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Hydromechanical
modelling of interfaces




WHY AN INTERFACE ELEMENT

e Suction caisson

Outer pressure

VUL L g

=g
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TSand heave

M Meepage flow

Sand
(DONG Energy)
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WHAT AN INTERFACE ELEMENT

!
Normal v $
A v
/l\
Contact Gap T flow
Transversal Nl —
%
Stick Slip L flow
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GOVERNING EQUATIONS

aBt’ XzL

X4
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GOVERNING EQUATIONS

» OBL: boundary where contact is likely to happen
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GOVERNING EQUATIONS

» OBL: boundary where contact is likely to happen

» Governing equations:
1. Definition of a gap function
2.  Normal contact constraint

3. Tangential contact constraint
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GOVERNING EQUATIONS: DEFINITION OF A GAP FUNCTION

* Local system of coordinate along the mortar side
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GOVERNING EQUATIONS: DEFINITION OF A GAP FUNCTION

X4

* Local system of coordinate along the mortar side

e Gap function: gy = (x? —x1) -leq

With x! = closest point projection of x?
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GOVERNING EQUATIONS: DEFINITION OF A GAP FUNCTION

* Relative tangential displacement: no meaning in the
field of large displacements!

=» Use of velocities
d

gr = T [e; - (x* —x1)]
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GOVERNING EQUATIONS: DEFINITION OF A GAP FUNCTION

* Relative tangential displacement: no meaning in the
field of large displacements!

=» Use of velocities
d

gr = T [e; - (x* —x1)]

* Vector of variation of normal and tangential
displacements:

g = gne, + gre;
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GOVERNING EQUATIONS: NORMAL CONTACT CONSTRAINT

* Normal contact constraint: two solids in contact cannot overlap

e Contact stress vector: o, = —pye; + te, = [P~ 7|7
* Hertz-Signorini-Moreau condition:
gn =0 and py =0 and Py gy =0

20-02-18
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GOVERNING EQUATIONS: TANGENTIAL CONTACT CONSTRAINT

* When solids are in contact:
* Stick: no relative tangential displacement (g = 0)
* Slip: relative tangential displacement (g # 0)
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GOVERNING EQUATIONS: TANGENTIAL CONTACT CONSTRAINT

* When solids are in contact:
* Stick: no relative tangential displacement (g = 0)
* Slip: relative tangential displacement (g # 0)

* Tangential contact constraint:

g7 2 0 and  f(6,q)<0 and  g§-f(o,q) =0

with g = sign(#) g3
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GOVERNING EQUATIONS: TANGENTIAL CONTACT CONSTRAINT

* When solids are in contact:
 Stick: no relative tangential displacement (g7 = 0)
* Slip: relative tangential displacement (g # 0)

* Tangential contact constraint:

g# 20 and  fu(o,@)<0  and g fi(o,q) =0
. o _ . o o Sl,
(>0 f=0
* Threshold criterion f.(o,, q): Siip state_~"+ _
- Simplest: Mohr criterion Stick state
No contact d X
Pn
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GOVERNING EQUATIONS: TANGENTIAL CONTACT CONSTRAINT

* When solids are in contact:
 Stick: no relative tangential displacement (g7 = 0)
* Slip: relative tangential displacement (g # 0)

* Tangential contact constraint:

g# 20 and  fu(o,@)<0  and g fi(o,q) =0
. o _ . o o Sl,
(>0 f=0
* Threshold criterion f.(o,, q): Siip state_~"+ _
- Simplest: Mohr criterion Stick state
No contact d X
Pn

20-02-18

INTERFACE ELEMENT

RI-ADAPTCLIM




FINITE ELEMENT FORMULATION

e Discretisation of the contact area between solids

- How to compute the gap function ?

© Simplest
1. Node-to-node approach: ® Small relative displacements only
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FINITE ELEMENT FORMULATION

e Discretisation of the contact area between solids

- How to compute the gap function ?

1. Node-to-node approach:

© Simplest
e ’ N ® Small relative displacements only
L.

o T 2. Node-to-segment approach

© Large displacements
® Sensitive to sudden changes in
projection direction
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FINITE ELEMENT FORMULATION

e Discretisation of the contact area between solids

- How to compute the gap function ?

