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SEUHIA BL 6y 44 9 Material 3. Rl 7p WA% )5, #% PL T 2D ERS HE D9 E PR SO g 2.
HCHTE xt SCRS, BN LUTN R RAE SO, OISR BRI SC M, @44 4 Output-Format-
Gid.bas.
Elements:
*loop elems
*ElemsNum *ElemsMat *ElemsConec
*end elems
0
Nodes:
*set elems(all)
*loop nodes
*format "%i%14.8¢%14.8¢%14.8e"
*NodesNum *NodesCoord(1) *NodesCoord(2) *NodesCoord(3)
*end nodes
0

HR, i GiD—Files—Export—Using template .bas (only mesh)—Others...; £ AL FEXSE
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@ Print 1o file .7 SR
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ASCH project...
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Allocated Memory Size(MB) Project:

Model | Results

PreProcess
= { LoadMesh

Abaqus
* HyperMesh
- Gmsh
~ Ansys
- FssiMesh
= [ LoadBackground
- & Outer Boundary
T Inner Boundary
Materials
+Boundary Conditions
=-Contact
* Structure-Solid
=-Loads
£ HydroDynamics
% No Hydro
¥ Stokes Wave
= CFD
AeroDynamics
Fluctuating Wind
- FAST
Earthquake
~ No Earthquake
Sinusoidal Function
- Earthquake Library
National Standard
UserDefined
Field Quantity
+No Acceleration Field
Uniform Acceleration Field
Centrifugal Acceleration Field
Solver
= (© Time Step
= step 1
- Sub_Step 1
0 Time History
o< Initial State
Computation
® FsSI-W

Soil-Structures PostProcess.

Wodes)

Fssi

P Load Mesk

? X

Solid Node
Material-1 4
Material-2 4
Material-3 4

Element Type Fluid Order

| solidElement || 1 v

| solidElement ¥ 1 v
| SolidElement 7] 0 v

[ Reduced Integration

o

v PreProcess Options

Mesh Visualization

@® Solid Mesh O Fluid Mesh

[ Show Nodes Show Mesh Edge

[ M

Boundary

[ Show Boundary Condition

L ]

Show Monitoring Points

Zoom Factor

Enter Command Here..

]

Element No.:

Node No.

Material: S - FType:

Boundary: Select Type :
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miif Preprocess—Load Background—Outer Boundary, 73 H ) SCA R BT TEHE ik ¢ Gid F
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Model Results
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= 1 LoadMesh
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Abaqus
= W LoadBackground

Iges File |
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CPUs Allocated Memory Size(MB) : Project:

Model | Results

Soil-Structures I

PostProcess

PreProcess
&1 LoadMesh
Gid
Abaqus

HyperMesh
Gmsh
Ansys
FssiMesh
LoadBackground

- Materials
- Material 1
Material 2
Material 3
Boundary Conditions
= Contact
Structure-Solid
=-Loads
= HydroDynamics
% No Hydro
2 Stokes Wave
= CFD
= AeroDynamics
- Fluctuating Wind
FAST
= Earthquake
No Earthquake
- Sinusoidal Function
Earthquake Library
~ National Standard
| UserDefined
& Field Quantity
No Acceleration Field
- Uniform Acceleration Field
Centrifugal Acceleration Field
Solver
= (© Time Step
& Step 1
Sub_Step 1
6 Time History
o= Initial State

Fssi

v PreProcess Options

@ Solid Mesh

Mesh Visualization

O Fluid Mesh

= @ Geometric module
Material 1
B Material 2
B Material 3

[ Show Nodes

Show Mesh Edge

| Boundary All

9 [ Boundary

Zoom Factor

[ Show Boundary Condition

L ]

Show Monitoring Points

Enter Command Here..

Load Mesh Finished

Dynamic response of seepage and earthquake in
tailings pond_BfS#.docx - WPS Office

Elements: 15268 | Nodes: 29242 | 5-Nodes: 15585 | F-Nodes: 13657 Element No.:

Node No.

Material : All

S-Flype: Solid Boundary: 0 SelectType:

K 1-5 s AN S Ja R I

19.2.2 RN REZH

AL T BEAESEIA AR KL (y=0m) 55 BN x 5 y R AEHK IR FR Ly
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Fs FssiCAs V354
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Allocated Memory

Model | Results

PreProcess
-4 LoadMesh

Gid

- Abaqus

HyperMesh
Gmsh

- Ansys

FssiMesh

¥ LoadBackground

Materials

Material 1

- Material 2

Material 3

Boundary Conditions
Contact

- Structure-Solid
Loads

2 HydroDynamics

% No Hydro
2 Stokes Wave
= CFD

= AeroDynamics

- Fluctuating Wind
FAST

= Earthquake

No Earthquake

-~ Sinusoidal Function
Earthquake Library

~ National Standard
UserDefined

Field Quantity
No Acceleration Field

- Uniform Acceleration Field
Centrifugal Acceleration Field

Solver

@® Time Step

= Step 1

Sub_Step 1

B Time History

o= |nitial State

Soil-Structures PostProcess.

Fssi

If Displacement

B Pore Pressure

L Force

| Flux

ik, Distribution Pressure
Viscoelastic Boundary

= Fluctuating Wind Pressure

% Flow Velocity

A Hydrodynamic

(] UserDefined

I~ Periodic Condition

- X
Fs App X
BC Name: [XY

—C

@® Constant Displacement

b ]
b ]

X Dof

Y Dof

— Time

O Time History Displacement File

X Dof
Load File

Y Dof
Load File
oK

LI Show Boundary Condition

L ]

Show Monitoring Points

Zoom Factor

Enter Command Here..

