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𝐹𝑟𝑒𝑠⃗⃗⃗⃗⃗⃗  ⃗ … 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑒 𝑓𝑜𝑟𝑐𝑒 (𝑁)
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𝜎 𝐹𝐺⃗⃗⃗⃗ 

𝜏 𝐹𝐺⃗⃗⃗⃗ 

𝐷′ = 𝐷 cos 𝛼 𝐷

𝜎 𝜏

𝜎 =  
𝐹 ⊥
⃗⃗⃗⃗ 

𝐴
=  

𝜌𝑔𝐷′𝐴 cos 𝛼
𝐴

=  𝜌𝑔𝐷′ cos 𝛼 =  𝜌𝑔𝐷 cos ²𝛼
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𝐹∥⃗⃗  ⃗
𝐴

=  
𝜌𝑔𝐷′𝐴 sin 𝛼

𝐴
=  𝜌𝑔𝐷′ sin 𝛼 =  𝜌𝑔𝐷 sin 𝛼 cos𝛼
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⃗⃗⃗⃗ …𝑁𝑜𝑟𝑚𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 (𝑁)

𝐹∥⃗⃗  ⃗ …𝐷𝑜𝑤𝑛ℎ𝑖𝑙𝑙 𝑓𝑜𝑟𝑐𝑒 (𝑁)
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𝑠 = 𝑐 + (𝜎 − 𝑢) ∙ 𝑡𝑎𝑛 𝜙  

𝑠 = 𝑐 + (
𝑊
𝐴
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𝑊 …𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 (𝑁)

𝐴…𝑎𝑟𝑒𝑎 𝑜𝑓 𝑠ℎ𝑒𝑎𝑟 𝑝𝑙𝑎𝑛𝑒 (𝑚2)

𝛽 …𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑜𝑓 𝑟𝑢𝑝𝑡𝑢𝑟𝑒 𝑜𝑟 𝑠ℎ𝑒𝑎𝑟 𝑝𝑙𝑎𝑛𝑒 (°)
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Ω

𝜌

Ω𝑚

𝜌 = 𝑅 ∙
𝐴
𝐿

𝑅 …𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑜𝑑𝑦 (𝛺)

𝐴… 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑜𝑑𝑦 (𝑚2)

𝐿 … 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑜𝑑𝑦 (𝑚)

𝜎 (𝑆
𝑚
)



𝜎 =
1
𝜌

 

10−8 Ω𝑚

10−14𝑡𝑜 10−10𝑆𝑚−1



 

10−14𝑡𝑜 10−10𝑆𝑚−1



𝜙

𝜙 =
𝑉𝑒
𝑉𝑟

𝑉𝑒 …𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 (𝑚3)

𝑉𝑟 …𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑟𝑜𝑐𝑘 (𝑚3)



𝑉𝑒

𝐿𝑒

(𝐴𝑒)

𝑉𝑒 =  𝐿𝑒𝐴𝑒
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𝑅 = 𝜌𝑒
𝐿𝑒

𝐴𝑒

𝜎𝑟 =
𝜙𝑚

𝑎
∙ 𝜎𝑤 ∙ 𝑆𝑛

𝜌r =
𝑎

𝜙𝑚 ∙ 𝜌𝑤 ∙ 𝑆−𝑛

𝜎r … 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 (
𝑆
𝑚

)

𝜌r … 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 (𝛺𝑚)



𝜎𝑤 … 𝑖𝑜𝑛𝑖𝑐 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑟𝑒 𝑤𝑎𝑡𝑒𝑟 (
𝑆
𝑚

)

𝜌𝑤 …𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑟𝑒 𝑤𝑎𝑡𝑒𝑟 (𝛺𝑚)

𝜙 …p𝑜𝑟𝑜𝑠𝑖𝑡𝑦 (𝑚3)

𝑚…𝑐𝑒𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑒𝑥𝑝𝑜𝑛𝑒𝑛𝑡

𝑎 …𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑎𝑙𝑖𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟

𝑆 …𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑙𝑒𝑣𝑒𝑙 (𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠)
𝑛 … 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑒𝑥𝑝𝑜𝑛𝑒𝑛𝑡 (𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠)

𝐹 =
𝜌𝑟

𝜌𝑤
= 𝑎𝜙−𝑚

𝜌𝑟 … 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑜𝑐𝑘 (𝛺𝑚)

𝐹 …𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑖𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 (𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠)

