EBARFEZMERE VYRS b

HOSEI UNIVERSITY REPOSITORY

REHMARER ORI RIETHE(2)

OGUCHI, Yuko / /O, 1#RR

(HkR#& / Publisher)
ERKREISEE

(MEE4 / Journal or Publication Title)

Bulletin of the Faculty of Engineering, Hosei University / JEHKRFILSE
R

(& / Volume)
9

(BB ~R—< / Start Page)
1

(]8T ~_R—< / End Page)
28

(RAITHE / Year)
1973-02

(URL)
https://doi.org/10.15002/00004225



AEHFELRABROSHKICKETHE 2

BALERGEHRRED
hoo BB

Effect of Transverse Isotropy on the Dispersion

of Surface Waves

Yikdé OGUCHI, Professor
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§ 1. Introduction

After a brief historical sketch on the present problem, the two principal
purposes of this study are pointed out.

The first is an extension of the methods, which were used by H. Takeuchi
et al. to explain surface wave dispersions in the isotropic, heterogeneous earth,
to the calculations of the following discussion.

The second is the actual calculation and tabulation, based on the preceedingly
extended methods, of distributions of partial derivative values of phase velocities
with respect to anisotropic factors of surface waves in the crust and upper
mantle of the transversely isotropic earth model, in order to be available for
fitting the interior structure with observed data.

§ 2. Surface weves in the semi-infinite, transversely isotropic, transver-

sely homogeneous, perfectly elastic medium

From stress-strain relations and the fundamental equations of motion, we can
derive the equations of motion and the energy equations, which are equivalent
to the equations of motion and the boundary conditions, for plane Love- and
Rayleigh-waves in the semi-infinite, transversely isotropic, transversely homoge-
neous, perfectly elastic medium.

The equations of motion are reduced to the first order ordinary differential
equations, which can be integrated numericlly for any combinations of anisotropic
factors, with some special considerations on the case of Rayleigh waves, by
Runge-Kutta mothod without any differentiation of physical parameters. For the
solution of these equations under suitable boundary conditions, amplitudes and
phase velocities of the surface waves are given as eigenfunctions and eigenvalues,
respectively.

Group velocities and partial derivatives of phase velocities are given by
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differentiating the encrgy equations with respect to wave length and physical
parameters neglecting higher ordcr derivatives according to the principle of
variational calculus.

Numerical examples are worked out for the anisotropic CANSD model and
the good adaptability is shown for both Love- and Rayleigh-waves.

§ 3. Tables of partial derivative values of phase velocities with respect

to changes of physical parameters for the standard earth model

For the use of dispersion curve fitting, partial derivative values of both Love-
and Rayleigh-wave phase velocities with respect to changes of physical parameters
for the Gutenberg model which is taken as the standard earth structure are
tabulated over the period range from 5sec to 100szc. Three kinds of partial
derivative values, 8¢/0p, 0¢c/0Vsu.n and 8¢/3Vsu.v for Love waves, and five kinds
of the ones, 6¢/8p, 0¢/dVp.u, 0c/6Vsy.u, 8c/op and 0c/dp for Rayleigh waves,
corresponding to each homogeneous, isotropic layer for the standard model are
given in the tables. We can calculate the increment of phase velocity of any
transversely isotropic model from the one of the standard model, 4de¢, by know-
ing changes of the physical parameters, 4z;, and making use of the following
formula,

de=2 {%} (aclacy) - Ari}

where 7; means a set of physical parameters.

Partial derivative value 8c/dVsy. 5 of Love waves is much larger than the
other two, but the ones of Rayleigh waves are all in same order. So, anisotropy,
if any, will not be effectively found in Rayleigh waves, but in Love waves from
observed dispersion data.

Predictions of Love- and Rayleigh-wave phase velocities using the partial
derivative tables, for the transversely isotropic CANSD and J-S-01 models from
the standard model, show good adaptability of the tables. From the fact that the
former model has the {astest phase velozities among the known continental
structures and the latter model has the slowest ones, these tables will be available
for the prediction of phase velocity in any possible transversely isotropic continental
models.

Possibility of the correction of sphericity of the earth is considered. The
correction, if necessary, is done by an empirical formula for each Love- and
Rayleigh-waves.

§ 4. Some related problems

Love wave anisotropic factor, &, is determined by numerical inversion for J-
S-01 and the McEvilly models. For J-S-01, we obtained &’s in appleciable accu-
racy. But, for the McEvilly model, we obtained many different &’s sets in good
agreement with observed data, so that we can not determine £s distribution

uniquely for this model. This kind of uncertainty generally occurs in any case
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of inversion problem.

We, also, discuss the limit of the existence of Rayleigh wave type surface
waves in the transversely isotropic medium and the other anisotropic factoe 7
for Rayleigh waves. .

§ 5. Conclusions

Our principal two purposes, the extension of the methods stated in §1 and
to tabulate and discuss partial derivative values, are both done successfully as
stated in the previous paragraphs. The conclusions obtained are shown in the
abstract of the previous paper.

§ 3. (IMEEEDCRMAE: (Fai)

31 HELEEFL

§2. T, transversely isotropic TAREFHALHMEAK Y ZL 2 RMMBICH LT, HEEROBN
FlLIC X BATEEEOED L RDBHE, LU, CANSD e FAXHIict » THELLEE
NI, CANSD 7k, H3+ 2 ERMCST 3BT~ 24X L FHL, REHEEE
DO T, i, BOKBEREDBEELHEE T5126L, LPHHENRREYTH 5,
Thbonz ivEx L, NEEEORBARLED L, ok h ROEMEFALEVS S
ENRFBELV, TDOX 57EFME LT Gutenberg EFAXHWB Z Lzt 3,

Gutenberg ® 7 ALk, BHIES M2 &, P, SEOBEHI HBRASOEEM iz L3
k, REDHENLY, HKEEFNVE L TRERLIDOD 1 OTH D, AMTHV - Gutenberg
EFADOYBERY Table 3-1, Fig.3-1 R LTh b, ZDEFNIREANES « WH N
Kbl ZRMETH D, LM -T, BEERE, o (FE : glem®), a(PEROFHE : km/
sec), B(SHWDOHE : km/sec), ¢=p=£=1 hHOEF L LB Z LD, o1 L, all
Ve, Vevs B8 Vev.u (= Varw=Vsnv), Vsnon DUVTFHESLTCOBNRATH S, R
BARLED ETE, ThERSLFhudicbicwb, AT, a=Ver 8= Vear.n (= Vsay)
E¥ 5,

AREEORBI R, Love ¥TiX, (4, Vswm Vsmy), Rayleigh ¥ T, (5 Ve
Vsvom, ¢ 1) CBLTHED Z x5 (84, 4-3BH), 2L, p (3, p ELULAoYR
EHOMERERF LA LERL T 5B, '

3:2 Love BO{IFEEDIET(LS

B Ehic Love By iR SHTHELHD S, WisYd 3 inversion problem i2-ou»
TiL, 84, 441 C/hNMD, REFELXEF TS L, BRBCHL TR I EYBERNI S 1
W, NEFEEXYFAVCORISWEANRSE L,

*S L~ 82 i GEBARFETEMTIRSH, 45853, 1972) B,
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Depth 0 o 3 CHDLE37c k2T, BMUETLED
Ckm) (g/cm Clem/s) Ckm/s) { D, trial and error FX CHEEKY
0— 19 2.74 6.14 3.55 . - Lo "

