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Methodology & Benchmarks
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Methodology & Benchmarks

O Sedimentation of a sphere

R
| r=0.1m
_4___(|>_’____
I s
|
: v
R
: Fluid field
i ¥
|
|
|
|
|
|
o' I }y

Fixed boundary

O 1D Consolidation

- - Theoretical velocity

(@)

Numerical velocity

displacement (m)

| N =100
. |
e
[ |
I P!
oo !
4 , oU 4 1, ) oo ! 2P . mxz _m’z’T,
PRLY 8tr =37 (ps—pf)g—zfrrpprdUr E Lo p—;m” (1 cosm;r)sm—ZH exp 4
o
S| Fluid cell
(Zhao et al, 2014 & 2017) S >< = (Budhu, 2011)
N
N |z ¢
3
3 y
v NV 7
imm
7 T T
Touch the bottom (b) 0.12 0'10 R U i i U ;! U L
) ek L L AXEUssipation of excess
PR N “>pore pressure |
0.08 Settlement of the | |
= .06 top particle g
%3 0,04 ! 1
0.04 1 9 5
umerical displacemen ATt 5 | K ', 05 % r:0~25q%> 7701
oo "Flheorel\c;f'dwpslp\acem;m 0.02 . é:‘;]i)tza\: 0.02 ’: /\ 1
-1 1 1 I ! :
’ 1 P I Y ) 520 25 00 02 01 08 08 10



Simulation procedures

O Sample preparation and suffusion
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Simulation procedures

O Procedures of simulations using different methods

Shear tests
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Results from suffusion stage

O Particle assembly and flow field End of suffusion
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Results from suffusion stage

O Evolution of void ratio and active fine particles
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Results from suffusion stage

O Acceleration of fines due to seepage
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Results from suffusion stage

0 Sudden blowout of fine clusters t = 11s

v' Rapid loss of active fines; the sample deforms significantly;

v' Local strong force chain is broken and a pseudo stable skeleton is reformed.
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Results from shear stage

O Shear behavior before and after suffusion
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Results from shear stage

O Evolution of (equivalent) intergranular void ratio
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Microstructural inspections

O Evolution of coordination number
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Microstructural inspections

O Void characteristic of the sample

Voronoi tessellation

(@)

Preferential flow path

Voronoi tessellation

(b)s
Distribution  Fitting
Non-eroded L
| Eroded, CFD-DEM
Eroded, Particle removal o=05
6
2
5 "
g4r Before |- % ™
=+ shearing|.. ,
2t / o
/ ;\‘ \"
' ;lx:\
O lbosssmnnnsloaaciclogs ] o ﬁlﬂtﬁ.ﬂu.
0.0 0.2 0.4 0.6 0.8 1.0
(c)8
Distribution Fitting
I Non-eroded " -
Eroded, CFD-DEM
6L Eroded, Particle removal o -----
E‘ L
=
g4 After
© + shearing
2L
0 Y maa s alesssain 1 ..' }‘ _____
0.0 0.2 0.4 0.6 0.8 1.0

n,_: (v-v)/v] void fraction

distribution

==

Void ratio, e

16



10NS

t

inspec
in and contact norms Before shear tests

tructural

Micros

O Force cha

Particle removal

Eroded

Eroded, CFD-DEM

Non-eroded

t
Q
@©
e
c
o)
®)

(]
(&)
=
(@]
-

=
@®
=
o

-1 180

920

r T

™
(%) u

T T

=)

T T

o~ —
0INGLISIP [BUWIOU JIUN J0BIU0D

r T

™
(%) u

T T
N o

0INGLISIP [BUWIOU JIUN 10BIU0D

150

o

o

—
T

920

r T

™
(%) u

T T
N o

=)

0INGLISIP [UWIOU JIUN J9BIU0D

Contact

norms

o
]
2]

150

o
1
~

T T T
000
32

04 180

40+
30
40

A
o o
B 4
(N) @210} [ew.iou 19BIU0D

04 180

304
40-

T T
(=} o o
Q= a4 &
(N) @210} [ew.iou 19B}U0D

404
30

o
]
2]

=] o
n 1
= o~

T T T
o o o
™ N -

(N) @210} [ew.ou 9B

04 180

T 1
o o
[

40
10

T
o
«

0D

Contact
normal
force

270

270

17



Microstructural inspections

O Force chain and contact norms After shear tests
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Conclusions

O Reproduction of suffusion process: The entire suffusion process can be
reasonably captured by the present coupling method.

O Non-uniform distribution of particles: The erosion rate varies, leading to
non-uniformity, preferential flow paths and intermittent local piping.

O Mechanical behavior of eroded specimen: Not only affected by GSD, but
also highly depends on its void distribution and fabric structure.

O Microstructural inspections: The different mechanical response of the CFD-
DEM eroded specimen and the others are caused by the large number of
active fines participated in the force transmission.

O Ciritical state and anisotropy: All eroded samples (which have the same GSD)
approached to the same average and mechanical coordination number,
connectivity, void fraction distribution and contact statistics.
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