The International Conference “Distributed Computing and Grid-technologies in Science and

Education” (GRID 2021)
/\MlPT»

method for

Y
¥

o

- !

RS = / |

e .- A o o
-

i
.-‘--- .

—

-

The grid-ch:

F
L]

||||||

T

' Senior Researcher,
merical Geophysics,
cs and Technology

July 5-9, 2021, Dubna, Russia



Hyperbolic Problems = Waves

» Seismic Survey Process (Direct and Inverse Problems)
» Seismic Activity Simulation (Earthquakes, Tsunami)
» Non-Destructing Control (Novel Composite Materials)

» Ultrasound Diagnostic of Diseases



Hyperbolic System. Isotropic Case
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Elastic Parameters:
p — density, A, u — Lame parameters;
Unknowns: J— velocity; T'— stress tensor





Numerical Grid-Characteristic Method

Hyperbolic System
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Research Software Developed

* Seismic waves simulation In elastic media

* Taking Into account heterogeneities (cavities, layers,
fractures)

* Discreet model of destruction (correction of stress
tensor)

* C++4, micro-optimisations (SIMD, SSE, AVX)

* Parallelization with OpenMP and MPI (~ 80 % up to
16 000 cores)

Khokhlov N.I., MIPT



Wide Range of Supported Meshes
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HPC Systems and Scalability
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Parallelization Speedup

LIMPI
BHECToR - 80 % (up to 16k cores)

LICUDA
B Tesla C2050 - 120x faster
B Tesla K20c - 240x faster

LIOpenMP:
B AMD Opteron 6272 - 37x faster (64 cores)
B AMD Opteron 8431 - 25x faster (48 cores)
B Tntel Xeon E5-2697 - 17x faster (24 cores)

by Ivanov A.M., MIPT



Examples of Simulation



Waves in Thin Plates*
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Fig. 2 presents the snapshots of displacement response of the cracked infinite plate after the SO mode 1s excited by the applied
tractions. At £ = 0.015 ms, the 1nitial wave packet of the SO mode 1s propagating towards the crack. When it reaches the right crack
tip, diffracted SO mode and SHO mode are generated, as well as diffracted Rayleigh-type waves propagating along crack surfaces at a
speed slightly lower than that of the SHO mode. When the 1nitial SO mode encounters the upper crack surface, reflected SO and SHO
modes are generated. These diffracted and reflected waves can be seen clearly at £ = 0.029 ms. SHO mode waves are in-plane guided
waves, so they do not have the out-of-plane displacement component and cannot be observed from the u3-displacement snapshot.

*Jun Li, Zahra Sharif Khodaei, and M.H. Aliabadi "Boundary Element Analysis of Lamb Wave Scattering by a Through-thickness Crack in a Plate” // International
Conference on Fracture and Damage Mechanics, Mallorca, Spain, 14-17th September 2020



2D Geological Model
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Transversely Isotropic Geological
Media

1. We performed a numerical simulation of the 2. To cover the model with a computational mesh, a
propagation of seismic waves in the elastic Marmousi 11 spatial step of 5 m and 3401 x 701 nodes were chosen.
model, into which the VTI anisotropy was added using The time step was determined by the Courant
the following relations condition and was 0.8 ms. All parameters of the

anisotropic material were stored in each cell of the
£ =0.25p-0.3,0 = 0.125p — 0.1, computational grid. The center of pressure located

| near the day surface was used as a disturbance.
where density is in g/cm’, € and § — Thomsen

parameters. Rheological equations are

Txex C11 Ciz O Exx
(Jy;v) = (C13 (33 O )(gy;v)
Oxy 0 O Cuy/ \Exy



Transversely Isotropic Geological
Media
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The layering of the geological model, the presence of sharp

boundaries and anisotropy determine the complex wave pattern.



Seismic Waves in Fluid-Filled Porous Media

O km 4 km
We considered the propagation of seismic waves 1n a
model containing three different layers. The top one
was the water column and was described by the
acoustic approximation. The second one was the fluid-
saturated medium. It can be bottom sediments or
producing formations. The Dorovsky model was used porous layer
for precise simulation of its dynamic behavior. The
underlying rock massive was simulated in the frame of
the elastic approximation. Dorovsky system 1s
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Seismic Waves in Fluid-Filled Porous Media
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The simulated wavefield in the computational domain for . > o b 43 .8 N ° [?-55‘“1
the fixed time step 1s presented. Modulus of fluid and . B2
skeleton velocities are depicted. Different components of ™
the seismic signal are denoted with letters from a to g. The - -
source point (a) produces a stationary noise and can be
casily filtered out. The wave b was mitiated after the -«
interaction with the day surface. Inside the porous layer,
two P-waves (e and ¢) and one S-wave d are propagated.
The last one demonstrates an obvious zero amplitude value
right below the source point. The interaction of the P-wave =
(e) with the elastic layer leads to the occurrence of P (f) and =

S (1) transmitted waves and two reflected waves (h and g).
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3D Full-Scaled Fractured Medium
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Slices of 3D Seismic Response

Modulus of velocity for empty cracks (left) and fluid-filled cracks (right)
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Thank you for your attention!

Laboratory of Applied Numerical Geophysics,
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Senior Researcher,

Dr. Golubev Vasily lvanovich
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