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MOVING SOURCE PROBIEMS.

Problem 1. Displacement due bo a wniformly
- moving line load over the plane
boundary of an inhomogernsous

elagtic half-spaces

Probiem 2. Rayleigh waves due to 2 nonuniformly
propagating dip~glip faulb.



DISPLACENENE DUB T0 A URIPORMIY MOVING LINE LOAD OVE
PHE PLARE BOUNDARY OF AW INHONOGENSOUS ZLASIIC HALF-SPACE.

THERODUCEION: Since the publicetlon of %helalaﬁsiﬁﬁl vepar by LAKS
(1904) the problem of line amd point sources in houpgenecus medie

hes attrectod the attention of meny Anvestigators. Iuv the corres-
ponding problems for inhamogenéeua modin have not been discusced

by many authors as yebs The problem of wave propagetion in an ishGe
mogencous mediun is importany %o geophysleists, Dbecause eny realigtie
model of the Harth muat take iﬂ%QV&QEBuﬂﬁ»%h@ sontinuous change ia the
elostic properties of the mptorial in the vertienl directioun. Sinee
the mathematical treatment of & compliocmted model is extremely
diffioult and since the a@@rﬂximatian.%@,sueh a problen doesn not

\-léé‘;d to eny worth while solution, oo some simplifying agoumptions. |

: gre nouslly made. VWILSOH (1942) studied the pmmmtim of surface
‘weaves in o pemim~infinite wedium, spswsing the density %0 bg conabtant
and the coefficient of rigidity to be verying exponentially with dopth.
STONELEY (1934), however, considered the transmisesion 633’ RAYLEIGH
weves in o heterogeneous medium in whiéh the rigldity varlies linesrly
with deptn. The £ield duwe to a point gourse in sn iohombgencous
igotropic msdmm in which deusity is congtant bub the bullk modulua
varies with depth according to the law A ::7\9(1 PED )2- has been considered
by SINGH (1967), |

 In the presaend paper, considering en olagbtic mediwn in which the
elostic payometors A, /2 end donsity vary ageording to the law

Az M /‘é {1 f»ez)a ond  Ts f’@(‘l +es)g » the transiont problem |

Publishoed in Geylends Beltr, Leipzig 87 (L978)455.317 = 3352
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for a two-dimensional line lond moving with mform veloolty v over
the surfece of the non-honogencous semi-infinite mediuwm is studied.
The ground motion emﬁ.tezi by the meving surface load occurs, for
'e}tampl‘e, from mucleny blests and from shock waves generated by
supersonic airerafﬁs. These praoticsl problems have been formulated
mathematically by a two-dimensional ﬁorm&l line 163& whioh is suddenly
creatod &t t =0 and moves subseguently with uniform veloeity elong
the free surfaoce. The inathad of solutions iavolves the use of the
integrel trensform and CAGHIARD'e (1962) mothod as medified by

DE HOUP (1959), The application of CAGHIARD's method in the solution
of transient pmbléma in inhompgencous media dogs m‘%: sean té have
been discussed eéxruer.- "

fhis ebeadily moving line load probiem, where t varies from - o 4o o ,
hae been solved by CHAKRAVARTY and DB (1971) following the method of
CULE AND HUTH (1953). 0f course, the transient solution for a point
load mo#in,g oveor the surfece of a homogensous isotropie half-space
hed been thoroughly digcussped by CAKENIBINIR end MIKLOWITZ (1963).

An exaoet soluitlion of thg buried uniformly moving lizle-souroa prohlem
hao alse besen ‘Qb’ﬁaine& by MIERA (1959).

FORMULATION OF WHE PROBLEM: The inhomogeneous semi-infinmite mediun is
suppoisad to ocoupy the region z » o as ghown in I'ig.1. Thoe z-axis is
token along tihe free surface, whereas ithe z-axis polats ve;:'tically‘
downwards into fhe nedium. A concentrated line load, which is assumed
to originate on the free surface at the origin et +ime % = o, moves
with uniform veloclty v(v < «,§) along the pﬁms_i"bme direction of the
X=axia, | _ :

The eguations of motion for e nbmnhomaganaous mediuva in the abgence

ol body forces are
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Lm0 2P » Bam 2] 20 L @)
Y G&l 9% d“bd _ ,

u ang v are the displecoment cowpounents in the »- end z-directions,
Ay Mene DAMB's canstamzs and € is the aentsﬁ,y of the megium. It
i apeumed thet |

As e (1 ren)®, O= 001 +em)? (3)
such that the velocity of propagetion is independent of m. The
equations (1) end (2) have to be dolved subject to the boundsry
conditions

/‘1( W = 0 ot 7 = o,

(4)

Tzz o )\(‘m - ‘W’) ¥ 2’/‘1 R R (x - TE) 8t 3 = 0,8 P 0.

5‘(&5 w vt) m mmxa's ae:m_ funpgbion.
PORMAL SGLHBTZIOW in ordexr ‘so golve the eacm, tions (1) ang (2), we
nake the substifution

e u(‘i" + éa} and W= v{1 + €3). , (5)

This tmnsfqrma the eguations (1) end '(2)‘ into the forms
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a4 o L R 278 o Aty .
3-31%-2'—"(,,)4» s Y wem > : :
" axe 0% 03 a,} 2, 52 | (6)
and : - o

ax 9r a7 T5pe Mg gt? N

We introducs the FOURIER transform over x defined b,y

- _
£4 (PyBet) = ff(ﬁvgp.t)ﬁim: ap
il

end then teke the LAYLACGE tronsform over ¢ defmé’d by

[
‘i:*] (APQE’B) = ff.‘ (?-'.E’ﬁ}e“St diﬁn
: o 2

The equations (6) and (7) after these transformations take the forms

P N a o
(a r = k) U, = 2p == (8)
% 5 |
and -
w & 25 L 1 ;
(3 E?“ %42)%_‘3 a Zip E;".p B . (9)
where 5 o
| - 2 A
:;‘?mgai-ig, kgaagf‘g‘gr agﬁspgﬁ“-%é&-l

Using the oconditions that the displacement components venish as z
spproaches = , the solutions of (8) and '(9) are
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K, % ' @l&:23 , .
U1m Ao + Be ' | (10)
- g ~Ky3 2z ~kg? : ‘-
W 113"&{1% + Lk_é e e | (11)

Uasing '(5), the above eguationg becoms

i 3 -k G

= -r—-a--(ae e 2 (12)
. +E0

- 1 }g ' , ' as
1 5.3,3(1 +e m) 1:2 ) ' (13)

A and B bave to be determined from the conditions

oy = é"% P
& dpw, end = 113/“*:1 u, + 3, 5 e Q7L B B O
az '1 . 4 e 4 i}}v-‘- o »

which are obltained by taking first the FOURLIR and then the LAPLACE
trangform on both sides of eguations (4). It is found that

1oP( € X +hE+ ‘ ipP(2k, K.+ €k
A P2( 2 p ) _ , Ba=~ p¥( 1£ a) ,
/“@(irsv-‘-s)(k:?}.ig-p‘g)f(zs) 7 (ipv-a)(k 1, ~p2)(p)
where

2(p) = (0% = Biyke,) = 3€ (k, zgé) - 3e2

Substituting the values of & end B in (12) and (13) and taking

FOURIVR inversion,; we get
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1}? (ek *_kﬁ ” 2 .k k "'1»2 \

e 2:«/u (‘H-éﬁ) 22 (2 rele o tpx dp (14)
(3pv = S)(k ky = p* )f(p) :

and

| 2 ~kE o =Ko
- ¥ {ek i =n“( 2k, +€) €
v m/uu S pRlile oA @ (15)
LAPLACE IRVERSIONS: We assume

E. Y e ‘ ( 1.1 o 12) ' o (16‘)

2/t (Y+€ )

L, el BeipE
= in( kg + lcg + 132) 1 .
J ﬁp

where 1 .

o *‘lﬁ.aﬁ - i}?"
. Apk, (2k14‘e) @

et (i@v . fa)(lc ?235(?)

