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  Dr. BYKOVTSEV’s MODEL  
VERIFICATION AND VALIDATION RESULTS 

8:30 10:00 Thursday, October 13, 2011 

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  

PLATFORM - All simulations were performed on the HP Personal Computer  with Intel Pentium 4 CPU 
3.2 GHz and 1.00GB of RAM.  
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 
COMPLEX  NON-LINEAR  GEOMETRY (Bykovtsev1979-1989) 

Main Advantages: 
-PRINCIPLE NEW  
Physical EFFECT: 
Zig-Zag Movement 
Led to Formation 
of  Variable-Sign 
Seismic Radiations! 
 
CONCLUSIONS: 
1-Volumetric Model 
Explains the Basic  
Majority 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) 

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. 



COMPARISON SIMULATED TIME-HISTORIES FOR DIFFERENT MODELS 

Different Models of Complex Ruptures Models for Rupture with One Segment and Five Segments 

CONCLUSIONS:   
1. The Segmentations of Fault Geometry Introduce Additional Extremes for  
Simulated Ground Motions. The Shape, Amplitude and Duration of Ground  
Motion Depend on the Site Location in Relation to the Fault, Main Rupture  
Orientation, Complexity of Rupture, and Mutual Arrangement of Subsources. 
2. Maximum Amplitudes of Displacement and Acceleration as well as the  
Least Duration are Observed Along the Main Fault Rupture Direction. 
3. The Fact Connected with the Doppler Effect can be taken into Account  
when Choosing the Main Fault Rupture Plane and Rupture Directivity.  

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.  Izv. Academ. Scien, USSR Physics of the Solid Earth. 25 (3) 179-188 (1989) 
  

COMPARISON SIMULATED VELOCITIES FOR DIFFERENT MODELS 

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.  

INPUT DATA & FORMAT for October 2000 Tottori, Japan earthquake  



RESULTS – OUTPUT DATA - SIMULATED RECORDS AND MODEL PARAMETRS 

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



Comparison RAEN Analytical Solutions with URS Numerical Simulation Results 
 and Recorded Velocity Time History for Different Stations 







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; SMNH01; SMNH02; SMNH11; TTR008; TTRH04. 
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. 
III. ASCII data files of the displacement and velocity time series are available in PEER format.  





Recorded and Simulated PGV as a function of closest distance to the fault for the Tottori earthquake 
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