19— 38 3.00 6.58 3.80 RODE LD, TORARLLT, (2
38— 50 3.32 8.20 4.65 43), (2.44) XcE % b I % 0c/ap, 0¢/d
50— 60 3.34 8.17 4.62 .
f
60— 70 3 35 g 14 157 Vsu.m, 0c/0Vsp.y DEXF RO 3H %5
70— 80 3.36 8.10 4.51 HOXMERICHA 5, FEHA20, 40, 60, 80
80— 90 3.37 8.07 4.46 _ . _—
90— 100 3.38 8.02 4.41 100sec (22T, ZHBOMEY Fig. 3-2,
100— 125 3.39 7.93 4.37 3:3,34IRLTHD, 2O 5 BHD
125— 150 3.41 7.85 4.35 . _ o
150— 175 3.43 7.89 4.36 THTE, AAERCARE KRR TH0
175— 200 3.46 7.98 4.38 i, R, = v P AURESOGEEROE
200— 225 3.48 8.10 4.42 . _
225— 250 3.50 8.21 4.46 fkThod. bBoA, FRBTHARGLC
250— 300 3.53 8.38 4.54 A0ED, BREHCREVLZ A0
300— 350 3.58 8.62 4.68 _
350— 400 3.62 8.87 4.85 PRET D,
400— 450 3.69 9.15 5.04 0cfop DERL, HBHTOHEED MM
450— 500 3.82 9.45 5.21 . . R
500— 600 4.01 9.88 5.45 MR LD S ¢, LORGETHTR
600— 700 4.21 10. 30 5.76 MMIRDEERLTH3, L, B
700— 800 4.40 10.71 6.03 . ——
800— 900 456 11.10 6.23 i 100sec ¢, FEX100km Ll et s
900—1000 4.63 11.35 6.32 &, BEEORILEABEHEECIZLALES
1000—1200 4.74 11.60 6.42 Lie
1200—1400 4.85 11.93 6.55 Shte

Table 3-1 Physical parameters for the Gutenberg 0c/0Vsn.nr W&o D 2 2L WNTIHIC

model used in this paper. K& GHL00E), »-o, FEX300km< &

p: density, a: velocity of P-waves,

B: velocity of S-waves WETEENRSD, LT, dVsu.n

DBAEIT L » THBMBAKELS L ONDB, Tiebb, REHHR Love BOSBKBRIC KE
LB L, Rayleigh BicB+ 5 RBAMLBENT (3.5 3), ERCHAINASHERTE
LAE ¢=1=1 651 L LCHHATES LEXBRSD (b 2, KAMINUMA (1966)],

0c/oVsuy 1L, REEL TEREALOCEVS, WRTELO=Y b EBTAEL LD, D
wFEsLLDEA L, RAMCEIN300km K DL OEENREEINS, Lich-T,
MEED Vsur OFLEGBRICBEALEE LLEVOT, X Pl EREFERL-TL, B
REC ZDEENRESEDRS Z ity

3:3 Love HOREAER

HHETNOYPBRERPEZ bhvhuE, (2.500R 75 Love BOLIEEERfEE L3, +0
Bt (2.47) KL RBOND 3c¢/0p, 0c/o Vsu. i, 0c/0Vsy DEERIE- TIRIHTL W,

ZEHE L L7z Gutenberg €7k, Table 3:1 KRLAX DL, HIFCHEWLEZ AT, 0—19,
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for the models used in this paper. a
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ordinate: depth Ckm), Fig. 3-2 Distribution of 8¢/85, period is shown

abscissa: p (g/em?), in the circle.

a & 8 (km/sec).

19—38, 38—50, -+ (km) &3 & 5 BRI -, T b, SNLE3HBRWET AT, WA
WARKETFNVOFHENRRKESBSONEECHBZ L % X, Gutenberg EF A0 Frls
L, 0—38km RIC{tE X 1km OfF, 38—50km B CiEEX 4km DOfF, -k &t 400km
VECHHMS Ui WEBEL2ELL, dbbAA, PHERE Gutenberg EF NV EF—TH B,

Gutenberg & F ik 5 Love WOMMEEE, BHHE L Table 3-2i2, ¥/, LROKE
T LICHEBERY 1 AT AL L ED, 0¢/0p, 0c/0Visu.u, 0c/0Visy.y D% Table 3-3
a, b; 3-4a,b; 3:5a, b KRLTHB*, FHL, 5~100sec flx 5sec BEIC L - ThHhd, T
thod, 7ok iy, .5849-1% % 2 Dix0.5849X107! % EH L, dp i glem®, AVsy.y, AVsuyiE
km/sec BifL & 75 5 Cv B, (2.50) i LicAoC, THROLOHEX#HIT TINS5 L, HEEE
DEALS de Bt kmfsec WA CRDHNB L 57 - T B,

Table 3-6, 3-7, 3-8*iZ Gutenberg ®F NV ER UBMELY L 2L LA L O RBOMEAERL
Thno ok xif, 0—19km XG5 MBS, Table 3-3~3-5 OETHHEOTME o
TWb, ¥, EX400km PLEOHEBIEL, ORESRCEXTHB, D 2HEEORK
Lo C, NAEREOHEDHIMNERICK S,

WA X D HBE LT FHFOR GURANER, R, HA, 1967) BRI hiL,



6 Mg (8.2

AREF DRI O 4 HOT BUE 2 E2)

o~
3C/avenn

100
. €
100} =
£
2 o | 0
- Q i
s 200 [t —®
< /@
a
D 800}
200 L
300

300

Fig. 3:3 Distribution of 8c/0Vsy.u, period is

shown in the circle.

Fig. 3+4 Distribution of 8¢/8Vsy.r, period is

shown in the circle.

Period c C Period c C
(sec) (km/sec) (sec) (km/sec)

5 3.3583 3.7548 55 4, 3385 4,.1112
10 3.6944 3.5053 60 4. 3589 4.1397
15 3. 8020 3.4875 65 4,3771 4.1610
20 3.9186 3.5022 70 4.3941 4.1756
25 4.0300 3.5683 75 4.4101 4.1863
30 4.1240 3.6800 80 4. 4256 4.1940
35 4.1956 3.8082 85 4. 4407 4.1994
40 4.2476 3.9212 20 4. 4556 4.2036
45 4.2856 4. 0086 95 4.4704 4. 2066
50 4.3148 4. 0681 100 4.4851 4.2083

Table 3-2 Phase velocities (¢) and group velocities (C)
of Love waves for the Gutenberg model.
COED—EE B OB E LT, Fig. 35 KR LThb, Bk, [B8=50& 550k, HEX38
—50km DRICHIET BRI EELREDL LT %, Rrbbdbnb L 5K, 8¢/8Vsn.n OEIMED
2DLENRTHBMCKREL, BRYMTCIHRVECOEAKREL, EFYECRECECOEINK
& 7o T3B,
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Fig. 3:5 Distribution of partial derivatives. [38-50],
for example, denotes the depth from 38 km
to 50km.

3.4 Love HOFEBI

3.4.1 {UEHEQHE

3.3NRWHARAYHVC (HEMEOHEELY LTAHE 5, HEMOILTWS Love ¥ 4l
Mo b, RIFHEEEYSL 5E7F42D12CH%D CANSD €754 s, B HIEVLLOD
12CH5 J-S-01 €74 [(KAMINUMA (1966)) iIZ oW CEHEL LT 4R B, J-S-01 € F 03
ER A Table 3:9 (TSR LTI, ¥, Fig. 3:1 KERLCH B,

Aty #it, Table 3-3a,b; 3-4a,b;3:5a,b&xH15 & L-C, CANSD 71 & Gutenberg
TFNEOYBERDEY Table 3-10 & [Ty |
RLTHD, CANSD EFLixElCh % Depth 0 a B

(km) (g/cm®) (km/s) (km/s)

M, ZDEE AVsywv=4Vsn.n Ch 5,

0—32 2.8 5.9 3.4
£=1.2,0.8%BMICEA L&D AVsn.n McEvilly |
RERORLAMENR D, £l BOWROE Depth

o a 8
Ckm) (g/em® Ckm/s) (km/s)

