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Figure 7-1(A,B,C, and D) shows the most types of deformations 

occurs in rocks sample resulting from application of various loads. 

 

 

 

 

 

 

 

(A): Deformations due to applied tension force 

 

 

 

 

 

 

 

(B): Deformations due to applied compressin force 

 

 

 

 

 

 

(C): Shear strain due to applied shear force 
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(C): Cylindrical rock sample subjected to tri-axial load   

Figure (7-1): Deformation types in rock specimen 

The relation between different types of Elasticity Modulus can be 

summarized as: 

  
 

      
 

  
 

       
 

 

Example 7-1: 

A core rock specimen of (=0.422), the sample height of 7.6cm, and 

diameter of 6.2cm. Subjected to uniaxial load which cause axial 

strain of -3.44mm/m. determine the change in sample diameter due 

to same load. 

Solution: 

L=-4.33mm/m =-3.4410
-3
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T =1.45210
-3

 

   
  

 
 

        

D =1.45210
-3
6.20 = 910

-3 
. 

Example 7-2: 

If the average of uniaxial load of (37.6kN) applied to rock specimen 

of (12.6cm in height) and (4.83cm in diameter). The modulus of 

Elasticity E is 35 GPa. Determine the change in rock sample height 

by the applied load. 

Solution: 
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Specimen subjected to "Contraction" due to compression load.  
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Example 7-3: 

A limestone rock specimen with following data: 

=0.276 

E= 63 GPa.  

Estimate all other Modulus of Elasticity. 

Solution: 

For Modulus of Rigidity: 

  
 

      
 

  
  

          
          

For Bulk Modulus: 
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7-1 Stress-Strain Relations for Rock Deformations 

 

The rock strength were classified depending on the loads coditions 

and applied stresses into three types: 

ذصىف مقاَمح اىصخُس اعرمادا عيّ غثٕعح الاحماه َالاجٍاداخ اىىاذجح اىّ ثلاثح 

 اصىاف َمما ٔيٓ:

1-Compressive Strength  مقاومة الانضغاط 

2-Tensile Strength مقاومة الشد 

3-Shear Strength  مقاومة القص 

 

 

1-Compressive Strength مقاومة الانضغاط 

The stresses due to compression forces and cause volume of rock 

sample. 
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َذؤدْ اىّ ذقيٕص حجم اىصخُس ٌَٓ عيّ الاجٍاداخ اىىاذجح عه قُِ الاوعغاغ ٌَٓ 

 وُعٕه:

A) Uniaxial Compressive Strength(Unconfined) 

 مقاومة الانضغاط الاحادي المحورغير المحصور( 

ٌَٓ مقاَمح اىصخشج عىذما ذرعشض اىّ احماه تاذجاي َاحذ فقػ دَن َجُد احماه اخشِ 

عمُدٔح عيّ محُس اىرحمٕو، َعادج ذفشو اىصخُس ذحد اجٍاداخ اىعغػ تشنو شذ اَ 

مقاَمح الاوعغاغ تمقذاس اىضٔادج فٓ اىعغػ اىمغيػ عيّ اىصخشج َصُلا اىّ قص. ذقاط 

 حاىح اىفشو َٔعثش عىٍا تقُج الاوعغاغ ىُحذج اىمغاحح.

     
 

 
        

 

  
  

B) Triaxial Compressive Strength(Confined) 

 مقاومة الانضغاط الثلاثي المحاور )المحصور( 

محاَس مرعامذج أْ ان اىصخُس تحاىرٍا اىطثٕعٕح ذنُن معشظح اىّ الاجٍاداخ مه ثلاثح 

اَ  Zأْ وقطح فٓ اىصخشج َاقعح اعفو عطح الاسض ذنُن معشظح اىّ اجٍاد عمُدْ)

1( تفعو َصن اىطثقاخ اىرٓ ذعيٌُا َذغمّ اجٍاداخ اىرثقٕو )overburden stress )

 مقذاسٌا:

        

In which; 

r is unit weight of rock mass. 

Z is the depth the point beneath ground surface. 

For layered profile of rocks and/ or soil: 

   ∑                                    

 

   

 

In which; 

i  no. of layer. 
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[Z=Z1+Z2+Z3+…….     +Zn]. 

    is the unit weight per rock lyaer i. 

 ( َذحغة مالاذٓ:2اَ  xتالاظافح اىّ اجٍاداخ افقٕح )

             

               

ka,pis the coefficient of lateral earth pressure for active and/or passive 

states respectiviely معامو ظغػ اىرشاب اىجاوثٓ ىيحالاخ اىفعاىح َغٕش اىفعاىح. 

Rock strength greatly increases where confined in the ground, to 

values generally beyond significance to engineering loading.Triaxial 

testing relates shear strength to normal stress. Rarely measured in 

rocks (but important for soils). 

فٓ ٌزا اىفحص ذرعشض اىصخُس اىّ ظغػ مه جمٕع الاذجاٌاخ عه غشٔق ذغيٕػ ظغػ 

( تحٕث ان 3( مه اىجُاوة )confined( َوشُء ظغػ افقٓ محصُس )1عمُدْ )

(2=3 فٓ اىثذأح ٔرم ذعشٔط اىعٕىح اىصخشٔح اىّ ظغػ  افقٓ َمه ثم ذثثٕرً ٔيٓ رىل ،)

( ىحٕه حصُه اىفشو 1شٔعٍا اىّ ظغػ عمُدْ ٔضداد اىعغػ اىعمُدْ تمقذاس )ذع

َذنشس خطُاخ اىفحص اعلاي عيّ مجمُعح مه اىعٕىاخ )ثلاثح عٕىاخ عيّ الاقو( مه 

عه غشٔق  Mohr Circlesوفظ وُع اىصخش، تعذ رىل ٔرم سعم ما ٔعشف تذَائش مُس 

َاىزْ ٔنُن مماط  Mohr Envelope( ىنو عٕىح ىىحصو عيّ غلاف مُس 1 َ3قٕم )

 Shear Strengthىذَائش مُس َعه غشٔقً ٔمنه حغاب مقاَمح اىقص ىيعٕىح اىصخشٔح 

of Rock( 2-7مما مثٕه فٓ اىشنو.) 
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Figure (7-2): Triaxial Test for rock sample 

 ذعشف مقاَمح اىقص ىيصخُس اَ اىرشتح عه غشٔق اىمعادىح اىراىٕح:

           

In which; 

C is the cohession of rock (kN/m
2
) مقذاس اىرماعل ىيعٕىح اىصخشٔح    

n is the normal stress (Z) for rock (kN/m
2
 الاجٍاد اىعمُدْ (

 Angle of internal friction (deg.) صأَح الاحرناك اىذاخيٓ ىيصخُس 

. 

. 

. 
To be continued 

 