1. Node-to-node approach:
’ — © Simplest

J L/@Q ® Small relative displacements only

T T

2. Node-to-segment approach

© Large displacements
@ Sensitive to sudden changes in
projection direction

3. Segment-to-segment approach

© Large displacements

Penetration
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FINITE ELEMENT FORMULATION : HM MODELLING

1,

X4
* Interface = new volume B3 = equivalent porous medium

* Flow of water transversally and longitudinally
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FINITE ELEMENT FORMULATION : HM MODELLING
* Longitudinal fluxes: generalized Darcy’s law

ki
fwr = _u_(Vezuw pwgVezxz)pw

* k,,;: longitudinal permeability (cubic law)

( D&
-, 9N <0
kwL = 12
(Do + gN)Z oherwise
\ 12 ’

* V,,: gradient in the direction e,
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FINITE ELEMENT FORMULATION : HM MODELLING

* Transversal fluxes
* Analogy with generalized Darcy’s law
» Zero-thickness = Flux proportional to a pressure drop

fle = Twr1 (uwl — uw3)pw

fwrz = Twri (U3 — Uw2) P

U., On 88;1

ﬂ fr, ‘
H U3 in 83

bi f(l. T
u_ on 8[)’3(1 “
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APPLICATION

CP @ . d: 3
—_— )
Waves + Wind

Quter pressure

ERRED

F»Pumping
(N

Inner pressure

Sea level

effective
stress

M Meepage flow

Seabed

Sand

1

» Foundation for offshore » Installation by self-
structures penetration + suction
» Hollow cylinder open » Importance of interfaces

towards the bottom
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SUCTION CAISSONS: INITIALISATION

Inner

N interface (lid)
N Drained Boundary E
N | .
N 4 : [ 7777
! ’ i 1
N 5 i il .
N 4| | . : : .
| e oo ] : mte(n;faae) \ / mte(;fﬁi?'t%
i 1
i 1
|
i
» Diameter 7.8m » Soil permeability » Tw =10°m/Pa/s
» Length 4m 10-1tm? » D,=10°m

» Sand-steel friction 0.58 » K;=1
» Sand & steel elastic
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SUCTION CAISSONS: DRAINED UPLIFT (MECHANICAL PROBLEM)
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SUCTION CAISSONS: DRAINED UPLIFT (MECHANICAL PROBLEM)
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SUCTION CAISSONS: DRAINED UPLIFT (MECHANICAL PROBLEM)
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SUCTION CAISSONS: PARTIALLY DRAINED UPLIFT (COUPLED PROBLEM)
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SUCTION CAISSONS: PARTIALLY DRAINED UPLIFT (COUPLED PROBLEM)
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SUCTION CAISSONS: PARTIALLY DRAINED UPLIFT (COUPLED PROBLEM)
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COLLABORATION UNIVERSITE DE LIEGE — ECOLE CENTRALE DE NANTES

Convective drying
modelling
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EXPERIMENTAL CAMPAIGN

» Samples preparation

s e

Initial core Extracted samples Saturation Optimization Finished samples
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EXPERIMENTAL CAMPAIGN

= Convective drying tests

Drying conditions

Temperature 25°C
Humidity 3,5 %
Air flow 0,8 m/s
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EXPERIMENTAL CAMPAIGN

= Data acquisition

Identification of the bedding

Dimensions at saturated state Dimensions until dry state
direction

Hole filling and
binarization

Skyscan 1172
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SUMMARY OF THE PRESENTATION

» Experimental results
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DRYING KINETICS

* Theory of porous media convective drying
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DRYING KINETICS

* Theory of porous media convective drying
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DRYING KINETICS

* Theory of porous media convective drying
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DRYING KINETICS

* Theory of porous media convective drying
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EXPERIMENTAL RESULTS

* Drying kinetics
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EXPERIMENTAL RESULTS

= Shrinkage
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SUMMARY OF THE PRESENTATION

= Model
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/“Y‘ Porous medium surface

=2 R

Air + vapor

A A T
it

ot

o

-
]
e ]
e ]

-
-
-
-
-
-
]
i
]

o
"
oy
Ea
S e

m
-
o
'

:_ .
.::::W"'
e e
e e S

T

-




MODEL

= Internal Water transfer

Solid matrix /‘v Porous medium surface
> 7

—
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MODEL

* Boundary layer model

Solid matrix -/“V‘ Porous medium surface
i /\ =

Air + vapor : Toir Fick’s law
Liquid wat /:_ '
fquid water I iy = —DatmTuynSy 1,V (py)
Tsurf I
|
v vaper o Boundary layer model

v

n = Lg = B(Tair — Tsury)

Darcean flow k&

q = a(pv,surf - pv,air)

e e "
i o -

P, p
vour Darcy’s law

A T A T
e T e e
M E

Jw =

i

| // ﬁ_

Pv,air _ krel(sr’W)ksat (Z(pw) + ngz(z))

w

Boundary Layer
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MODEL

= Thermal model

Solid matrix /‘v Porous medium surface

- N ’ 7
Air + vapor 'r, '*‘%‘f» / / Heat storage
Liquid water | Z
A\ . 2 St = nSr,ipiCp,i(T —To) + nSr,gva

7 a A AR A

Air + vappor
Convection and
conduction

FUHLC :“u"':-,', 3

“ //////// v Heat flux

e Vp =—TVT + Cp,ipiﬁ(T —To) + (pufy + iy)L
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MODEL