EM2ONDEFAC—HELEWE ST, B

0— 11 2.7 6.1 3.5
BEHYBEECHARS UCHMEERDZE 11— 20 2.8 6.2 . 3.5
. 20— 38 2.9 6.4 3.7

A 3R He =3 LT, ZEXwh L
ERDTHL, &5 LC BRIEALT 38— 62 3.2 8.15 4.6
dp, AVsu.u, AVsuy BRDOBN%B, Th 62—102 3.3 8.2 4.5
i 3 102—282 3.4 8.2 4.4
BOMEQR.BOR NS do HRDAFR 2g7—co a6 57 is

LR L CH D, #dr, Tk
% Table 3 & 2;) &= Table 3-9 Physical parameters for the J-S-01
B, ce, cr BRI HIC LoTRD and McEvilly models.
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Depth 4p AVsuwy £=1. ZAVSH'"‘,E:_ s
0O — 6 —.04 — .08 . 2512 — .4463
6 — 16 .06 .09 . 4374 — .2943
16 — 17 .085 .195 . 5524 — .2004
17 — 19 L11 .3 . 6675 — .1065
19 — 35 —-.15 05 . 4175 — .3565
35 — 36 .21 .746 1.1799 . 2661
36 — 38 .3 .92 1.3705 . 4217
38 — 50 —.02 .07 . 5205 — .4283
50 — 60 —.04 .1 .5505 — .3983
60 — 70 -.05 .15 . 6005 — .3483
70 — 80 —.06 .21 . 6605 — .2883
80 — 90 -.07 .26 .7105 — .2383
90 — 100 —.08 .31 . 7605 — .1883
100 — 112. —.09 .35 . 8005 — ,1483
112.5— 125 .01 . 2089 . 6459 — .2745
125 — 150 . 0398 .19 .6233 — .2893
150 — 175 .01 .18 .6133 — .2993
176 — 200 —.02 .16 . 5933 — .3193
200 — 212. —.04 .12 . 5533 — .3593
212.5— 225 .03 . 0965 .5276 — .3803
226 — 250 . 0306 .05 . 4805 — .4261
250 — 300 —.0 — .03 . 4005 — .5061
300 — 325 —.02 - .072 . 3678 — .5585
325 — 350 . 0226 .08 .5343 — .4225
350 — 375 —.02 — .09 . 3643 — .5925
375 — 400 .01 — .0209 . 4400 — .5307
400 — 450 .0707 .08 . 5687 — .4605
450 — 500 —.06 - .09 . 3987 — .6305
500 — 600 —.25 - .33 . 16587 — .8705
600 — 700 —.45 — .64 .1513 —1.1805
700 — 800 —.64 — .01 .4213 —1.4505
800 — 900 —.8 —1.11 .6213 —1.6505
900 —1000 —.87 -1.2 L7113 —1.7405
1000 —1200 —.98 -=1.3 . 8113 —1.8405
Table 3-10 Deviations of §, Vsy.nr and Vgy.r for the CANSD model from

Gutenberg €71, CANSD 7N DOAEHE, deg=ce—cc T, deg R #ETHDH
DEMNTH D, Zp, ZSH, ISV &, EFD do, AVsu.u, AVsuy 6 BN BREEEOLE
k2T, 2320 de Lich, cp(=cet+4c) FALIBRBOHEREM, 6 (=dc—Adcg) iy
R, €(0/4cpeX100) BHEMME (%) ZRT. 18] &, K¥UL L AHT0.004km/sec, |g] 2%
2%VURTHDND, EFRCEHOKECLS, Fig. 3.6 KAKMBATR L Th %, EEHAHE

those for the Gutenberg model.

AT, OHINHEE LIEEE Y R T ERC L u—BAnHRbRB,
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CANSD Model
T ca cx dcg o 2SH ISV dc PC 8 E
20| 3.9180 4.0071 .0891 —.0042 .0724 .0199 .0881 4.0061 —.0010 — 1.1
30| 4.1240 4.2506 .1266 —.0036 .1063 .0220 .1247 4.2487 —.0019 — 1.5
£=1.0 | 40| 4.2476 4.4021 .1545 —.0022 .1386 .0154 .1518 4.3994 —.0027 — 1.7
50 | 4.3148 4.4786 .163g —.0012 .1537 .0107 .1632 4.4780 —.0006 — .4
60| 4.3589 4.5222 .1633 —.0006 .1577 .0082 .1652 4.5241 .0019 1.2
20 4.3895 4715 4533 .4690| 4.3870 —.0025 — .5
30 4.6563 5323 5101 .5285| 4.6525 —.0038 — .7
g=1.2 |40 4.8222 5746 5573 5705 4.8181 —.0041 — .7
50 4.9060 5912 5802 .5879| 4.9045 —.0015 — .3
60 4.9539 5950 5888 .5963] 4.9552 0013 .2
20 3.5841 —.3339 —.3489 —.3332] 3.5849 .0007 — .2
30 3.8018 —.3222 —.3403 —.3219] 3.8021 .0003 — .1
(=8 |40 3.9373 —.3103 —~.3245 —.3113 3.9363 —.0010 .3
50 4.0058 —.3090 ~.3180 —.3086{ 4.0062  .0004 — .1
60 4.0443 —.3141 ~.3191 ~.3116 4.0473 0025 — .8
J-S-01 Model
20 | 3.9180 3.6929 —.2251] —.0101 —.2010 —.0162 —.2273] 3.6903 —.0022 1.0
25 | 4.0300 3.7987 —.2313] —.0120 —.2036 —.0176 —.2332 3.7968 —.0019 .8
£=1.0 | 30| 4.1240 3.8940 —.2300 —.0132 —.2010 —.0168 —.2311} 3.8929 —.0011 .5
35 | 4.1956 3.9738 —.2218 —.0133 —.1931 —.0138 —.2202{ 3.9754 .0016 — .7
40 | 4.2476 4.0377 —.2009] —.0127 —.1822 —.0111 —.2059| 4.0417 .0040 — 1.9
20 3.7882 —.1298 ~.0979 —.1241] 3.7939  .0057 — 4.5
2 3.9140 —.1160 ~.0763 —.1058( 3.9242  .0102 — 8.8
e=1% 130 4.0325 —.0915 —~. 0459 —.0759 4.0481 0156 —17
35 4.1356 —. 0600 ~.0112 —.0383( 4.1573  .0217 —36
40 4.2207 —.0269 ~.0236 —.0023( 4.2453 .0246 —91

Table 311 Differences of phase velocities for the CANSD
from those for the Gutenberg model, calculated by eq.(2:50) and

tables 3:3, 34 and 3-5.

and J-S-01 models

J-8-01L EFnizonCik, FHOEE, REHDOHE (RFT £6=1.04, = i RHAHEEANC
E=1.14) OWCHER Lz, TOR%Y, Table 3-11 1SR LTh %, CANSD = 7 o> #isE
L, LOHENEDLDLHN |8] 230.03km/sec AT ChHnb, EEOBRENIES>2 Lk
NCHFLIVCHELEZ 5LV X5, ol lel OKRERDDE, deg M/ E W 2 LCBE
L, §2MFICREVIRCIR AL, ¥, A% Fig 3-6 CRLTh S, HEEELD B
LELD5TWBT LMD,

ﬁ&ﬁg&s Tab]e 3‘3, 3'4’ 3'5 U)ft') iz, Table 3'6) 3'7) 3'8 JZ;EL"C: _ttﬁ&fgéfﬁ&
Tl 1ckER%, Table 3:12 IR LCh D, —iIC, MELKREL DM, Fi30sec VI ET
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Fig. 3.6 Deviations of predicted phase velocities from the exact dispersion
curve for the CANSD and J-S-01 models.

