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DEFINITION: SEEPAGE AND
GROUNDWATER FLOW
MODELLING IN PLAXIS
Seepage and groundwater flow analysis in PLAXIS
simulates the movement of water through soils and its
interaction with geotechnical structures. 

PLAXIS provides steady-state seepage (time-
independent) and transient seepage (time-dependent)
analyses, using boundary conditions, soil permeability,
and coupled flow–deformation (consolidation) to
capture realistic hydro-mechanical responses.



The phreatic surface is the water table line, above which soil is unsaturated and
below which pore pressures exist. In PLAXIS, users define it through initial head levels
or flow boundaries. Below the phreatic surface, pore water pressure is calculated as:

where
u = pore pressure,
Yw​ = unit weight of water,
Hw​ = depth below phreatic surface.

The most important soil property is hydraulic conductivity (permeability, k) because it
governs the ease of water flow. Flow velocity is given by Darcy’s Law:

where
q = discharge per unit area,
n = porosity,
h = hydraulic head.

Soils with higher k (such as sand and gravel) allow rapid seepage, while clays (with
low k) store water and develop excess pore pressures. Correct k values are vital for
realistic seepage results.

Q2. How is a phreatic surface defined and used in PLAXIS models? 
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Answer:

Q1. What soil property is most important for seepage analysis in
PLAXIS, and why?

Important Notes



Steady-state seepage: Hydraulic heads and pore pressures remain constant with
time. It is solved using:

This applies to long-term groundwater flow after equilibrium is reached.

Transient seepage: Pore pressures vary with time due to rainfall, pumping, or
drawdown. The governing equation includes storage effects:

where Ss​ = specific storage, t = time.
 
PLAXIS transient mode is critical for short-term stability problems such as rapid
reservoir drawdown.

This definition ensures correct effective stress calculation:

This directly influences slope and excavation stability.
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Q3. Explain the difference between steady-state and transient (time-
dependent) seepage analysis.
Answer:



Darcy’s Law defines groundwater flow in porous media:

where

q = specific discharge (m/s),

k = hydraulic conductivity,

∇h = hydraulic gradient.

In PLAXIS, this law is applied in seepage and coupled analyses to compute water

velocities and pore pressures. The law also accounts for anisotropy (different Kx, Ky​

in different directions), which is essential in stratified soils.

Q4. What is Darcy’s Law, and how is it implemented in PLAXIS?

Answer:

Q5. Why is modelling boundary conditions crucial for seepage
simulation?

Boundary conditions define water inflow, outflow, or no-flow in the model. Common

options:

Head boundary: fixes total head h,

No-flow boundary: q=0, impermeable,

Seepage face: pore pressure cannot exceed atmospheric pressure.

Incorrect boundaries can lead to unrealistic pore pressures and stress predictions. For

example, failure to define a proper drainage boundary may overestimate uplift

pressures beneath an excavation.

Answer:
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PLAXIS couples flow and deformation using Biot’s consolidation theory:

Where εv is volumetric strain.

This captures how soil volume changes with pore pressure variation. For example, in

soft clay foundations, excess pore pressures gradually dissipate, causing time-

dependent settlements (primary consolidation).
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Q6. How does PLAXIS couple deformation and seepage in
consolidation analysis?
Answer:

Q7. What are typical applications of seepage and groundwater flow
modelling in PLAXIS?

Dams & levees → seepage, piping, uplift stability.

Tunnels & excavations → groundwater inflow predictions.

Slopes → rainfall-induced failures or drawdown effects.

Drainage & cutoff wall design → optimising flow reduction measures.

Each case relies on correct permeability, boundary conditions, and coupled analysis

to represent real behaviour.

Answer:



Q8. How do water pressure changes influence soil stability in
excavations or slopes?

Pore pressure affects effective stress:

where σ′ = effective stress, σ = total stress, u = pore pressure.

Increase in u reduces σ′ → loss of shear strength, slope instability, or basal heave

in excavations.

Rapid drawdown reduces water load, but pore pressures inside the soil remain

high, creating instability.

Thus, correct seepage modelling is essential for safety checks.

Answer:
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Q9. Which PLAXIS analysis modes should be used for seepage
problems?

Alternating vortices detach from the cylinder → Ká rmá n vortex street. 

Occurs when Re > 47. 

Causes oscillating lift and drag forces → can induce vibrations in tall chimneys,

offshore structures, and bridge piers. 

Answer:



Cutoff/diaphragm walls → reduce permeability (k) around excavation, lowering

seepage.

Dewatering wells or drainage blankets → reduce pore pressures,

stabilising excavation base.

These countermeasures are modelled by modifying soil permeability or adjusting

boundary conditions in PLAXIS.
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Q10. What is the pressure coefficient (Cp​) and how is it calculated?

Answer:



Thanks for growing your skills with PIGSO LEARNING!

Follow us for more technical tips, expert insights, and real-
world geotechnical guidance.
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like us to cover next. 
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