= Mechanical model

= Expressed in effective stress = Non linear elasticity :
P\
I _ _ E=E,+E
0ij = 0ij — Pg0ij + Srw(®g — Pw)dij 0 T Eref (pref)
= 3D orthotropic elastic model €ij = Dijua0ij
1 Vil Yzl
— == =5 9 o
E, E, E,
v 1 Vz,i
_ 0 0 0
E, E, E,
Viz Viz 1
e I R
D — E) E, E
ijkl = 1
0 0 0 g 0 0
0 0 0 A
2G),,
1
0 0 0 0 0
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NUMERICAL MODELING

PARAMETERS VALUES UNITS

= Meshing and parameters

HYDRAULIC PARAMETERS

ksar,1 6.10712 [m/s]

ksat,ll 3'10_12 [m/s]

n 0.39 -]

MECHANICAL PARAMETERS

— § E\ref 350 [MPa]
~— E\ rer 175 [MPa]
\\ 6.1 mm Eyrer 300 [MPal

VL 0.125 -]

N Vi 0.0625 [-]

( < e N Vi, 0.0625 (-]
< . P Dty Au SR e G 140 [MPa]

) mm g e = G, 140 [MPa]
ps 2670 [kg/m’]

THERMAL PARAMETERS

Cps 2080 [J/kg/K]
Ps 2670 [kg/m?]
Cpw 4185 [J/kg/K]
Pw 1000 [kg/m3]
‘pa 1004 U/kg/K]
Pa 1.2 [kg/m?]
Cp 1864 []/kg/K]
Py 0.59 [kg/m?]
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WATER RETENTION CURVE

= Samples put into chamber with controlled suction (saline solution)

= Water content measured = saturation degree deduced

100
H B Experimental results
90 _
+ Delage etal., 2011 Van Genuchten formulation :
80 - _ _ & nva]_va
_ Fitted using Van Sraw = Sres + (Ssae = Sres) |(1+55)

= 70 - Genuchten's model
N n
o m ¥
o 60 VAN GENUCHTEN FORMULATION
oo
é 50 | | Sres 0 [-]
=§ Ssat 1 [']
© |
32 40 Ayg 15 [MPa]
3

30 My 0.449 [-]

20 - Nyg 1.70 [-]

10 - Drying

—
O I I
1 10 100

Capillary pressure [MPa]
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NUMERICAL MODELING

= Boundary layer model in FEM code:

e Noeuds
x Points d’intégration
- Flux d’eau et de chaleur

Gerard & al, 2008

PRT

= Water pressure at the environmental node ny: p.= — v

In(HR)
* Temperature at the environmental noden, : T = 25°C

= Transfer coeffcients:

a[m/s] pB[W/m*/K]

0.048 53
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SUMMARY OF THE PRESENTATION

= Numerical results
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SENSITIVITY STUDY
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NUMERICAL RESULTS

* Drying kinetics

1.7¢ %107
—Numerical results '
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—Numerical results
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NUMERICAL RESULTS
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= Shrinkage (linear elasticity)

O Sample 1
—Numerical result

(OlNG!

Time [h]
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T
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O Experimental parallel shrinkage

+ Experimental perpendicular shrinkage
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NUMERICAL RESULTS

Surface [mm?]

RI-ADAPTCLIM

= Shrinkage (non linear elasticity)

80

—Numerical results
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—Numerical results
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NUMERICAL RESULTS

= Shrinkage

6 After 1h 6 Dry sample
—_ —Experimental parallel radius — | | Experimental parallel radius
E Numerical parallel radius E ~~Numerical parallel radius
:‘4 | |—Experimental perpendicular radius :‘4 | | —Experimental perpendicular radius
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CONCLUSION

= Dessication cracking
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BOOM CLAY COMPOSITION

Composition Al-Mukhtar et Wouters et Decleer et al., 1983 Horseman et al.,
mineralogique en [%of al., 1996 Vandenberghe, 1994 1986
Quartz 20-25 20 23.8-58.3 30
Interstratifie illite-
_ 33 40-50
smectite
Lllite 16 25-35 3-23 19
Smectire 19-42 22
Kaolinite 13 15-25 1-9 29
Feldspaths: 5-10
Microcline 4-5 6.5-11.3
Plagioclase 4-5 3.2-6.2
Chlorite 5-10
Pyrite 4-5 -5 0.7-2.5
Carbonates traces -5 0.0-43
Matieres organiques I-5

Tableau 3 : Revue bibliographique de la composition minéralogique de I’Argile de Boom
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MATERIALS AND METHODS

= X-Ray tomography characteristics

= (Cross section acquisition using a X-Ray microtomography

Skyscan 1172

Source Voltage = 100 kV Filter = Al 0.5 mm 4X4. binning = 900x666 pixel
radiograms

Pixel size = 27.27 pm Exposure time = 510 ms Rotation Step (deg)= 0.65

180° rotation 2 vertically-connected scans Scan duration = 8 minutes
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EXPERIMENTAL RESULTS

= Numerical filter
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