Load Mesh Finished

Elements: 15268 | Nodes: 29242 | S-Nodes: 15585 | F-Nodes: 13657 Element No.:

Node No.:

Material : Al

S-FType: Solid Boundary: 0 SelectType: Line

EEEE YoB® @® & so i ww®®

Allocated Memory

BC Name: Y hd

Model | Results

&

-

PreProcess
&1 LoadMesh

Gid
Abaqus
HyperMesh
Gmsh
Ansys
FssiMesh

= U LoadBackground

Materials
- Material 1

Material 2
Material 3

Boundary Conditions

BC-1

Contact

B

Structure-Solid

=-Loads

HydroDynamics
% No Hydro
2 Stokes Wave
= CFD
AeroDynamics
Fluctuating Wind
FAST

Earthquake
- No Earthquake
Sinusoidal Function
~ Earthquake Library
National Standard
UserDefined
Field Quantity
- No Acceleration Field
Uniform Acceleration Field
Centrifugal Acceleration Field
Solver
Time Step
Step 1
Sub_Step 1

 Time History

Soil-Structures

Fssi

PostProcess

! Displacement

¥ Pore Pressure

Lt Force

# Flux

| Distribution Pressure

Viscoelastic Boundary

22 Fluctuating Wind Pressure
Flow Velodity
Hydrodynamic

UserDefined

|| Periodic Condition

—Constant.
‘ @ Constant Displacement

o b |}

— Time

O Time History Displacement File

\ v)
XDof —
Load File
[v
Do
Load File
oK
{1 Show Nodes Show Mesh Edge N
[ Boundayanl ¥ [ Boundary ]

[ Show Boundary Condition

Show Monitoring Points

Zoom Factor

Enter Command Here..

v

Elements: 15268 | Nodes: 29242 | 5-Nodes: 15585 | F-Nodes: 13657 Element No.:

Node No:

Material : Al S-FType: Solid Boundary: 0 Select Type: Line
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B Stokes V& I fENTRE AT TF RS, BAR® B PR N St FssiCAS—Preprocess—Hydrodynamics
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Fy FssiCAs V354
File UserDefined Support

BEE
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CPUs Allocated Memory Size(M8) : Project:

Model | Results

Soil-Structures ] PostProcess.

PreProcess
-4 LoadMesh
Gid
Abaqus
HyperMesh
- Gmsh
- Ansys
FssiMesh
= [ LoadBackground
& Outer Boundary
= Materials
Material 1
Material 2
1)

Xy
Y
porepressure
=-Contact
- Structure-Solid
=-Loads
2 HydroDynamics
2 No Hydro
 Stokes Wave
= D
& AeroDynamics
Fluctuating Wind
FAST
= Earthquake
| No Earthquake
Sinusoidal Function
-~ Earthquake Library
National Standard
UserDefined
= Field Quantity
+No Acceleration Field
Uniform Acceleration Field
Centrifugal Acceleration Field
Solver
& © Time Step
& step 1
5,

tanl

Fssi

L

‘ Enter Command Here..

Displacement

L Pore Pressure

Distribution Pressure

Viscoelastic Boundary

Fluctuating Wind Pressure
% Flow Velocity

AL Hydrodynamic

[ UserDefined
|| Periodic Condition

[V PreProcess Options

Mesh Visualization
® solid Mesh

&= B Geometric module
Material 1
- H Material 2
Material 3

[ Show Nodes

O Fluid Mesh

Show Mesh Edge

[ Boundaryan [+ |

Boundary

[ Show Boundary Condition
Zoom Factor

Show Monitoring Points.

Elements: 15268 | Nodes: 29242 | S-Nodes: 15585 | F-Nodes: 13657 Element No.. Node No: Material: All S-FType: Solid Boundary: 0 Select Type: Line

b Coupled Way

oy

[~ Stokes
Wave Type:

Wave Period (s) :
Wave Height {m)
Water Depth (m) :

SWL Position (m) :

1st Wave ‘r}

130.328

OK

Kl 1-7 KB 1 55415 Stokes I ISHUE Bk & i



Fis FssiCASV3.5.4

File UserDefined Support

B HEHE Vo @28 &K Step 1 v|step step St OB | CPUS Allocated Memory Size(M8) : Project:

Model | Results Soil-Structures PostProcess F. = i 2 "
Bounds Apply
PreProcess =] & !

-4 LoadMesh

Gid .

Abaqus F ® BC Name: |p0repressure
HyperMesh H

Gmsh S81 — Constant

Ansys

FssiMesh ® Constant Pore Pressure

)

& I LoadBackground
& Outer Boundary
& Materials
Material 1
- Material 2
Material 3 i |D
I Boundary Conditions

5]

XY ]
v

& Contact
Structure-Solid

Time Dependent

= Loads
= HydroDynamics
- 3% No Hydro

O Time History Pore Pressure File

~ 25 Stokes Wave
- CFD

= AeroDynamics
" Fluctuating Wind
FAST
= Earthquake
No Earthquake
 Sinusoidal Function
Earthquake Library

Load File

- National Standard
UserDefed | |1 Distribution Pressure
= Field Quantity oundal OK
No Acceleration Field
~ Uniform Acceleration Field
Centrifugal Acceleration Field ~ —
Solver
& (® Time Step
= Step 1
Sub_Step 1

Titan L,

[Enter Command Here.

