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Vv = Va + Vw 

 

VT = Vs + Va + Vw 

WT = Ws + Ww 

Wa 
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Vv = Vs + Vv 

VT: 

Vs: 

Vw: 

Va:  

Vv:  

WT: 

Ws: 

Ww:  

Wa: 



 

 

  

 w ww

ws

 Unit Weight

Kg/m3 

Kw/m3 

g/cm3 

T/m3 

 Dry Unit WeightWs

 Specific Gravity

𝑊𝑤

𝑊𝑠

ƔT = 
𝑊𝑇

𝑉𝑇
 

Ɣw = 1000 Kg/m3 = 
1000×1000

100×100×100
  g/cm3 

w % = 
(   ;   )

(   )
 

Ɣd = 
𝑊𝑇

𝑉𝑇
 

Gs = 
Ɣ𝑠

Ɣ𝑤
 = 

𝑊𝑠

𝑉𝑠 × Ɣ𝑤
 

Ton = 1000 Kg 

Kg = 1000 g 

= 1000 Kg/m3 



 

 

  

 Void RatioVv

Vs

 PorosityVvVT

℮

℮, n 
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 :1
 

 

 Degree of SatiationVwVv
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 ℮ = 
𝑉𝑣

𝑉𝑠
 

 n = 
𝑉𝑣

𝑉𝑇
 

S = 
𝑉𝑤

𝑉𝑣
  100% 

Dr = 
 𝑚𝑎𝑥;  

 𝑚𝑎𝑥;  𝑚𝑖𝑛
× 100%  



 

 

  

 

168 g142 g2.6590 cm3

 

 W% 

 Ɣd 

 ƔT 

   

 n 

 

1- W % = 
(   ;   )

(   )
  100% 

      W % = 
(168;142)

(142)
  100% 

               = 18.3 % 

 

2- Ɣd = 
  

  
 

     = 
142

90
 

     = 1.57 g/cm3 

 

3- ƔT = 
  

  
 

     = 
168

90
 

     = 1.86 g/cm3 

 

Gs: 

Ɣd: 

Ɣw: 

ƔT: 

W:  

Ɣd = 
Ɣ𝑇

1:𝑤
 ƔT = 

𝐺𝑠:𝑤

1:  
  Ɣw Ɣd = 

𝐺𝑠

1:  
  Ɣw 



 

 

  

4- ℮ = 
  

  
    ……… 

 

5- Gs = 
  

   × Ɣ 

 

   2.65 = 
142

1 ×   
 

     2.65 Vs = 142 

      Vs  = 
142

2 65
 

            = 53.6 cm3

- VT = Vs + Vv   Vv = VT – Vs 

                                = 90 – 53.6 

                                = 36.4 cm3 

℮ = 
36 4

53 6
 

    = 0.67 

n = 
 

1:  
 

   = 
0 67

1:0 67
 

   = 0.4 

n

 = 
  

  
 

   = 
36 4

90
 

   = 0.4 

 



 

 

  

17.4 cm329.8 g19.6 g

 w

 Gs 

 ℮

1- W % = 
(   ;   )

(   )
  100% 

      W % = 
(29 8 ;19 6)

(19 6)
  100% 

               = 52 % 

 

2- Gs = 
  

   × Ɣ 

 

 

Vv = Vw                         

 

Ɣw = 
  

  
 

        1   = 
(   ;   )

  
 

        1   = 
29 8;19 6

  
 

      Vw = 10.2 cm3 

- Vv = Vw = 10.2 

Vs = VT – Vv 

                  = 17.4 – 10.2 

                  = 7.2 cm3 

      Gs = 
19 6

1 × 7 2
 

           = 2.7 

 

3- ℮ = 
  

  
 

      ℮ = 
10 2

7 2
 

          = 1.4



 

 

  

530 g455 g2.69

  

  

  

 

3 cm46 g

56.5 g
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Ɣ  (  ;  )
                                   

  
  

Ɣ ×    ; Ɣ ×  )
                          (÷ Ws)                          