Ha L VCHERBORTW 5, LichsT, REMOHERE Table 3:6, 3-7, 3-8 Av iz
FH, FHERT - LB B,

3.4.2 HEOXE

FHARDORME Love WO BEMEI BB RDOBN TV BH, REH K T, bTFricieE
(1968) DWMENRSHBLEF CRLVHER IR Ty,

X CH, RAOEEAFARD DI, HHOBEE-SWT, FHE, L0, HE Love BD
CLHEEBEOBREFANTAHRL 5, SYKES, b (1962). ANDERSON (1965) #3HB-XTiv 5 X 512,
COMEDBERLETNMCL > TREDB I I ChHDB, LL, WEEZ T3 RIEECI~100
sec) Tit, KDL 3K LTHERR, EHRBEFENLEDLIS,

Gutenberg & F AT 23R Love EOMIMEEE cspn. 1k Paper 3IERENR T3, 2
LE CAMOFE Love WNOMEHRE cpune XKD, ThOHOBFEELRIR LD Fig.3.7 €
Do FEM20sec 7B 140sec DMIC, = OWMBFICEREBEBHEN LB 2 EnAbh, KORNED
NnNd,

cspn. =1. 1112 cpiano—0. 4364 3.D
Coiane 252, copn. % (3.1) HOHRDIMA cear. & Table8 13 RLTH B, [de|(=]cear. —
Cspn. |) 230.0lkm/sec THhHBH T &k, ZOEBEFLRIVELESLTCHWEZ EERLTWS,
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CANSD Model

T Xp YSH ISV dc cp d £
20 | —.0064  .1045  .0162  .l144 | 4.0324 .0253  28.4
30 | —.0061  .1242  .0180  .1362 | 4.2602 .0096 7.6
£=1.0 | 40 | —.0087  .1466  .0130  .1558 | 4.403¢  .0013 .9
50 | —.002t  .1574  .0093  .1647 | 4.4795  .0009 .6
60 | —.0011  .1598  .0074  .1660 | 4.5249  .0027 L7
20 . 4885 4983 | 4.4164 .0268 5.7
30 5296 .5416 | 4.6656  .0093 1.7
£=1.2 | 40 5660 5753 | 4.8229  .0007 1
50 5843 5015 | 4.9063 0003 1
60 5910 5973 | 4.9562  .0023 4
20 —.3201 —.3103 | 3.6077 .0286 ~— 7.1
30 —.3242 —.3123 | 3.8117  .0099 -~ 3.1
£=.s | 10 —.3174 —.3081 | 3.0395 .0022 — .7
50 —. 3147 —.3074 | 4.0074  .0016 — .5
60 ~.3172 - 3110 | 4.0479 .0031 — 1.0
J-5-01 Model
20 | —.015 —.1603 —.0188 —.1905 | 8.7275  .0396 —17.6
25 | —.0l4 —.1700 —.0218 —.2062 | 3.8238 .0251 —10.9
£=1.0 | 30 | —.0157 ~—.1760 —.0213 -—.2120 | 3.9111 .0171 — 7.4-
3% | —.0154 —.1755 —.0176 —.2084 | 3.9872 .013¢ — 6.0
40 | —.0M3 —.1703 —.0140 —.1986 | 4.0490 .0113 — 5.4
20 | —.0115 —.0471 —.0188 —.0774 | 3.8406  .0524 —40.4
25 | ~—.0144 —.0345 ~—.0218 =—.0706 | 3.9594  .0454 —39.1
g=r%1 0 | —o157 —.om8 —.0213 —.0517 | 4.0723 .0398 —d3.5
85 | —.0154 —.0107 —.0176 —.0223 | 4.1733  .0277 —46.2
40 | —.0143  .0363 —.0140  .0080 | 4.2556  .0349 —130

Table 312 Differences of phase velocity values for the CANSD and J-S-01 models

from those for the Gutenberg model, calculated by eq. (2:50) and tables
3+6, 3-7 and 3-8.

Fig.3-8 iR A /R L, OHIC cear. NAXRLTCH D, HEMNEHIC L L—F A LT

brd

%

CANSD &7 nic o C, FkcBIR % R LD Fig.3-7 D OEIChH %, HR B DR
PHERPRETNGY, COEBCIL DL THBEELXCH LW CHDH S, Table 3131 cear.s
de IR L CTH 5B, |dec] #30.03km/sec IR THBm 06, (3.1) 41 CANSD =EFALCHE DL
DEEZ Ty,

Gutenberg € F A nbBREIEEXFHV-C, CANSD = FALDEME Love MO IEEE ¥ HE
L, TOfli% cpane & LC (3.1) K HEREB O CLIAERE 2 KD IMEE copn., THIHECRDA
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SIZE&@EEJZ Cplane ELT, (3 1) itﬁ‘%*bfﬁfkﬁﬁmﬁﬁf Ceal. <‘: LT, :ﬂbéﬁ‘}*ﬁ
Love D #dhas L B~ H% Fig. 3:9aiRLThbd, HEENIVWEREYSL T3k

b,

MCEVILLY @ % 7/ [MCEVILLY (1964)) (Table 3-9, Fig.3-1 2B) >\ d (3.1 &
Mk D ir>Z &% Fig. 3:7, Table 314, Fig. 3. 9biC/RL T4 %, Table 3:14 C, cp LEH
Love WOMEEM. cs X cpr & (3.1) A ORDICKE Love WOHEEM, cx G Love 3
DA CH %o 10s] 230.03 km/sec YUHC, REOMENL {fTiebhTha ez 3,

Rtk R m ik O e BixT 52

S0 P /

o Gutenberg
e CANSD

Csph_ { km/sec)

% McEvilly

Cplane (km/sec)

Fig. 3:7 Relation between phase velocities of plane
and spherical Love waves for the Guten-
berg, CANSD and MecEvilly models. 300. 5,
141.3 and 20.33 denote the corresponding
periods in sec.

50

L Phaso Vel.
- B
1]
@
£ 5
Elc,s-
x .
> Group Vel,
‘S -
2
I -

a5 ¥ I T U Y S S S0 T S MU N VS R A

50 100 150 200 250
Period ( sec)

Fig. 3-8 Deviations of phase velocities of spherical
Love waves, calculated by eq.(3:1), from
the exact dispersion curve for the Gutenberg
model.



Velocity ( km/sec)

Fig.

Gutenberg Model

7 FRERE

BRAELHFRTRS® CFo5) 13

T Cplane Csph. Ceal. dc
20.33 3.9262 3.933 3.926 —.007
37.63 4.2250 4.247 4.258 .011
46.15 4.2929 4.327 4.334 .007
60.34 4. 3602 4.408 4,409 .001
74.40 4.4082 4.465 4.462 —.003
88.25 4.4504 4.514 4.509 —.005

108. 60 4.5105 4.580 4.576 —.004
141.30 4.6094 4.684 4.686 .002
CANSD Model

T Cplane Csph. Ceal. dc
19.94 4, 0055 4.011 4.015 .004
36.49 4. 3598 4.379 4.408 . 029
44, 60 4.4437 4.477 4.501 .024
58.20 4.5156 4.570 4.581 .011
71.79 4.5590 4.627 4.630 .003
85.27 4.5942 4,671 4. 669 —.002

Table 3-13 Differences between spherical Love wave phase
velocity values calculated by eq.(8+1) and the
exact ones for the Gutenberg and CANSD models,

50

451

4.0F

3.5 1 ] 1 1

20 30 40 50

Period (sec)

60

4.5

4.0

Velocity ( km sec)

35

— McEvilly
------ Gutenberg
o Cs
s Cp

Fig. 3:9b

3.9a Deviations of phase velocities of sphe-
rical Love waves for the CANSD model
(cea1.), predicted from those of plane
Love waves for the Gutenberg model,

from the exact dispersion curve.

20 40 60 80
Period (sec)

Deviations of phase velocities (c;) of
spherical Love waves for the McEvilly
model, predicted from the ones of plane
Love waves for the Gutenberg model,
from the exact dispersion curve.
cp: predicted phase velocities of
plane Love waves for the Me-
Evilly model.
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RFITHEA R O S 0 BE 3R E(Q2)

T co cp cs cx dee ] Os £ €3

10 3.694 3.623 3.590 3.587 —.107 .036 .003 -—33.6 — 2.8
20 3.918 3.831 3.820 3.805 —.113 .026 015 -—23.0 — 13.3
30 4.124 4.047 4.060 4.035 —.089 .012 .025 —13.5 — 28.1
40 4.128 4.199 4.229 4.202 —.046 .003 .027 6.5 — 58.7
50 4.315 4. 285 4,325 4.309 -—.006 .024 .016 —267.

