

Mudstone 7.35 0.236
White sandstone 13.43 0.262
Green sandstone 20.62 0.283
Red sandstone 27.40 0.274
Marble 53.58 0.298
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3. Numerical Simulation of Brazilian Splitting
Test considering Modulus Effect

Trough the test, the maximum head-disc contact angle and
the peak contact load of the fve rock samples are obtained.
However, the distribution of the head-disc contact load
could not be obtained. Terefore, it is necessary to carry out
the numerical simulation.

3.1.NumericalModel. Te simulation model of the Brazilian
splitting test is established in FLAC3D, as shown in Figure 6.
Te diameter of the arc head is 75mm, the diameter of the
disc is 50mm, and the thickness is 25mm.Te disc is divided
into 15,000 hexahedral elements and 4000 elements in the
head. Te head is set to a linear elastic body, and the disc
adopts an elastic-plastic body.Te failure rule obeys theM-C
yield criterion. Te coordinate origin is established at the
center point of the disc end face, and the vertical directions

are y axis, x axis along the horizontal direction, and z axis
along the thickness direction of the disc. Tere are no
displacements in the x–z plane and only vertical deformation
in the y direction. Surface load is applied on the upper and
lower faces of the head.

In order to compare with the test results, the elastic
modulus and Poisson’s ratio of the rock specimens are set to
be consistent with the parameters in the Brazilian splitting
test, as shown in Table 3.

3.2. Distribution of Contact Load. Te distribution of head-
disc contact load during the splitting failure is presented in
Figure 7. Te maximum head-disc contact angle decreases
with the increase of elastic modulus. Te load-displacement
curve of the sample is directly obtained by the FLAC3D

simulation software, and the peak point on the curve is the
peak contact load. When the elastic modulus increases from
7.35GPa to 13.43GPa, the peak contact load increases from

Table 2: Maximum head-disc contact angle.

Material Mudstone White sandstone Green sandstone Red sandstone Marble
Elastic modulus E (GPa) 7.35 13.43 20.62 27.40 53.58
Maximum contact angle (°) 31.5 27.7 25.3 23.1 19.0
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Figure 4: Changing law between elastic modulus and maximum head-disc contact angle.
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Figure 3: Schematic diagram of head displacement.
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17.5MPa to 41MPa. However, when the elastic modulus
increases from 13.43GPa to 20.62GPa, the peak contact load
increases less than 1.5 times, which indicates that the smaller
the elastic modulus is, the greater the impact on the peak
contact loads.

Suppose q(θ) is the distributed load transmitted by the
pressure head to the disc. Jose et al. [20] and Markides and
Kourkoulis [21], respectively, put forward diferent load
distribution form of sinusoidal type and parabolic type I

which are shown in Figure 8; the load distribution ex-
pression is expressed as

q(θ) �
Pmax(cos θ − cos α)

2Rt(sin α − α cos α)
, (3)

q(θ) �
3Pmax

4πRt sin α
1 −

sin2 θ
sin2 α

 , (4)

Y

XZ

Figure 6: Calculation model and grid meshing.

Table 3: Parameter settings of Brazilian splitting numerical calculation.

Material Elastic modulus
E (GPa)

Tensile strength
σt (MPa)

Poisson’s ratio
(μ) Cohesion (MPa) Friction angle

φ (°)

Head 210 — 0.25 — —
Mudstone 7.35 1.59 0.236 2.6 25
White sandstone 13.43 3.22 0.262 4.5 38
Green sandstone 20.62 4.17 0.283 3.8 30
Red sandstone 27.44 6.08 0.274 3.6 35
Marble 53.58 8.93 0.298 50.0 70
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Figure 5: Peak value of head-disc contact load.
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where R is the disc radius, Pmax is breaking load, t represents
disc thickness, and 2α is the head-disc maximum
contact angle.

Brazilian discs with diferent elastic modulus have dif-
ferent head-disc contact angles during splitting failure. For
the convenience of analysis, dimensionless processing is
processed for Figure 7 to obtain Figure 9.Te horizontal axis
represents the relative position of the head-disc contact
angle. Te points with abscissa of −1 or 1 represent the
contact boundaries on the left and right sides, and the co-
ordinate value on the vertical axis is the relative value of the
distributed load.