  

  
  

Ɣ ×    
  

 
Ɣ ×    

  

  
 

Ɣ ×  
1
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H.W 

H.W 



 

 

  

Liquid indexL.I

W

L.LLiquid Limit

P.IPlastic Index

 Liquid Limit

 

 plastic limit

 P.IPlastic Limit

 (shrinkage limit) (S.L)

L.I = 
W;L L

P I
 

P.I = L.L – P.L 

S.L = 
(∀ ; ∀2)Ɣ𝑤

𝑊𝑑
× 100%

S.L = 
𝑊𝑤

𝑊𝑠



 

 

  

46 g

16 cm32.72

65%

W % = 
(   ;   )

(   )
  100% 

0.65 = 
(116 ;   )

(  )
 

         Ws = 27.85 g 

 

      S.L = 
  

  
 

      S.L = 
46;27 85

27 85
 

      S.L = 46 % 

26 cm346.5 g

16 cm332.5 g

 free water

 held water

 

 

 

 

H.W 



 

 

  

 

Darcy Law

1856

vi

v

k

i

  

L

Qm3/s

A

v

i

 

 

 

v = k i 

i = 
 ℎ

𝐿

   

Q 

Q = k i  A 



 

 

  

2 m6 x 10-3 m/sL = 300 

m 

Q = k i  A 

i = 
  

L
 

  = 
9

300
 

  = 0.03

Q = 6  10-3  0.03  2 

    = 0.000036 m3/s 

0.000036 m3 = 0.000036  24 60  60 

Q = 3.11 m3/day

 

 constant head test

 falling head test

 

 

 

 
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K = 
𝑄×𝐿

𝐴× ℎ×𝑡

K = 2.3  
𝑎×𝐿

𝐴×𝑡
 Log 

ℎ 

ℎ2



 

 

  

 L120 mm

   60 mm

 D100 mm

 Q350 mm

 t2 min

A = 
 

4
  2 

    = 
 

4
× (100)2 

    = 7850 mm2 

Q = 350  10  10  10 

    =350000 mm3  

K = 
 × 

 × ℎ× 

K = 
350000×120

7850×60×2
 

   = 44.85 mm/min

m

 h11350 mm 

 h2550 mm 

 L140 mm

 D100 mm

 d10 mm

 t3 min

A = 
 

4
  2 

    = 
 

4
× (100)2 

    = 7850 mm2 

a = 
 

4
× (10)2 

    = 78.5 mm2

K = 2.3  
78 5:140

7850×3
 Log 

1350

550
 

K = 0.418 mm/min 

   = 0.418  

 

 000

60
 

   = 0.418  
1

1000
  

1

60
 

   = 0.000007106 m/s 

 



 

 

  

 

 

 

K = 
𝑄× 𝐿𝑛 (

𝑟2
𝑟 
)

𝜋 (ℎ2
2;ℎ 

2)
 

    

 

h1 

h2 

r2 

r1 

 

 



 

 

  

11.2 m

 6.2 m3/min 

 5.15 m 

 2.48 m 

 r14.33 m 

 r245.86 m

m3/s

 h1

 h2

 

  

Q= 6.2 (m3/min)  (m3/sec) 

   = 6.2  
1

60
 

   = 0.103 m3/s 

r1 = 4.33 m, r2 = 45.86 m 

h1 = 11.2 – 5.15 = 6.05 m 

h2 = 11.2 – 2.48 = 8.72 m 

 

K = 
0 103×   (

     

    
)

  (8 722;6 052)
 

   = 0.0019 m/s 



 

 

  

flow linesNf

Nd

:Km/sec2

:hm

:Nf, Nd

 6 m 

 k = 6 x 10-3 mm/s 

 h = 4.5 m 

 13.5 m

q = 𝑘 ×  ×

 
𝑁𝑓

𝑁𝑑
 

h 



 

 

  

 

 

 

 

Nf = 4, Nd = 8 

q = 6  10-3  

 