Y]

Elements: 15268 | Nodes: 29242 | S-Nodes: 15585 | F-Nodes: 13657 Element No. Node No. Material: All S-FType: Solid Boundary: 0 SelectType: Line

K 1-8 HEKIRALE it~ =

19.2.3 Step1 XE

Step 1 BEZE 20 7 iHEWIGE R AR BW, NEEER ATt —A RIFWIEIRE
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19.2.3.1 EEWMRSH

83 & FssiCAS—Preprocess—Material—Material 1/ Material 2/Material 3, 7] LLEHATHE
MR A RR, WEMEIZE. SRS HERETE 1-10 Fix.

Fs m - .
Material Name |Materia| 1 | =
Constitutive Model: | Elastic T]
Succeed | No Succeed V]
Initial Stress Tensile | Yes V]

— Global Stress Integration:
Stress Integration Algorithm: | Average 2rd-order T|

Tolerance for Strain Subdivision: |D.05 |

Maximum Number of Strain Subdivision: |TDD |

Minimum Percentage of Strain Subdivision: |D.[}1 |

— Constitutive Model Parameters:
Young's Modulus (Pa): |1e? |

Poisson's Ratio : |0.33 |

— Damping Model Parameters:
Damping Model: | ELASTIC v|

Damping Coefficient | Direct ¥
o ] ® o]

Permeability Type: l Constant '_| K / KU =1

— Material Parameters:
Solid Particle Bulk Modulus (Pa): [1.0E+20 | [ satwration0-1) [¥|[1

Granular Density (kg/m?): 2700 Fluid Density (kg/m?):
Void Ratio: Permeability x(m/s): le-4

Permeability y(m/s): le-4




Material Name |Materia| 2 |

Constitutive Model: | Elastic Vl
Succeed | No Succeed Yl
Initial Stress Tensile | Yes Vl

— Global Stress Integration:
Stress Integration Algorithm: | Average 2rd-order ']

Tolerance for Strain Subdivision: |0.05 |

Maximum Number of Strain Subdivision: |100 |

Minimum Percentage of Strain Subdivision: |0.D1 |

— Constitutive Model Parameters:

Young's Modulus (Pa): |1e?

Poisson's Ratio: |D.33

— Damping Model Parameters:
Damping Model: | ELASTIC v]

Young's Modulus (Pa): l:l Poisson’s Ratio:
Damping Coefficient | Direct ¥
I i

(I
o ]

Permeability Type: I Constant 'l K/KU =1

— Material Parameters:

solid Particle Bulk Modulus (Pa): |1.06+20 | | saturation (0-1)

Y[

Granular Density (kg/m?®): Fluid Density (kg/m"):
Void Ratio: Permeability x(m/s):

Permeability y(m/s):

-10 -




Fis Material 3

Material Name |Materia| 3 |

Constitutive Model: | Elastic V|
Succeed | No Succeed V|
Initial Stress Tensile | Yes V|

— Global Stress Integration:

Stress Integration Algorithm: | Average 2rd-order T_|

Tolerance for Strain Subdivision: |D.05 |

Maximum Number of Strain Subdivision: |TDD |

Minimum Percentage of Strain Subdivision: |0.01 |

— Constitutive Model Parameters:
Young’'s Modulus (Pa): |1e9 |

Poisson’s Ratio: |D.3 |

— Damping Model Parameters:
Damping Model: | ELASTIC v|

Young's Modulus (Pa): 0 Poisson's Ratio: CI
Damping Coefficient | Direct ¥
o —

— Material Parameters:
Solid Particle Bulk Modulus (Pa): |1.0E+20 |

Granular Density (ka/m®): 2700 |

Void Ratio: lo |

K 1-10 R RS E0R E S

19.232 BEENMEES

#iiti FssiCAS—Preprocess—Load—Filed Quantity—Uniform Field, Jy¥&ANZ 41t N & /1%,
firo BUAMEFEZ ) X J5 1608 0 m/s?, Y J5lAN -9.806 m/s? W i, Step2 5 Step 3 A E
JIAE B RN A2 I Ja B B 2 ) 2 A R 2 B, DR S 2RIt 1) 20 AN P 5 S i I s 375
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Fs Fssicas va54 i X

HEEE B R B® R Step 1 v|sep swp S8 OB | cpUs Allocated Memory Size(MB)
Mode! | Results Soil Structures | PostProcess

Project: »

PreProcess =] (v Preprocess Options
- LoadMesh
Gid Mesh Visualization
:baqul; " F 4 @ Solid Mesh O Fluid Mesh
yperMest
- Gmsh S8 B Geometric module
- Ansys Material 1
FssiMesh - Material 2
¥ LoadBackground Material 3
& Outer Boundary
= Materials
Material 1
= Boundary Condi
Xy
Y
Hydrodynamics
' Porepressure
= Contact
Structure-Solid [ Show Nodes Show Mesh Edge N
Loads :
= HydroDynamics | Boundaryan[v] | Boundary ]
2 No Hydro
2 Stokes Wave [ Show Boundary Condition
= AeroDynamics § .
Show Monite Points
 Fluctuating Wind oueMontioa i
FAST
& Earthquake

No Earthquake

~ Sinusoidal Function
Earthquake Library

~ National Standard
UserDefined

Field Quantity
No Acceleration Field

Ci
Solver
= (© Time Step

Z 2

‘ Enter Command Here.. v

Elements: 15268 | Nodes: 29242 | S-Nodes: 15585 | F-Nodes: 13657 Element No: NodeNo: Material: All S-FType: Solid Boundary: 0 Select Type: Line