To. z?ind the inversions of X,‘ and 12, we adoph GAGISIA&D 2 technique
' ae modified by DEHOOR (1953). Accordingly, we put p = « £h in I., ’
which then reduces to the Ioxm

2 '-s(lq zeihac)
I- 1&1(&3{24 515% +80h%)e

L= @, (17)
- - (ihv + 1)0(h) ‘V(B,h)
whare
% 12 + Ay k2 =02 4 g'—a- .

. , Ahz
pa) = (k) e )m(h4-4z€1}£ +31cy)
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It has %0 be noted that ${h)e=d is the R{s‘ﬁﬁ L wave veloelty eguation

acrmamnﬁ.m@ m the hcmcgmwus neditm with ?\m /u = /M pnd

-

556( + & 3€ .

LC' % * 5 =(ometsy ) (Bmemy),
3121 -.;2 h- ﬁk D - b .

V¢ ‘3’"13’13“52 +

) I N L 1/2
-.3(k1. + Iig_:) ;;_-[9(1:1,@ *é)"ﬂ 2219} /

A 2
2(32*:11@;‘,3 - h<)

where E’x,% .2 =

ny and m, ere both mawmv | Breaking up (ek; + ezégﬂnshg)/‘{’(s,h)info

pertinl freotions, the eammicn {17) can be writton aa

1419 :z~ihx)
. ﬁ.b(‘l-ihv)@ _.L. N
1 o (1 R “v‘f)ﬁp(h) . Beemy  peem, (
1’2& ' ( meimee 4 e ) 'dh (13)
wo (1 +uiP)p(n)  oemp  seemy
In (18) and (13),
2 2
, ‘ k (k +h) lx 410, (}: +} 3
M =Hte 3+m1 S | Nl B :
nd Km0 om et
a; 2, X
d  emae 2T e oty
' By = 1 Mg - My
: 4 2
First let up consider tha mmgml
~3{ ,s-ﬁm)
;Lh(i--mv}e k1 i B
ah, (20)

(1 + hevz)fb(n) . s‘x'«-eﬁ,,
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which occurs in equation (13), In this inbtegral the path of iﬂﬁeg?;;:‘at‘idn
with respect ©0 h, which is the resl axis, is deformed in such & woy
that R |
a 1. V2
z(b° +=5) ~ihx =g,
’ ¢4

wher@ g im m&l and poaitiva. ‘;‘ﬂhc, defamed m:bh of intagmﬁiexz is th,g
braneh [, (mg.'z} of a, h;t,rp@rbc»la, whoge eguation ig

2 2 /2
lqxt :ﬁ(q - Bl gz ) (i2.+ 2)1./2
A + 3

,Xg‘f'ﬁ G

mx;
-

< g € =3,

In the course of deformntion 0£ bh@ ‘*;mh of integration it is esasentml
to Imov all the singulerities of m/]'.(‘l + by 2)4})(21)] in the h-plane,
vihioh are the poles atb 3 (i/u), #(1/vy) and the brench peints at

+(i/u.) end + (1/6 ) where v, is the RﬁYmuﬂ WAVE veloeity correspondw@
o the homogeneous meﬁium whon Am M afo .

Since the hyperbolic path T' does not cross any of the singularities
during its deformation; it 5.3 :@iossibla by vir’me of uAhC%:iY 's theoroen
and JORDAN'S lemma 4o xeplaﬁe the integreation slong the reel heaxis

by an ,intagmtion along the hyperbolie path T;. Ve write

221/2 | 22
squsa( of « B ) Saen (g ’3*-;-:%- )

4 S oand M- o MChi) @and N(“-n—)
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and vging the facte that

B =meh, a‘;{. = - ( * )5 Mo, =W o B, o=,

where h is the complex comjugate of h, the expression (20) takes the

form
00 ‘ '
f s Iz[( h +L.§ a—-sq dh.;»] de +
o™ PGy T
; oo h“M -sq dh+] rl
& ¢ ’ w - Qe
<9 2 2 1/2 [(1'&1272)@(&1 ) 8 “€ﬁ1+ dq

Using the enxwﬂm’tion' theormm,' the LAPGACE inversion of the above
integral 18 '

€ (“‘G-'Y)m

N h ¥ G ‘ dh_l, .
Jav fo2 1 =+ £ 5( T-q)dq +
o “‘*’hiv 9n,) dg.d T
. €(t=T)m
ot {1~e-hav2){p{h) dg
2, "/2

 where b, = (=% + = ‘e is 'the arrival time of P-vieves. By use
of the properties of the d-funcihion, the above imagml_aa ann be

writ ien as 1
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e(t-T)m1 -

% -
B(t=t,) Lf -2 ml e’y — —tlat 4
- & (1+a%)9ee,)  atT |
. (t-T)m1 L
t hEK,‘ e * an . o
+ Jev Ra{ sk T”Ja'r}. (21)
iy .(1+n§v2)¢(n+) q f

I’ﬁ shwld be noted thet in the :im:egmmﬂ of the above integral q has
- been x place& by overy wherd. B

ina aimllar mwr the Mfmw, inversicn of the ather part of I1 in
(18) ean be det ermimﬁ. It is mumi %o be o eimilar erprassion as the

"ewpresaion in {(21) eﬁcap*‘e ‘é;ha't »ﬂ and Ty nave to be replaced by N

and By, repspestively. Thus the TAPLACE invevsion of I 18
' % e(t~T}m1 . E{t=T)m ah |7
zz(t-‘b ) f-»am Z;g i, a R Yar aT +
| e (1+h W9 (a, Y| 7 | aT |}
b w2 (oD, =Ty, anl]
+ H(t=t,) S2v Re| = T B, @ T4l e T ) 4T
' ik (1 Y )‘p(h+) aT
S - (z2)

| liext we shall conlulate the LAPLACGE inversion of I;, that ocoure in
(19). As before here also define

z ( 3:1.a +'-Jg) - iz = v,
-

where r is real and positiva,
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i , | '(23)

