
العلاقات الكمية لمكونات الأرض

الثانيةالمحاضرة 



 :الماء والجزء الصلببعلاقة الهواء 
:علاقة الحجم•


“

:علاقة الكتلة•








Real Density (rs)الكثافة الحقيقية 






rs = (Ms / Vs) = ….Kg.m-3




:العوامل التي تؤثر على قيمة الكثافة الحقيقية هي







Bulk Density (rb)الكثافة الظاهرية 



rb = (Ms/Vt) = [(Ms) / (Vs + Vw + Va)]


(Kg m-3) 

: الأهمية العملية للكثافة الظاهرية
.١
.٢
.٣
.٤
.٥






.):ظ.ث(العوامل التي تؤثر على قيمة الكثافة الظاهرية 
.١
.٢
.٣
.٤
.٥
.٦

:طرق تقدير الكثافة الظاهرية
•




•




Porosity (E)المسامية 



E = (Vv/Vt) = [(Vw + Va) / (Vs + Vw + Va)]


E x 100

:أهمية دراسة المسامية
.١
.٢
.٣

•






: أنواع المسام
Macro Pores

Meso Pores
Micro Pores

:المسام الكبرى


-(30:المسام الوسـطى
100mm)


‘30mm”:المسام الصغرى










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 
Pore size distribution 





”Void Ratio “eنسبة المسام 


Vs
Va  Vw   

Vs
Vv  e +

==











: والعلاقة بين المسامية ونسبة المسام كالآتي

E - 1
E   eor             

e  1
 e  E =

+
=








Air Porosity (Ea)المسامية الهوائية 


Vs  Vw  Va
Va   

Vt
Va  Ea

++
==




Ea x 100



……

–




 
M
Mw  m 

s
=θ

Va Vw  Vs
Vw   

Vt
Vw  v

++
==θ

”Moisture Content “θالمحتوى الرطوبي 






θm
θv



   (θm)المحتوى الرطوبي على اساس الكتلـة  -١
Mass Moisture Content 




Kg/Kgθ x 100









ــم  -٢ ــاس الحج ــى أس ــوبي عل ــوى الرط (θv)المحت
Volume Moisture Content


–










b 

 w  v  m or         
 w
b  m    v

ρ
ρ

θθ
ρ
ρ

θθ ==

rbrw 



المحتوى الرطوبي معبرا عنه على أساس عمق الماء
Depth of Water “De”



 
surface area
Vw  De =




De = (θ mf – θ mi) . (rb/ rw) . D      
De – (θ vf – θ vi) . D 

θi
θf
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”Saturation percentage “Sدرجة التشبع 





درجة التشبع





Ea = E – θ v = E (1 – S)



)١(مثـــــــــــالـ


Mt
Ms

•
•
•
•
•
•
•



الحـــــــــــــل
D = 10 cm = 0.1 m
r = 0.1/2 = 0.05 
A = π r2 = (22/7) . (0.05)2 = 7.85 x 10–3 m2
V = π r2 L = 7.85 x 10–3 x 0.01 = 7.85 x 10–4 m3
Ms = 1.2 Kg
Mw = 1.45 – 1.2 = 0.25 Kg
Calculate Bulk Density 
rb = Ms/Vt 

= [(1.2)/ (7.85 x 10–4)] = 1529 Kg m–3
Calculate Porosity
E = 1 – (rb/rs)

= 1 - (1529/2650) = 0.423 = 42.3%



Calculate Moisture Content and Saturation
Percentage
Vw = Mw/rw

= (0.25/1000) = 2.5 x 10–4 m3
θm = Mw/Ms

= 0.25/1.2 = 0.208 = 20.8%
θv = Vw/Vt

= (2.5 x 10–4) / (7.85 x 10–4) = 0.318
= 31.8%

De = Vw/A
= (2.5 x 10–4) / (7.85 x 10–3) = 0.032 m
= 3.2 cm

E = 0.423 = 42.3%



Calculate Depth of Water (De)
S = [(θv) / (E–θv sat.)]

= 0.318/0.423 = 0.75 = 75%
Calculate Air Porosity
Ea = E – θv = E (1–S)

= 0.423 – 0.318 = 0.105 = 10.5%
Calculate Porosity percentage
e = [(E) / (1 – E)] = (0.423) / (1– 0.423) = 0.733
Calculate Weight of Feddan & Water volume
Feddan = 4200 m2
Vt feddan = 4200 x 0.8 = 3360 m3
Vw = 3360 x 0.318 = 1068.5 m3/ feddan






Vw = 2.5 x 10-4 m3 
Vt = 7.85 x 10-4 m3
Vs = Ms/rs = 1.2 Kg / 2650 Kgm3 = 4.53 x 10-4 

m3
Va = (Vt – (Vs + Vw) = 7.85 x 10-4 – (2.5 x 10-4 

+ 4.52 x 10-4) 
= 8.2 x 10-5 m3

E   = (Vw + Va) / Vt   = 0.423 = 42.3%
Ea = Va / Vt               = 0.104 = 10.4%
e   = (Vw + Va) / Vs     = 0.733



)٢(مثـــــــــــالـ
Void Ratio


الحـــــــــــــل

Ea = E – θv = E (1–S)
12 / 100 = E (1 – 0.76)
E = 12/24 = ½ = 0.5
e = [(E) / (1 – E)]
e = (0.5) / (1 – 0.5) = 0.5 / 0.5 = 1 = 100%