60 4.359 4,340 4. 386 4,380 .021 .040 . 006 28.6
70 4.39%4 4. 380 4.431 4,433 .039 .053 —.002 — 5.1
80 4.426 4.414 4. 469 4.471 . 045 .057 —.002 — 4.4
90 4.456 4.445 4.502 4. 504 . 048 .059 —.002 — 4.2

Table 3-14 Differences between predicted phase velocity values (cg), corrected

.1 ANBELREER LS ONE 3 Nidbabicba, BICRLAEL 51, HEYENES
S TeBTFNVZHAWTERACE S, T, TOXREHFOBEAZEY IS LT REFDBELIC

for sphericity using eq. (3:1), and the exact ones (¢z) for the
McEvilly model.

cp: phase velocities of plane Love waves for the McEvilly model,
predicted from the ones for the Gutenberg model.

Adce=cg—cg, 0=cp—cEk, §s=cs—p,

£=8/4ce X100(%), es=083s/AckX100(%).

WOMOINES PRELIRHTCHS, LhL, 3441 TCRLICLSK,

3:5 Rayleigh RO{AEEOT(LS
Love ¥ LB, Rayleigh Eic>\Th, (2.46), (2.48)RCHZBNB dc/ap, 0c/dVp.nu,

3c/aV sv. i, 0c/og, dclop DIEIDHEHFRTCH L 5, b ¥ Fig.3-10, 3-11, 3-12, 3-13, 3:14

ERLTHSD,
%%
[ — -5 ) =3 -_2 ({3_ '
H
?

Fig. 310 Distribution of 8¢/88, period is
shown in the circle.

Fig. 3-11 Distribution of 8¢/8Vs.x, period is

shown in the circle.

EFERIVEELE
R BT EMBEL T, transversely isotropic A& d, R L TCHATES LEL BN S,

g’
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AOHERE  BBCKFTFERTALHE GF9%) 15

7 ag?
Al

Depth (km}

400

Fig. 3-12 Distribution of 8c/0Vsr.n, period is Fig. 3-13 Distribution of 9c/d@, period is

shown in the circle.

Love OHALBNT RIcBH
X, Thd 5 >OREESENERE
DREEHD - TWB T ETH B,
Lichi»C, SRS BERA LR
e, bagBimrSrohick
& pa priz s iy
STz OSEMBMCOB L 52T 5
TENRTED, Tiehb, SHHER
3T Rayleigh #0453y #kihizs 38
AN, REFELRELELTH
(¢, p LI TH) X\

0c/op X, Love B0 I & LMk
iz, g, = b EECARER
b, BEENM| T LIE Lieh, K2

shown in the circle,

-1 \\ K .3 4 5 5 7 e

Depth  (km}

Fig. 3:14 Distribution of 8c/8p, period is shown
in the circle.

L. Love & Ric»T, 300km & BULDEZE, BEEOCESIEEFCEET %,
8c/oVp.p i, BNETHAEBREL, FEIXHT LML L, FEE150km { BT

LAY 0IEL 5.

Ac/oVsy.g &, Love ¥D 0c/o0Vsn.y LB - T, HBATHER/MIRZ LY, = bV ESRTCR
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ReTeh, EHRFEIEHTICONTHELT B, 13E, 300~400km < BWTOKRFTIL, it
I, Love ¥, Rayleigh M 8c/og 0 ¥ X3 55O AM ST, /O, 7R (1968)
A ECTHWBDT, 2 CIEBRmwENT 5,

Rayleigh ¥ ic RS+ REF D LB, 0c/0g, dc/op ik » TEEIND,

0clop 1%, BIWCHLT 0c/oVsr.r ERUC X 57ZET 5, LitisaT, ¢ OEEE, Hg
RO HORERMEIC, <> v ERO L onREAIcELI S,

clonp b, Ocfop LR UL 57cEETHH, BMENRE LS, Tihbb, HWRTHO ¢, 7
DXL, MEEECRETEEYECITLHELA > 0T, & KN O REHiEE, Rayleigh
BoslucadBHbhic{ wiwi b, Linl, =¥ v EED dcoy DEBKRMEILIETH B0,
TV MV ERTRINI ST ik, T b, Rayleigh oS#iE» b3, = v b
EBORGEFEELRE LG V. 3BHA, ¢ p BEVCHEDOEL LIUE (B 1LV KEL, 3
ML L DNV E ), i b,

3:6 Rayleigh FOEHAE

Rayleigh B ORMAERL, (2.46), (2.48) T, Love ¥ & R 2 FEE-Th %o
T7ghH, Gutenberg T F AT HOLT, FEEX 0—400km EAHHS Licdb DL, Licwhd oo 2
HWHTths,

Rayleigh B fria#RE, BE#EEES Table 3-15 KR L Thbo % 7=, 0¢/0p, 0c/d0Ve.n, c/
dVsv.u, 0c/dg, dc/oy DfEX, M5y Licd D% Table 3:16a,b; 3-17a,b; 3-18a,b; 3-19a, b;
3:20a,b i, M5y Lis\ b %, Table 321, 3-22, 3:23, 3:-24, 3-25 ;R LThB* hth
DEAELL, Love WORBAR LA LEHE L - T3, Shb D% &, Table 341, X,

Period < C Period c C
(sec) (km/sec) (sec) (km/sec)

5 3.2670 3.2459 55 3.9714 3.8006
10 3.3295 3.1425 60 3.9777 3.9045
15 3.4563 3.0543 65 3.9841 3.9011
20 3.6204 3.5092 70 3.9909 . 3.8929
25 3.7675 3.2442 75 3.9985 3.8817
30 3.8613 3. 4890 80 4.0070 3.8684
35 3.9121 3.6734 85 4.0165 3.8538
40 3.9392 3.7867 90 4.0270 3.8383
45 3. 9545 3.8510 95 4.0385 3.8222
50 3.9642 3. 8851 100 4.0510 3.8059

Table 3:15 Phase velocities (¢) and group velocities (C) of Rayleigh waves for
the Gutenberg model.

MBI X DEH LI, FHEORY GIUBTER, D, #H1967) 2BBIhizt,
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: 20 w0 60 80 100
Period (sec) o o Period (sec)
Fig. 3:15 Distribution of 8c/o¢, [38-50|, for Fig. 3-16 Distribution of 8¢/dp, [38-50}, for
example, denotes the depth from example, denotes the depth from
38 to 50km. 38 to 50km.

@.5DREXAVT, EROEFAOMEHELRHEETE B,

WG E LY, 0c/og, 0cdy D%, BADEEHKE LT Fig.3-15 316K LA, BB D
dc/on DEADMEIE, EX19—38km DJFT, FiH30sec P EoF K E L EHbR T35,

3-7 Rayleigh HDEE B

3:7-1 {UHEEOHE

3-6 TR~ E X FVvT Rayleigh WOMBEELHE LTHRE 5,

Table 3-16~3+20 ¥ W+ T, CANSD & FARREH ¥ g=p=1.1 %{HE Li & TOAMHEH
BARDTHD, 2OEF N L Gutenberg £ F N L DYHEFEID 3% %, Table 3:26 KRLT
bho o, HEEOHEMEREY Table 3-27 IR Liz, MBRBOHEEILS 4o L BEEKHE e
LDEF X, 0.02~0.04 (km/sec), F7=, B2 e (=06/4ceX100) 1310~20(%) ThH %, i,
e WMo DADHEE, RHSMIC Table 3:21~3-25 ¥ AW CRIBALHEL Tl 72b DT, Hl
RLABBOREYEZ T3,