ﬁeée 15 A 'pa.ﬁﬁ aﬁl.eﬂg which ¥ is x*ezal and nonenegative ig the hyperbolic
;path T'“ (Fige&) rcweaemeﬁ mnwtme&lly by the nbove cquetion with
r > (waE 1/2 f8s nmvi.éied +he path whem it cuts the : mginary m’:;%,a,
Vige b = 1/ (= +22 1/ 2, lice ‘balcmzr “the branch point i/c , which
_ ocmma when % < s.sz/(ﬁ. ﬁg)‘l/g Iﬂ this case the pzszt&a T' (Mg.a) QQQB
. 'mt .BPo8s amy ef the smgulammes »:iurmg th@ daformtion, %‘all?wmg
the &,me @maeﬁm’e as %hs t done in caoe of Iy u\ t.he: LAPLACE inversion
of I, o found o be . | - o

i1

b, €(HmT )za1 ‘e(%T)mz+} dh
t« =2 3 e | 14T +
H( ) J;j {(Hh" 2)@(}3 )&fa @ ) @* e | &-—T—%a +

3 2 é(t—’l‘ )m - E{tw=T)m %cﬁh
1 Pron 5 b ; . & sewsls]
ey, ),i:vﬂe{ (1+£§;é)‘33(h ){ | o '%*?" ° &T]ﬂ’r’
- {24)

Whem ’s = (z& *52)1/ 2 /b io the arrivel 't:i.x::e of S~woves, and h
aecurrwgs in the above ex;;:;mss&.of; ia obtained by reploocing r by in
- the expreseion for h as givan in (25)« | |
Cage 23 If x > pa/(zz 61/ €, the voiat Lx/(x%+z 21/2 1568 avove |
’she- branoch point 1/o « Therefore, the path of integration in the h~plene
kas to be deformed %o the path T"' (Piz.2) round the braneh point i/@
a9 shown in Figs2s

We consider the mt:ag:mi
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8

-s(kgzmil
P :Lh(l - ihwv)s e

Qe h‘zv‘z)q}(h) (e = emy)

dh (25)
oceurring in 322 of eguation (19). Here ‘oo we pub

Y '
a(h® + g%) " - iy =7,

On the two finite straight line portions of the path Tg » b is glven
hy [ . .

g 2 1/2
h +Y1+ -4 -y

where finelly Y] should be mde to tend to mero, and on the remnining
porsions of the path of T; N

2.2 1/
irx ¢ 5 ( r% B2Zo)
- 552*4'52 '

On the straight line poxrtions of the path T‘ r varies fromr = 't;w

to 7 = t{s’ vhere *ta;j = x/0 + :z'.(‘f/p - 1/0: )1/ 2 45 the arrival time

of PE-waves. The expression in (25) ocan then b@ wrltten in the form

+,
u[ih Li=in V)8, dh, ik (=-ih v) (?n ]@“E‘r ar »
(1+h2v2)¢(h )(s-em1+ & (B, Y omemy ) &

[~

] in (1 ~ih, VS, ar, ib (1=ih _v) cm__] -
[(1+11’3v2 W, (smem, ) ax, (m’-h%"")zp(h )(s-em, ) ar
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loting that h = = E* » i /ir = - (uﬁ*/ﬂr) and S = §+ on ‘the
path Tg s the expression {26) takes thg form

%, t
P b & »ar ﬁh“ P hs
J =2 Im J-*g-z"' skl dv + [2VRE .«1
b (1a5*)(n,) s~emﬁ* J 5 (1+h2v )h(n,)
| ap
hg, -zr dh
424 a5t  ap +

Elar. ' (21

To transform the other integral of I, oceurring in (19)y » pimilar
procedure is applied, and finslly 12 in (19) tekes the following form:

. i x
B he B T dh
: t R Hp(h, ) peemy ge€ni,,  4r
- h e % 8 T an |
4 Jo2 In |t e § e ) k| g 4
L (1 +h§v Wl ) aem, 4 Ememy,  dr |
A7 2 ey g T dn - |
h7e ( - T Y. | F 1O
+ [ 2V Ro [mm—b R —c ¥ gmem ar
ty (+nv=)p(n,) "7 s -
@ [ pger g - | ‘
b+ 27 Ro |ty (i 4 o ) | 2. @)
tgs (1+hf,v )¢(h~;.,}.} | ge€m, ~ geem,, — dr

It must be remembered that the value of h when r lies in }'fbc,@ 'tﬁj
S S

nes te be taken ag
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2.2 y 1/2
i[rx-z (g—-}z—--r‘? ,)/

:c2+'52

and for » lying in [ %, ca) '_,

s 2.2 1/2
irg +a (¥ - T220 )
P
o 2 2

X~ + 3z

Hext the DLAPLACE Sxv ’GI’.’&:LO.J. of I, in (28) hes to be colouleted.
By applying the convolubion theorem, the DAPLACE inversion of the

first integral of I, in (28) is found o be

+ &, =5 y (o ,
B h,e S, 8 B Cdn
JaT fe2 Im , ( oo 4 ot ) bl 5( T v)dr =
0ty (1+h2'%72)$(h y My s, &
t o0 -5
he™ 5 T }
= [ gt J~2 Im *&ﬁ - i . sl ) S(T=r)dr -
o "Ga.{:‘i hh‘*‘ / ¢(ﬁ+> Betly,  B=el, ¥ J
oo n @~ 5, ©. dn |
«faT f =2 In M‘% ( ) 8( T= r)dr,
o -1;?‘ (1-:-1:1 @(h ) &= . Seemy,  dr

and it teakes the following form when the ﬁéfun@tian property is useds:

+
h . (4TI e(t=Tim,, dh,
ﬂ(t-‘t&ﬁ) J -2 In :: (s 0.8 i+ +* '.{-‘*‘e 24 )mn;i:] 4T -
. (1+h \1 )@(h ) . , pes
. |
’ .h‘"" - €(4=T) (£=T)
' n €(t=-T)m,, dh .
Beleg o (e v2)¢(h o 45 =
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It can be shown that the lash term of {29) is cancelled with the
Lﬁ*?ma‘:ﬁi iuversion of the second integral in (23},

Similerly, -zmé LAPIACE inversion of the other integrals of (29) can
be determined, end Linally , after simplification, we get the LAPTACE

inversion of 1'8 as

e

- v | I - e(*b«T} &(t=T)m,, dh,
B(t=tyg ) Jo2 Im | 2*;% - {5, e M g ea( 2yt | GT
S (Hiv ™)) L at
' 52 (4=T)m E(5=Thm

- H(Tsby,) S2V R | mmpteee (5 0 I+ g o 2‘*’)«-—-‘?:»
W (1))
(30)

Sombining the resulis of the imprse I.«Ar*mcm sransforms of ,4.1 and I, 5
from (22) and (24) it follows that

P
u(x,sst i ook e s
s2et) = 12/‘16(‘3 ez}
% | .
h e(beT )ri, E{CtmT - dn
X |E(t=b, ) f=1m o ~( 5 e LA eac )mz*) —L) aT &
%, u-mav N}(h * + aT
g 2 . E(t=T) E(t=T)m,, dn
4 1:1(1:;«- Y Jv iv"" » (31 @ M+ + Ne ) BN 3T
* i 1@ #n 2 )zp(n ) av
b , .
- h, - &(t=T) E(t=T)m dn
- H(‘B-‘tﬁ) JoIn (e wa-;:' — ”(,-‘34_6 " + 2.0 ) 2% 21 4T -
#y (1en5vS)p(n,) * ar |
Y 2 e{t-T) €(4=T)m, | \
L &lt-T)m, an
- H(ﬁ«tﬁ) e e o z e (8,0 gl + 7 @ (+=7) 24y ot .;yr
e, (14057)(h,) + at |
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- 1/2 o 1/2
for x < z/(x% = %) ', and when z > pz/(a® - §%) /

