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Elementary mechanical behaviour of soils
(የዐፈር መሠረታዊ የሆኑ ሜካኒካዊ ባሕርያት)

• Phase relationships (የይዘት ዝምድናዎች)
ክፍተት (ፈሳሽ ፣ አየር)
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Elementary mechanical…

አማርኛ፡ ጫና = መጠነ ግደት በመጠነ ስፋት
ጠቅላላ ጫና = ቅንጣት ቅንጣት ጫና + የውኃ ግፊት
ቅንጣት ቅንጣት ጫና =አማቂ ጫና + አንሸራታች ጫና



Elementary mechanical…

አማርኛ፡ ውጥረት = ለውጠ ርዝመት በርዝመት
ውጥረት = የመጠን ውጥረት + የእንሽርትት ውጥረት (ውልጫሜ)

የንሽርትት ውጥረት (ውልጫሜ)
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ሁክ: «ceiiinosssttuv» - Ut tensio, sic 
vis - መጠነ ጫና እንደ መጠነ ውጥረት ነው።



Elementary mechanical…



Generation of pore pressure (የክፍተት ውኃ 
ግፊት ማሻቀብ)

• Undrained monotonic loading of loose/contractive soils (ዝግ 
ወጥ አቅጣጫ ጫና)

Undrained Triaxial compression test 
(ማስተንፈሻ አልባ የዐምዳዊ ዕምቀት ፍተሻ)



• Undrained cyclic loading (ዝግ ዐውዳዊ ፣ ተመላላሽ ጫና)
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Generation of pore pressure (የክፍተት ውኃ 
ግፊት ማሻቀብ)



Dissipation of pore pressure (የክፍተት ውኃ 
ግፊት ማቆልቆል)



Dissipation of pore pressure (የክፍተት ውኃ 
ግፊት ማቆልቆል)

• Consolidation (ስብሳቦሽ)‐ generated pore pressure can dissipate if the
pore fluid can escape from high pressure areas into low pressure areas
leaving the grains to move closer to each other there by reducing the
pore space between them.

• ስብሳቦሽ፡‐ ግፊት ያዘለው የክፍተት ውኃ ከከፍተኛ ግፊት ወደ ዝቅተኛ ግፊት በመንቀሳቀሱ
ምክንያት በቅንጣቶች መካከል ያለው የክፍተት መቀነስ እና የቅንጣቶች ጥግጊ መጨመር
የሚመጣ ነው።



Engineering problems due to generation of 
excess pore pressure

• Slope stability, liquefaction (የተዳፋት ማሸቅሸቅ ፣ መንሸራተት ፣ ፍሰት)

Deformation
(ፍልስት)
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Engineering problems due to generation of 
excess pore pressure

• Embankment failure (የግድብ ቁልል መንሸራተት)

Clay layer| 
የሸክላ ዐፈር ድራብ

Fill (ሙሊት)

Pore pressure increase leads to 
decreasing effective confining pressure 
and thus reduced shear strength
የክፍተት ውኃ ግፊት ሲጨመር የቅንጣት ቅንጣት አማቂ
ጫና መቀነስን ያስከትላል ፣ ይኸም ሽርተታ የመቋቋም አቅም
መቀነስን ያመጣል።



Engineering problems due to generation of 
pore pressure

• Bearing capacity failure (የመሠረት ተሸካሚ ዐፈር መንሸራተት)

Clay layer| 
የሸክላ ዐፈር ድራብ

Footing (መርገጥ)

Pore pressure increase leads to 
decreasing effective confining pressure 
and thus reduced shear strength
የክፍተት ውኃ ግፊት ሲጨመር የቅንጣት ቅንጣት አማቂ
ጫና መቀነስን ያስከትላል ፣ ይኸም ሽርተታ የመቋቋም አቅም
መቀነስን ያመጣል።



Engineering problems due to dissipation of
pore pressure

• Embankment (ቁልል ግድብ)

Clay layer| 
የሸክላ ዐፈር ድራብ

Fill (የሙሊት መዝበጥ)