Te distribution of contact load varies with the elastic
modulus. According to equations (3) and (4), the distri-
bution of contact load is close to the parabolic curve which is
defned as parabolic type I. Meanwhile, the distribution of
contact load is very close to the sinusoidal curve which is
defned as a sinusoidal type. However, the distribution of
contact load with an elastic modulus of 27.44GPa and
53.58GPa could not be simply expressed by parabolic type I
or sinusoidal type.Te contact load distribution of hard rock
which is defned as parabolic type II can be ftted as follows:

q(θ) �
3Pmax

4tRα3
α2 − θ2 . (5)

4. Correction of Theoretical Tensile Strength of
Brazilian Disc Splitting

4.1. Analytical Solution of Brazilian Splitting Stress under Arc
Loading. Stresses under Sinusoidal contact load is expressed
as follows [20]:

σx � −
Pmax 2 cos2 α  sin α + sin α − 3α  cos α 

3πRt(sin α − α  cos α)
,

σy �
Pmax 2 cos2 α  sin α − 5 sin α + 3α  cos α 

3πRt(sin α − α  cos α)
.

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(6)

For parabolic type I, the stress solution in the disc is
given as follows [21]:

σx � −
Pmax −45 sin 2α + 90α cos 2α + 60α2 sin 2α + 16α5 

16πRtα5
,

σy � −
Pmax 45 sin 2α − 90α cos 2α − 60α2 sin 2α + 16α5 

16πRtα5
.

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(7)

For parabolic type II, the stress calculation formula of the
center point of the end face are established as follows.

4.1.1. Stress of Boundary Point in Brazilian Disc. In Fig-
ure 10, take the tiny arc length dl corresponding to the
contact angle dθ, and the tiny force of the disk per unit
thickness is dF � q(θ)dl � q(θ)Rdθ. Under the action of dF,
the two radial stresses at any point M on the disc boundary
are calculated, respectively,

dσr1 � −
2q(θ) cos θ1 cos θ + sin θ1 sin θ( R

πr1
dθ,

dσr2 � −
2q(θ) cos θ2 cos θ + sin θ2 sin θ( R

πr2
dθ,

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(8)
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Figure 7: Head-disc contact load distribution.
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where θ1, θ2 are the angle between the upper and lower
infnitesimal and the M point connection and the vertical
direction, radian; r1, r2 are the distances of AM and BM.

According to the coordinate transformation formula in
elastic mechanics, the stress dσn and dστ in NM direction
and τ direction of point M can be obtained as

dσn � dσr1cos
2 π

2
− θ2  + dσr2cos

2
−
π
2

− θ1  

� −
2dF

π
cos θ1 cos θ + sin θ1 sin θ( sin2θ1

r1
+

cos θ2 cos θ + sin θ2 sin θ( sin2θ2
r2

 

dστ � dσr1 cos
π
2

− θ2 sin
π
2

− θ2  + dσr2 cos −
π
2

− θ1  sin −
π
2

− θ1  

� −
2dF

π
cos θ1 cos θ + sin θ1 sin θ( sin θ2 cos θ2

r1
−

cos θ2 cos θ + sin θ2 sin θ( sin θ1 cos θ1
r2

 

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

. (9)

In ∆MAN and ∆MBN:

r1 � 2R cos
π
2

− θ2  � 2R sin θ2,

r2 � 2R cos
π
2

− θ1  � 2R sin θ1.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(10)

Substitute equation (10) into equation (9) yields

dσn � −
dF

πR
cos θ sin θ1 + θ2(  + sin θ 1 − cos θ1 + θ2( ( ( ,

dστ � 0.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(11)

In ∆AMB

∠AMB � π − θ1 + θ2( ,

r1

sin θ2
�

2R cos θ
sin θ1 + θ2( 

,

sin θ1 + θ2(  � cos θ.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(12)

Substitute equation (12) into equation (11), and we
receive

dσn � −
dF

πR
(cos 2θ + sin θ). (13)

Integrate equation (13) along the contact area of the disc
under load distribution. Te stress at any point M on the
boundary can be determined as

σn � 

αR

−αR

dσn �
3Pmax

4πtRα3
sin2 α sin 2α −

1
2
sin 2α +

1
2
α +

1
8
sin 4α ,

στ � 0.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(14)