(30) it follows %hat

s from (22) and

B
w(z,z,t) =
15/“ (1 +€z)
. © h E('t‘.---']‘)m‘l €(t=T)m dh
7 1 (b (= ' i (M tyNe 2"') —t AT 4
X[H(t ta)tf Im§(1+hf_ 5 (I}(h )( 1,8 + Ne v
o
% | he . (t=T)m,,  €(=T)m,, ey B ]
- Jv R i@ n.e — -
+H(% %)tfv "e (1+h )fb(h )T i "ar
o
4 . ,
Y b, e(t-»’r)m €(t=-T)m d
~H(twb ) J=I s P e 2t ) =k} aT -
(otag) S B & T ek
ap
: . 2
, nS e(%=T): €tt~T) .. - dh
._‘H(-'G_. ) f (1+h V2)¢(h )(S*e( m1+- + T+@< )IE.Q+ ) -dT:;t d,[] )
Bo

arrying on & similar procedure as done for the evaluation of the
displecement along the xm-direction, the expression for the displacemeﬁt'
along the z-direction can also be determined from (13) and is found

to be equel to
P
w(x;z,t) = . X
M (1 +ez).

% .
' T ‘L-— a
X{H(t=%_) [Re k“‘ (11,0 « )m1 + ¥ e(, R ) -P-i aT +
% (1+h )<I>(h) ' aT _
a .

v 1’ +h+ e(“ﬁ-'T) : F—(t-T Jm,. b
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. % 2
ne £ T2
. H("G-‘?Sﬁ) JRo | «gva — (s, :( oy, e, ;(ﬁ-"l‘)mg-!- )dh }&T .
By |k, (140505)0(0,) - ar
+ H(b=t) j’v Im hB——g - (8 6(%;-7):;,1+ e(t-'r)mg* i
Py, ie, (1462 75)(n,) " e e @T]
. | (33)
_ 1/2 . ‘ :
for x < ifz/(@a - {32)'/ , and if 1 > w-/(cc 2)V2 1
(g Byt = e
Wi KgBpt) = = - '
e M (1 +en)
o NS By, €(t=T)m,,  &(t=T)m, _ dn
K|H(t=1 ) SRe ' , 1+ Tar - .
[ “ ti eicnh@)q)(h )(m'*‘53 e Y[ e
v R1 ‘ E{(t=T) e( )
bt ) [V T10) et { & =1y, =T dh,
* ( a‘?%fv L (1 +h2v2)¢(h ) '§+ e * + +‘ 24. } ]&T ¥
&,
¢ | ha | E(‘b Tm (4T}
+H(t=b ) JRe =T, . - mz“ n,
| i { B 48 )&TJ T+
+H{b=t . ) }v I | == 2 ‘s :(t«-—'l‘)m,w v é(ft-’\‘)mg“_ dn | T
M P T e T “T]
(34)

where I, = (hs +;§ ) end k, = (hf‘ + ;_,2 ) .
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It phould be remombered thot in the ‘i"m.‘a“a tvio mtegmls of tho
equetions (31)y (32), (33) and (94)

, 2 2 1/2
iqm-&z(’\‘am% ) :
» SR
z"&-z"a

and in the lagt two integrals of thowe eguations

" 1/2
iTz + 2 (T2 w——)/

D, = e el T T S R A
Eid : : LB = 2 7
o 2, a2

vhere as in the last "iiwa insegrale of (32) ang {34)

- 2,2 1/2
.i[’l‘:g w 5 ?22&;3.».. TQ ) }
B

Eg &4 52

WAVE FRORT BXPANSIONs The wave forms of the solutions given in

(31) 10 (34) are evaluated by approximate cstimotion of the above’
integrale in the noighbourhood of the time of the first errivel
of the different waves, To facilitate this evaluation we put

a 4 + ay whore & is the lower 1limit of the imbegrals in guegtion
and a varies from O t¢ t=A, Then when % < fm/(a 2 )1/ 2 from
(31) we gge‘b‘ | |
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u(x,Z’ﬁ) = :.9— X
Rl o{1 +e2)
| Tty h, c(tet =a) m,
Xlg(t=t ) S = Im M, * oy
[i( o gm hzve)q,(h y e '
e(t=t -&) L .(.i..h-i t‘ta, ‘ h3 - e(t=t a) m1+
3 . ~t) .
+H, 8 )da 1aa+li(t ) f vRe (1+h &v 2)@@ )( 1.0
LN € e (k- ‘t',,( “)dh}d&'\-
tot, | | ‘
" B 191 _ é(t-t -z ) m, ’ é(t-tﬁ«'a) m, dh
+H(.t«~tﬁ) i’ Img(whav‘f)(p(h ) (s 42 9&;3 24y ;da +
k25
(et} Joi Wy g Smtem) m,  S(tetee) mp, dn,
T A 1+h3v")¢(h 3+ e )da | da]
(35)
,_ ' 1/2
For x » {33/("12-'532) / ’
P
u(xs3,%) = "z/“ (1+ea) | |
%- t;t . ( h+ . G(t—'ta-a,j my i, (-t -a) m2+)ah N
o - s 3. e i 8 a +
[H(t » / ml(ﬁhfvg)‘P(hQ n da
£ -
' 112 . G(‘,b-"ba—a.) me. G(t--‘t&-'-a) o, ih,i
+H(t=%,) i‘v Re (th 2)@(}1 3 (M0 +Y e Jag=ide +
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Bt

“Be n | - E(tt, € i;-»%; -
*H(t"‘bm@) JIm L ‘ ‘% YYON) E»+e:( o™ By +3 6( &) m‘?’*)a’a‘t}
o
Sbap h‘? E(‘tw-t -2) m €(t=t ;»:;z- Jm,, dh | T
(s e T Gf T T2y
- ﬁf Ml & L]
'i‘ﬁ('i'a T, ﬁ) f VRe (1*11‘2;72‘)@(13 ) * * | )d& I ] ,

(36)

A similor type of exp*‘emiuzza for W(m,z.t) can be writien by
aubsﬁ;mtmg Te= A + a in the euvations (33) ang (34). For a;:gmximﬁe
egvaluntion of the integrsls (35) and (36) just after the mrrival of
the aemespoﬁding wave fronts it hes to be noted that
Etmlma) m, B G—(th}.«_-a)‘ m,,

e ™ oety 6 Ltanga=nast i,
where A is the arrival time of a typical weve fromt., S0, when A = B9
using the facts thnt

h s s =»h~e---§—-v-—2-»..r -
* o oalx +z3;)* = '*', &2(3 % %)
and
(Is! + 8.
- 4
(wh‘v&}@(h
| (z® —a»z) {ae(a 2?)4*9‘322}

{ 2(us vg)wa Q}Egﬁg(% e ""{ g(ag 3 gzgle

as & - O and that
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1/2
.(hi*-%)
' U A 1
da r 2,17§' EYES ;:172”
(x"+a3
e KR!