 000

60×60×24
  4.5  

4

8
 

q = 
3

1000
  

1

10
  36  24  4.5 

   = 0.00003  36  24  4.5 

   = 0.116 m3/day 



 

 

  

 

Size

Graved> 2 

Sand0.074 < Sand < 2 

Silt0.002 < Silt < 0.074 

Clay< 0.002 

ClaySiltSandGraved

F M C F M C F M C F M C 

0.0002 0.006 0.002 0.006 0.02 0.06 0.2 0.6 2 6 20 60 

 0.07 

 0.003

 



 

 

  

30%50%40%

 

Gw

Sp 

M<50%H

C>50%L 

O

Pt

Sw

40%pL

 

mm

 10D10%

D10 = 0.12 mm             

 



 

 

  

 Ca

66

Ca = 
  0

  0
 

     = 
0 29

0 12
 

     = 2.5 < 6         

 cC

Cc = 
  0

  0×   0
 

     = 
0 17

0 12×0 29
 

     = (1 – 3) 

     = 4.8 > (1 – 3)              

/

519g

g%

4.75 9.7 1.87 1.87 98.13 

2.000 39.5 7.61 9.48 90.52 

0.84 71.7 13.82 23.30 76.70 

0.425 129.32 24.92 48.22 51.78 

0.25 107.4 20.69 68.91 31.09 

0.15 150.0 28.90 97.81 2.19 

0.075 8.5 1.64 99.45 0.46 

2.88 0.55100 0 

 

Ca = 
𝐷 0

𝐷 0
 



 

 

  

2000g

32 91 

16 108 

8 224 

4 221 

2 203 

1 260 

0.5 410 

0.25 366 

0.125 97 

0.074 15 
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1930

 Ɣd 

 w 

  
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E

NB

N1

h

wh

Vm

 

E = 
𝑁𝑏× 𝑁  × ℎ ×wℎ

𝑉𝑚
 

 

1 2 

w %

Ɣd

Dry Wet



 

 

  

 

101.6 mm

116.4 mm943.3 cm32.5 Kg30.5 

cm

1 2 2 4 5 6 

g1847.71 2000.37 2163.13 2188.75 2097.81 2012.74 

cm3/g1.96 2.12 2.29 2.32 2.22 2.13 

%6 8 10.58 12.89 15.68 17.78 

cm3/g1.85 1.96 2.07 2.055 1.922 1.811 

 943.3 cm3

100

 Ɣd =
Ɣ 

1: %
 

1-  Ɣ1 = 
1 96

1:0 06
 

       = 1.85 g/cm3 

 

2-  Ɣ2 = 
2 12

1:0 08
 

       = 1.96 g/cm3 

 

3-  Ɣ3 = 
2 29

1:0 1058
 

       = 2.07 g/cm3 

 

4-  Ɣ4 = 
2 32

1:0 1289
 

       = 2.055 g/cm3 

 

5-  Ɣ5 = 
2 22

1:0 1568
 

       = 1.922 g/cm3 

 

6-  Ɣ6 = 
2 13

1:0 1778
 

       = 1.811 g/cm3

 

(𝑤)   

(𝑉𝑚)  
 

 



 

 

  

 

 

  

 4.5 Kg2.5 Kg 

 45 cm30 cm

1.7

1.8

1.9

2

2.1

0 3 6 9 12 15 18

ɤd

%W

 

w% 

dɤ 

 

 

maxdɤ 

maxdɤ 



 

 

  

(R.C)

Ɣ (     )

Ɣ     (   )
R.C = 

Ɣ𝑑(𝐹𝑖𝑒𝑙𝑑)

Ɣ𝑑 𝑚𝑎𝑥(𝐿𝑎𝑏)
 



 

 

  

  

  

  

 

 

 

Q

Ø

Z

z

Qt =  
∅

𝑍2 × 
3

2𝜋
× [ 

1

1+  
𝑟

𝑧
  

2 ]
5/2

r 

Z 

R 
y 

Q 

 𝑙

𝑡
 

N/m
2 



 

