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HPC: High Performance Computing
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HIGH PERFOMANCE COMPUTING

Parallel Computing

 Fast computation using many .
computation units [LParallel Computer

* Reduction of communication

among computing units NODE

CPU

CORE
CORE
CORE
CORE

MEMORY

Node 88,128 864 rack x 102
CPU 88,128 88,128 node X 1
core 705,024 88,128 CPU x 8
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fault rupture process \/
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Subdomain
Parallel
Traditional analysis
approach
-~
\/ Parallel
analysis

Prepartitioning
(this study)

\

[
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Parallel meshing
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® < ILF ) v (Geometric multi-grid)
® ¥5EE & EE (Mixed precision arithmetic)
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Micro model

0.9 km
Macro model
B\
1°f Layer 2" Layer
Density, p (kg/m?) 2300.0 2800.0
Pressure wave velocity, Vp (m/s) 4700.0 7400.0
Shear wave velocity, Vs (m/s) 3000.0 6000.0
60 km Quality Factor, Q 250 800
Layer 2 Hypocenter (x, v, z) ( 30300.0 m, 30300.0 m, 52500.0 m )
M,(2t2/T2) 0<t <T,/2
Source funection: Mo (1-2(t-T,)?/T2) To./2 <t < T,
M, t=T,
Magnitude, M,: 1.0x10*® N-m
Strike, Dip, Rake: 307, 40°, 507
Rise Time, T,: 2.0 sec
- =
AT E D LR
location location location
' RMS error S RMS error | s ' RMS error '
P5 @/s) | Ips (m/s) | Ips 0.04 (I%S_z
4.88 x 107 537x 107 X
i‘y\/_v 4.88 x 107 i‘y\/_\i s38x107 | |© 9.72x 107
\Pﬂ% 4.92x 107 ﬁ\/\’ s41x107 | | ~ 1.04 x 10
P | 5.0x 107 P2 | 5.0x 107 )
4.96x 107 m/s) 5.47x 107 111 x 106
I}/vx 5.01x 107 E/\/f\, 5.55x 107
1 | s s L n | L 1 L n | n s L L 1 L L n L I
0 10 20 0 10 20 0 10 20
time (s) time (s) time (s)

-------- Micro analysis Greens (Hisada, BSSA 1994)
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Target domain

wmtie s [l

JATA 5638lorifin

¥
Py

10 km

Locations

Fault-slip dazta

138.4E 138.6E

* Epicenter
a
NPP
A
NIG018

A
’ NiGo19

-1004

(m)

Elevation

677

SE-dipping

Source model from*

* H. Miyake, K. Koketsu, K. Hikima, M. Shinohara, T. Kanazawa, “Source fault of the 2007 Chuetsu-oki, Japan,
Earthquake,” Bull. Seismol. Soc. Am.,100, [1], 384-391 (2010).

SHOOMFTETIL

NPP

NPP:

Wall thickness: 0.5~25m
Floor thickness: 0.5~1.0m
Base mat thickness: 6.5 m




Epicenter

Large velocity amplitudes near the NPP o.o-;" - '-185

T =7 to 21 seconds Velocity norm (m/s)

* Distance between epicenter and NPP is 14 km.

Relative Displacem

Deformation x 1000

Target frequency: 1.0 Hz




Elev. 15.5m

NPPOYZE i (Bldg, 2) Noar

EW component NS component UD component

| 5.0x102 m 5.0x102 m

o

| 5.0x102 m

(=}

0 10 20 30 40 0 10 20 30 40
Time (s) Time (s)

EE— Observed Computed

Time (s)

NPPDIGEMEE (Bldg.2) =

@r[@ L]

Elev. -32.5m gmﬂijm:nﬁ
N miji

i ] .

(m/s2) EW component NS component
m/s?)-s

UD component

| m
0 1 L L 1 1 1 L L

o s 1 0 s 1 o
Frequency (Hz) Frequency (Hz)

— Observed Computed

0.5

1

Frequency (Hz)




NPP MODEL

540 x 540 x 250 m
33,613,809

domain dimension
number of nodes

number of elements 22,443,096

MatlD | Vp(m/s) | Vs(m/is) | p(kg/m3) | h (%)
1 1529.7 300 1825 5
2 1529.7 300 2000 5
3 1580.7 310 1780 5
4 1625.1 490 1700 3
5 1710.8 560 1750 3

2007 CHUUETSU OKI EARTHQUAKE

Target domain

hshiwazaki—Kariwa Nule

e

Locations

10 km

Fault-slip dazta

* Epicenter

(]
NPP

A
NIG018

-1004 (m) 6717

Elevation

d Al \
NIG019
b s || Wh y
m '

138.4E 138.86E [

SE-dipping

Source model from*

* H. Miyake, K. Koketsu, K. Hikima, M. Shinohara, T. Kanazawa, “Source fault of the 2007 Chuetsu-oki, Japan,
Earthquake,” Bull. Seismol. Soc. Am.,100, [1], 384-391 (2010).




