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6-1Mechanical Properties & Deformations in Rocks 

 انخواص انميكانيكية وانتشوهات في انصخور:

Strength of intact rock depends on component mineral strengths and 

the way they were bound together. 

ذؼرًذ قٕج انظخٕس ػهى يقأيح انًؼادٌ انًكَٕح نٓا ٔؽشٌقح اسذثاؽٓا يغ تؼؼٓا انثؼغ. 

( ٔيرظذػح ٔراخ heterogeneousاٌ انظخٕس انطثٍؼٍح ػثاسج ػٍ كرم غٍش يرجاَسح)

( ٔغٍش يسرًشج anisotropic materialخٕاص يرثاٌُح فً جًٍغ الاذجاْاخ )

(discontinuous .) 

6-2 Mechanical Properties of Rocks 

6-2-1Stresses of Rocks في انصخور: جهااااتالا  

( كًا يثٍٍ فً cylinder rock specimen)ػُذيا ذرؼشع ػٍُح اسطٕاٍَح يٍ انظخش 

( فئَٓا F( تًقذاس )Compression( انى قٕج ػغؾ)A,B and C)Figure 6-1انشكم 

(، Contractionاقظش ٔاكثش سًكاً) ( أي ذظثحdeformationsسرؼاًَ يٍ ذشْٕاخ )

( سرؼاًَ الاسطٕاَح يٍ ذشْٕاخ F( تًقذاس )Tensionتًٍُا ػٍ ذؼشػٓا انى قٕج شذ )

 (.Elongationفرظثح اؽٕل ٔاقم سًكاً)
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Figure (6-1): Deformations in Rock Specimen 

Stress is defined as force per unit area, the stress applied to rock 

specimen is denoted by (), measured by (N/m
2
,kN/m

2
, 

N/mm
2
).Stress is a much more complex quantity and it varies both 

with direction and with the surface it acts on. According to direction 

of application, the stresses can be classified into:  

a- Compression: Stress that acts to shorten an object. 

b- Tension: Stress that acts to lengthen an object. 

c- Normal Stress : Stress that acts perpendicular to a surface, can be 

either compression or tension. 

d- Shearانقض: Stress that acts parallel to a surface. It can cause one 

object to slide over another. It also tends to deform originally 
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rectangular objects into parallelograms. The most general definition 

is that shear acts to change the angles in an object.  

( : تاَّ يقذاس انقٕج انًسهطح ػهى ٔحذج انًساحح ٌٔشيض نّ تانشيض )ااالاجهاٌؼشف 

ٌٔقاط تٕحذاخ )انقٕج/انًساحح
2

( ٔذثؼا انى اذجاِ ذأثٍش انقٕج انًسهطح ػهى يساحح انًقطغ 

انؼشػً نهؼٍُح أ انجسى ًٌكٍ ذظٍُف الاجٓاداخ انى إَاع سئٍسٍح )اجٓاد انؼغؾ 

 اد انقض( ، ٌٔؼثش ػٍ كم َٕع كًا ٌهً: ٔاجٓاد انشذ ٔالاجٓاد انؼًٕدي ٔاجٓ

1- For Compression Stress اجهااا انضغط: 

   
                 

                  
 

    
  
 

 

2- For Compression Stress اجهااا انشد: 

   
             

                  
 

    
  
 

 

3- For Sheer Stress  اجهااا انقض: 

  
           

                  
 

  
 

  
 

In which; 

V is the shear force acts parallel to cross sectional area. 

At is cross sectional area of specimen. 
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NOTES ملاحظات : 

  ػُذ اسرخذاو يساحح انًقطغ انؼشػً نؼٍُح انظخش قثم ذسهٍؾ انقٕج )انرؼشع

 Engineering( فاٌ الاجٓاد انُاذج ٌسًى الاجٓاد انُٓذسً Aنلإجٓاد( أي تًقذاس )

Stress. 

 

                         
 

  
 

  ػُذ اسرخذاو يساحح انًقطغ انؼشػً نؼٍُح انظخش تؼذ ذسهٍؾ انقٕج سٕاء كاَد ػغؾ

( فاٌ الاجٓاد انُاذج ٌسًى الاجٓاد Aأ شذ أ قض )انرؼشع نلإجٓاداخ( أي تًقذاس )

 .True Stressانحقٍقً

                  
 

 
 

 

6-2-2 Deformation of Rocks انتشوه في انصخور: 

Stress causes strain الاَفؼال and strain results in structures. In geology 

we only see the results of stress as it deforms materials. Strain is 

defined as the amount of deformation an object experiences 

compared to its original size and shape. 

ذشِٕ انظخٕس َرٍجح نلإجٓاد. ًٌٔكٍ ذؼشٌف  نٕطف الاَفؼالٌسرخذو يظطهح 

 أٔ فً كهًٍٓا يؼا َرٍجح نلإجٓادتأَّ ذغٍٍش فً حجى أٔ شكم جسى طهة  strainالانفعال

ذغٍٍشاً فً حجى انجسى انظهة ، تًٍُا ٌثقى انشكم ثاتراً. أيا ٔذسثة تؼغ إَاع الاجٓاداخ 

ذغٍٍشاً  ذسثةأٔ لا  ذسثةذغٍٍش شكم انجسى انظهة، ٔقذ  اذؤدٌانىفئَٓ حانرفاػهٍ اخالإجٓاد

 فً انحجى.
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 Longitudinal, Axial or Linear Strain الانفعال انمحوري او انطوني 

Strain that changes the length of a line without changing its 

direction, can be either compressional or tensional. 