0

¥: -9.806

OK Cancel

K 1-11 5 ik B s & i

19.2.3.3 R EKEFALH

Ri FssiCAS—Preprocess—Solver—Solver Type, {E## H X IHAE A % B R iE 2257, Step 1
[RIR AR R R B H E WK 1-12 Pios.
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Fii Solver Setur >

Solver: | Static ‘r] | Drained ‘l"|
Analysis Module: | Traditional Implicit FEM v|
Sparse Solver Type: | Direct Sparse Solver (LU) 1’|
— Parameters
Geometrical Nonlinearity | Off ‘F]
Rotation | Mon-Rotation ‘F]
Stiffness Matrix Symmetry | MNo ‘F]

lterative Convergence Criteria |0.01

Property Updation | Mon-Updated 'l
Analysis Type | 2D-Plane Strain 'l
Displacement Succeed | Yes Vl
NBFGS | 1 v|
Parallel Method | CPU OpenMP Vl
CPU Parallel Threads 4

Ok

Bl 1-12 SRARZS I S AR S Hs & ST
19.2.3.4 & ERTEEH

BT A5 FssiCAS—Preprocess—Solver—Time Step ¥ & K 8] 25,

Simulation Time (s) N 115 S0 E], % &N 1s; Interval for Time Steps (s) N TE2B K, WEAN
0.2's; Updation for Coordinate Time (s) AARARSEBTI (B, WE N 2s (KT IFELANE, mRAE
B4k #R) ; Updation for Global Stiffness Matrix (s) AR R FEEE TS ], WE N 2s CRNEEHRIE
%) Maximum lterations RN A0 B RIEARIREL, WE N 10 22; Restart File Step (s) N#i
H R SO ], BN 28 (ONVAERGE S SCMF) 5 Output Time Step (s) A H 5 — I ZI B 5
U R RIS By AR SR 2 S R I TR [RIR , 1B 9B 0.2 s fiiHE — IR &5 RO Results
Output Type Jyie 334 Hi 77 s _ERZ5 3 History Plot Interval (s) %0 Hi 4 i 0715 s8R 70 BRI /7
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AR RS RSCAE RIS TR AL R, BN 2 s Bt — Ik GRS o o, B 1, B2 NIE &L,
RFERE RN AT Rk B aA 1-13 s,

Fs i

Sub Step E |

— Parameter

Simulation Time (s)

Start Time of Current Step (s)

Interval for Time Steps (s) 5 i Rl Sguerios
Interval for Updating Coordinate (s) Ph}rsica'i Qua.ntjt} Valoe
Interval for Updating Global Stiffness Matrix (s) ContEnite
Maximum lterations Displacement
Restart File Output Interval (s) Pore Pressure
Results File Output Interval (s) Saturation a
Results Output | On Nodes 1'] Seepage Velocity
State Variables Output |T] Seepage Force
Results Sequence Manage Stress
Results Format | Binary '] | |Strain
History Output Interval (s) Void Ratio

Acceleration L
i Bending Moment
Bl Rotation Angle
B2 Temperature

Create Delete Reset

Kl 1-13 IR AR SO B SR
19.2.4 Step2 ®E

N TABIE Step 1 FIWIUGE N I FF2 B, B UF 47425 5 228 J1m N2, 78 Step 2 B [a]25 1,
AR — M et st AR, SR AR AR 1L HE Consolidation.

Step | BB, Ay X 48750 Step 2, Step 2 < H BN E il Step 1 MIATH X HE, =Gl
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| Step 1 Tl

K 1-14 wFEE RSB REE
19.2.4.1 IEEMRIESH

mil Preprocess—Material—Material 1, 7 0] UL EAT B B HR, 72 xRS HE R
MELS$. Step2 ' Material 1 K General Elastic AR, MRZHEEWE 1-15 fias, H
TR S B AT
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Material Name |Materia| 1
Constitutive Model: | General Elastic 'l
Succeed | No Succeed 'l
Initial Stress Tensile | No 'rl
— Global Stress Integration:
Stress Integration Algorithm: | Average 2rd-order ']
Tolerance for Strain Subdivision: |D.05 |
Maximum Number of Strain Subdivision: |1DD |
Minimum Percentage of Strain Subdivision: |D.01 |
— Constitutive Model Parameters:
Bulk Modulus Ky (Pa): |5.8507e7 |
Shear Modulus Go (Pa): 2.535¢7 |
Mean Effective Confining Stress Py (Pa): |4e3 |
Maximum Stress Ratio: |1.3 |
Type of Variation for Bulk Modulus: | Linear Y]
Type of Variation for Shear Modulus: | Linear Y]
Coulomb Envelope and Tension Cutoff: | Unapplied Y]
— Damping Model Parameters:
Damping Model: | ELASTIC v
Young's Modulus (Pa): |D | Poisson's Ratio: |D |
Damping Coefficient | Direct "]
o |D | B: |D |
Permeability Type: I Constant T] K/KU =1
— Material Parameters:
Solid Particle Bulk Modulus (Pa): | 1.0E+20 | | saturation @-1)  ¥|[1 |
Granular Density (kg/m®): 2700 | Fluid Density (kg/m®): 11000 |
Void Ratio; 05 | Permeability x(m/s): [e-4 |
Permeability y(m/s): e-4 |

B 1-15 MRS HE
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19.2.4.2 g EKRIZAR

sl FssiCAS—Preprocess—Solver—Solver Type, 5 HXHEHEH R E K AEAR LAY, Step 2
R s 2B LS H A Kl 1-16 Pos.