FkicHEsE®, CANSD =71t 2onC, BER K ¢=9=1.05, 1.0 (ZFHDEA), 0.95
0. 9D FEITTIg » Zof5R% Table 3-281Z7k L1z, 8 12490, 04 km/sec DI ChH B, EBEc DR
HRREVDIOWE, dep PWWNEWZ ERED, §2UFTREVLD TRV,

¥, J-S-01 EF e onToOHEERRY, Table 3:29ZR LT % %, 6, &3 CANSD
EFNDHE L KERL

LROMHEEEOHEEME, Fig.3:17, 3-18iK/RLTH %, Love B LH~% &, Rayleigh ¥
DB GHEELPRHE D D, L L, Fig.3:17, 318 KRINB L 51, £5RELBEECIRL
Vo 727E, CANSD EFAC ¢g=p=1.1 DHLDB/EENRPPLKEL, UL, %J o CANSD
EFNMEET BRI E FAOBAD Rayleigh WHEHEZ 5 L EX bR Bmb, Ok
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Depth(km) dp AVey 4Vsy 4¢ 4y
0 — &6 —.04 - .5 — .08 .1 1

6 — 16 .06 .01 .09 .1 1
16 — 17 .085 . 235 . 195 .1 1
17 — 19 11 .46 .3 .1 1
19 — 35 —.15 .02 .05 .1 1
3% — 36 .21 1.22 .746 .1 1
3 — 38 .3 1.52 .92 .1 1
38 — 50 —.02 - .1 .07 .1 1
50 — 60 —0.4 - .07 .06 .1 1
60 — 70 —.05 — .04 .15 .1 1
70 — 80 —.06 .0 .21 .1 1
80 — 90 —.07 .03 .26 .1 1
90 — 100 —.08 .08 .31 .1 1
100 — 112.5 —.09 .17 .35 .1 1
112.5— 125 . 01976 . 2484 . 2089 .1 1
125 — 150 .03 .35 .19 .1 1
150 — 175 .01 .31 .18 .1 .1
175 — 200 —.02 .22 . 16 .1 .1
200 — 212.5 —.04 .1 .12 .1 1
212.6— 225 . 03056 .1784 . 09648 .1 1
225 — 250 .03 .09 .05 .1 1
250 — 300 .0 — .08 — .03 .1 1
300 — 325 —. 02256 — .1632 — .072 .1 1
325 — 350 .02 .08 .08 .1 1
350 — 375 —-.02 - .17 — .09 .1 1
375 — 400 .01072 — .0548 — .02088 .1 1
400 — 450 .07 .15 .08 .1 1
450 — 500 —.06 — .15 - .09 .1 1
500 — 600 —-.25 — .58 - .33 .1 1
600 — 700 —.45 —-1.0 — .64 .1 1
700 — 800 —.64 —1.141 - .91 .1 1
800 — 900 —.8 —1.8 -1.11 .1 1
900 —1000 —.87 —-2.05 —1.2 .1 1
1000 —1200 —.98 —2.3 —1.3 .1 1

Table 3+26 Deviations of p, Vp.u, Vsr.ny ¢ and 7 of the transversely isotropic
p=p=1.1 CANSD model from those of the Gutenberg model.

KHEEYTHLLBIE TRV EZEL T X, ¥4, CANSD 274D ¢=9=0.9 X, Guten-
berg EFNETDMEIHYRESH, AL 5 ho#tiigt 5L 5, chbo EEHEDES
DERKRELEVZ LD, ZORBARETHERCALD L WA X, ¥k, J-S-01 =70
i, KEEREE& TR DBV Rayleigh MY E2 5EFAD 1D TCHBEELOLNRBMN, 0
ADOHEMED LWHELXEL T35,

¥, fRMAEKD Table 3-16~3-20, Table 3:21~3:25 DL FhEFAVTH, HER RS
ENRBZoNIgh o TOBABRHETLBM, £5, HEEEF L LfETETVOFEEDOER
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Period | 34dp |ZA4Ve.u| ZdVs.y| Z4ag 24y de deg 8 g
20 —.0111 —.0205 .1114] .0687| .0254] .1738 .1343] .0395| 22.7(16.2)
40 —.0017] —.0009| .1390{ .0428 .0197| .1989| .1744| .0245| 14.0(11.8)
60 .0027]  .0008! .1427| .0427| .0242] .2132] .1899] .0233 12.3(13.1)
86 .0055| .0019; .1301| .0491| .0289( .2155 .1881| .0274| 14.6(16.4)
100 L0069 .0032) .1107| .0575 .0334] .2118 .1770| .0348] 19.7(21.9)

Table 3-27 Diflerences between phase velocities for the transversely isotropic ¢=
7=1.1 CANSD model and those for the Gutenberg model, calculated by
eq. (2:52) and tables 3-16, 3+17, 3-18, 319 and 3-20.
de=27(8c/0p)dp, ZAVp.u-_-ant‘/aVP-u)AVP-m
EA Vsy.”=2(a£'/a 1731’.}[)[11'787’.][; Z’A¢=Z(6c/6¢)d¢, Z’AJ)=E(8C/017)A77,
deg=cp—cg 6 =dc—dcg,
£=8/dce X100 (in parentheses, used tables 3-21~3:25),
cp: the exact phase velocity for the CANSD model,
cg: the phase velocity for the Gutenberg model.

CANSD 1.05 CANSD .95
20 40 60 80 10 20 40 60 80 100
de L1268 L1677 .1797 .1765 . 16G3 de .0327 .1053 .1128 .0985 .0754
deg | 0950 .1502 .1657 .160S8 .1473 dep | 0013 .0898 .1053 .0920 .0699
d .0318  .0175 .0140 .0175 .0190 ] .0314 .0155 .0075 .0065 .0055
: 33.5 11.7 8.4 9.8 12.9 ¢ 2415 17.3 7.1 7.1 7.9
(839.8) (9.0) (9.5) (11.9) (15.6) (2885) (12.7) (8.6) (10.8) (13.4)
CANSD iso. CANSD .9
20 40 60 80 100 20 40 60 80 100
de L0798 1365 .1462 .1375 .1209 de | —.0143 .0740 .0793 .0595 .0299
deg | 0510 .1223 1379 .1292 .1120 dcp | —.0556 .0512 .0665 .0477 .0188
] .0288 .0142 .0083 .0083 .0089 0 .0413 .0228 .0128 .(0118 .0111
€ 56. 4 11.6 6.0 6.4 7.9 c —74.2  44.6 19.2 24.7 59. 2
65.2) (8.3 (7.2 (9.1) QL4 (—85.1> (36.7) (21.7) (31.9) (80.0)

Table 3-28 Differences between phase velocities for the transversely isotropic CANSD
model and those for the Gutenberg model, calculated by eq.(2.52) and tables
3-16, 3-17, 3418, 3:19 and 3-20 (¢ in parentheses, used tables 3+:21~3-25),

J-S8-01
20 25 30 35 40 60 80 100
dc —-.2117 —.1974 —.,1820 —.1698 —.1588 —.1366 —.1427 —.1721
deg —-.2525 —,2438 —,2240 —.2036 —.1861 —.1474 —.1464 —.1721
3 . 0408 . 0464 . 0411 .0338 . 0273 . 0108 . 0037 . 6000
e —16.1 -19.0 -—18.3 —16.6 —14.7 —-7.4 —2.5 0.0
(—19.8) (-10.4) (—6.6) (—6.00 (—-6.1) (-5.2) (-3.1) (-1.2

Table 329 Differences between phase velocities for J-S-01 model and those for

the Gutenberg model, calculated by eq. (2+52) and tables 3-16, 3+17,
3-18, 3-19 and 3-20.