( أ الاَفؼال Axial Strainانرشِٕ ػٍ ؽشٌق قٍاط الاَفؼال انًحٕسي )ًٌكٍ حساب 

( ٔػثش ػُّ L( ٔانزي ٌشيض نّ تانشيض )Longitudinal or Linear Strainانطٕنً )

 تانظٍغح انرانٍح:

   
    
  

 

    
  

  
 

In which, L is dimensionless quantity. 

It should be noted that the value corresponding to "True Stress" is 

known as "True Strain". 

          
  

  
 

 

 The Behavior of Rock Materials سهوك انمواا انصخرية    

 

1- Elastic انمرونة 

Material deforms under stress but returns to its original size and 

shape when the stress is released. There is no permanent 

deformation, in rocks it is usually small enough to be considered. 

الأطهً ػُذيا ٌرى ذحشٌش ٔشكهّ  ٌؼٕد إنى حجًّالاجٓاد انًسهؾ ٔانزي شِٕ انًٕاد ذحد ذ

 .ػادج طغٍشج تًا ٌكفً لاػرثاس يرُاٍْح فً انظغشذكٌٕ انرشْٕاخ فً انظخٕس  .الإجٓاد
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2- Brittle اناشة او انمتقصفة 

Material deforms by fracturing. Rocks are typically brittle at low 

temperatures and pressures.  

ْشح فً دسجاخ حشاسج يُخفؼح  ػادج يا ذكٌٕ نظخٕسٔا كسشانرذشِٕ انًٕاد ػٍ ؽشٌق 

 ذحد ذأثٍش انؼغٕؽ انؼانٍح.ٔ

3- Ductile  انمطيهية 

Material deforms without breaking. Rocks are typically ductile at 

high temperatures or pressures.  

ذشٕج انًٕاد يٍ دٌٔ كسش ٔانظخٕس ػادج يا ذكٌٕ يطٍهٍح انسهٕك فً دسجاخ انحشاسج 

 ٔانؼغٕؽ انؼانٍرٍٍ.

 

4- Plastic انهدونة    

Material does not flow until threshold stress has been exceeded. 

 .رى ٌرى ذجأص ػرثح الإجٓادانًٕاد انرً لا ذرذفق ح

From Hook's Law; the strain () directly proportional to the stress 

(), so that: 

      

In which; 

E:is Young's Modulus or (Elasticity Modulus), measured by Pascal 

(Pa=N/m
2
). 

حسة قإٌَ "ْٕك" فاٌ الاَفؼال ٌرُاسة ؽشدٌا يغ الاجٓاد ٔثاتد انرُاسة ٌؼشفثًؼايم 

 .SIٌَٕج أ يؼايم انًشَٔح ٌٔقاط تٕحذج انثاسكال ٔفق انُظاو انؼانًً 

 For compression load, when (L<L) the axial strain (L) is (-ve). 

 For tension load, when (L>L) the axial strain (L) is (+ve). 
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For the "Transverse Strain", which denoted by(T) the rock 

specimen will be more thickness [D1>D] in Compression, and less 

thickness[D2<D] in Tension.  

    
    
  

 

The relation between transverse to axial strains is called "Poisson's 

Ratio" and denoted by (). 

    
  
  

 

 

 

Poisson's Ratio() always (+ve) value? 

 For Tension Stress : 

L>0  L2>L ------ but T<0 D2<D 

 The rock specimen is longerand less in diameter. 

Therefore, (-) maintained (+ve). 

 For Compression Stress : 

L<0  L1<L ------ but T>0 D1>D 

 The rock specimen is shorter and larger in diameter. 

Therefore, (-) maintained (+ve). 

Thus; Poisson's Ratio() is positive value of(0.0<<0.5), and for 

most types of rocks ranging in between(0.2-0.3). 
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 Volumetric Strain  الانفعال انحجمي 

Let the volume of cylindrical rock specimen before loading (V): 

    
 

 
  
    

And after applying loads (V): 

   
 

 
     

Since; 

    (    ) 

    (    ) 

Then, the volumetric strain (V): 

   
   
  
 
    

  
 

By substitution, and re-arrangement, 

          

   
  
  

 

   (    )   

Based on the assumption that "rocks are incompressible objects "so 

that(
  

 
  ) i.e. the volume doesn't change (V=V), and by 

substitute [V-V=0] yields: 

  (    )   

  
 

 
 

Since, there is no incompressible rocks; 
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 Elastic Modules  معامم انمرونة 

Each elastic modules describe deformation in rocks under a specific 

pattern of loading cycle. There are four types of elastic modules. 

a) Young's Modules (E): 

  
 

 
 
   

 
 

Measured by (Pascal=N/m
2
). 

b)Poisson's Ratio (): 

  
 

 
 
    

    
 

Dimensionless quantity. 

c) Shear Modules or Modules of Rigidity (G) يؼايم انقض أ انظلادج: 

  
           

            
 
   

    
 

In which; 

 is the value of the angle of shearing resistance required for a 

stability analysis. 

d) Bulk Modules or incompressibility (K) انًؼايم انحجًً أ انلااَؼغاؽٍح  : 

  
             

             
 

 

    
 

In which; 

P is the pressure (kN/m
2
). 

   
  

 
 

        

  
 

 
 

 