the Pirst two integrals of the equations (35) and (36) just after
the arrival of P-waves can approximately be evaluated ¢ the form

ulzyByh)= .
y2ra(t-t, )mms"/ 2(3;3&52‘)1 / ‘A{ VAR (_324-.52 )t / ‘?"} { % (»czg-ngs gmgz?} (t-t,, ! /2

CRum

wMo(teen) =2(alv?)utn? E’ 2223022 =302 (22452 )ax®p X
X [Egcﬁgﬁﬁa)%éga f 2 ] .

similerly, The approzimete velue of w just after the arrivel of |

Puwzves is given by |

W (.'K’ By t)=
Jam(ent, )3%3/2_(32 a?)! /¢{m 12 (x2 Ma y? /2}{x3(m2_a32) s 1 (-t y1/2

o (teez) { :x:‘e(asg-va ) rlg? } E@ gx:g( 3@3.-..32 Y3 2,2 (sz-am‘? )~4x25§3 pA
x| =P (aPus®) 1a%0" jir2 1.
The same method ig applled for ampproximate evaluabion of w and w

jugt after the errival of S-wavess It should be remembered in this

gase that ) |
2 PR /2
. ITz4s{T" = wué—ém
A= tgs" h* =% «?@2 s | - 5 tif' <TG,
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The effects of uy end wy on the digplecement components u end v due

t0 S-waves Jjust after thelr arrival are found to be

(Ko Byt )=

Wel%(%t&)m asvg/ aixgbﬂ )1/ 4’{w+ﬁ(x +3 )V 2}{ ux (a }1/ Q(t-tﬁ )?/2 .

n/%(wez)[ 2(@‘? v2)4%

[232(332 xg)—-‘b‘;ﬁ za(x‘;ei-zg)u%x'm X

{p 2,2, Ka(az LAizz) 1/2]

Wy (xezet)= |
zfzm(t_t )% mp’:»’/z(kz -%”2)1/4'{‘?11 5 (yawa)‘i/a%a 202 (0 2)31/2(1; %)1/2
ﬁﬂ10(1+63)§ 2(;32 va)wzga} [cagze('p’z‘? *ig)n?s:baf’e(*z uﬂ:?)”ﬂ—x a0 X

{i) 5 xa(aa ff»?') 1/2]

-

| 62 .)1_/ 2’ end in opder to obtain &h@ displacenent
)1/ 2, we write lae‘i‘:

for 0 < x ¢ pa/(a® -
due to Sewave arrival in the region x > pz/ (a
two iuntegrals of (32) in the form

‘t‘ ’ ] .
P h . =T ) (b= T )m
" {e=Im i ( s.06 1+ 24 -@-} ,
| {a§£ , t(.l +v2h§)®(h+) + = e ) ar *
¢ . D , _ .
h (T )m et~ T)m dh
Ao et (S.¢ LR 2w aT
+VRe (1&?2';3)@(}14.) (s,e +8 ) g m-b +
. n (=T )my e(t—- T)m,, an,
J leim et e (8 e *ap +y }
‘ By 1(1+v2h§)$(h+) e df ’
hz

14 w%‘?)@(n ) (5,

€(%~ T )m, (L= T)m h,
e 1x~ﬂ+ 2+y a....ha’r (37)
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This is to be rémembered that Lfor tg;s T %

b, = ey [ vm (7 - ;’/2]
3 s 1TE & - "‘"""-"“' . ‘
e E T2 2 |

The displacement due te the first arrival of Sewave is obiained
fronm the last integral of (37) as + = t@; + 0 and this is found
to be . .

< , 1/4
~3(2 PH(t=5,) ¢ 53/ 2 2%52(x® + a%) "’
\11 (i-g:a )-‘-"— s 4

w/o(1+ez) {x (;‘5 -y ) 4-;;2 2}

{“2(“%2%&‘52&2“@5 (x?—"m&)ﬁ/ : vx} (b=t )-1/2 |

'X.
{ o2 (35 32) %apz(xa*za)} +‘§6¢:52 4 2{ 2@; -2 52 2}

Adopting the similar procedure for the last two integrals of (34)
we have, for © »vtsgj + O in the region x > ;,ﬁz/(cz pg)*l/g

1
3y2 PH(t=t, yaZp 3/ 2 242 (2245 /s

74 (TyBgt) = =
T _ n/“o(i*ez)ix (92_".?2)%8@

g‘xg(ﬁ& - ) ~p 3 H (= .;.-:2)1/2 + ml (‘tﬁ%b';,z

{ 2(322 -y ) 3" ( 2)] +16¢2x432[ (a )-?iia 2}’,

In the region z > $z/ (s,v. 2) /2,' Ps-weves exist and srrive carlier
%h,...n STV O o

Vg approxinately caleulate the lest two inbtegrals of (36), which
will give the efiect of n, on ‘ém ﬂiapla&ement -eempmentss u due

to Ps-waves just afber their arrival. In this case
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Am'ﬁag}’hm - a_& s By $TEY »
Ehen_
( 1 - -1.. )1/2
T - —
B, e l— el ,
1 1 1/2 3
5+ a2 L ot/
- B s &
iR
and
| g /2
: de - o )
ah, 7 P '

where in these exprassions terws coutaining higher order of a eore

neglected because a =0 asg t - %s@. ang vwe get
_ T 5/4 '
4@12}:('&“#&? )ﬁs( J?” "% ) /2
W, (HeBy b ) e ' Hrm * (b=t )
2 1 1/2 | 3/2 op
3 e(l+ 3) (@=v)|wx( ;-2-~ 12_ ) =&

&

Similarly, the effgct on the displacement component w just after

the arrivsl of PS-waves is given by
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M2 (b=t ot (L -y )3/ * 3/2
Wy (xyBy%)= = - £ 9—‘»1 o Gty)
37:/'10(1-%&39(61—-17)%:{( ;15_, - T
a

Ve now find outb tha cffoots of Uy and w§ on the displaocement
components u and w in the neighbourhood of the point C(Fig.3),
where S- and Pi-waven avvive a% the game time. In this ecase

t@;» = t@ﬁ and

34 1/4 3/2 5/2
¢] a2

| 4 PH (t=%,,) 2 @ Y
u.j'(x'ﬁtp't) 2 o : _ 1'3%/4 (ﬁ—tﬁb) "
S/t (1vez) = (& = v)
3/4 /4 3/2 3/2 -
4 PH (t—taﬁ) 2 a B z 5/
WB(g,z.t} = (#ntmp)

974
351}10(1+ez) z (¢ = v)

CONCIUDING REVARES: It i found from the inbegrals (31) to (34)

that the effeat of inhomogencity enters into the expressions
€(i=T) my i=T) m,

for u and v through the factors e - and e in the

corresponding integranis. So, if these two factora are absent,

end that is so If €= 0, a parsllel camge for a hﬂmagenecus_mgdinm

is obbained.
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Alsoy it is inteoresting to note that in the nelghbourhocd of points
just after the arr;val of the different wave fronts the displacement
components are independent of € j;i.e., at any point, the effect of
the £irst ’arrj.Val of wove fronbs on the displacement components

ig the same foy homogenesous as well as for inhomogeneouns nedia. Bub
es time goes ony € vecurring in the exponential terms of the
integrals (31) to (54) for v and w will have ite effect, and
congequently, the emplitude 0f the weve fronts will deeagg} EXDOTIE