20 MR (48.2)

4.2

40

Velocity  [km/sec)

36}

{km/sec)

Velecity

CANSD 14 CANSD IS0,

Rk R O S0 R E 3R )

CANSD .9

°
42 42r
- _ 4o _—
£ £
Z 8¢ £ asf
¥ o
5 o
2 3
36r 36}
. " R R J L ; . . s N ! . . ;
20 &0 60 80 100 20 40 60 80 100 20 40 60 80 100
Period [sec) Pericd {seq) Petiod (sec)
o  Predicted Phase Velocity Exact Phase Velocity — =~ — —eeo Gutenberg

Fig. 3:17 Deviations of predicted phase velocities from the exact dispersion curve

40
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&

for the CANSD model.

J-5-01
------ Gutenberg

s Predicted
phase vel.

1 1 L 1
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Fig. 3:18 Deviations of predicted phase

velocities from the exact disper-
sion curve for J-5-01 model.
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Fig. 3:19 Deviations of phase velocities of sphe-

rical Rayleigh waves (open circles),
calculated by eq. (3-2), from the exact
dispersion curve for the isotropic
CANSD model (real line curve).
Broken line curve shows the dispersion
curve of plane Rayleigh waves for
the Gutenberg model.
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CANSD
period ) ce dcg cp g £
20 3.620 3.695 .075 3.712 017 22.7
40 3.939 4.092 .153 4,102 .010 6.5
60 3.978 4,162 . 188 4.164 .002 1.1
80 4.007 4.195 .188 4.197 .002 1.1
100 4.051 4.234 .183 4,239 —.005 - 2.7
McEvilly
20 3.620 3.532 —.088 3.544 .012 —13.6
30 3.861 3.809 —.052 3.827 .019 —36.5
40 3.939 3.951 .012 3.947 —. 004 —33.3
60 3.978 4.029 .051 4.023 —. 006 —11.8

Table 3:30 Deviations of phase velocities of spherical Rayleigh waves (cp),
calculated by eq.(3:2), from the exact ones for the CANSD and

McEvilly models (cg).

¢g: the phase velocity of plane Rayleigh waves for the Gutenberg

model,

ACE=C£—C¢;, 5=(.‘p‘—l.‘3, 8=6/A63X100(%).

LBRELY L, BHHEEOLIOICLBRE
RREWIHEEXBNRD,

372 HEOXE

Love B @ # & & F B i, transversely
isotropic 7cif& DERIA Rayleigh 3 ik ih
BERbbhTwigw, LrLl, EHOHE
BEL DAL > TRDHLNTUV B, IS,
BoLT and DORMAN (1961) X, K Ray-
leigh ¥ &M@\ Rayleigh ¥ @ fir 48 3 B,
Csph. & Cpuane EDERETRDO L 5B XC
W5,

Csph. =Cprane(1+0.000167)  (3.2)

ZZC TRAH (sec) xRbHT,

Gutenberg & 7NV ##E L LT, Rayleigh
B RS ReHGCCHEE LiciraiE s
cpiane & LT (3.2) K b ERIEME 0 (L 4R
[ cp %KD, HER cz LBNLHRY,
CANSD =7, X0, MCEVILLY €7

4.0F
v§ -
Q L
E
-~ =
2 3.5
‘o
2 -
GJ
> -
30 | 1 1 J

20 40 60 80
Period (sec)

Fig. 320 Deviations of phase velocities of
spherical Rayleigh waves (open cire-
les), calculated by eq.(3-2), from the
exact dispersion curve for the McEvilly
model (real line curve). Broken line
curve shows the dispersion curve of
plane Rayleigh waves for the Guten-
berg model.
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MZDWCR LIcH O, Table 3:30 Ch b, =D 22D EFAMEHONE, |8] #30.02(km/sec)
VR Chamnb, (3.2) AMIVIEEAYEX DL W5, i, cp XERRSD # didg L~
D% Fig.3:19, 3-201CR L ChH D, BB EIC LS Do THD T &Xbn5d,

REFOBAE, (B.2) RABEHECEINE ) vbnibinly L L, Love BOEA LR
ESEsEAShDZ b, REFOBACTH 3.2) APRUTHLEXLTCLLWTHA ),

§4. T o fh D2, 30 B HE

4.1 Inversion Problem

HBE L bR RMSRICH T AN EOHEELX TS, wWh@ 5, “inversion problem” iZ,
Love ¥, Rayleigh ¥nR#MOFENAVONS (Fok xif, MCEvILLY(1964)),

REFELXZPLC COMEBYHI S L7258, —RICROBEFRSEHEY CRFHREYHRD
B ENTEIRL,

BHEE COREHFUNZDOND F MR OMT 225 L, §3., 32 CFRELALL IR, ¢=
=1, Ex1 CHMEMNROVWTW D, LIH-C, Love ¥, Rayleigh ¥ S#hir 56T
%E &k, %73, Rayleigh oMY IGRTA3EFNEFAESL Y, ZoeFrnExr
% Love WD SiMisR & 52 bivie Love BOSBBREDENRELFEIC LD L LT, #HY
1RO & KA E LB % I -CRNETRIC X 0 £ 2300 5HESE L DR B, fok
2, TG §2.,2:6-1 CHWI J-S-01 EFAMEDOWTHIC EXRDTHRB L, €=1.04 (F
P): 1.12 QRERKEEMDAEBLI, EEIDESZ e —KT54, BEIELVWEL U4
ERRLWHES, LvL, ZOEED L Wikt inversion problem Tl LTKRE L DT
O DESESLPEHCEV, —F, RA#ki o &% McCEviLLy OFJUME (McCEvVILLY
(1964)) oW CfTTe» THhhbB, MCEVILLY DEXICEFADLODFLEAREF L LTCEED
RGRBEZRDTHD L, LEZBMEAREYHCTD, V28 HESEELLERC
R TCREL R DRFHBOMEEREOND, HiL, ThERORFREEOEAEEHAWT
SBHREIN L THD L, BLALRACNEEREXSX 5 bbh b, Ticvhbb, RS
D—RINCERD Bty Paper SIZELTHHMLOLNCHWB L 5, REW OF—FRTT
i BEORTLINBELIRDD LB LVED VL 5, —BIICTE L RD BT
EHRPOTF— 2 (o XEERRLE) ¥ZE Ll by, KB, RABEEzED S
ZEMEBEO BN TRV DC, ShllEOBHRMice TS it B,

L2L, dL, & DEISMAERD LI, TOREFEYET 52 HHENBRIC WO
EZENEN 5 (ANDERSON(1965D) 7 ¥k Z OREHFENEFRIZ X 5 & Lic AR1(1967),
v/ =Ky vy bk B e LA TAKEUCHL {1l /hO, 5Py (1968) s EDE L FIZ Lichis
{W%wﬁ%mw6:a%ﬁgéo:nboﬁﬁ%::fm%<:am760
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4.2 R - T - transversely isotropic ik %{EH D Rayleigh HOHGIHEEE

STONELY (1949), SYNGE (1956), ANDERSON (1965) itk » TR U bhi L5, EH o
BaERIs -0 AFEHFOEEICE Rayleigh BORMEES, FCLER - SHBEEALYEDLS
LR G, §2., 28 CliNA XS, FEH - REFBOTHH - FH0 ¥ WBETY
Floik, CoBEdick 3,

i Rayleigh D OMREE OFEEMAC OV TEZE L TR LY 5, BHAERCET 5HE
BAEERE, (2.15725RD L5 Krrhb,

(kHy(Cu—Pcz)yl"C‘uih‘l‘(kH)(Cu"r'Cu)?}s:O } (4 1)
(kH)chu'“pCz)'ya—Cssﬂs“(kH)(Cm'I'Cu)y'l:O .
X AT EERITIRE A B T 5 i,
mn= —kHK;e‘_'”z-i'EI'IngﬁHZ
_ _ 4.2)
’y3=aHL1€“”z—kHLz€ﬁﬂz

