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TECHNICAL APPROACH FOR GROUND MOTION SIMULATION

> Boundary Element Method (BEM) and Bykovtsev’ s models to produce broadband
(0.1-20 Hz) synthetic seismograms are used.

> In Bykovtsev-Kramarovskii (1987&1989) publications an EXACT ANALYTIC SOLUTION
was constructed for the non-stationary 3D- problem of the propagation of a rectangular
fracture area on which a COMPLEX FRACTURE PROCESS was given (two shear
components with opening component).

For METOD and EXACT ANALYTIC SOLUTION details see main publications:

> Bykovtsev A.S (1986) Propagation of Complex Discontinuities with Piecewise Constant
and Variable Velocities along Curvilinear and Branching Trajectories, Appl. Math. Mech.
(PMM) 50, 5, pp. 620-628.

> Bykovtsev A.S. and Kramarovskii D.B. (1987), On the propagations of a complex
fracture area, Exact three dimensional solution, Appl. Math. Mech.(PMM) 51, 1, 1987.
pp 89-98

> Bykovtsev A.S. and Kramarovskii D.B. (1989), Non-Stationary Supersonic Motion of a
Complex Discontinuity, Appl. Math. Mech.(PMM) 53(6),1989. pp 779-786

VERIFICATION with NUMERICAL GREEN FUNCTIONS SOLUTIONS-(Graizer-1984)

> Graizer, V. M. (1984). "True" Ground Motion in the Epicentral Area. Moscow: Institute of
the Physics of the Earth of the USSR Academy of Sciences, 198 pps. (in Russian).

COMPARISONS MODEL WITH EMPIRICAL DATA Graizer-Kalkan (2007).

> Graizer, V., and E. Kalkan (2007). Ground motion attenuation model for peak horizontal
acceleration from shallow crustal earthquakes.Earthquake Spectra 23 (3), 585-613.

VALIDATION TEST FOR TOTTORI EARTHQUAKE 2000 - SSHAC Workshop 2.




METOD and EXACT ANALYTIC SOLUTION

"Na P Mech.(Pag 51. 1. 1987, pp 89-98

-7} | 1987. (441pp. in Russian)

Izv. An. SSSR Fiz. Zem. No. 3. pp. 3

Acta Geophys. Pol. No. 38, pp. 111-133.
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-
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three dimensional solution. 4ppl. Math.

\ 2. Bykovtsev. A. S. [1987] Mathematical Modeling
4 of Fracture Processes in the Earth’s Crust and on
P Its Surface. Doctoral Dissertation. Novosibirsk.

o

i | 3. Bykovtsev A. S. and D.B. Kramarovskii [1989].
! “Non-Stationary Supersonic Motion of a Complex

‘{ c Discontinuity”. Appl. Math. Mech.(PMM) Vol. 53
’{‘ No. 6. pp. 779-786.
/ 4. Bykovtsev. A.S.. and V.Yu. Sokolov. [1989].

“Numerical Simulation of the Wave Field in the
Near Zone of a Step-Like Propagating Curvilinear
Fault and Analysis of High- Fl'equencv Radiation™.

5. Bykovtsev. A.S.. and V.Yu. SOLOIOV [1990].
“Numerical simulation of wave fields and seismic
intensity patterns in earthquake nearfield zones .

PLATFORM - All simulations were performed on the HP Personal Computer with Intel
3.2 GHz and 1.00GB of RAM.

Pentium 4 CPU

Computer codes BASK-2011 version 21 (Available) were written on algorithmic language C # 2008
Calculations TIME for total 9 records including 3 components for Displacement, Velocity and
Acceleration with time step equal 0.05 second and out put file with total number of points

approximately equal 5.000.000, usually take 45-90 second for each Station.

VOLUMETRIC MODELS OF DYNAMIC RUPTURE ZONES WITH
OMPLEX NON-LINEAR GEOMETRY (Bykovtsev1979-1989)
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Main Advantages:

-PRINCIPLE NEW
Physical EFFECT:
Zig-Zag Movement

of Variable-Sign
Seismic Radiations!
CONCLUSIONS:
1-Volumetric Model
Explains the Basi
Maijority of all
Seismic Radiation
Characteristics
Including Variable-
Sign Shape of
Seismic Impulses

2-Volumetric Model
Do Not Contradict
To All Previously
Obtained Results
In the Framework
of Model Concepts
of the First Three
Generations.




VERIFICATION with NUMERICAL GREEN FUNCTIONS SOLUTIONS

COMPARISON ANALYTICAL SOLUTIONS (Bykovtsev&Kramarovsky-1987)
AND NUMERICAL GREEN FUNCTIONS SOLUTIONS-(Graizer-1984)
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CONCLUSIONS:

1. Results for Analytical and Numerical Solutions are Similar and in Good Correlations for Different Distances.

2.Time of Computer Calculations based on Analytical Solutions is 10.000 Time Faster than
For Computer Calculations based on Numerical Integration of Green Functions.
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CONCLUSIONS:
1. Comparison Results of Simulated PGA and Empirical PGA are Similar and in Good Correlations for Different Distances.
2. Amplitude of Ground Motion Definitely Amplify and Exceed 1.0 g for R< 300m from the Fault.
3. Simulated Records Provide Local Minimum (Dip ~0.16g) for R ~ 2km and Local Maximum (Bump~0.67g) for R ~ 4 km.
4. For Distances more than 5 km Simulated PGA Attenuates with 1/R.




