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Our Plan

VIRTUAL SOIL MECHANICS LABORATORY

e | Probe stresspaths | (515
) T 71 Bl
A ‘I;T'J : | ,',".
el ) %
. of » A '.‘. .“ ) : :'.'
R Y. '\‘."\"’ o ~ j
'; ' R o ) A
ks .’...-':“ | :U‘
J 356507 ep) o3 o

Step 2: Calibrate LS-DEM to Step 3: Virtual LS-DEM

Weriments Experiments

Continuum
calibration

l Step 4: Continuum Calibration

Step 1: Laboratory Experiments | and Simulations
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LS-DEM in Brief

 Level set discrete element

method (LS-DEM),a DEM
variant

- Level set functions as
geometric basis

- Arbitrary shape - in
particular, those used in
experiments

- Computationally inexpensive
and parallel

» Able to simulate specimen of
54,000 grains (pictured)
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LSDEM Results
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LS-DEM Results: Meso Shear Strains

Experiment
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LS-DEM Results: Grain Rotations

Experiment
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Cyclic Loading

* Cycles of triaxial compression and extension
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Cyclic Loading

 Necking occurs at high amounts of extension, also seen experimentally
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Micro-inspired Constitutive Models

Calvetti, Viggiani, Tamagnini

2002

Ac Ag, - 00003
Jﬁm.._ .
o S : \\ -
B A \ g sonts
5 o & \'.. '@\._
/ \ I \‘\
i 4\‘1" 20 ) ?\*\ \ Ve,
10 5 { 5 jo  0.0003 -).coofb.\ g 0peo1s  D.LOC3
|‘\. ' ! '\~“.‘ ";
3 5 F-ancors
T 100 ceg-
1l g, p L 00c0z B

Figure 5. a) Stress probes: ICIE =

isotropic compression/expansior, 1CIE =

“tnaxicl” (axi-spmmetric) compressiemextension; DCIE — purely aeviatoric
compression/exiension. &) Representative RE to streis probes (total strain

increment, initial rtate of stress B).
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Stress Probing Overview

Program:

* Pluviation

* Load to State A

* Probing at State A

* Load to State B

* Probing at State B

* Load to State C then back to B
* Probing at State B once more

Grains
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Ao,
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A: ox = oy = 0z = 100kPa
B’ B: ox = oy = 100kPa
' o: = 200 kPa
C: ox = oy = 100kPa
o: = 300 kPa

-10 |

-20

-20 -10 10 20

0
V2A0,
Details of specimens:

e Grains are hostun sand
taken from XRCT

* Each sphere has same
volume as respective grain

* Void ratio = 0.6 for both
specimens

e 18953 Grains

e 16981 Spheres

"p

Spheres
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Pluviation

Virtual Pluviation Example:

sevaiossties
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State B’

-4 -
%00 o _Total Strain %o Plastic Strain Grains
2r O O 1+ © o0
o) o) o
o 2K O o
1 o g o ?& —
o X X 0 0 =
0 X X O
N o X X N
\ o % ¢ o} -
4 1 O>3<><X>< 3?<X 4 1 O
0 0 o Spheres
27 o
O 2 r
o)
3 0 O S
o) =
@) O((j) 3 5
) 0 ) 4 2 1 0 1 2 3
4
\/§A€T 10 V2Ae, x10
%107
Ic TC 'DC IE, TE | o 9 o
4 | | | | 5 | o
1 1 1 1 1  DE
| | | | o) | o
— 3 l l l l l l
g‘_ | | Q\ o | o ! | o
| | | | |
g : o % o : : :
2¢ | o) | © | o | |
_ | | | | | |
o | o | © | | |
1- l 0 l l ° l 0 l l
O | e \ \ O \ \ \
| | L x 6 e x XXX x
0 T8 9 xox X T T | s X kxS T L |
0 50 100 150 200 250 300 350

Lode Angle (degrees)

PEER Researchers’ Workshop 14 Caltech



)
-
L
-
e
)
O
-
O
e
L
>
O
a
O
-
©
O
-
el
O
=
=
O
>

State B’

Spheres

Grains

100 150 200 250 300 350

50

100 150 200 250 300 350

50

i
(&)
()
=
(4]
(&)

»

o

o

(@)]

()

S

[

O

(e

<

()]

©

(@]

-
{@]

» o

0 2

(@)]

S 2

o) -

mu (@]

g =

S 17

(@] | -

— ()
i -
O
| -
(4v]
QO
N
()
oc
oc
LLl
LLl
o



Future Work

VIRTUAL SOIL MECHANICS LABORATORY
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Step 1: Laboratory Experiments | and Simulations

I Step 4: Continuum Calibration
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COMPUTATIONAL

GEOMECHANICS

Thank You!
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