LRIT Do
ZZC, cit Rayleigh Bofifg#Ech b,
K =—(cu—pc® —cs0:.2) (1t cas) * Ly,
Ko=(cist+ca)/(enn—pc*—c1*) * Lo,

a= ka)z; E= ka)p

co,='\/~ml—n_z.;» 2= 1+ my

1 [( o / Cad ) Cag ( Ca4 ) Ci4 ( €3 )2:'
= — —r /A B e —
1?11 2 enfew c/ P - ¢ / p s 1+ o) b
1 (1_02 ‘u )(1_62/ Ca )
Cs3 o e r

ms='\/'ml’—mz

M=

Th3,
(4.2) 2% Rayleigh BORMW A RLTLDE, @1 0. PERCHSC L2ET 5, REW
DHEEEMG, m>0 L LTEWDC, =D,
m >0, myt—ms >0
LiBoe 2, 3DEFAROVCEHIELTHD L, WMBE g 9 A1 LkE Risblol b &t
KL CO 5o HEBEXRDE D CHENLT, TOERBOBRTZBMELTB~<THRY 5,
- L¢*+2ME+N=>0 (4.3)

L=(1—1/gx2",
M=(1+1/¢s%) 1:1—%(1+1/r:”),
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— 2__4_
N=L 5’
T —p2_ 1 -1_ 2y s —
Li=s'—— = [2+77(n z)](x 2),

£=Vp.ulVsv.m
¢=¢/Vsyou
Thhbo

Tiebb, Rayleigh BOREW DEESRLEE, Ve, Verow DM X, ¢, 9 L T
MbHhs,

RikRgic CANSD =7 &flic s »C e DMEAHIALTHZ, 2DEFLVOLFOYEE
Brdoxdi, HH - EMEHEEAXEL D, - O FERORFEE ¢=9=0.9,0.95 £ Lick
&, RERFEILLICKRHETIRABE CHH BT, EEEN D &) Table 4:1 ©
LD REVZ ERET D, ks, ¢=9>1 DL, (4.3) XABICED .

layer
1 2 3 4 5 6 7 8
$=2

.9 3.281 3. 496 3.717 4. 5658 4.451 4. 442 4. 681 5.027
.95 2.989 3.201 3.410 4.183 4.118 4.124 4.340 4. 656

Table 4+1 The lower limit of Rayleigh wave phase velocity.

REFOZEF2{E1>D Rayleigh YrE2 3 LEFHOYBEROBERICL »C, EBng
B Uit WA ACRED Z &35 %, LhL, TDXSREBATYH, bhbhitois
X5 BB S I ICLMR A 2 s, SHEIC & - THEIC Rayleigh BIRTY oA
HEXRKDDZ LW CE&D, ANDERSON (1965) MaBNTW3 X 5L, = b Y v 7 2PCitT~
TORFCoDX ) RMEnmEhicw s, RGELRD S LREECK S,

By, RCAREHUENH 2 EDLIREEDO TR0 CEH D THIBHAN 121 T
b,

4:3 Rayleigh RICHITIRSEHOBEHE

A CiE, Rayleigh MB35 REFHEKE LC ¢ p #Hich, HARKRIDER and AN-
DERSON (1961) &, EDfbic

r=Ve.is°/ Vp.u)?
VW3,
7oL, Ve Wb, z—y il & 45° Hi~dits PR OSE 2 Fi>T,
W E,

= Vsv.ul Ve.u
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PN ' . '

Ic7e beo

-9 1.016 1.021 1. 034 1.040

1[ .
=-la 2r?
7 4 (A+9)+2 .95 1.001 1. 007 1.019 1. 026

\/ R 1 2 1.05 . 976 .982 . 995 1. 001t
+ (1—¢)-+4{r2+—(1—2r2)}]
7 1.1 . 965 .971 . 984 . 980

4.4
4.4 Table 4-2 Values of 7, corresponding
CANSD ®Fmic >0 (L 3L, 7 to ¢ and 7.

TR LALREEINT, 6,9 KFICL D, ¢ 38X p%0.9, 0.95 1.05 1.1 & LTHE
Loy Dfix Table 4-2 ISR LTHD, ThHD ¢, p DHEARTIE, 7 d, 7 LHIEBH
K1KKFAL, 45° HADOPEOBERIKEHAORELLEOVELLWEWLS, Thbb, B
HRBOEGEEL, ¢y OH ¢, 7 LOBYCHD LWL D, 1, PHOERHT, SHLEK
NTAEGTHCHEDEEIhARLE VL L5,

§5. & o

DERHCHDRARELENTH L, KDOX5Chkd,

1. AHOELHEMIL, KD225CHSB,

1) REH - 54 « k4R - BLREERYEDHD Rayleigh ¥, Love W £ # 5 1%, BHsd
B, PEEHOBNEC L 5 AEEN RIS, ¥RkwHFEOL-CHS, Kok BMOE
DFEEREFOEE (transversely isotropic &) i+ 52 &,

i) transverse isotropy WMl & = > b v EIBICHEET B LB XL BB, £2C, ZOEWHD
MEICREIKETD EHXLBNDB 100sec { bW E CHOREMICHWC, HREROB/NE(LIZ
L HMUHEEORBIEAEY, COROFHELHID D LR, ChALOMOEINfHEY
A~z &,

2. Rayleigh ¥, Love ¥ &, Zr - IEN4EHIC L5 &, FHHERX & 8 U —BEHES
HEACEbLTZ L CE s, Che@MhBfethod L CHERAT Ltk »C fi
HESEARHE LOCROBR D, S, RTHONELSR - HRLT Ltk »C FiEo
FT B S SPEIC S0 C Rayleigh WOMAEREARD bva, ¥, WHOGH T
LG BEEAT 208NV L RBIENRRECH D,

BB, i —HBEROPHCOWTOEDNY &5 2 i -TCRDBNDB, 2D &
&, WELIh? L5 LBHBEIORY CEEBS2HV RS,

YHREBOBNEIC L D RHHEEENELD, Ticbb, MEEEORHRD L ¥ —HE
ANOYHEERBT LD L LB LR L - CRDOHAD,
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CRBOHHAY 1 DD T a s 5 acE b, CANSD EF e >0 Gl M /e RABEARE
LCEMEF LT, T RYHAR LI,

wic, JAH5sec 76 100sec [H]# Ssec I i, MHBEEDRBHRSEY o tze DRSS
ixEEIC BT S5 &, Rayleigh BcBIT2REFRE ¢, 22 LAL1LIZEL LD, Love B
CHTORFBRBEL LI HBRRELDH LR »C ERICERAIh 3 St 8cE 5
T ENHEEIN D,

¥k, TORESRLGC REBECEE S MW IE#EEY 52 % CANSD €7, &
bBENEEXD J-S-01 € FNOAEMELHEE L CAhi, Love MICB LCRIEHEL
HESARLNI, ¥, Rayleigh JiToWTh, +oHEACALIFENREONL, LihisT,
CTORERANC KETHTNCOREEFAVOMBEEN T RBEECHEEh3 LEL LR
%o

HERAIKIT TH DI D WAHBEDOFHEA, = OfFMRM-CiX, Love 3, Rayleighd &b,
TRERLOO IRRCEXbRHE EERLCh B,

%72, inversion problem 2oL CHERE LA, RAWH O DO F— Z723 Clit—BIICH
HBREE D G WO CRRIA BRI E VI,

PDERX - CAREOHBRBET bRz v X 5,

SHBOMBL L-Cit, REFWHHT BEMOME, REFEo UM, REFREKEY
ARIYT 4 LOBER EABRENRTHWSB, Shbik, EEBE O BHF— 218231220
T BRERINDTHH 5,

| 33

COBRETTHHICLIY, HEWHGIC IR - SECR Y B - f BB SEE ST 3
BRELODOBMBEXR L ET, T, HEO—MAEBEAEHE LY ¥~ B Lic, A+
v 8 —DEARETEEE ToOMOBRCERLE T, 4, FMA0BHEY LTT S oimEk
FLERKUBF _BHFCELHILHELETE T,

ds, ARG, “HURT CREULRLABIL, —PBEintid o HEKEEMETL
LT3,
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