 

  

2.5 ton6m

4m

 

1- ∂1 =  
∅

 2
  

3

2 
× [ 

1

1+  
 

 
  

2 ]
5/2

 

    = 
2 5

62
  

3

2(3 14)
× [ 

1

1+  
0

 
  

2 ]
5/2

 

    = 0.033 ton/m
2
 

 

2- ∂2 =  
∅

 2
  

3

2 
× [ 

1

1+  
 

 
  

2 ]
5/2

 

    = 
2 5

62
  

3

2(3 14)
× [ 

1

1+  
 

 
  

2 ]
5/2

 

    = 0.033  0.39 

    = 0.012 ton/m
2
 

 

G.L 

2.5 ton 

6 m 
4 m 

 
 



 

 

  

6m4.8m * 4.8m

15 ton/m2

Ø = 15 ton/m2  (2.4  2.4)m2 

Ø = 86.4 ton 

r = √(1 2)2 + (1 2)2    r = 1.69 m 

∂1 =  
∅

 2
  

3

2 
× [ 

1

1+  
 

 
  

2 ]
5/2

 

    = 
86 4

62
  

3

2(3 14)
× [ 

1

1+  
1   

 
  

2 ]
5/2

 

    = 0.945 ton/m
2
   4        

    = 3.78 ton/m
2 

      

 

2.4 

2
.4

 

2
.4

 

2.4 

1.2 

1
.2

 

4.8 
4

.8
 



 

 

  

  

  

  

  

  

 

 

 

 

 

 



 

 

  

5m1.2Cc

0.351.5 kg/cm22.5 kg/cm2

 

S = 5   
0 35

1:1 2
 × log  

1 5: 1 0

1 5
 

   = 0.177 m 

   = 17.7 cm 

********************************************************************** 

3m7m

0.352.723 m

0.40

1.5 Kg/cm2501.95 ton/m2

2.65

Ɣsub(Clay) =  
    

1:  
  Ɣw  ……………………. Ɣsub(Clay) = 

Ɣsub(Clay) =  ƔSat - Ɣw …………………….. ƔSat 

Ɣsub(Clay) = 1.95 – 1  Ɣsub(Clay)  = 0.95 ton/m3 

0.95       =  
2 65;1

1:  
  1    

 (Clay) = 0.74 

Po

Ɣ1 Sand (Dry) = 
  :  :   

1:  
  Ɣw …………………………….. Ɣ1 Sand  

  Sand = 
 

 ;1
 = 

0 35

1;0 35
 = 0.54 

Ɣ 1 Sand (Dry) = 
2 72 :0 4: 0 54 

2: 0 54
 = 1.91 ton/m3 

Gs

 3/2 = 1.5

S = H ×  
𝐶𝑐

1:𝑒
 × log   

𝑃𝑜:  𝑃

𝑃𝑜

 

∆PP2 – P0

P0

e

Cc

H

S



 

 

  

Ɣ (Sub Sand2) = 
  ;1

1:  
  Ɣw 

Ɣ (Sub Sand2) = 
2 72;1

1: 0 54
  

Ɣ (Sub Sand2) = 1. 12 ton/m3 

Po = 3  1.91 + 4  1.12 +1.5  0.95 

Po = 11.63 ton/m3       

Po =  
11 63×1000

100×100
 

Po = 1.163 kg/m2 

S = H   
  

1: 
 × log  

  :   

  

S = 3  100   
0 28

1:0 74
 × log  

1 63: 1 5

1 163
 

S = 17.3 cm 

 Sand 

n = 0.35

Gs = 2.72

 SandDry

n = 0.35

Gs = 2.72 

Sr = 0.4

Clay 

Sand 

3m 

3m 

4m 

7m 

Cc

Cc = 0.007 (L.L – 10) 

     = 0.007 (50 - 10) 

     = 0.28 



 

 

  

