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Content

• H-M coupled formulation

• Sign convention

• Formulation for water/solid skeleton interactions

• Examples

• Conclusion
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H-M coupled formulation
S I G N C O NVE N T I O N

FO R M U L AT I O N  FO R  WAT E R /S O L I D  S K E L E TO N I NT E R AC T I O NS  ( H - M  P RO B L E M S )

E X A M P L E S
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Sign conventions to be checked for each formulation / numerical code:

Sign conventions

Positive for extension

𝜎𝜎𝑦𝑦𝑦𝑦

𝜎𝜎𝑥𝑥𝑥𝑥

𝜏𝜏𝑦𝑦𝑦𝑦

𝜏𝜏𝑥𝑥𝑥𝑥

𝑢𝑢𝑤𝑤

𝑢𝑢𝑤𝑤

𝜀𝜀𝑦𝑦𝑦𝑦

𝜀𝜀𝑥𝑥𝑥𝑥
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Variables (n. of unknowns)

: total stresses (6)

: pore water pressure (1)

: effective stresses (6)

: deformations (6)

: solid skeleton displacements (3)

: fluid displacement (3)

fluid displacement
relative to the solid phase

Solid
displacement

Equations (n. of equations)

Momentum (3)

(no acceleration terms), fi are body forces

Effective stress definition (6)

(Terzaghi’s definition, saturated soil)

Constitutive relationship (6)

Compatibility of displacements (6)

Darcy’s law (3)

(compressibility of fluid and solid neglected)

Continuity of fluid phase (1)

25 unknowns vs 25 equations

𝜎𝜎𝑖𝑖𝑖𝑖

𝜀𝜀𝑖𝑖𝑖𝑖

𝑢𝑢𝑤𝑤
𝜎𝜎𝜎𝑖𝑖𝑖𝑖

𝑢𝑢𝑖𝑖
𝑤𝑤𝑖𝑖
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Example 1 : Dry soil

: total (= effective) stresses (6)

: deformations (6)

: solid skeleton displacements (3)

Momentum (3)

(no acceleration terms), fi are body forces

Constitutive relationship (6)

Compatibility of displacements (6)

15 unknowns vs 15 equations
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Example 2 : Saturated soil subjected to change in total stresses

Changes in total stresses imply (general 
case) changes in effective stresses and 
pore water pressure:

Changes in pore water pressure 
imply change in fluid velocity:

Continuity eq. links change in 
fluid velocities to deformations: 

The new total stress field must be equilibrated:

Need to solve all the equations simultaneously: Hydro-Mechanical coupled problem
(e.g. Consolidation)

Deformations are linked to 
changes in effective stresses
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Thank you for your attention
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