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Summary

Many earthquakes occur in Iran every year and some of these earthquakes cause loss of
life and property. Consequently earthquake is one of challenging topics not only in Iran
but also in other active tectonic regions in the world. Investigating the mechanism of
earthquake as a natural disaster is the first and important step. To study earthquakes,
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different information such as geometry and behavior of active faults, as well as the
mechanical properties of the earth’s upper most layers, are required. Geometric and
rheology properties of earth’s layers as well as details of the contemporary strain,
temperature and stress have increased significantly over the past decade. Furthermore
thanks to availability of Global Navigation Systems (GNSS), like GPS, modern space
geodesy data processing and new tools like PS-INSAR that provide unforeseen spatial
coverage of precise observations of the Earth’s surface deformations. The only processing
approach that composes al geometrical and physical complexities is Finite Element
Modeling (FEM). Thefirst step in using FEM is to examine its capabilities.

In this paper deformation field of adip slip (normal and reverse) and a strike slip fault
(Ieft lateral) in linear homogenous isotropic elastic medium by means of 2D and 3D Finite
Element Method (FEM) has been investigated. By means of FEM, the complexity of
mechanism of a fault related disaster for determination of precise Green operator and
solution of a reverse problem for extraction of fault slip rate can be modeled. As a
sample, we apply contact elements and develop a frictionless fault surface and then
deformation field of dip and strike dlip faults for one meter of dip for each side of fault
surface. Fault top lines for dip and strike dlip faults are assumed to be on the ground. The
dimensions of semi infinite medium for dip and strike dip faults are respectively
1000*500 and 1000*3000* 120 km and these dimensions relative to fault’s dimensions
are large. FEM deformation field are compared to Okada analytical model (an analytical
model). The comparison shows that there is a good agreement between FEM and the
analytical model. Our procedure can be summarized as follows:

1- 2D geometrical modeling of 90, 70 and 25 degree dip dlip faults and 3D vertical strike
dip fault.

2- Meshing of medium and assign material properties (linear homogenous isotropic
elastic).

3- Apply boundary conditions by horizontal and vertical displacement vectors.

4- Determination of horizontal and vertical displacement vectors on the ground by means
of FEM.

5- Comparison of analytical (Okada model) and FEM results and computation of Root
Mean Square (RMS) as an efficiency test of results.

Keywords: Dip dip fault, Strike dip fault, Deformation field, Finite element method

Aodde

Al dolas & fas BB Lo 5 15 ) 5uil
S (Sosayla g 3 it dslas ol Sl s
3 eslitel Wslae ) gasme o i) G sh
035 DXY)ZX Cn X™Y™ IS & S5 Glags
Szt o s (50 Ll el ST, sbay
Jeedl s SVslae 4588 oay 55 (V0 (5) AT s
(Horn Jol iz il fol plaly oS
2 el o BB s SladI Bl 5 a8 slags e
SV¥slae JISS1 L 3 (1AW ¢ Jod 4FF (o)

OluiS” OVslee o sl gslee oL, sl i,
9 o o el p b gy cpl S (6ol 5505 5 2
Gl Sl 3 Sl sl i Ol 355
Sl B e sl g S sl b, S pan
JALLM‘ ylﬁ&:ﬂ'j&(arﬂwéjb.@‘w‘
Olg oo dowi sla Jgy ) .l gode o sla Sy
5 dalee ISl SVslee oy ¢ Sly slags o os)
Sbi S oy 53y el Ll gla e



Yy et JuE 05 Jon Cdled ) AL ol alr Ole e

St Kon lolions g e e oo 51T
OLer 5 S 5153) OlusS odina ((VARY (f51S )
OLEer 5 Jyse) eV 5 (V84Y (zly VAP
Syge s a4 (YooY OlSan 5 036L 5 VAV
oS tomy S ks Ll E 5
W55 N s s Mo e Gl (Sl
2,5 0l 55000 se 4 Ol g e (o aas Sl g
ﬁb)wﬁ-'ﬂ-?v-‘ﬁj‘\iyh‘giﬁ&‘fﬂf@%
505 S sl 5 (V80N o g € 1990 (IS
(YooY OS5 o3bly) Labes e 5 4Y o
2 Slpl Sb Sl 8 5 sy 355
cwgczs\,wwu?_s\,du&?&@w
LYoy oL 5 Kily) ol 05,5 0Kl
w5 53 (Bl Sy pon Gb 3lse den 53 saua Y
Sy oedamy ko Gludde ks ol ol
il 3sdome QLI iy lame ob,0 SSn b Jlie
5 Sy oY (Kily g Y ) ol (6 e
Gar g LY F OLSa 5 ey Y0¥ O
Sl Oyl s (e glodls (S 28
oliome) a5 b S el edis
slaesls loj ) Cld Sl s Js 450 shataey
e s (S50 60 ) ¢ omlid e Asle O glize
Wrosls ol wlal 5 50l L;,)T@? s e gl il
5 Soke) Sl B e ks 5 Siledite
5 Shew O OLSes 5 b YA (ol e
Giledts (O (OLn 5 Obdals AFAL (sl
©3905 mle 51 Laesls S 5 bl e Ol
@jméuﬁ.wbbebd.\m&u,”@,m
odd 0303 dnw g sgdome QLI g,y (gilwesly ) sbiea
Slr Selusgs sl S 1 T 5 sl ol
5o T 3l golds 5 Lles S b asie Csldal