Pore pressure increase leads to 
decreasing effective confining pressure 
and thus reduced shear strength
የክፍተት ውኃ ግፊት ሲጨመር የቅንጣት ቅንጣት አማቂ
ጫና መቀነስን ያስከትላል ፣ ይኸም ሽርተታ የመቋቋም አቅም
መቀነስን ያመጣል።



• Foundation (መሠረት)‐ Uniform settlement (ወጥ ዝብጠት)

Engineering problems due to dissipation of 
pore pressure

Clay layer| 
የሸክላ ዐፈር ድራብ



• Foundation (መሠረት)‐ Differential settlement (የዝብጠት ልዩነት)

Engineering problems due to dissipation of 
pore pressure

Clay layer| 
የሸክላ ዐፈር ድራብ

Footing (መርገጥ)



Engineering problems due to dissipation of 
pore pressure

• Foundation (መሠረት)‐Tipping settlement (ማዘንበል ፣ ማዝመም)

Weak Clay layer| 
ደካማ የሸክላ ዐፈር 

ድራብStrong layer| 
ጠንካራ ድራብ



Engineering problems due to dissipation of 
pore pressure

• The leaning tower of Pisa (ያጋደለው የፒሳ ፎቅ)

Tipping settlement?/ bearing capacity failure?

Grabe and Gudehus (1992)



• Foundation (መሠረት)‐ Overhanging loads (ተንጠልጣይ ጭነቶች)

Engineering problems due to dissipation of 
pore pressure

Clay layer| 
የሸክላ ዐፈር ድራብ



Theory of consolidation
የስብስቦሽ ንድፈ ሐሳብ

• Spring‐water system

ውኃ

ጥምዝ ሽቦ

መነሻ ሁኔታ ውጫዊ ጫና ፣
የውኃ ግፊት
መጨመር

የስብስቦሽ መጀመር
፣ ውጫዊ ጫና
ከውኃ ግፊት ወደ
ሽቦ ጫና መሸጋገር
፣ የሽቦው
መሰብሰብ
መጀመር

የስብስቦሽ
መገባደጃ



Continuity & Consolidation 



Continuity & Consolidation 

ሁለተኛ ርከን የልውጠት እኩልዮሽ



Dimensionless analysis

• Normalizing various variables (Barends,2008)

Question: What does it mean when 
a. N is significantly smaller than one?
b. N is significantly higher than one?
c. N is equal to one?

Flow term Storage term

Value of N Small(<<1) =1 >>1
Implication The flow factor is 

large compared to 
the storage factor

The flow factor is 
equal to the storage 
factor

The flow factor is 
small compared to 
the storage term

Process stage Start of consolidation Consolidation in full
process

End of consolidation



Approximate solution to the 1D 
consolidation equation

Open



Approximate solution to the 1D 
consolidation equation

Open for flow



Approximate solution to the 1D 
consolidation equation

Open for flow



Approximate solution to the 1D 
consolidation equation

Open for flow



Approximate solution to the 1D 
consolidation equation

Open for flow



Approximate solution to the 1D 
consolidation equation



Approximate solution to the 1D 
consolidation equation



Approximate solution to the 1D 
consolidation equation



Approximate solution to the 1D 
consolidation equation



Approximate solution to the 1D 
consolidation equation



Approximate solution to the 1D 
consolidation equation
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Terzaghi’s exact solution to the 1D 
consolidation equation
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Exact solution to the 1D consolidation
equation
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Some limitations of the classical 1DC 
Theory

• It is not at all logical to aim at a solution of pore pressure as long as our 
practical aim is to obtain settlements (Janbu, 1965).

– የምንፈልገው የዐፈሩን የዝብጠት መጠን እስከሆነ ድረስ መፍትሄውን በውኃ ግፊት አማካኝነት መፈለግ አጥጋቢ አይደልም።

• The classical theory does not take none‐linearity of stress‐strain behavior into 
account.

– መደበኛው (የተርዛጊ) ንድፈ ሐሳብ የጫና /ውጥረትን ኢርቱዕ የሆነ ዝምድና ከግምት ውስጥ ያስገባም። 

• For nonlinear stress‐strain (which is naturally true for soils) the degree of 
consolidation has to be obtained from strain‐depth distribution (Janbu, 1969).