From equation (14), there exists a constant stress on
the disc boundary. Since the disc boundary is free, it is
necessary to apply the equal magnitude and opposite

direction radial stress solution of the semi-infnite plane
to the stress feld in equation (13) to meet the actual free
boundary conditions.
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4.1.2. Stresses of Inner Point in Brazilian Disc. As shown in
Figure 11, the stresses at any point M in the disc can also be
deduced from equation (8). By using the coordinate

transformation formula, the microelement stresses com-
ponent in the disc in the rectangular coordinate system are
calculated as

dσx � −
2dF

π
cos θ1 cos θ + sin θ1 sin θ( sin2θ1

r1
+

cos θ2 cos θ + sin θ2 sin θ( sin2θ2
r2

 ,

dσy � −
2dF

π
cos θ1 cos θ + sin θ1 sin θ( cos2θ1

r1
+

cos θ2 cos θ + sin θ2 sin θ( cos2θ2
r2

 ,

dτxy � −
2dF

π
cos θ1 cos θ + sin θ1 sin θ( sin θ1 cos θ1

r1
−

cos θ2 cos θ + sin θ2 sin θ( sin θ2 cos θ2
r2

 ,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(15)

Te integration is carried out along the contact area of
the disc under the load distribution, then the tensile stress at
any point M in the disc can be determined as

σx � −
3Pmax

4πtα3


α

−α

f1(x, y, θ) · α2 − θ2  dθ +
f(α)

R

⎧⎪⎨

⎪⎩

⎫⎪⎬

⎪⎭
,

σy � −
3Pmax

4πtα3


α

−α

f2(x, y, θ) · α2 − θ2  dθ +
f(α)

R

⎡⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎦,

τxy � −
3Pmax

4πtα3


α

−α

f3(x, y, θ) · α2 − θ2  dθ,

(16)

where

f1(x, y, θ) �
[(R cos θ − y)cos θ +(x + R sin θ)sin θ](x + R sin θ)

2

(x + R sin θ)
2

+(R cos θ − y)
2

 
2 +

[(R cos θ + y)cos θ +(x + R sin θ)sin θ](x + R sin θ)
2

(x + R sin θ)
2

+(R cos θ + y)
2

 
2 ,

f2(x, y, θ) �
[(R cos θ − y)cos θ +(x + R sin θ)sin θ](R cos θ − y)

2

(x + R sin θ)
2

+(R cos θ − y)
2

 
2 +

[(R cos θ + y)cos θ +(x + R sin θ)sin θ](R cos θ + y)
2

(x + R sin θ)
2

+(R cos θ + y)
2

 
2 ,

f3(x, y, θ) �
[(R cos θ − y)cos θ +(x + R sin θ)sin θ](R cos θ − y)(x + R sin θ)

(x + R sin θ)
2

+(R cos θ − y)
2

 
2

+
[(R cos θ + y)cos θ +(x + R sin θ)sin θ](R cos θ + y)(x + R sin θ)

(x + R sin θ)
2

+(R cos θ + y)
2

 
2 ,

f(α) � sin2 α sin 2α −
1
2
sin 2α +

1
2
α +

1
8
sin 4α.

(17)
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According to equation (16), the stresses at the central
point (0, 0) are expressed as

σx �
3Pmax

4πtRα3
sin2 α sin 2α +

5
2
α +

1
8
sin 4α −

3
2
sin 2α − α sin2 α ,

σy �
3Pmax

4πtRα3
−3 sin2 α sin 2α +

1
2
α −

3
8
sin 4α +

1
2
sin 2α − 4α sin2 α ,

τxy � 0.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(18)

4.2. Correction of Rock Tensile Strength considering Modulus
Efect. Combining equations (6), (7), and (18), the tensile
stress of arc loading is determined as

σt �

−
Pmax −45 sin 2α + 90α cos 2α + 60α2 sin 2α + 16α5 

16πRtα5
, soft  rock,

−
Pmax 2 cos2 α sin α + sin α − 3α cos α 

3πRt(sin α − α cos α)
, medi um hard  rock,

3Pmax

4πtRα3
sin2 α sin 2α +

5
2
α +

1
8
sin 4α −

3
2
sin 2α − α sin2 α  hard  rock.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(19)

According to the test results, the peak of the head-disc
contact load and contact angle are related to the elastic
modulus. Terefore, equation (19) should be modifed.

Considering the infuence of elastic modulus, the correction
coefcient k related to elastic modulus is introduced, which
is defned as

θ2

dF = q (θ)dl

B

 r2

M

dσr1

dσr2

0
2α

θ1

θ

R

A

r1

x

y

dF = q (θ)dl

Figure 11: Stress analysis at any point in Brazilian disc.
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k �
σt

2Pmax/πdt
. (20)

Substitute equation (19) into equation (20), and the
correction coefcient k is calculated as

k �

45 sin 2α − 90α cos 2α − 60α2 sin 2α − 16α5

16α5
, soft  rock

3α cos α − 2 cos2 α sin α − sin α
3(sin α − α cos α)