COMPARISON SIMULATED TIME-HISTORIES FOR DIFFERENT MODELS

Bykovtsev A.S, and V. Y. Sokolov (1989) Numerical Simulation of Wave Field in the Near Zone of a Step-Like Propagating
Curvilinear Fault and Analysis of High-Frequency Radiation. /zv. Academ. Scien, USSR Physics of the Solid Earth. 25 (3) 179-188 (1989)

Models for Rupture with One Segment and Five Segments Different Models of Complex Ruptures
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COMPARISON SIMULATED VELOCITIES FOR DIFFERENT MODELS
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If Rupture with One Segment and Rupture
with Five Segments have Equal Time of
Movement, then Maximum Amplitudes of
Velocities Increases and Periods of
Impulses Decreases with Increases in the
Number of Fault Segments.




VALIDATION TEST FOR TOTTORI EARTHQUAKE 2000 - SSHAC Workshop 2.

TABLE 1. PARAMETRS OF RUPTURE - Flat Fault geometry — FIXED parameters of model.

Figure 1. Locations of Stations and Rupture projections on Earth’s Surface

Parameter description Unit Value 05
Total Rupture length (along-strike dimension) tupL [m] 40000 - e e o
Rupture width (down-dip dimension) ddW [m] 20000 Smk; ::‘Td i
SIMN002 o
Vertical Depth to top of rupture plane. hTop [m] 500 S— A 2 \@A
— ) () O s &
Horizontal distance along strike from top center of rupture hypoSike [m] 0 - x\ /
plane to the hypocenter, in local rupture plane coordinates P N
SMN00d \ EwW
Vertical distance along dip from top center of rupture plane hypoDip ] 12000 Loy, Epgner T N
to the hypocenter, in local rupture plane coordinates YPOLIp - 0 40 () g 20 A} 2 a0 ones g
S~ N —_—
.
Latitude coordinate of hypocenter hypoLat [deg] 13335 shoes & mos f \’\ alome)
\ 8
Vertical depth of hypocenter hypoLon [deg] 35275 —
Vertical depth of hypocenter hypo [m] 12500 Q‘L’*ﬂ’/a: 2 owons
Seismic moment Mo [N-m] 1,70E+19 (\5\1?1@5 gﬁgﬁgﬂﬂ ?é m‘fﬁﬂ Roauts dowar |
Stike stike [deg] | 150 A el lton ™ 0 1 o
" Stations in Ellipses
Dip dip [deg] 90 ©
Rake take [deg] 130 Figure 2. Static slip amount given by the prescribed rupture model.
Tottori
TABLE 2. PARAMETRS OF STRUCTURE CRUST OF DAMAGE ZONE o
350
Thickness Vp Vs d Q Qs E 00
(km] | [km/s] | [km/s] | [ke/dm?3] | P g wE
2 )
2 5.5 3,179 2600 500 200 § T
14 6,05 3,497 2700 500 200 8 'SOE
S
12 0,6 3815 2800 500 200 2 10
0 8,03 | 4,624 3100 500 200 ©
0
INPUT DATA & FORMAT for October 2000 Tottori, Japan earthquake
Figure 3. Distance from hypocenter to stations
INPUT DATA & FORMAT for October 2000 Tottori, Japan earthquake.
Distance From Hypocenter To Stations 1. DATA about STATIONS and RECORDS. Source of Data Base: PEER
601
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6 G FEEE - Peaks of Displ., Velocity, Accel for 3-comp.
. EW,NS,UD
- Units of Peaks
Figure 4. Time of 1% arrival P-wave from hypocenter to stations 2 PRESCRIBED DATA FOR RUPTURE MODEL
Source of Data Base: PEER
Time of 1st Arrival of P-wave From Hypocenter to Stations Type
PARAMETRS INPUT FILE OUTFILE FORMAT Using
g 107 T
a - . [ANSITXT
& Data for Orientation of Rupture Plane . | Digital & Graphic | .
ANSITXT File File FIXED
E (see Table 1. Figure 1) form of Model N
g 57 .emf format
ot - . [ANSITXT
> | . .| Digital & Graph
£ ool FAULT PARAMETRS (see Tables 14 Figure ) | ANSITXTFile | = 2 o SHPHC | gy FIXED
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b
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k MOVEMENTS ANSITXTFile | 1 Eh" AT VARIABLE
. Model File
(see Table3, Figure 2)