𝑚 𝑎

𝜎0 = 𝜎𝑒 + 𝜎𝑓

𝜎0 … 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 ( 𝑆
𝑚
)



𝜎𝑒 … 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑑𝑢𝑒 𝑡𝑜 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑙𝑦𝑡𝑖𝑐 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑜𝑛  

( 𝑆
𝑚
)

𝜎𝑓 … 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑑𝑢𝑒 𝑡𝑜 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑆
𝑚
)

 



 





A 𝐵, 𝑉𝐴 𝑃𝑀

𝑉𝑃1=  
𝐼𝜌
2𝜋

[
1
𝑟1

−
1
𝑟2

]

𝐼 … 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 (𝐴)

𝜌… 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑖𝑡𝑦 (𝛺𝑚)

𝑟1 …𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝐴 and 𝑀 

𝑟2 …𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑀 and 𝐵 

𝑃1 𝑃2



∆𝑉 =
𝐼𝜌
2𝜋

[
1
𝑟1

−
1
𝑟2

−
1
𝑟3

+
1
𝑟4

]

𝑟3 …𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝐵 and 𝑁 (𝑚)

𝑟4 …𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛  𝐴 and 𝑁 (𝑚)  

𝜌 =
∆𝑉
𝐼

∙ 𝐾



𝜌𝑎 =
∆𝑉
𝐼

∙ 𝐾

𝜌𝑎

𝜌𝑎 = 𝐾
𝑉
𝐼

=
𝜌1

2𝜋
∫ 𝑘123…𝑛(𝜆)[𝐽0(𝜆𝑟1 − 𝐽0(𝜆𝑟2) − 𝐽0(𝜆𝑟3) + 𝐽0(𝜆𝑟4)]𝑑𝜆

∞

0

 











 

 





 

 



 

 







 



 



 



(Schnabel et al., 2002, p. 34; Wessely 

et al., 2006, p. 17)

(Schnabel et al., 2002, p. 33)



(Schnabel et al., 2002, p. 28)

(Schnabel et al., 2002, p. 7)

(Schnabel et al., 2002, p. 7)

(Schnabel et al., 2002, p. 36)

 



 



 



 





(Schnabel et al., 2002, p. 34)





 







 

 



 

 





 

 

 



 





 

 





 



Ψ(𝐦) = (𝐝 − 𝐟(𝐦))
H
𝐖d

H𝐖d(𝐝 − 𝐟(m)) + λ𝐦H𝐖m
T𝐖m𝐦

𝑚…  𝑚𝑜𝑑𝑒𝑙 𝑣𝑒𝑐𝑡𝑜𝑟

𝑑 …𝑑𝑎𝑡𝑎 𝑣𝑒𝑐𝑡𝑜𝑟

𝐖d …𝑑𝑖𝑎𝑔𝑜𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝑚𝑎𝑡𝑟𝑖𝑥

𝐖m …𝑟𝑒𝑎𝑙 𝑚𝑜𝑑𝑒𝑙 𝑤𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝑚𝑎𝑡𝑟𝑖𝑥

𝐻 …𝑐𝑜𝑚𝑝𝑙𝑒𝑥 𝑐𝑜𝑛𝑗𝑢𝑔𝑎𝑡𝑒 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑠𝑒 (𝐻𝑒𝑟𝑚𝑖𝑡𝑖𝑎𝑛)

𝑓 …𝑜𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑜𝑟𝑤𝑎𝑟𝑑 𝑝𝑟𝑜𝑏𝑙𝑒𝑚

𝜆…𝑟𝑒𝑔𝑢𝑙𝑎𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 (𝑟𝑒𝑎𝑙 𝑎𝑛𝑑 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑛𝑢𝑚𝑏𝑒𝑟)

𝑚𝑜

Ψ 𝑚𝑞

∆𝑚𝑞.









 

 



 



 

 





 



 

 



de
pt

h 
(c

m
) 





 







 

 



 

 

𝑁10



𝑁10

D
ep

th
 (m

) 

Number of blows per 10 cm increments (𝑵𝟏𝟎) 



 



 

 



Ω𝑚 Ω𝑚



 



Ω𝑚 Ω𝑚

Ω𝑚 Ω𝑚. 









 











 



 

 

 





 



 





 



 



 







 



 



1.25 ∙ 106  µS
𝑐𝑚

10 ∙ 106  µS
𝑐𝑚

µS
𝑐𝑚

µS
𝑐𝑚





 



𝑁10



 



 



 



 





 





 



 



 



 



 



 







 











 





 

















 



























 



 



 








