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Relevant engineering applications
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Dredging
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pipeline trench
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(1) Sedimentation & (2) Consolidation

* Deposition of solid material * Gradual volume reduction in saturated

from a fluid from a state of soil due to pore fluid drainage
suspension — «Solid» state
~ Certiaidzoe . «Fluid» state — Formed sediment network structure able
T e — Absence of interparticle force to carry its own weight
o chains
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Irfan (2016)
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(1) Kynch’s theory of sedimentation

Hp:
* v, =v,(c)

e Continuity of solid and fluid phases \

* Eulerian L . .

V(c) ? n ? —0 coordinate
x ot formulation
dv e ¢ =solid mass

V(c) = —= .
() =vs +c dc per unit volume

ot
:
-
-

4 5} t

Region of clarified liquid (volumetric solids concentration is zero, &=0)

Region where the sedimentation rate is constant and the solids concentration remains
equal to the initial concentration of the suspension (£=¢,).

Region where sedimentation rate is decreasing and the concentration varies da from
initial solid concentration (&,) up to the maximum solids concentration (&,,).

Region of incompressible sediment, in which settling velocity of particles is zero and
solid concentration is equal to the maximum solids concentration (£~ &,,).

B E O

Hindered settling equation
(Kynch 1951)
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Kynch’s theory numerical implementation

 Comsol implementation in e 3
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(2) Large strain 1D consolidation theory
Gibson et al. (1967)

* Continuity Lagrangian
equation for solid coordinate k =k(e)
and fluid phases o' = o'(e)
* Darcy’s law z(x) = . 1_+edx

4

de 0 kldaae_l_( ) k 1 |oe
Vrl+e de 0z Vs = Vr de |yf1+e|oz
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Large strain consolidation numerical implementation
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Void ratio isochrones
Eulerian coordinate
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Sedimentation+consolidation:

Interaction coefficient

More general form of effective stress ,_
principle via interaction coefficient f(e) - o' =ple)(o—u

Consolidation

N e Used to model transition

| between sedimentation and
i " Transition consolidation

07 F zone

- * Defined via step function
=] / 1 e < eg
Ble) =

04
ase® + ase* + azed + aye’ +aetay, e, <e<e,

Sedimentation 0 e =en

Step Function in COMSOL Multiphysics

Void ratio -]

coMsoL Tl UNIVERSITA

POLITECNICO MILANO 1863 CONFERENCE : 5 | DEGLI STUDI

2024 FLORENCE =5 4 DI MILANO



Sedimentation+consolidation

Governing equation
(Pane & Schiffman 1985)

C g ()L (k) 2
at_+(yf 1) de \1+e 6z+6z’ Yf (1+e)

do’ de a [ k dﬁ(e)

de 9z E Yr(1+e) de az
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Sedimentation+consolidation

Governing equation
(Pane & Schiffman 1985)

dp(e) ,0e
O' —
Yr(1+e) de 0z

C (L)L (), o]
at_+(yf 1) de \1+e 6Z+6z’ yf(1+e)'g
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Sedimentation+consolidation

Governing equation
(Pane & Schiffman 1985)

C (L)L (), o]
at_+(yf 1) de \1+e 6Z+6z[ yf(1+e)'g

dp(e) _,0e
Yr(1+e) de 9 0z

0.7 Py
\

o
[=2]
T

&
o

!

Q

Z —»
|
ws |

Height [m]

|
|
|
|

o

e

s

®
vV
®

3

COMSOL

POLITECNICO MILANO 1863 EoNFERece Jb) | Bk

2024 FLORENCE % | DI MILANO



Sedimentation+consolidation

Governing equation
(Pane & Schiffman 1985)

p(e)

e <e<e,
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( i )ae 9 - do'de]l L o[k  dpee)

de \1+e/ 0z 0z | vy (1+e) de 3z aZ yr(1+e) de az
gﬂ-*‘ p/\ c;nsolidazione
T03 P—

(da Danleers 2006, modificaro)
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Sedimentation+consolidation

Governing equation
(Pane & Schiffman 1985)

L0t q)d (ko o] a'de] | @ [k _dpter, oe
at Yf de \1+e/ 0z 0z Yf (1+e) de 0z ZMZ
Consolidation
Gibson equation
Ble) =1 de _0[ k_1 do'de]_ d[k 1 ]oe
ot 0z _E1+eE£ s - yf)dey1+e 0z
e < e
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Sedimentation+consolidation

Governing equation
(Pane & Schiffman 1985)
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Validation of FE model

 Validation against numerical solution (Jeeravipoolvarn 2009)
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Validation against experimental data
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Validation against experimental data
Eikhout 2021 s
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Conclusions

* The numerical model can simulate
v’ Large-strain consolidation
v’ Sedimentation
v’ Sedimentation-consolidation
 Model validation against experimental data

v’ Simulation of sedimentation-consolidation processes involving clayey material

* Application to land reclamation problems

v’ Simulation of sedimentation due to inflow of sand suspension

* Application to underwater trench backfilling and pipeline-soil interaction problems
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