Solver: ‘ Static 7_‘ [ Drained V}
Analysis Module: ‘ Traditional Implicit FEM 'l"}
Sparse Solver Type: ‘ Direct Sparse Solver (LU) 'r}
— Parameters
Geometrical Nonlinearity | Off v_|
Rotation | Non-Rotation v_|
Stiffness Matrix Symmetry | No v_|
Iterative Convergence Criteria |D.DZ |
Property Updation | MNon-Updated V]
Analysis Type | 2D-Plane 5train V]
Displacement Succeed | Yes v]
NBFGS | 1 v]
Parallel Method | CPU OpenMP V]
CPU Parallel Threads 4 |
Ok

1-16 KR A8 2T KA S S B0 B ST

19.2.4.3 & ERTEZ$

miif7 FssiCAS—Preprocess—Solver—Time Step, % B 1TH SN 1s, BIEPK AN 0.2, A
SERTARER, ANEUETNIFERERE, AN R BRI E N 20 22, AAERRE S SO, B 0.2 s f
—IREER M, B 0.2 s FrHH — IR A EMSE IR, o, B1, B2 IREFERIME, BAAREPIRIE 1-17
FroR.

-17 -



[ FED‘ Time Ster

Sub Step 1 |

— Parameter

Simulation Time (s)

Start Time of Current Step (s)
Interval for Time Steps (s)

Interval for Updating Coordinate (s)
Interval for Updating Global Stiffness Matrix (s) |2
Maximum lterations

Restart File Output Interval (s)

(=T NN Mo
%] = o

Results File Output Interval (s)

Results Output | On Nodes -Y_|
State Variables Output | No .v_|
Results Sequence Manage
Results Format | Binary Y]

History Output Interval (s)
a

p1 0.605
p2

lill

Create Delete

Kl 1-17 I [EB A S S HO E S
19.2.5 Step 3 &K E

Step 3 JyH N 70 ML B AB BaAsin 1R B S SCHUR BT o D SR AR 4% 1% Dynamic,
AR E I e R] DL S Mt A D B 54T N PZILA AR

Step 2 WESEHIT, il S HLEI Step 3, Step 3 S EZNEH Step 2 HIFTH U E, Ak
S T EARL ) Rk 3% Step 3 FE Step 3 W E A, AN R BN Step 3 FHEEHN S Step 2
ARIFEMBE,

g

Step 1 "l
Step 1
Step 2

B 1-18 EFEM PP BN
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19.2.5.1 EEMRSH

s Preprocess—Material—Material 1, AT LA EAT B OB AR, 78 B BOOGE T HE i A
MBS H. Step 3 H Material 1 >/ Pastor-Zienkiewicz Mark 11 ZASHJFEAY, SRS H0 E WK
1-19 iR, HABM RS EHARIT B

Fes Materia 2
Material Name ‘Material 1 | =
Constitutive Model: ‘ Pastor-Zienkiewicz Mark IlI V]
Succeed ‘ Mo Succeed Y]
Initial Stress Tensile No V]

— Global Stress Integration:
Stress Integration Algorithm: | Average 2rd-order V_|
Tolerance for Strain Subdivision: |D.05 |
Maximum Number of Strain Subdivision: |T[}0 |
Minimum Percentage of Strain Subdivision: |D.DT |
— Constitutive Model Parameters:
Mg 132 | M [13 \
oy 045 | o [0.45 \
Kevo (Pa): 266 | Geso (Pa): | 2.666 \
Bo: 42 | s 0.2 \
He: 1750 | Huo (Pa): [4e7 \
Vi 2 | ver |0 \
Py (Pa): |43 \
Variation Type:
| Bulk and Shear Modulus Vary Linearly V]

— Damping Model Parameters:
Damping Model: | ELASTIC v]

Young's Modulus (Pa): l:l Poisson’s Ratio: l:l
Damping Coefficient | Direct v
b e o |

Permeability Type: l Constant 7] K/KU =1

— Material Parameters:
Solid Particle Bulk Modulus (Pa): [1.0E+20 | [ sawration(@-1) |v|[1 |

Granular Density (kg/m?): 2700 Fluid Density (kg/m™): 1000
Void Ratio: Permeability x(my/s):
Permeability y(my/s):

[ok]

B 1-19 MRS HE
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19.2.5.2 g EKRIZAR

sl FssiCAS—Preprocess—Solver—Solver Type, 5 HXHEHEH R E K AEAR LAY, Step 2
R s 2B L S Hc A il 1-20 s

. Fi Solver Setup o4 .
Solver: | Dynamic 7_‘ I Drained 1']
Analysis Module: | Traditional Implicit FEM 1']
Sparse Solver Type: | Direct Sparse Solver (LU} ‘I"]
— Parameters

Geometrical Nonlinearity ‘ Off .'_|
Rotation ‘ Non-Rotation _ '_|
Stiffness Matrix Symmetry ‘ Yes .'_|
lterative Convergence Criteria ‘[}.02 |

Property Updation | MNon-Updated V]
Analysis Type | 2D-Plane Strain V]
Displacement Succeed | Yes V]
NBFGS | 1 v|
Parallel Method | CPU OpenMP ‘r]
CPU Parallel Threads 4 |

