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Introduction 

• Rock mechanical properties are essential input in 
many design applications in: 
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• The most reliable source used for estimating rock 
mechanical properties is the laboratory tests. 
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Laboratory tests used to establish rock failure criteria (Derek, 2014) 

Introduction 

Safe Zone 

Safe Zone 
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Introduction 

• Among these important and critical rock 
mechanical properties is the tensile strength which 
can be measured directly (Pull test) and indirectly 
(Splitting Brazilian test). 

• The Brazilian Indirect tensile test is the most 
convenient laboratory test in terms of:  

– Samples preparation (Cylindrical Disc with t=r) 

– Testing requirements (Equipment and Procedures) 
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Introduction 

The Brazilian Indirect Tensile Strength Test 

BTS = Brazilian indirect tensile strength, MPa. 
D = Test specimen diameter, m. 
t = Test specimen thickness, m. 
L = Applied axial load at failure, kN. 
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Objectives of the Study 

• It is well documented in the literature that the 
Brazilian indirect tensile test provides over 
estimated tensile strength values compared to the 
direct tensile test. 

• The objective of this study is the investigation of 
potential modification of the Brazilian indirect 
tensile strength formula by the analysis of the 
relevant published laboratory data.  
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DTS < BTS 
DTS = f  * BTS 

DTS = Direct Tensile Strength (Pull Test) 

BTS = Brazilian Indirect Tensile Strength 

f  = Correction Factor (Less than 1.0) 

Objectives of the Study 
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Theoretical Background 

Distribution of induced compressive and tensile induced stresses in the test specimen 
during BTS test (Rocha and Wahrhaftig, 2016) 
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Theoretical Background 

𝐌𝐚𝐱. 𝐁𝐓𝐒 =
 𝐋𝐚𝐱𝐢𝐚𝐥

𝛑  𝐃 𝟐   𝐭
=  

𝟐 𝐋𝐚𝐱𝐢𝐚𝐥
𝛑 𝐃 𝐭

=   
𝟎. 𝟔𝟑𝟔 𝐋𝐚𝐱𝐢𝐚𝐥

𝐃 𝐭
 

Tensile Area = 0.5 (2 π r t) = (π r t) = (π (𝐃 𝟐 ) t) 

 𝐋𝐚𝐱𝐢𝐚𝐥 =  𝐋𝐭𝐞𝐧𝐬𝐢𝐥𝐞 + 𝐋𝐜𝐨𝐦𝐩𝐫𝐞𝐬𝐬𝐢𝐯𝐞  

 𝐋𝐭𝐞𝐧𝐬𝐢𝐥𝐞 =  𝐋𝐚𝐱𝐢𝐚𝐥 -  𝐋𝐚𝐱𝐢𝐚𝐥 = (1-) 𝐋𝐚𝐱𝐢𝐚𝐥 

𝐁𝐓𝐒 =
𝐋𝐨𝐚𝐝

𝐀𝐫𝐞𝐚
=   

 𝟏 −   𝐋𝐚𝐱𝐢𝐚𝐥
𝛑 (𝐃 𝟐 ) 𝐭

=  𝟏 −  
𝟎. 𝟔𝟑𝟔 𝐋𝐚𝐱𝐢𝐚𝐥

𝐃 𝐭
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𝐁𝐓𝐒 =    𝟏 −   
𝟐 𝐋𝐚𝐱𝐢𝐚𝐥
𝛑 𝐃 𝐭
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𝐁𝐓𝐒 =  
𝟐 𝐋𝐚𝐱𝐢𝐚𝐥
𝛑 𝐃 𝐭

 

Results and Discussion 

Traditional BTS Equation 

Modified BTS Equation 
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Change in tensile area for three hypothetical rock of different Poisson’s ratio 

Results and Discussion 
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𝐌𝐚𝐱.𝐁𝐓𝐒 =
𝟐 𝐋𝐚𝐱𝐢𝐚𝐥
𝛑 𝐃 𝐭