4m12 m 

3m

2.65 , 1.62 ton/m32.72 , 1.32 ton/m3

5 m

1.65 ton/m3Cc =0.43

S = H   
  

1: 
 × log  

  :   

  
 

Ɣd (Clay) = 
  

1:  
  Ɣw

1.32    = 
2 72

1:  
  1 

 (Clay) = 1.06

Ɣd (Sub ) = 
  ;1

1:  
  Ɣw 

Ɣd (Sand) = 
  

1:  
  Ɣw

1.62 = 
2 65

1:  
  1   Sand = 0.635 

Ɣd (Sub Sand2) = 
  ;1

1:  
  Ɣw 

Ɣd (Sub Sand2) = 
2 65;1

1: 0 635
  

Ɣd (Sub Sand2) = 1.01 ton/m3 

Ɣ (Sub Clay) = 
  ;1

1:  
  Ɣw 

Ɣ (Sub Clay) = 
2 72;1

1: 1 06
  

Ɣ (Sub Clay) = 0.835 ton/m3 

Po = 3  1.62 + 9  1.01 + 2  0.835 

Po = 15.62 ton/m2 

∆P = 5  1.65 ( ) 

∆P = 8.25 ton/m3 

S = 4  100   
0 43

1:1 06
 × log  

15 62:8 25

15 62
 

S = 13.2 cm 

3m 

9m 

12m 

4m 

5m 

G.w 

Sand1 

Sand2 

Ɣd = 1.62 ton/m
3

 

Gs = 2.65

1.65 ton/m3 

Clay 

Ɣd = 1.32 ton/m
3

 

Gs = 2.72



 

 

  

 

 

 

Tf

C

∂n

tan

Ø

lateral earth pressure and retaining

Tf = C + бn tan Ø 

P = ɤ  h 



 

 

  

 

 

 

 

 

 

  

  

  

 

 

  

 

 

G.L 

H/3 

Pa 

Fa 

Z 

GF 

∂z 

Ka = 
1 – 𝑠𝑖𝑛 Ø

1: 𝑠𝑖𝑛 ∅
 

Fa = 1/2 Ka  ɤH2 

F = A  P 

   = A  ɤH 

P = ɤH 

A = 1/2 P  H 

    = 1/2 ɤH  H 

A  =  1/2 ɤH
2 



 

 

  

  

6m

1.75 ton/m330o
Ø

 

 

1.1 ton/m3 

Ka = 
1;   ∅

1:   ∅
 

Ka = 
1;   30

1:   30
 

Ka = 1/3 

Ka = 0.334 

 = Ɣ  H  Ka 

 = 1/2     

           = 1/2  (1.75  6  0.334)  6 

           = 10.5 ton/m2 

F1 = 1/2  (P1)  H 

    = 1/2  (Ɣ  H  Ka)  H 

    = 1/2  (1.1  6  0.334)  6 

    = 6.6 ton/m2 

F2 = 1/2  (P2)  H 

    = 1/2  (Ɣ  H)  H  F2 = 1/2  (1  6)  6 

    = 18 ton/m2 

FTotal = 6.6 + 18  FTotal = 24.6 ton/m2 

 = 24.6 + 10.5 

                         = 14.1 ton/m2 

Pa = Ka [ ɤH1 + ɤH2 ] + ɤw H2 
H 

H1 

H2 

WT 

Ka ɤH1 

Ka ɤH1 

ɤw H2 

1/3 H 

F 

ɤ  H  Ka 

ɤ = 1.1 ton/m3 

F1 F2 

P1 P2 

 

 G.s        G.w 



 

 

  

 B.Cqu

 qu

  

C

C

Nc , Nq , NƔØ

qoqo = Ɣ * df

Ɣ

df

qu = CNC + qo Nq + 0.5ɤBNɤ 

qu = 1.3CNC + qo Nq + 0.4ɤBNɤ 

qu = CNC + qo Nq + 0.3ɤDNɤ 

G.L 

F.L 

Df 

Foundation 

 Depth B

 
G.L 