B 1-20 SRAEZSRT LM RS HORL B ST
19.2.5.3 MEBEXHER

Riif; Preprocess—Earthquake—UserDefined, F /7 7] DUINEH 7 H & XHLE P, 75 BRI UG
HE Aot =B s, i 1-21 o INERSEG, ARSI R os Bt R BN & 1-22 s
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Fs FssiCAS V35.4

HEHE Vo O® K Step2 sep sup S OB Allocated Memory Project "
Mode! | Results Soil-Structures | PostProcess

FssiMesh =
= [ LoadBackground
& Outer Boundary
= Materials
- Material 1
- Material 2
- Material 3
=-Boundary Con

¥ PreProcess Options

Mesh Visualization
F ® @ Solid Mesh O Fluid Mesh
SSI + B Geometric module
- Material 1
© Material 2
Xy & Material 3
-y
- Hydrodynamics
Porepressure
=-Contact
" Structure-Solid
Loads
& HydroDynamics
% No Hydro
2 Stokes Wave
D
- AeroDynamics
Fluctuating Wind

[ Show Nodes Show Mesh Edge N
FAST :
& Earthquake Boundary All_|v] | Boundary ]
No Earthquake
Sinusoidal Function

Earthquake Library

[ Show Boundary Condition

Zoom Factor L ]

Show Monitoring Points

No Acceleration Field
Uniform Acceleration Field
- Centrifugal Acceleration Field
Solver
(® Time Step
=-Step 1
- Sub_Step 1
= Step 2
- Sub_Step 1
& Step3
- Sub_Step 1
 Time History

Enter Command Here..

Elements: 15268 | Nodes: 29242 | S-Nodes: 15585 | F-Nodes: 13657 Element No.:

(a) BT h A= 0 i 72 7 o

NodeNo: Material: All S-FType: Solid Boundary: 0 SelectType: Line

-21-



Fs Solver Setup

Solver ‘ Dynamic |'l | Drained .‘r]
— Parameters
Earthquake | UserDefined v|
Rotation I Mon-Rotation 5 ‘r]
Stiffness Matrix Symmetry l Mo .v]

lterative Convergence Criteria |D.[}2 ‘

Maximum Subdivision Number (80000 |

Property Updation l MNon-Updated 5?]
Analysis Type l 2D-Plane Strain . 'r]
Restart File Written I Yes 'v]
Deformation to 0 in Restart File [ Yes v]
Displacement Succeed I Yes v]
NBFGS | 1 v|
Sparse Solver Type I Direct Sparse Solver (LU) vJ
Parallel Method | CPU OpenMP 1']
CPU Parallel Threads 4 |

(b) IH i A i 8 72 e o e
B 121 g H P E e O E S s =

-2



MNumber of Data: 2001
Frequency (Hz): 0.01

Unit Conversion (m/s%): 5

MNumber of Data: 2001
Frequency (Hz): 0.01

Unit Conversion (m/s%): 5

MX Factor:[10 | Initial Time (s1:[0 | ks [lg| [ld] Max 9.74e-01m/s°
1 Time-a
o ﬂ A
= A I. 1 I 7 i
:g 0 3 —-MN”MWMMIW "*hflfﬁlk\\\wk oAy o
- i | ﬂ
0 5 10 15 20 25
Time (s)
BV Factor: (10 | Initial Time ([0 | |8 | Max: 6.49e-01m/s*
i Time-a
He | H |
o0 _.__M,»,uﬁwllwiwﬁn. YT
]
-l T L] T 1
0 a 10 15 20 25
Time (s)
Load Ok

B 1-22(a) B ORI RS Bk & 5

1 X R MR

22001 0.01 0 -36-05 5] WEEEET:

3 [36-05 36-05 36-05 36-05 3o_05|S8Eais;

4 [3e-05 3e-05 3e-05 3e-05 3e-05|tEKEESERE
A RFF AR

5 3e—O5 36—05 36—05 36—05 36—05 ﬁ’ﬁ?ﬂ{éﬁﬁ{]ﬁfﬁ,

6 [3e-05 3e-05 3e-05 3e-05 3e-05|mmms =41 Nsrrms

Wl3--05 30-05 3e-05 3e-05 3e-05

=05 3:-05 3e-05 3Je-05 3u-05

9 |3e-05 3e-05 3e-05 3e-05 3e-05

@ll3c-05 3c-05 36-05 3e-05 3e-05

Ell:c-05 3c-05 3e-05 3e-05 3e-05

B Wl::--05 3c-05 3e-05 3e-05 3e-05

13 [36-05 3e-05 3e-05 3e-05 3e-05| [ -

- 05 305 3e¢-05 30-05 3o-05  [TUEX. LAE200174R

Bl:--05 3c-05 3e-05 3e-05 3e-05

@ll:--05 3c-05 30-05 38-05 3e-05

B ll:c-05 3c¢-05 3e-05 3e-05 3e-05

B l:--05 3c-05 3e-05 3e-05 3e-05

19 [3e-05 3e-05 3e-05 3e-05 3e-05

S Wl:--05 30-05 3e-05 3e-05 3e-05

S Wl:--05 20-05 3e-05 3e-05 3e-05

e W:c-05 4c-05 46-05 4e-05 4s5-05

. 05 3--05 305 206-05 2e-0§

-23.