"t;iaily;with time due to inhomogencity of the xﬁedium;



" RAYLEIGH WAVES DUE T0 NONUNIPORMIY PROPAGATING DIP~SLIP PAULT

iﬁTROBUCTIOEB The study of dynamlc crock propagation is very
important in geophysics and in aarthquake enginearing seiénee.
In g@ophysics it is desirable %o formulate the earthguake sou=
ree in terms of physical paramgters and to study the long per-
icd waves over a large distance and for a long time, Also in
structural enginsering it ié epsentinl to know the nature of
surface waves covering a large distance. At aparticuler plece
the ground motion produced by the earthquake is & very compli-
cated function of the nabture of propagetion of the cerack and
the geological properties of the place as well. liost of the
Imown eblutions of the moving crack ave restricted by the aso=
umption of constant velocity of propagation, which is not in
general expected. Mol (1972) discussed Rayleigh wave propagation
by & finite fault moving with comstant veloeity. He vopresented
the sheey failure by a jJump in the tangential components of
displacenent across the fault surfmce. Achenbach and Abo=Zenc .
(1?72) analysed the wave motions generated by a vertiezl strike
slip foult on which motion is opposed by a frietional sheer
stress and wkich 15 assumed %o increase linearly with depth. |
?reuaﬁ (1973) discnssed wave motions as expécted in case of ’ l
a nonuniformly‘expanﬁing line load, Fossum and Freund (1975)
considered o model in which a plane strain shear crack moves
from rest at»a nonuniform rate under the action of general

loading. First motioﬁ'response of an-elastic half space dus to a

Published in Indien J. pure appb. mth., 14(3):994~1006,1983,
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nonuniformly moving dislocation by Uagnisrd De=Hoop teeimiciué

ia determined by Roy (1973). In e recent paper Markenscoff and
Clifton (1981) anslyzed the motion of an edge dislocation sto=
rting from &éa‘b end moving thereafber nonuniformiy on its slip
pleng by means 0f Isplace tranaforn, vhere ﬁ}ﬁa inversion of the
transform is accomplished by Uagnlord De-Hoop meinod.

in the present paper an idealised earthqueke model i considered.
A fault break along a horizonbal 1ino ab o finite depth below
the free surface is mssumed o appear éuﬂaen-ly and to move
vertically unward with nomuniform motion upio the fme gurfaoe,

A dmemn*bim;iw in eemmnezxts of displacement aaross the fanli
breank is pmamiba&. The diaplocsment eomponsntg on the free
surface due to }_léyleigh waves are determined for nouuniform
motion of the eraci, o | .

Po £ind thé solution of the probiem the techuigue doveloped by
Knopoff and -G:;lbert. é;:%.th eppropricte modificetion is useds i‘he
tecmiqﬁe is found to be extrememely powerful Tor tackling such
tifp@ of baﬁnﬁw:y value problems. Ghosh (1272) applicd the method
%o show the possibility of atﬁahm%iﬁn of microssiemic waves dug
to the presence of en upward Polding of the ocean bottom into

the iiquia.; Following Knopoff and Gilbeord, the moving eorack is |
raplaged by a set of virtusl sources loczted at the fault surfoce
HO, éhé displacemant én *i:he‘ free guriace is written as 'i;%;é gum of
the contritution of these sources with the aid of suitable Green's
funation representation theorem, |

Phres pamicular cases of nonuniform motion of th@ crack are
eonoidered. Horisontal and vertical components of purface dipplace=
ments due to Rayleigh weves produced by the yngmga‘smgg erack ere

determined and shown by means of graphs.
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iIn the mathemabtical and physicel structure of wave propagation

phenomenon, the model ascumed here is although over simplifiad,

yet it brjgngéf forth soms major features which are usually preg-

gnt in the gréund motion.

FORMULAZION OF ¥HZ PROBEEH AND SOLUT 108§ Phe origin of the co-

ordinate frame (x,¥y) is at the epleentms o. It is apsumed that

& crack suddenly eppeavinz at the foous H moves vertically upe

wards upto the fres surfoce o with a nonuniform speed. The le=

ngth of the orack measured from H at eny time t is h(t), which

is assumed to be strictly monotonle inercasing function of time

te
The Fourier transform E(x,y,w) of the function E(xpyyt) is
defined by

CB(xyyaw) = SE(x, ¥, %) M ap
- |
Iet (}g(x,y}x

0"3’0)' (myn = (X,5)) be the component of Green's

funotion i?n(x_,yix ) at the point (x,y) in the diréo‘ticn of

o*¥o
n due to a point sourece of foree in m-direction and situnted
at (x,s¥,)s If now u(x,y) end v(x,y) be the displacement com
ponents along < and ¥y directions regpectively and Pm(u,v) »

. ny(?’v) end Pm,(u’ﬂ be the stress components then their

Tourier transforms defined by (1) satisfy the following diffe
erential equations. |
‘ a5 _ (V) . 3(mev)

+ 2=
-—a%-’i-—-“—- pra P w® B(x,y)=0

(1)

(2)
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FIG. 1. Geometry of dip-slip fault.
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Ty L B 0§y =0 (3) -
ax 533’ _ ' '

[f?{ﬁhy lﬁaﬁyﬂﬂ o5 [‘s ("%93? i?o-yo]]

_:rg“C- L Lo .‘,m& r“z (?13'“55- y}“
= e

= Bl x)biyy) o (8)

‘..' [G}»(ﬁay EINR CE - ‘[@gcﬁ’@?rxﬁ’y@}]‘

T B -v-m Pt GX(B’-M‘ 41%)“0
ax | : 8y - '
(5)
[Gyixiyl‘zaiyg)] [{.;y (Khﬂ ’yg)]

;‘"“‘""“ ) wy(‘-‘ﬁ’ﬂxoey@)%ﬁ

. (6) -
7, [ﬁy (m,a?i%ayo)] K [Ey(x,‘_ylxe.:f@)] o
= o S RLARCACHEREA

Comealmen) By -y) . (D

where § is the density of the material end 8( )is Diree's delis

funcbion,
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Mmitiply eq;wfcicn (2) by E;(ac,ylxa,yo) and (4) by Q(x,y) end
gubtract the latter from the former, Also maltiply equation (3)
by Ef}(x-,;yl'xo.yb) and (5) by V(z»y) end éu‘otraot the lattor fronm
the former., These two resulbing egquations are thén added and

integrated over the region R to yield the following sguation.