Epicenter

1.85 (m/s)

=7s T=
Dynamic response of NPP building 00 0017 (m)

Deformation x 1000

| [
I

Elev. 15.5m

RESULTS

EW component

| 1x10¢ (mis)

5.0x102m

0 10 20 30 40
Time (s)

Computed KNET NIG016

—— Computed ——— Observed

Ground motion at observation site Seismic response of NPP building




NEW STAGE OF HPC APPLICATION

@ Capability Computing for Accuracy

® A mass-spring system solution is an approximation of an HPC FEM
solution.

® The HPC FEM solution provides more accurate estimation, even
though it needs large scale numerical computation.

@ Capacity Computing for Uncertainty

® Numerous models generated for one target are analyzed to account
for effects of uncertainty on response.

® Uncertainty probability is converted to response probability via HPC
computation.

domain dimension 540 x 540 x 250 m
number of nodes 33,613,809

I M P ROVE D M O D E L number of elements 22,443,096

MatlD | Vp(m/s) | Vs(m/s) | p(kg/m3)| h

—

%)

1 1529.7 300 1825 5
2 1529.7 300 2000 5
3 1580.7 310 1780 5
4 1625.1 490 1700 3
5 1710.8 560 1750 3




UTURE MODEL: RC PIER
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whole view

column: concrete

FUTURE MODEL: GROUND

Vp(mfs) Ty (mfs) pkg/m®) hyeorh  y,

» domain of 1,250 X 1,250 m (3 Iayers) Istlayer 1210 150 1,500 025  0.005
* 15 Hz: minimum element dimension 1.0 m dndlayer 1380 255 1800 005 o
bedrock 1,770 490 1,900 0.005 00

* numerical convergence in 5 ~ 15 Hz

DOF 1,022,630,349
Node 340,876,783
Element 252,737,051
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Analysis of variability in response that is induced by
uncertainty of material property/distribution

STOCHASTIC FEM

(C(Xa (D)u,i (Xa (D)),i = O

1

J?(c,u) = J.Q IB sC(x, 0)u; (X, 0)u; (x,0)dsP(dw)

stochastic variational problem

ol _—~ KL expansion:
/ c(x,0) = 3 c"p" (X)E" () .— | covariance of cis
(E)=1°(c,u®) n decomposed

bounding medium u(x,0) = Y u" ()" (o) ~—

for deterministic u ~ PC expansion:

Jo = J‘B; Z’cmm' (x)uT (x)u” (x)ds Hermit polynomial of

"R — Ycten (e ™)
[] = |

Z(cnmuf?(x)),i =0 ] governing equation of PC expansion coefficients

7

.




PROBLEM SETTING

| ’ top surface: traction-free

Riedel shear bands (by Tani & Ueda) e

A
3cm
¥
) periodic B.C. ‘
material parameters
mean ofE(kgf/cmz) 12.5 25¢m 11cm
v 0.25
friction angle (°) 51 bottom surface: given displacement
SD of E (kgf/cmz) 0.15
corelation length of E(cm) | 50 periodic structure model for surface layer

EVOLUTION OF SHEAR BAND

o . .

U=2[mm] U=4[mm] U=6[mm] U=8[mm]
evolution of plastic deformation: distribution of maximum shear straj

X;=0. O[mm]

periodic structure model




1995 Great Hanshin Earthquake

NOJIMA EARTHQUAKE FAULT

Model
» configuration
* angle

thickness 4.8[m]
dip: 90[deg], direction: 45[deg]

Results of Simulation
« echelon faults (bifurcation)
« comparison of configuration

» failure probability

parameters of material property

mean Young modulus [kN/mz]

Poisson ratio
density [g/cm3]
friction angle [deg]
cohesion [kN/mz]

standard deviation of Young modulus [%]
correlation length of Young modulus [m]

6125
0.25
2.1
51
38
30

2

geological map of Nojima Island

ECHELON FAULTS (BIFURCATION)

coupling of lateral and normal faulting

X;=4.8[m]
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evolution of plastic deformation: distribution of maximum shear strain
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@ capability computing & capacity computing
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