1

October1,1993—September30,1994

Contents

V. Červený: Project ”Seismic waves in complex 3-D structures” within the period October 1993 – September 1994 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 V. Červený: Influence of local structures close to the source and receiver on the seismic wave field . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 P. Jílek & V. Červený: Radiation patterns of point sources situated close to the Earth’s surface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 J. Brokešová: 2 12 -D approach in ray–based seismic wavefield modelling . . . . . . . 45 I. Pšenčík: Seismic wavefields in inhomogeneous anisotropic media . . . . . . . . . . . 61 L. Klimeš: Kirchhoff integrals and Fresnel zones . . . . . . . . . . . . . . . . . . . . . . . . . . 77 L. Klimeš, M. Kvasnička & V. Červený: Grid computations of rays and travel times . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 L. Klimeš: Grid travel–time tracing: second–order method for the first arrivals in smooth media . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 L. Klimeš: Accuracy of finite differences in smooth media . . . . . . . . . . . . . . . . . . 127 L. Klimeš: Finite differences at structural interfaces . . . . . . . . . . . . . . . . . . . . . . . 151 J. Zahradník: Simple elastic finite–difference scheme . . . . . . . . . . . . . . . . . . . . . . . 163 J. Zahradník & E. Priolo: Heterogeneous formulations of elastodynamic equations and finite–difference schemes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187 J. Zahradník: Hot (summer) ideas on seismic finite–difference methods . . . . . . . 215 J. Zahradník: Comment on ’A new method for the realistic estimation of seismic ground motion in megacities: the case of Rome’ by Faeh et al., Earthquake Spectra 9, 643–668, 1993 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231

Appendix A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239 Appendix A1: MODEL version 4.10 & CRT version 4.10 (2 floppy disks) . . . . . . 239 Appendix A2: L. Klimeš: Fortran77 packages MODEL and CRT . . . . . . . . . . . . 241 Appendix A3: V. Červený, L. Klimeš & I. Pšenčík: Complete seismic–ray tracing in three–dimensional structures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253

Appendix B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295 Appendix B1: NET version 2.00 (1 floppy disk) . . . . . . . . . . . . . . . . . . . . . . . . . . . 295 Appendix B2: M. Kvasnička: Fortran77 package NET . . . . . . . . . . . . . . . . . . . . . 297 Appendix B3: L. Klimeš & M. Kvasnička: 3-D network ray tracing. . . . . . . . . . . 305

Appendix C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319 Appendix C1: TOMOS (1 floppy disk) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319 Appendix C2: J. Jech: Computer program package TOMOS for a crosshole travel time tomography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 321

2

October1,1993—September30,1994

Contents

1 Introduction 2 Elastodynamic equation and its simple solutions 2.1 Linear elastodynamics 2.2 Elastic plane waves 2.3 Elastic plane waves across a plane interface 2.4 High-frequency elastic waves in slightly inhomogeneous media 2.5 Point source solutions of acoustic and elastodynamic wave equations 3 Seismic rays and travel times

3.1 Ray tracing systems 3.2 Rays in laterally varying layered structures 3.3 Ray tracing 3.4 Analytical ray tracing 3.5 Ray tracing in curvilinear coordinates 3.6 Ray tracing in inhomogeneous anisotropic media 3.7 Ray tracing and travel-time computations in 1-D models 3.8 Direct computation of travel times. Network ray tracing 3.9 Linearized equations for travel times. Frozen rays 3.10 Ray fields 3.11 Initial value and boundary value ray tracing 3.12 Approximation of the model 3.13 Raycodes in layered and block structures 4 Dynamic ray tracing. Paraxial ray methods 4.1 Ray-centred coordinates 4.2 Dynamic ray tracing in ray-centred coordinates 4.3 Ray propagator matrix 4.4 Dynamic ray tracing in layered media 4.5 Initial conditions for dynamic ray tracing 4.6 Paraxial travel time field and its derivatives 4.7 Dynamic ray tracing in Cartesian coordinates 4.8 Special cases. Analytical dynamic ray tracing 4.9 Boundary value ray tracing for paraxial rays 4.10 Geometrical spreading in a layered medium 4.11 Phase shift due to caustics 4.12 Fresnel volume 4.13 Dynamic ray tracing along a planar rays. 2-D models 4.14 Dynamic ray tracing in anisotropic inhomogeneous media 5 Ray amplitudes