RESULTS — OUTPUT DATA - SIMULATED RECORDS AND MODEL PARAMETRS
Source of Data Base: CALCULATION PROGRAMM — BASK-2011 ver.21

LIST VARIBALE PARAMETRS ”\;:)Llé.r OUT FILE FORMAT Type Using
F'KAGMENTATIONS' OF RUPTURE: ANSITXT | Digital & Graphic ANSI TXT VARIABLE
Up to 300 sub faults with 50 segments on each : L File

File form of Model
subfaults * emf format
SCENARIO PARAMETRS of Faulting ANSITXT | Digital & Graphic ?111\251 IXT | VARIABLE
Process: 1. Column; 2. Ring; 3. Ellipsis; 4.0ther File form of Model N
.emf format

SEISMIC MOMENT BOUNDARY ANSITXT | Digital form of ANSITXT
Mo ~ (80.0x10" N-m + 140.0x10'N-m) File | Model File VARIABLE
RUPTURE VELOCITY BOUNDARY: ANSITXT Dieital form ANSTTXT VARIABLE
0 < Vrup < Veritical ~ 0.6 + 0.8 Cs File = File
RISE TIME BOUNDARY: 0.08sec + 0.8sec | =" | Digital form ANSTTXT | VARIABLE
PARAMETRS OF DISLOCATION
MOVEMENTS: Three component of ANSITXT | Digital form of ANSITXT

. ) . VARIABLE
Displacement vector on each segment File | Model File
Bx, By, Bz
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1. Ux, Uy,Uz - DISPLACEMENT (in cm); o right-hqpn g | File VARIABLE
2.Vx, V¥, Vz- VELOCITY (in cmlsec); coordinate system | . "EER

r Az - AC . 2 ate sys N

3. Ax, Ay, Az - ACCELERATIONS (in cm/sec’) EW NW UD GRAPH* emf
ESTIMATED CALCULATION TIME Digital form 311\251 IXT 1 ariste

Figure 5. Example of plots of the simulated time histories of displacement, velocity and accelerations

SOLVE - Seismic Records
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Comparison RAEN Analytical Solutions with URS Numerical Simulation Results

and Recorded Velocity Time History for Different Stations

Comparison URS and RANS Simulated Results for Station OKY007
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Figure 44. Tottori event, station OKY007 recorded (left column) and
simulated (right column) velocity time histories for the fault-parallel =
(top row), fault-normal (middle Tow) and vertical (bottom row) components. £
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Comparison URS and RANS Simulated Results for Station OKY009
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Comparison URS and RANS Simulated Results for Station SMNHO1

EB SOLVE - Seismic Records

SL-SUNHO1 Station and RuptureLacation on EARTH's SURFACE.

RUPTURE PLANE: Locatianof Station and 0 Fragn. of Ruptrs
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Figure 52. Tottori event, station SMNHO1 recorded (left column) and
simulated (right column) velocity time histories for the fault—parallel
(top row), fault-normal (middle row) and vertical (bottom row) components.
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Comparison URS and RANS Simulated Results for Station SMNH11
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Figure 55. Tottori event, station SMNH11 recorded (left column) and I i e b
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Comparison URS and RANS Simulated Results for Station TTR0O08
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Comparison URS and RANS Simulated Results for Station TTRHO4
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Figure 61. Tottori event, station TTRHO4 recorded (left column) and Lo
simulated (right column) velocity time histories for the fault-parallel
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RESULTS. Displacement and Velocity time history simulations and comparison RAEN analytical solutions with
URS numerical simulation results for velocity time history are provided for October 2000 Tottori, Japan earthquake.
I. Plots of the time histories of ground displacement and velocity (all three components) for seven stations:
OKY007; OKY009; SMNHO01; SMNH02; SMNH11; TTR008; TTRHO4.
II. During comparison RAEN simulation results with numerical simulation presented by URS (see plots below),
It was clearly demonstrated that both RAEN and URS results of simulated velocity time histories and recorded velocity
time history are similar and in good correlation for different distances.
11l. ASCII data files of the displacement and velocity time series are available in PEER format.

Comparison Simulated and Recorded Peak Velocities Value for Vertical
Componets (Fv) for different Stations (Tottori Earthquake 10/6/2000)
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Copmarison Simulated and Recorded Arrival Time of Peak Velocities Value for Vertical
Compenets (FV) of Velocities for different Stations
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Comparison Simulated and Recorded Peak Velocities Value for Horizontal
Componets (FP) for different Stations (Tottori Earthquake 10/6/2000)
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Copmarison Simulated and Recorded Arrival Time of Peak Velocities Value for Horizontal
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compenets (FP) of Velocities for different Stations
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Comparison Simulated and Recorded Peak Velocities Value for Horizontal
Componets (FN) for different Stations (Tottori Earthquake 10/6/2000)
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Recorded and Simulated PGV as a function of closest distance to the fault for the Tottori earthquake

Component FP Tottori PGV vs. Closest, 6 Validation Stations
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