2| GE s P Bl i -
f’z’;{ dx[ 6Z(xy ¥ iy sy,) By (uev) + &y(x,ylxo,yo). Ppy(2y7) =

= 2 [ Gx(giylﬁa’iio)]" A ny[ G;(ij‘xosyo)]] +

4 '5%’[ G}x:(gay’ﬁe‘!yo) Exy(u"V)'q'(};(x’yl};o,yo) Pyy(u’v) -

-~ a.i;}{y[ GX(X’YIXG:YQ) J "' '?7' 135'3'[ GX (ng{iz’:@’yo)j ]é@mﬁ(xa,yo)

| (8)
For details of the sualysis to obtain the eguavion (8) , we refer
to the paper of Ghosh (1972).
Applying Green's theorsm, tha integrel in (8) over the region R
ig converted o an inmbtegral over the ocurves S, S4» S, (ahown in
Figete) bsundinfg thé region R end We have

J Gz(;-tc.é!!xogyo) B (uyv) + G;(x,ylxa,ye) By (aev) =
S+5,+5
172

i lji’ix E Ex(x’y!xg)’y.on.; ij:ax (39‘“3‘3' yom diﬁ“ﬁ(xo,yb ) ’ (9 )

-1
N W the difec;-tb"\ of the outward normal at ds .
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Since the stresses due to (u,v) are zero on the free surfaces
By S49 Sy and the siresses dve to Green's function are also gero

on the free surface S, so we obtain from (9)

1 |
J L] :’;m [ gx(g,yle,yQ}] + [";j %;y EEX(O'.Y‘KQ!}'Q)]}@! =
o .

= ﬁ(xo,yo) ' {(10)

Where [u] and [ vj represem the Jump discontinuibty in displas
cement commnen'&s ACTroBs the oreck zia and HO = 4 is the length of
the cracks. Since we are considering a dip=-alip fault, oo theve is
no displaeemaht dlacontinuity aleng x«direction across the feult
surface., Congeguentily [ u ] @ 0, Aloo, ag we are interested in

surface displacemsnt only, @0 the eguation (10) reduces to the form
1 ‘ . . . . .
o |

Congidering the equaticns (2), (3), (6) and (7) end following the

same procedurs, we get

JLF T B L& ouyiz i0i]oy = 7 (xy00) (12)
Q . .

The Fourier trensforms of the Green's functions are



T xylzgro)s fuﬁzﬁ%i (MG)[Q% @”%y“_"zs*g‘*‘?’;vﬁ]d%’ .
Eﬁ;(xm%’o)m ﬁi_;%i@(x-xo)[gv1 v, e‘;;; i Yo 25' ]dg (,3) 
Fonslsole --;i—l— m%-ﬁ("x )[(2§ kg);% 2% o 2}]‘1%’
Eg(x,ylxa.o) ﬂ:u }.:2& §;'i§(§w! ) [(2&2_2:2)6“% 2&;‘2@“ oy :lé,fS

Hore k5 = wo/u?, K5 = W%, = v’g‘z - k5, Y= w/gf-' - k5 end
~ ‘ 2
R(g) = 458~ Y, » °‘-(2+V?‘) 5 G, P are respectively P-wave and
& & 1 Yo & + 2 5oy "G Lespes y L
S-wave velocities. The values of % (&) and V,(§) are to be so chosen
that with such velues the expression for the displacement decay
exponentially as y -+« for real V (85) end Y(5).

The Fourier $ronsform of the -:rtrasc 1’ [Gx(e,ylyo,o)] on the 1111@
of faniting HEO is given by

-

s V. Ve
I(}K(Q,ylx ,o)]..-z—é W[(e }.a)e 3y )% v, e 13]&%- (14)
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8ince we want to determine the surface displacement due to Rayleich
waves, we need to dotermine the velue of the integrel in (14) for

Rayleigh pole céntribution only, for which we refer t6¢ Il and

Encpofs (1968), The Reyloigh pole contribution to the insegral (14)
is evalusted by following the method prescribed by Iapwood (1943)
andg, §KYI G#(e,ij@,o)]is ‘_;fmm& w0 be

WX _
j.WA.,{emp(m on cx.e eay)o-ezy(‘- --‘-’i"—- —cﬁy)} exp(i-_-;;;’;), forw >0

(15)

%

and iwA1 {@m(wﬁ‘ agaeRs’) axp(w {62 ansr)] p(i--).for w<o

¢2
Wh@l‘e A,‘ : 4 V((B OR)(Q GR)

R (a2 ~ o2 2(% ‘f)’/ 2 2f§-§-’-‘3*->1/ 2. cg)(ﬂ
R

(16)
and ¢p in the Rayleigh webe velocltsye.
Similerly, the eontribution from the Rayleigh pole to

L Gy(o.yarg,o)]m found to be

wi
B ic-zxn(a» ‘fa 'y Yegxp (o e Foy ¥ 2~c§y)}e?p(i~5§-), forw » o
¢

2 2 Wty
and - 3:31 {eyp( ofa -cRy)me}rp(P o i@ cﬁy) exp(:l-—&-g),fcrm o

where

2
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1 | (2p%-cp) W - of

Bop

~ -
£:> c
-:3—(255 -GR)-PQ('?’%)VQ a2 (gt -33)1/3 2((0‘2 32)(}52 GR)
=%Rr “=Cg
| (18)
The dimcontinuity in displacement slong the line of faulting at
any btime ¥ and at a depth y below the free surface is agcumed to

be
[vI=oa[b(s) - (1= y)] [Hy) -8 (y-1)]
| (19)
= DE[t - x(y) ] [8(y) - 8 (y - 1) ]

#( ) is Heavieide step funciion and »{y) = h ~1 (1-y); which is
the laverse function of h snd it exists es h(t) is strictly
monotonic increasing function. Yeourier trensform of the eguantion
(19} is given by |

[vl=Dp[Hu(y) -8y ~-1)] fﬁ[{;.r(y) Je A g

= D] H(y) = 5y = 1) ] Set"Vatan] 5(y) - B
»(y)

(7 = 1) Jns(wys & )et2) | (20)

Putting the value of [ ¥ Jfrom (20) in (11) and then toking
Fourior inversion of (11) and changing the order of inmbegration

one obtalns |
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AWz (y )= ~t) s &(w)-»i)z’

1
u(x ,0)= 59-;: ,gdy',!‘e ey L GX(Q,JIXG,O) Jaw-

Subgtituting the value of P

- from (15) in tho above eguation we

get

8

A1D
7

—

dy [ ([exxz( -GR y) -

Q

fog

O

« oxpl~ 3 VP o2 y)lcoa(r(y)=t + " )“f@w

or

u(xa,a) A,QC
Lo e B -

o w

1 o
1% ;. o - ofy

° i(az eR) y2 o (f’n 2(y) = b eper, )

ﬁ“?’ - Qny

CR f-cR)y + pZ (eRr(y)-ateﬂm)

(%) ]

dy (21)

Similarly, wo obtain |

i} 2
a“{e, - G %
. i - f . ( R (y) : clR; 0) e -

D T

ol(e? = o3 ¥* + ég('ek T(y)- ey + xy)
2o r(y) - + X ) :
- —— E R L | 3y (22)
@ = of) v? 4 ba(cﬁ 2(y)= b e+ x,)

DIFFERERE CASES OF NONUNIFORM CRACK SPEED: In this section we
determine the Rayleigh wave digplocement on the free surface



198

for different nonuniform motions of the vertical eradlt

Cese 1. Heve it is mesumed thuat h(t) = ob, where ¢ is the constant
velocity of propagation of the fault and we have

tash axy) . (23)
substitubing the velus of r(y) f£rom (23) in (21) and (22) end

integratigs the resulting equation ome gots

u(x;s0) -

D ) - A4TP O

gf1 . gox2 %, -1 @}, o |
- Fi5in & == fan --} | (24
5{5 T o X[} (24)
v‘cxa’o-} 2 | : , -} 2 o
e - 2D o Tl g A g 2]
D 2mp ©r LB)Cy oem gt
1088 g™t B L gy B |
- T {.oﬂ jan =z in »--é-%»}] (25)
2 o 2 ; .2
e, 2 2 0 .2 o G
where!s.av’/‘!.w-& e 3 B =1 + &5 (1 1:1. - )Gz Yiom 2
Be oz 2R Rl T

- 2 e =zt e ® X ,
5ot G- By xepomghyp e R oo R o
R .