5.1 Acoustic case 5.2 Elastic isotropic structures 6 Ray synthetic seismograms

6.1 Hilbert transform 6.2 Analytical signal 6.3 Elementary synthetic seismograms 6.4 Ray synthetic seismograms 6.5 Paraxial ray approaches in the computation of synthetic seismograms 7 Particle ground motions of seismic body waves 7.1 Polarization of seismic body waves 7.2 Particle motion diagrams of seismic body waves at the Earth’s surface 7.3 Quasi-elliptical polarization of seismic body waves in layered structures 7.4 Partical motion in complex structures Selected references

3

October1,1994—May15,1995

Contents

The research program on seismic waves in complex 3-D structures . . . . . . . . . . . 1 L. Klimeš: Examples of seismic models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 P. Bulant: Two–point ray tracing in 3-D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 P. Bulant: Numerical examples of two–point ray tracing in 3-D . . . . . . . . . . . . . . 65 I. Pšenčík: Modeling of seismic waves in 3-D laterally varying, layered isotropic and anisotropic structures. Program package ANRAY . . . . . . . . . . . . . . . . . . 93 ANRAY version 3.02 (1 floppy disk) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 L. Eisner & I. Pšenčík: Computation of additional components of the first–order ray approximation in isotropic media . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 L. Klimeš: Travel–time calculation in heterogeneous 3-D structures . . . . . . . . . . . 145 L. Klimeš: Grid travel–time tracing: second–order method for the first arrivals in smooth media . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157 P. Jílek & V. Červený: Radiation patterns of point sources situated close to structural interfaces and to the Earth’s surface . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175 V. Červený: Ray amplitudes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229

4

May16,1995—September30,1996

Contents

Consortium World Wide Web server . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 Members of consortium “Seismic waves in complex 3-D structures” . . . . . . . . . . . 5 Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 The research program on seismic waves in complex 3-D structures . . . . . . . . . . . 7 L. Klimeš: Accuracy and resolution of the travel–time tomography . . . . . . . . . . . 13 L. Klimeš: Correlation function of a self–affine random medium . . . . . . . . . . . . . 25 P. Bulant & L. Klimeš: Examples of seismic models. Part 2 . . . . . . . . . . . . . . . . . 39 L. Klimeš: Travel times in the INRIA Marmousi models . . . . . . . . . . . . . . . . . . . . 53 P. Bulant: Two–point ray tracing and controlled initial–value ray tracing in 3-D heterogeneous block structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 L. Klimeš: Synthetic seismograms in 2-D model UNCONFORMITY . . . . . . . . . . 77 MODEL version 5.00 & CRT version 5.00 (2 floppy disks) . . . . . . . . . . . . . . . . . . 91 I. Pšenčík & D. Gajewski: Sensitivity of qP waves to elastic parameters of arbitrary weakly anisotropic media . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 I. Pšenčík: Perturbation of phase normal in weakly anisotropic media — a preliminary study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129 I. Pšenčík: Perturbation of the directivity function in inhomogeneous anisotropic structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139 ANRAY version 4.00 (1 floppy disk) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141 L. Klimeš: Grid travel–time tracing: accuracy comparison of several methods . . 143 J. Brokešová: Interpolation of travel times and ray amplitudes . . . . . . . . . . . . . . 151 P. Jílek & V. Červený: Ray–theory radiation patterns of point sources situated at structural interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183 J. Zahradník, I. Opršal & V. Plicka: Extensions of the finite–difference method:

irregular grids, topography, hybrid methods, and absorption . . . . . . . . . . . . . 223 M. Kvasnička & J. Zahradník: A combined kinematic–dynamic method for fast computations of the first–arriving waveforms . . . . . . . . . . . . . . . . . . . . . . . . . 251