– የዐፈር ሜካኒካዊ ባሕርይ የሆነው ኢርቱዕ የሆነ የጫና ውጥረት ዝምድና  ከውጥረት ጥልቀት ስርጭት (ዝምድና) መገኘት አለበት

• The total stress can be time dependent.
– ሙሉው ጫና ጊዜ ጥገኛ ሊሆን ይችላል

• Consolidation may not be 1D.
– የዐፈር ሜካኒካዊ ሥርዓት በአውታረ አንድ ሥርዓት ሙሉ በሙሉ ላይገለጥ ይችላል። 



Janbu’s strain based 1DC Theory
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Janbu’s…

0%

20%

40%

60%

80%

100%

0.0001 0.001 0.01 0.1 1 10

U

T



Janbu’s…
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Back to engineering
ወደ ምሕንድስና...

• How do we use our knowledge of consolidation to solve
practical problems?

• ስለስብሳቦሽ ያለንን ዕውቀት ተጠመን እንዴት ተግባራዊ የምሕንድስና
መፍትሄዎችን ልንተገብር እንችላለን?



Applying preloading
ሸክም ማለማመድ

 Heaping a soil and let the soil under consolidate for sometime
 Remove the soil heap
 Implement the actual construction.
 This improves the bearing capacity of the underlying soil. It also 

reduces the consolidation settlement after construction



Applying drains
ማስተንፈሻ መጠቀም

Drains
ማስተንፈሻዎች



Applying drains
ማስተንፈሻ መጠቀም

• Vacuum preloading to accelerate 
the consolidation process

Kjlleman (1952)



Asaoka’s observational method
የአሳዖካ የዝብጠት ልኬት መገምገሚያ መንገድ
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First order approximation
የመጀመሪያ ርከን ተቃረብ
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Asaoka’s graphical method using 
first order approximation



Asaoka‐Reliability – In a Bayesian 
framework



Recap

 Elementary mechanical behaviour of soils
 Generation and dissipation of pore pressure
 Engineering problems related to generation and dissipation of 

pore pressures
 Theory of consolidation
 Back to engineering… how to use knowledge of consolidation 

to solve engineering problems related to generation and 
dissipation of pore pressures 

 Asaoka’s observational method



References
• Barends, F.B.J. (April 2008) lecture 1: Consolidation theory. Delft University of Technology, 

Delft, Netherlands .
• Janbu, N. (1965). Consolidation of clay layers based on Non‐Linear Stress – Strain Theory. 

Proc. 6th internat. Conf. Soil mech., printed in Canada
• Janbu, N. (1969). Computation of Stress‐and time dependent settlements for structures on 

clay. The International Symposium on Civil Engineering Structures Resting on Soil and Rocks. 
• Taylor, D. (1950). Fundamentals of soil mechanics. John Willey & Sons, Inc. New York.
• Verruijt, A. (1982). A theory of consolidation. Nato Adv Study, Inst. Mech. Of Fluids for Porous 

Media, Newmark Delaware. 
• Verruijt, A. (2001‐2010). Soil mechanics. Delft University of Technology, Delft, 

Netherlands.This reference can be obtained online 
(geo.verruijt.net/software/SoilMechBook.pdf)

• Grabe and Gudehus. 1992. THE LEANING TOWER OF PISA: GEOTECHNICAL THEORY AND 
MODEL TESTS. SOILS AND FOUNDATIONS Vol. 32, No. 3, 130‐136

• Tsegaye, A.B. 2021. 2020. Pore pressure dissipation around driven piles and cone penetration 
tests‐ analytical solutions and a simplified approach using the Gauss’ divergence theorem. 
Presented at ISC6. 
https://www.researchgate.net/publication/344379908_Pore_pressure_dissipation_around_d
riven_piles_and_cone_penetration_tests‐
analytical_solutions_and_a_simplified_approach_using_the_Gauss'_divergence_theorem


