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® frequency 5[Hz] ® ground  50[m] resolution
® non-linear analysis for soil ® crust 2-3[km] resolution
Memory[GB] computation 100[m] 1X1X1[m] mesh
FEN e D i 1000[m] 10X10X10[m] mesh
FDM 10,000 n
nbOF 40-50[krm]
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PDF of Young modulus

bound expected behavior

BOUNDING MEDIUM THOERY

strain energy: I1(u,C) = J.OLQC(U')ZdX —u(L)f = E(c)=-II(u,c)

bound: E= j E(c)d(c) dc > — j T(u,c)é(c) dc = —T1(u,c)




Spring Problem

k: spring constant
kU=t f: force
u: displacement

kupper

AN
mean response
N

k: stochastic L

Klower

average

0.012 bound of BMT:
00w I/' N displacement of
S 0,008 d |

upper ower

0006 kuprer and k

0.004 <~

0.002 \\

06 08 10 12 14 16 18 20
displacement
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computed by using Hashin-Shtrikman variational principle
(which leads to kinematic/geometric mean of k)

HIGH HETEROGENEITY
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multi-scale: x & y
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overall modulus

REGULAR PERTURBATION
(cu’) =((c, +o6c)(u, +ou))’
~Cc Uy +(c,ou”+(ocuy)’)
good for 8¢ << C
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SINGULAR PERTURBATION

fastvariable Yy =-X
€

c—c(y), u—u, (x)+eu,(x,y)

U

- Cug =0, u (X y) = x(y)u, (x)




Bar Problem

highly heterogeneous
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equivalent model:
solutlon with law resolution
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small domain:
solution with high resolution
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MULTI-SCALE ANALYSIS




€ Comparison of synthesized strong ground motion with data
observed at 13 seismograph sites

epicenter
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Two cases of earthquakes are simulated.
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Analysen Eigorivalue, Rrsills ResullOfanEigenState, Soher ADVCSober 332
Model size 24783633 nodwrs, 15635155 slamentss

Wariable. Displecemum]ramm)|, Eigen mody 16 , Motion: 127, phase 0.00 dey
Eigen fequency = 3 70420850001

v Eigonialin, Risults Rosull anEigonState, Sober ADVESobor 332
ol sz 24763633 nodirs, 15635153 wloments
Wariable. Displecemun]nam), Eigen mody’ 66 , Motion: 17 , ghase 0.00 dag
Eigen fequency = 1 333238204000

Analysen Eigonivalue, Rsills ResullOtanEigenState, Soher ADVCSober 332
Model size 24783633 nodwrs, 15635155 slaments

Variable. Displecemunnom), Eigen mode’ 26 , Motion: 123 | phase 0.00 deg
Eigen fequency = 4 23525040-001
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Analysis: StaticMonLinear, Results: ResultOfaStep, Solver ADWCSaolver 2.0
Model size: 4471144 nodes, 2849802 elements

Yariable: ModalEquivalentPlasticStrain[scalar], Time step: 1512

Tirme = 1.0000000e-+000
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FEM ut PDS-FEM




RBSM

fracture . .
equivalence to continuum

* is not verified and springs
£ continuum c.% are mysterious
2 Y m
= M
S BVP

v Y

FEM/BEM / FDM DEM
spring properties ?
Numerically intensive failure treatment ] [ Simple failure treatment. ]

J-INTEGRAL

blunt crack tip

J-Integral

0.0070

0.0069

0.0068

0.0067

0.0066

0.0065

FEM
2 . :‘
= = FEM-b approximate B.C.
no rotation DOF
FEM-b rigorous B.C.
rotation DOF
exact value
FEM-b approximate B.C.
rotation DOF
30000 60000 90000

Number of Elements










ADVENTURE+PDS

2007

2008

2009

2010

2011

ADVENTURE