, medi um hard  rock,

3
4α3

sin2 α sin 2α +
5
2
α +

1
8
sin 4α −

3
2
sin 2α − α sin2 α , hard  rock.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(21)

In equation (21), the maximum contact angle 2α is
a function of elastic modulus according to equation (2).
Tus, the correction coefcient and correction formula of
the Brazilian splitting test considering the elastic modulus
efect are obtained. Compared with the previous Brazilian
splitting experiment, the same correction formula is used to
calculate the tensile strength of all types of rocks, so that the
tensile strength of some types of rocks are quite diferent
from the actual value; in this paper, the corresponding
correction formula and correction coefcient are used to
calculate the rock of diferent hardness, and the resulting
tensile strength is closer to the real value, which is more
reliable.

4.3. Model Verifcation. In order to verify the reliability of
the corrected formula, the Brazilian splitting test results with
diferent elastic modulus are carried out by literatures
[9, 10, 22, 23] and these studies are selected to determine the
tensile strength, and the relative errors between the calcu-
lating value and the test value are listed in Table 4.

According to Table 4, when the elastic modulus of the
rock and the maximum contact angle are the same and when
the elastic modulus is less than or equal to 27.4GPa, Wang
et al. obtain a large correction value of tensile strength; when
the modulus of elasticity is greater than 27.4 GPa, the cor-
rection value of tensile strength obtained by them is small,

and the absolute value of the relative error of the obtained
elastic modulus frst decreases and then increases with the
increase of the elastic modulus, and its discreteness is large.
Te mean absolute values of relative errors of the four ar-
ticles by Huang et al. are 11.11%, 10.96%, 10.96%, and
10.42%, respectively. All the tensile strength correction
values obtained in this paper are always close to the tensile
strength experimental values, and the absolute relative error
value is always within 3%. Terefore, equation (19) for the
tensile strength of rock proposed in this paper has high
accuracy and good stability.

5. Conclusion

In this paper, the head-disc contact angle and the distri-
bution of contact load in the Brazilian disc splitting test
considering the modulus efect are studied by combining
laboratory test, theoretical analysis, and numerical simula-
tion, and the calculating formula of tensile strength is
modifed. Te main conclusions are listed as follows:

(1) Te elastic modulus of rock has an important in-
fuence on the contact behaviour between the head
and the disk. Te peak value of the interface load
increases with the increase of the elastic modulus,
but the load distribution range decreases; on the
contrary, the peak value decreases as the disk

Table 4: Comparison of calculating results of tensile strength by diferent methods.

Elastic modulus E (GPa) 7.35 10.2 13.43 20.62 23.45 27.4 37 45.2 53.58
Maximum contact angle (°) 33.8 31.7 30 25.5 27 23 21 20 19
Tensile strength test (MPa) 1.59 2.24 3.22 4.17 4.5 6.08 6.26 7.24 8.93
Wang and Cao [9] 1.93 2.69 3.77 4.58 4.81 6.47 6.17 7.04 7.75
Relative error (%) 21.44 20.00 16.96 9.72 6.80 6.38 −1.40 −2.76 −13.21
Huang et al. [10] 1.91 2.65 3.74 4.55 4.78 6.44 6.39 6.89 7.92
Relative error (%) 20.30 18.20 16.11 9.05 6.20 5.84 2.00 −4.83 −11.27
Wang et al. [22] 1.92 2.67 3.76 4.57 4.79 6.46 6.09 7.01 7.69
Relative error (%) 21.05 19.00 16.67 9.49 6.40 6.20 −2.77 −3.18 −13.87
Satoh [23] 1.94 2.60 3.77 4.58 4.82 6.48 6.07 6.73 7.91
Relative error (%) 21.81 16.00 17.24 9.93 7.00 6.56 −3.00 −7.04 −11.44
In this study (MPa) 1.63 2.27 3.29 4.26 4.44 6.19 6.36 7.1 8.77
Relative error (%) 2.52 1.20 2.17 2.16 −1.40 1.81 1.60 −1.93 1.79
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becomes soft. Te contact area between the two
becomes larger due to the increase of disc
deformation.

(2) According to the range of elastic modulus of the disc,
the distribution of contact load is simplifed into
three types: parabolic type I, sinusoidal type, and
parabolic type II distribution, which are suitable for
soft rock, medium-hard rock, and hard rock,
respectively.

(3) Considering the infuence of rock lithology, the
calculation method of disc tensile strength proposed
in this paper has higher calculation accuracy than the
original method. Te error between the tensile
strength obtained by the correction formula and the
experimental value is within 3%.
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