=2 (1 +@"3)-% -i%qem,
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T =0 implies ¢ = ggwp .“;-3 thich 1 the time talken bto reach the point
(x,,0) by Reyleigh weve, which is emitted from the epicentre O when
the crack reaches the free curfece and X = 0 impliea t = x, /eﬁ which’
is the time %aken %o Teach the polat (xe,a) by the Rayleigh wave

genorated at H as soon as the erack appears at He

Onge 2. In this case it is assumed that the orack staris to move
vertically upward with a finite velocity a and has a retardation b,

Hor@®at a time b afber the formstion of the erack

() ( < 1) = at = & 5%, 8o thot

31 - )
2(3) = & s, (26)
2]

substituting the velue of ¥(y) in (21) and (22) we obtain

u(ﬁogg) .

1 4
s s-%;%f[ .
C’Azgi-{;

v(x.40) & "y
0 . A e o
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cR i I | '
| . (2 X)z% am
} | B gy ‘f,_@.’e‘ﬂ-—s)) | e
& efiamtion) : 'u-%-»aza z)
{28)
where T = % end the other conmstents have the same values mentioned ‘
a N .

eorlioy. It ooy be nobted that the integrands in equetion (27) and
(2»3’3) have egﬁ..aimﬁmity at 3 = o providaed

o | |
2t ] +X =0, which implies that
T+ 1-2r
t o -59-'- PRI - S— .
R oo
a(‘i«r le =)

Thig ls the time %o reach the point (x,,0) LY the Reyleigh wave
emttted from the epleantre O just aftor the avrival of the ereal
at this point.

Case 3. Finally let the crack at a depth 1 below the free surfeco,
start to wove vertieally upward with iufinitely iarge veloeity
which graduslly decays with time, Accowdingly h(t) 4s token in the
form
h(t_}-:: i)1 'ﬁwhera 33)1 is a congtent.
o b =3 -y

Therefore z;.’(;y.)z '=.=». I: (1=y)/ B, ] 2 ' ‘ (29)
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As before substituting the value of r(y) in (21) and (22) ang
making & chenge of variable of Yhe integration , we have

ulx $0) 2 | i
D s le 3 (e2iPazind)” o2 = atta + 1
‘ - — ' . G. -. ]zﬁz, - {30)

: 2 : :
whetmo (k262 2 + 4) B =4 Mz w1

v(x_ 40) 3.2 2
o ¥ {‘fﬁ, - ¢
o awimms (1 Bg) (1 B} %
D Rppe 27 Voo
1 33(52 - 8z 4+ M) az ~
AT 2 2 2 —Z (31
o {z. P T, ) }{zc @752 o(72e2n i) }

whore K202 / logs @ =i=(tey /)2 / 1o )4(z /1) (Bﬁ/leR)

end the other constonts have same values es mentioned before.
Agaln, the integrands in sguation (20) and (31) arve singular

at 2 = 0 Af ¥ = Q. Thip correguonds o 4 = {xo/cﬂ)-;-(lz/n?)

which &5 the time of arrival at (x,s0) of the Rayleigh wave

which L5 gemerated ot o juet after the arvivel of the grack on
the free surface. | |

HUMERICAD RESUH‘ES AND CONGIUSION: Vhen the earth material is under

tengion or compressica in a direction parallel to the fres surface,
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shear failure aécufs on a feult plane. In gencral, this failure
moves with nonuniform speed. Humerical computations are carried out
for poisson solid {(u/p = T3) ana for cR/E = *9194, The quanﬁities
AyByGyH, X, Ty FyX, M, T defined in section 3 ere all dimensionless.

Pigurea 2,3 aid 4 shgﬁ the variastion of eom@onan&a of displacenent
with time: The dimensionless displacenment components are plotted
aeningt dimensionless imo. Ty and T indicated in the figures
corraspond to tha.arrival times at (xggo) of ‘the Rayleigh waves
£rom the foeus H end the foult bresk ab o. |
Fige.2{a=b) correspond %o the case 1 of section 3 where the congtant
velocity of propagation of the crack (cR/ ="3 and 2) is assumed.
Tigs.5(a=b) correspond to the canpe whers the crack starbs with

g finite veloeity amd has o relaordadtion b. Here zlso twoe cases
cR/aa'a end 2 Wi%hlthe assumption that F = 1/3, are conaidered.
Flus.d{e~b) depiets the case 3 where the initial velocity of

erack propagation is egsumed tovbe infinitely large and K iz taken
o be equal to 1. |

From equations (21) and (22) it may be noted thet u(x,»0)/D end
v(xc,o)/b are functions (xc/ﬁ)s(eﬂﬁfi). Therefore in all computati-
'anallworks, without eny loss of génerality xo/i has been teken to
be agual o 1, bgeause eny change in vaiu@ of xefi will merely
cause & shifting of the graphs along the direction of cﬁﬁ/l.

We find that in emch case the strongest ground motion occure at

2, = cﬁﬁ/l whdch correspond to the arrivel %ime of Rayleigh waves
from the surface break at 0. Also 1% is found that though the
nature of the graphs in threc differont cases differ between Ty, end

To but their notures are almost the same after the arrival of
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Fras. 2(a, b) Horizontal and vertical components of d.splacement versus time. Case of crack
propagation with uniform veloc:1ty :
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HGS 3¢a. by, Horizontal and Vertical components of dnsplacumm versus Lame, C.|>c of crack
pmmgal:on with retardation and finite 9Iarung velocity.
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(b) :
FiGs. 4(a, b). HHorizontal and Vertical components of displacement versus time. Case of crack
propagation with retardation and infinite starting velocity.
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Rayleigh waven fraﬁwthe surfece brealk. Yhis may be explained from
the fact that the main c@nxriﬁuﬁi@n to the ground motion due %o
Rayleigh wave is from o &mal7 partzen af the fmult uear the surfsee
after the arrivel of Reyleish wave fronm th@ surface break; So the
contribution Lrom the deteils of crmok initintion beoomes ms;!.gns.a-
Ffleant after 2 »

It may be menticned in thle conniaction that though centribution of
Rayielgh wave to the ground nmotion is significent at large distances
from the epicentre, the effect of body waves nsar the oplcentral
region ean not be ignored. This effect mey be incorporated 1f we
oongider in addition to the contribution from Rayleigh pole, the
contribution from the brauch line integrnls erising from the

evalvabion of strssses due t0 Green's function.