401 -7e-05 0.00104 -0.00166 0.0009 0.00513

402 0.00613 0.00551 0.00545 0.0039 0.00324

403 0.00273

404 [Eqk_Y YA BREE RS S

405 |2001 0.01 0 -2e-05 5

406 [2e-05 2e-05 2e-05 2e-05 2e-05

407 [2e-05 2e-05 2e-05 2e-05 2e-05

408 [2e-05 2e-05 2e-05 2e-05 2e-05

409 |2e-05 2e-05 2e-05 2e-05 2e-05

410 [2e-05 2e-05 2e-05 2e-05 2e-05

411 [2e-05 2e-05 2e-05 2e-05 2e-05

412 [2e-05 2e-05 2e-05 2e-05 2e-05

413 |2e-05 2e-05 2e-05 2e-05 2e-05

414 [2e-05 2e-05 2e-05 2e-05 2e-05

415 [2e-05 2e-05 2e-05 2e-05 2e-05

416 [2e-05 2e-05 2e-05 2e-05 2e-05

417 |2e-05 2e-05 2e-05 2e-05 2e-05

418 [2e-05 2e-05 2e-05 2e-05 2e-05

419 [2e-05 2e-05 2e-05 2e-05 2e-05

420 [2e-05 2e-05 2e-05 2e-05 2e-05

421 |2e-05 2e-05 2e-05 2e-05 2e-05

422 [2e-05 2e-05 2e-05 2e-05 2e-05

423 [2e-05 2e-05 2e-05 2e-05 2e-05

424 [2e-05 1.33333e-05 2e-05 2e-05 2e-05

425 |2e-05 2.66667e-05 2.66667e-05 2.66667e-05 2.66667e-05
426 [2.66667e-05 2e-05 2e-05 1.33333e-05 1.33333e-05

427 [2e-05 2.66667e-05 2e-05 2e-05 2e-05

801 0.00176667 0.00106 0.00104 0.00192 -0.000566667

802 -0.00301333 -0.00378667 =-0.00354 -0.00376667 -0.00266667
803 -0.0034 =-0.0014 =-0.00273333 -0.00238667 -0.0015

804 -4.66667e-05 0.000693333 -0.00110667 0.0006 0.00342

805 0.00408667 0.00367333 0.00363333 0.0026 0.00216

806 0.00182
807 |[Eqk_z
808 |2001 0.0 0.0 0.0 0.0 | “#E=fih, TZAMMER, REEITLUIERR
809 |2001*0.0
K10

K 1-22(b) H & X E s E s ok

19.2.5.4 & EBTEE

sl FssiCAS—Preprocess—Solver—Time Step, & & iTH B[] N 20s, B [E]25K 4 0.01 s,
B 1s BT —IRAAR, B 1s B —RNIEERIRE, RN AP s ROEARIRECH 20 2, AARE S
A, B 0.01 s HE—IRGE R, B 0.01 s Fr — IR R AT BRI, o, Bl B2 PREFERIME,
ARG E D RINE 1-23 s
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- F“§ e,

Sub Step 11 |

— Parameter

Simulation Time (s) 0
Start Time of Current Step (s)

Interval for Time Steps (s)

Iiﬂi

Interval for Updating Coordinate (s)

Interval for Updating Global Stiffness Matrix (s) _

Maximum lterations

Restart File Output Interval (s)

o]
I\JND

Results File Output Interval (s)

Results Output | On Nodes v.l
State Variables Output | No -VI
Results Sequence Manage
Results Format | Binary T]
History Output Interval (s)
a
pr
B2

Create Delete

B 1-23 If[a DA S M B A

19.2.6 WEVIREHG

M T HEAE, 43AlfE Step 1. Step 2+ Step 3 I i FssiCAS—Preprocess—Initial State, 15 &
WG AT, Rl ok, TERWIIRESWE, W’ 1-24 Fix.

| Fh§ nitial State b
Solver: Static
Type: Generate Initial File ".|
Set initial state to Zero Yes V]

Ok

(a) Step 1 IR H BB S

-25-



Solver: Static
Type: Generate Initial File v_|
Set initial state to Zero Yes 1']
Ok

(b) Step 2 IR 4G Z& A4 v B 51

Solver; Dynamic
Type: Generate Initial File v|
Set initial state to Zero Yes v]
Ok

() Step 3 HIWIUAZ&AF 15 B AL 1H

B 1-24 wlaG AT E A R E K

-26-




192.7 &

Rii5 FssiCAS—Preprocess—Computation—FSSI-W, 2] % All Step, F UG 115 A B~ K 1-25
LAEN TR NN, RIRRTHH SE .
Fs

Solver Screen  TimeHistory

I_lteration: 8 Error for Each Phase: 1.9E-02 3.8E-03 2.0E-02 2.0E-02

Total Mumber Of lterations: 10456  Average Number Of lterations: 5.2
Analytical Step: 1998 Converged at Time: 11:32:08
RunTime: 19.980 CumulativeTime: 21.980

Solution process at this step is completed at: 11:32:11 B <

o The calculation is complete.

