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3-1 Physical Properties of Rock Materialالخصائص الفيسيائيت للصخور 

Rock material is the integral rock portion. The strength of rocks 

depends on the physical and mechanical properties for rock 

materials. 

ٌعتمد سلوك الصخور تحت ظروف معٌنة على الخواص الفٌزٌائٌة والهندسٌة)المٌكانٌكٌة( 

 للمواد المكونة لها، وهنالك العدٌد من التصنٌفات لخواص الصخور منها:

 Physical properties ( index-properties). 

 Mechanical properties (strength properties).  

 

[A] Physical Properties( Index-Properties). 

The most important physical properties of rocks can be summarized 

by the following:  

1- Density(الكثافت): 

Density is a measureمقٌاس of mass per unit of volume. Density of 

rock material variousمتنوعة, and often related to the porosityالمسامٌة of 

the rock. Its measured by (gm/cm
3
,kg/m

3
), most rocks near the earth 

surface have density between [1.5-3.0g/cm
3
].Density represent the 

bulk density الكثافة الكلٌة, its common physical properties and  

influenced byرزأثز ثـــ: 

i. the specific gravity of the composition minerals  الىسى الٌىعي

لوعبدى الوكىًخ للصخىرل  

ii.  The compaction of the minerals الزص( للوعبدى الوكىًخ  الذهك(

 However, most rocks are well compacted and then have .للصخز

specific gravity between [2.5 up to 2.8].  

iii. Density is used to estimate overburden stress رسزخذم الكثبفخ لحسبة

 .ضغط الزثقيل
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- Expressed by the symbol ()يعجز عٌهب ثبلزهش: 

  
 

 
 

In which حيث اى: 

M = mass of rock material per unit volume (kg). 

V = volume of rock mass (m
3
). 

2-Unit weight (وحذة الوزن): 

The ratio between the weight of rock to its volume, denoted  يشبر لهب

N/m)رقبص ثىحذادby symbol (), measured by units ثبلزهش
3
). 

  
 

 
 

  
 

 
 
   

 
 
 

 
     

In which; 

g= gravitational acceleration  9.81=الزعجيل الارضي m/sec
2
. 

3-Spesific weight (الوزن النوعي): 

The ratio between rock density or (unit weight) to the water density 

or(water unit weight). It's important engineering properties and 

denoted by (Gs), its dimensionless quantity خبليخ هي الىحذاد. 

   
     
  

(  )
     
  

 

w=1000 kg/m
3
 

w=w g= 1000×9.81=9810 9800 N/m
3
 (or) 9.8 kN/m

3
. 
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EXAMPL1: 

A rock mass of dimensions (85×79×43.5 cm), and have a mass of 

(950 kg). Find the specific gravity of rock. 

 

Solution: 

      
(          )

    
 0.2921 m

3
(volume rock mass) 

  
 

 
 

   

       
 3252.31 kg/m

3
 

   
     

  
 

        

     
 3.25 

4-Porosity(المساميت): 

Porosity describes how densely the material is packed. It is the 

percentage ratio of the non-solid volume(volume of voids) to the 

total volume of material. Porosity therefore is a fraction between 0 

and 1.The value is typically ranging from less than 0.01 for solid 

granite to up to 0.5 for porous sandstone.  

الوسبهيخ وصف لطزيقخ رزريت ورصف الجشء الصلت)الوعذًي( هي رزكيت الصخىر  

ضوي حجن هعيي ، وهي الٌسجخ الوئىيخ ثيي حجن الفزاغبد الى الحجن الكلي للعيٌخ 

 0.01وهذٍ القيوخ عبدح هب رززاوح ثيي اقل هي  1و  0الصخزيخ. لذا الوسبهيخ هي جشء ثيي 

 للحجز الزهلي الوسبهي.   0.5زصل الى للغزاًيذ الصلت ل

Density and porosity often related to the strength of rock material غالبا

 A low density and high .ما ترتبط قوة الصخور بكل من الكثافة والمسامٌة  

porosity rock usually has low strength الصخور ذات الكثافة القلٌلة والمسامٌة

 Porosity is one of the governing factors for .العالٌة تكون صخور ضعٌفة

the permeabilityالنفاذٌة. Porosity provides the void for water to flow 
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through in a rock material. High porosity therefore naturally leads to 

high permeability ة عالٌةالمسامٌة العالٌة تعنً نفاذٌ . 

 وركىى اهب ًسجخ هئىيخ او كسز.(nيزهش للوسبهيخ ثبلزهش )

  
  
 
     

In which; 

Vv = volume of voids حجن الوسبهبد 

V = total volume of rock sample الحجن الكلي للعيٌخ الصخزيخ 

V=Vv+ Vs 

Vs=volume of solid (mineral). 

Vs=Vg =volume of mineral grains of rock(حجن الحجيجبد الوعذًيخ). 

The density of mineral grains of rock is denoted by (g) and 

expressed by: 

   
  

  
 

In which; 

Mg=mass of mineral grains 

Vg=volume of mineral grains. 

Vg=V-Vv 

Since[ Vv=nV] 

 Vg=V-nV=V(1-n) 

   
  

 (   )
 

Generally; 

   
 

 (   )
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 (   )
 

5-Void Ratio (نسبت الفراغاث): 

The ratio of the volume of the voids to the volume of the solids 

(mineral grains), denoted by (e) and expressed by: 

  
  
  

 

ًسجخ الفزاغبد )او الوسبهبد( هي الٌسجخ ثيي حجن الفزاغبد الى حجن الوبدح 

 الصلجخ)الجشء الوعذًي للصخىر(.

V=Vv+Vs 

Vs=V-Vv 

   
  

    
 

and   
  

 
Vv=nV 

  
  

    
 

   
  

 (   )
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EXAMPL2: 

A sandstone rock have volume of (0.885 m
3
) and mass of (1750kg), 

when the rock is well crushed, its volume is reduced to(0.584 m
3
). 

Find the following: 

1- porosity of rock(n)   

2- density mineral grains(g) 

Solution: 

V=Vv+Vsor [V=Vv+Vg] 

Vv=V-Vs 

Vv=0.885-0.584 =0.301 m
3
 

  
  
 
     

  
     

     
            

Suppose that the rock density did not change after the crushing 

process, thus: 

   
  

  
 

   
    

     
                

g3000kg/m
3
 or (3 g/cm

3
) 

6-Water Content (المحتوى المائي): 

Water content is a measure indicating the amount of water the rock 

material contains. It issimply the ratio of the weight of water to the 

total weight of the rock material. Denoted by (), and expressed by: 
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In which; 

W=total weight of rock الوزن الكلً للصخرة 

Ww=weight of water وزن الماء 

Ws= weight of solid (mineral part)وزن المادة الصلبة. 

 

7-Degree of Saturation (درجت التشبع): 

The degree of saturation, Sr, refers to the relative volume of water, 

Vw, in the voids,Vv, and is expressed as a percentage: 

   
  
  
     

النسبة بٌن حجم الماء الذي ٌملأ الفراغات الى الحجم الكلً لهذه الفراغات وٌعبر عنها 

مئوٌة، فالصخور التً تمتاز بمسامٌة عالٌة ٌكون لها درجة تشبع اعلى ونجدها كنسبة 

 (.ground water tableتحت منسوب المٌاه الجوفٌة)

 

 