=   
𝟎. 𝟔𝟑𝟔 𝐋𝐚𝐱𝐢𝐚𝐥

𝐃 𝐭
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Results and Discussion 

More than 100 Laboratory Tests Data For 
Various Types of Rocks 
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Results and Discussion 

𝐁𝐓𝐒 =    
𝟏

 (
𝐌𝐁𝐓𝐒
𝐌𝐃𝐓𝐒

) 
  

𝟐 𝐋𝐚𝐱𝐢𝐚𝐥
𝛑 𝐃 𝐭
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Results and Discussion 

𝟏

𝛌
=   

𝟏

 (
𝐌𝐁𝐓𝐒
𝐌𝐃𝐓𝐒

) 
   = (𝟏 − ) 
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Results and Discussion 

 

Rock type Passion’s ratio Rock type Passion’s ratio 

Berea Sandstone 0.38 Quartz Mica Schist 0.31 

Navajo Sandstone 0.46 Baraboo Quartzite 0.11 

Tensleep Sandstone 0.11 Taconic Marble 0.25 

Hackensack Siltstone 0.22 Cherokee Marble 0.25 

Monticello Greywacke 0.08 Nevada Test Site Granite 0.22 

Solenhoven Limestone 0.29 Pikes Peak Granite 0.18 

Bedford Limestone 0.29 Cedar City Tantalite 0.17 

Tavernalle Limestone 0.30 Nevada Test Site Basalt 0.32 

Oneonta Dolomite 0.34 John Day Basalt 0.29 

Lockport Dolomite 0.34 Nevada Test Site Tuff 0.29 

Flaming George Shale 0.25 Concrete 0.15-0.25 

Micaceous Shale 0.29 Chalk 0.35 

Dworshak Dam Gneiss 0.34 Saturated clay 0.50 
 

Poisson’s ratio values for common rocks and concrete (Goodman, 1989) 
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Results and Discussion 

 

𝐁𝐓𝐒 =    𝟏 −   
𝟐 𝐋𝐚𝐱𝐢𝐚𝐥
𝛑 𝐃 𝐭

  

IFEDC-报告题目-报告人 
Modification of the Brazilian Indirect Tensile Strength ….. – Musaed N. J. AlAwad, KSU, Saudi Arabia 

 

-16- 

𝐁𝐓𝐒 =    
𝟏

 
𝐌𝐁𝐓𝐒
𝐌𝐃𝐓𝐒

 
  

𝟐 𝐋𝐚𝐱𝐢𝐚𝐥
𝛑 𝐃 𝐭
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Results and Discussion 

𝐁𝐓𝐒 =    𝟏 −   
𝟐 𝐋𝐚𝐱𝐢𝐚𝐥
𝛑 𝐃 𝐭
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Conclusions 

Based on the analysis and discussion performed in this study, the 

following conclusions are obtained: 

1.  The conventional Brazilian indirect tensile strength formula 

provides overestimated valued for the measured tensile 

strength if compared to the direct tensile strength test. 

2. Incorporating the term (1-Poisson’s ratio) into the 

conventional Brazilian indirect tensile strength formula 

provided more reasonable tensile strength values for most 

rocks and rock-like geomaterials having Poisson’s ratio value 

between 0.10 and 0.45. 
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Conclusions 

3. The modified Brazilian indirect tensile strength formula 

(MBTS= 2(1-)L/πDt) has been checked using published data 

and the average error of estimate between measured direct 

tensile strength and the corrected measured Brazilian 

indirect tensile strength was 8% compared to the 32.6% 

before correction. 

4. If thickness to diameter ratio of the tested sample is not 

equal to 0.5, then any suitable correction term can be easily 

integrated with the modified Brazilian indirect tensile 

strength formula developed by this study. 
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Conclusions 

5. To get solid conclusion regarding the modified Brazilian 

indirect tensile strength formula (MBTS= 2(1-)L/πDt) 

developed by this study, more related experimental data are 

required for additional verification. 

Correction Factor 

𝐁𝐓𝐒 =    𝟏 −   
𝟐 𝐋𝐚𝐱𝐢𝐚𝐥
𝛑 𝐃 𝐭
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