Begin To Save Final File

oK
Displacement Order: 0
Displacement Order: 1
Displacement Order: 2
FssiCAS For Windows OS5

Program Name: FssiCAS

K 1-25 HE S SE A T

e A3k All Step ARSI E AN D . 20 AE TF B AR B 45 R SCHEAE Results—
Soil Model—Multiple {3,

19.3 FssiCAS B, A mEig(E— R

19.3.1 s

R FssiCAS—Postprocess—Open Results File—Load File, Jl#k Results—Soil Model #4%
() Multiple SCPF, @il 1-26 Fis.
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Model _Results_- Soil-Structures 1 PostProcess

PostProcess b Load Files
‘Open Result Files
- Load Initial Files
=+ Distribution
= Soil & Structures

- Displacement Data Path:
- Effective Stress

"R |Gi/case20/Results/Soil_Model/Multiple
- Pore Pressure

- Saturation
+ Seepage Velocity

- Seepage Force
~Void Ratio

- Acceleration Ok
- State Variables

File Type: FssiCAS v

Load Files | Reload Remove

K 1-26 In#REE T 5 25 B0t
VE: TR sE R AT DAEAE 1B R B B RN S AL BRI aE B AT A R A

19.3.2 &Hl5HE

Al FssiCAS—Postprocess—Distribution—Solid & Structures , HJ PLIRFEZ2HIMIAE . N F1. fL
JEEE TR AR Blan, s EE s B A ) Displacement, 7854 _E 5 T B A% #¢ Displacement
X, FNBEAFWNED GEEE, BInr2f X pmmaigomE. wE 1-27 Frs.
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| g
SSI1 Displacement X l ’

§ ‘-0.00662
£ 5
i -0.0763
- -20 0 20 40 60 80 100
X (m)
-0.146
Iz 4 -0.216
Kl 1-27 t=1s I X J7 ) ERALRS 45 30 A 1
A H N ARSI AR B (S0 N . 5 TR 0 #b—2 B ARa SR B . it
BRI TRD () 2 #b—22 b R R B 77 0 B B B
RSB B, i FssiCAS—Postprocess—Distribution—Solid & Structures—Pore Pressure,

A EFLBRE 10Kl . i 1-28 Frs.
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Time: 2.000000000000000s

F © Unit: Oﬂa
Se+H
SS8I Pore Pressure I

4.17e+04
) 3.33e+04
Tp]
o
(wn]
o)
L
— © -
E &
i ) 2.5e+04
o
Tp]
D 1]
1.67e+04
8.33e+03

K 1-28 B ibrBut=2s) fLEE 104 A

#iil7 FssiCAS—Postprocess— Distribution—Solid & Structures—SeepageVelocity, AJ L2z fii5
WmorAT Bl ALLGEI RS T A, WSS Rk s B AR AR & B . i 1-29 Fios.
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® Unit: m/s
SSi 0.000212

Seepage Streamlines

Time: 2.000000000000000s

6.19e-05
o
(48]
o |
o
0 |
g &
E St
gt -8.85e-05
‘Q L
wn -
D 1 J
-20
X (m) -0.000239
e
I" " -0.000389

Kl 129 RS BmP B (t=2s) BEERL I i K

Je AL ERER 73 ANURT Dl AR R LR BT MR EE R A B, n] Dl t AR AR B R e
T RE 2R

Tk fiilt History Plot—Soil History—History Plot on Node/Element, 1% 4% 75 24y Hi B 2 il 28 1)
AT, AR A No.*, Wt Plot Type H T #1311 o] LA 5 5 5 R A FE T 28
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AFEREC L [ Ful v|[ Displacementx  |v] <= P = [22 L BB ous Allocated Memory Size(MB) : Project: [1s/CAS/Desktop/Project_5_PZIll/Project, |
Model | Results Soil-Structures | PostProcess

PostProcess
Open Result Files m
Load Initial Files

=-Distribution ®

Displacement

Displacement X
Effective Stress

Strain

Z
Pore Pressure
Seepage Force

Void Ratio
Acceleration

= Liquefaction Potential
..
Pore Pressure Based L

0
Seepage Based «
Structural Element =3
Gauss 15
OpenFOAM g
i o
DualSPHysics E S q
Fluent
Now oL
‘Q |\ .
Wave Histor <A
” o | Position A
(=3 SEETRTEEREIRRERNRARLLL
-20 0 20 40 60 80 100
X (m)
r
IZ U
5
Enter Command Here.. v|

Elements: 14718 | I 122 | S-Nodes: 15025 | F-Nodes: 13097 | Element o. it : 0.4458, Material : Al | S-FType: Solid | Boundary: 0 | SelectType: ~-~

B 1-30 %&4% No.8203 Fi SAE N M S A ~E K

R AR BT X 3y — AN R SR AR A A, W 1-30 Fiios . 22180 5 A 1) Effective
Pressure Z F1 Pore Pressure B2 M2k, BFEHHZL WK 1-31 Frox.
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330000
320000
310000
300000
290000
280000
270000
260000

B 250000
=
a.240000

Stress z (Pa)

-100000-
-110000-
-120000-
-130000-
-140000
-150000
-160000
-170000
-180000
-190000
-200000-
-210000-
-220000-

-230000-

230000
220000
210000
200000
190000
180000
170000

Pore Pressure

160000
0

2 4 6 8 10 12 14 16 18 20 22

Time (s)

(a) FLIUIE 90 72 2%

Effective Stress Z

4 6 8 10 12 14 16 18 20
Time (s)

(b) Z T3 181 HJA 2008 77 IR R T 2
B 1-31 Ml s A RIS R 2
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MK 1-31 TR, AHGREAIERT, BIA A K RRLEKIE D2 R8: BT, LRk
(8] (KA RN ) CHEXHED BB/ 24 R R FLISUK D BT 218 DL it B2 ) + S,
RLIE) AT RN I RIEE A 0, R\ CE KA T

R AT H A BB TR Ao A B W & 1-32 ffras

Unit: m/s

® : 0.00059
Fssi Seepage Streamlines I
Time: 22.00s
0.000218
ol
[sp]
8,
o -0.000155
E &
N 0.
ol -0.000527
Lr);
o
-0.0009

1-32 HEME G (=22 s) B TR &k 0 A B
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