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Modelling Approach

3D finite element modelling with COMSOL Multiphysics®
e Structural Mechanics Module n

e Geomechanics Module

sediments

3D model

Gravity (uniaxial compression)

60 km

Rheology (linear elastic)

Material properties (p, E, v)
Boundary Conditions (basic model)
- roller BC @ sides

- roller BC @ bottom

- water load @ top

K10%



Material Properties

Density

Rheology (linear elastic )

sediments

sediments

2700 kg/m?

water load &
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gravity
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G Modelling the Regional 3D Stress-Field

Model VS. Earth
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Problem 1 - '
heol elastic no deformation
rneology deformation complex rheology
Problem 2 —

tensile near-lithostatic

background stress

Problem 3 -
stresses at surface

poorly resolved highly variable



Problem 1 - Displacement/Rheology

Model VS.

+9

Solutionl:
pre-stress with Gij
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LARGE stresses Gij and i no displacement
displacement negligible !

displacement
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Basic Model - total displacement
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4 @ neonor2_2017-10_simplemodel-L1_approachPreStress.mph (root)
) Global Labek: Initial Stress and Strain from 1. run

0. run basic model eyt oy DS

a= some variables : = : =
Selection: | All domains -]

. pre-stresses from 1, run (S_sx, ...) )
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. 4 {® Results :
3. use impo rted S o Coordinatesystem:
L Views | Global coordinate system -

31 Derived Values
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4 Export
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Pre-Stressing and Deformation

basic model basic model with pre-stressing

displacement €/m displacement €/m



X

Problem 2 - Background Stress

Model VS. Earth '[

linear elastic material
Young’s modulus E

Poissonratiov | stresses in uniaxial compression

Cou=koy >

k=v/(1-v) . SesT ——— | k=k(2)

k = const i e TTEEE k €[0.33,3]
) - v €[0.25,0.75]

GZ > 0h »  gloabal dataset
O KTBdrilling
¢ SAFOD drilling
mmemm UnNiaxial with v=0.25
mmmms |ithostatic
= McCutchen Modell
Sheorey with E=90 GPa

Tiefe [km]
PN

k=1, lithostatic
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Solution 2 - Background Stress

Model VS. Earth ’[
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Solution2:
1. embed model in box
with tilted edges
(spherical Earth)

B

i_/__j,g Sheorey Box

2. extract stresses
within model box

/7 X 3. apply these stresses
as pre-stress on small
box

F-
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Background Stress - Alternative

|
— ® v Tt EE]l
4 @ neonor2_2017-10_simplemodel-L1_approachPreStress.mph (root)
() Global
4 |l Model 1 (modl)
4 = Definitions
2= gome variables
‘= pre-stresses from 1. run (5_sx ...)
o’ depth to seafloor (z_seafloor)
J= Boundary System 1 (sysl)
LA View1
Geometry 1
4 (=% Materials
3 Sediments In, UpperCrust 1 (matl2)
2% Granite In, UpperCrust (mat6)

= Granite In_Mantle (mat11)

* Variables

" Mame  Expression Unit
E GPa solidd .E* 1e-9 Pa
zhunal 7-z_seafloori(z) i

k_z 0.25 + 7* E_GPa * (0.00... N/m*
k z/(1+k_z)

nu_z

Seftings  Properties

Label: some variables

Geometric Entity Selection

solution

Geometric entity level: | Entire model
on )
Active
¥ Variables
" Name Expression Unit Description
F_GDa solidd F*1..0 Pa ¥ounaemaodulus in GPa
k-ratio
Poisson ratio
Description

Youngs medulus in GPa
burial depth

pre-defined k-ratic
pre-defined Poisson ratio

- v €[0.25,0.75]



X

Background Stress - Alternative Solution

Model VS. Earth ’[
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Solution2b:
1. run model with
depth-dependent
Poisson ratio

B

2. extract stresses
within model box

3. apply these stresses
o as pre-stress on small
/7 X box (with constant
Poisson ratios)

F-




Problem 3 - Stresses @ Surface
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Problem 3 - Stresses @ Surface

Model

poorly resolved

Solution3:
discard top three
elements
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Basic Model — Results and Summary

x10° ’
|

Problem 1: large elastic
5 deformation
—> Solution: pre-stressing

%104

) from initial run

Von Mises stress @ 5km depth,
principal stress direction

. Problem 2: background stress

—> Solution: use Sheorey box
(or depth-dependent
Poisson ratio)

1.6

1.4

Problem 3: surface stresses

o - Solution: discard top
: 08 elements

0.2

k valués @ 5k~m déptﬁ




® Adding Stress Field Components

- covered by ‘basic model’

Ridge Push
- boundary load @ side

Glacial Isostatic Adjustment
- pre-stresses from independent GIA model

Erosion/Sedimentation
- boundary load/deformation @ top

Existing Faults
- thin elastic layer from Geomechanics module
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