d‘j;@ u.éj«a:- U'l‘ BE) ny .U.sjq-jﬁ 6)[:;.7 Q)_yﬁd{

JSSle 5 Y cary b S Sl eslial b sl i
ey odd Jds OV g 5 hdS 6ol Do 4
Jers ol S sgmn @ o San o5 S eslizl | -
S ta) Sl 4 a5 LLOAVA W93 5) Lisd e
Sl und 6y 3L G AW 585 Mo Jo
2 S 5 Sl Ll 38 Oy g
y» « (variational method) <l ,us i, _elal
ol ol ol Ll gl Wl &k L bl
e K WS SWslee o LU )15, s
Gl JE b K S 035 1y 5 Sl
Sl b S Gl (Rit2) ) die Ol s sla g, )
lrdns 55 .(V44Y (L S 515 40) ol 0kl 03ls ]
OluiS Plue Jo 53 (owlal 28 (o3de la by, 5]
0568 Gl by, Sl adls odomy (gladawdin L
‘."}:6‘ l{.ST Ole S ol sdd osls drw g (G3de
Iy ipm Oldl 5 5gumee O o guma folis gl 2,
03 3 Olitin Syl JBE Sy 53 o p CU
s 5350 0 0 Bl S5 s doleo b SYslas
ﬁgfd] old Gy i bl I glas samms 53 Ol
Fao ol bl S 08V 3 8 S sed)
23 el ooy IS L bl 5 Ol 0545 G5
Oldl (galdas 4y gy o Cow (e 3 9dos oldl s,
Dl & 35800 (2 p e 255 P S S
e T 51l Sygon Ol s s s e &b
@ 8 Syge GileainnS plal e ol LI
@:Qhofoywwﬂsﬁ Y sles oKz
ol Sl el b OLl o3l STl T
33 b by edoms b JSKE L flus o bl 2,
5 ol Slas Ol 5 S (olrals bl o
Giledie (gode 5 Mo gla Sgy 4 Llg o 1y
Jhe Olosas 4 4 g b s glafbyy 55

Sl G gy 5 (2ls Jbe Sl edd ale (g5ls



\VQVsVe)L&SsVQB)jA5WJ&§j~S{}§M Y\A

Jo 33 ol lae (gl e 4 S S5 S B (S
3 Wl 8 Dyse Jo es Pleo 1ok
J Sl e O G Sl 00)5T ey
(V) 2358 o0 oslizal 59y 93 5l SVosles s S50
3055 elile L 5y () C(0RAF (65 5,0 e
5 S 5SS VPP (O g e 9 O gt 1408 (1 S)
S el Dose @l 5o S5 ey (Y ks
Sl Jlae o sy baeie 8 ol Sl i oo
(S pole 5l ol 53 Tl ol B Sl
5 Jelis SVsle Lo g 510 5y Sl ks ool
By rer Ll i LB Al 5 Ll 8
Ol peds (ghud g0 (il 55 fusl a5 SYslae 4 s
P o A dalg sy dies J Sl
Slizte b sl pis S¥sle flaw Jo sl 5L,
3o Ghud g p el 1055 ekile BL )y (o
(.5\> oy Yol (giledde (gl 515059 ebile L
23 Sl boagdons Oll By, 4 ate gy ladees

Yoo Q}.Lj)‘_r&.xglj)@‘auaajﬂiéb

Sguoe Ol dube 1 b F
Sdasn i (Ao Gl o) L sl sheg
5343 Y0 5Ve & Dip sl L jalegs f8 e
JoE Sl s e & 5 sSan 5 dle i I
COLaiS s S5 )5 4534 Dip 4l b jadsldl
S L s gt Ol i) a3 Kolwen 5 o Kon
Y sl oY s s ABAQUS | bl 5
WJla s sla GlE (1) Jde Hlgr owikin Slaseie

s e OLEs Al 5 e oSKne
5SS o ) phe Sl LS gl
el o 3 8 i 53 ) oS o b S s
S o g5l 5 0,0 ¢ sk (JuS ledie sl

e bl Jo8 sl 4 S el @l OT S JuE

eslizul b dlis oyl 53 .3, 0l 1, ABAQUS 5 ANSYS
Al 5 Wews o8 gsledts 4 ABAQUS

Gldis Gl wisas @Sops adde cpl e ils o8

J};M‘f@']’e.&;&ﬁ

Ol ¥slae Guud g0, ¥
g:.aj‘;)}!'\ J\y 6‘;} OluiS SY¥slee SPE D ee
S{ui,eij,dij,/l,ll,Fi}=0 o)
Jgzme ¥ ol Jsgaes 10 glyls SV¥slas oaws oyl
S sge 75 €1 S U 7 U glral
oo)ls SUKL Wl pyle ple wlie .owl 0
Sop bl (Sl SVolae o (sl ebliney S
oo bl ol olsS OV¥slke s o Cﬂ
A5 e Al slrale Lls s D) ses
SVsles Ol i llE plaly opd e 438
Oda Jsl aws 535S gduarb wws aw 4 |y OluiS
9 ol Lsil>s\:l> )\Jﬁ SH Ja;_\j& (ﬁ}) wd ys ol
&5‘5;“))}’0\ djv\?")a \;w‘&b—@\}-‘)‘bj)@nb»d
J‘Jﬁ [ wb_ Jf."\“'." LQLAQJ}.p 9 J)l&? Y osles

el 0 c);)T&.’J;MU} ‘_,’.1\>ml>

3gue Oll gode gy a yldy OV¥sles > ¥
4 gy Sk 5 (S ()l SVl (gSlude
(V) cwl de e Hler Jold sguse O i,
() (Gand) o he (V) wdtin giledis
aida (F) Lo o)ly oo S5y 055 Lasie
Ly, L Lls 5 adsl s Ll 05 S
©oldy OVsles (strong form) 8 <oyse V Jod

Lol (weak form) Cams &g flas s &S Sl



AR et JuE 05 Jon Cdled ) AL ol alr Ole e

ol JoE b gl i o T Il 4,
5 350 JoS dmio p Jly glas,s 0T 5 e
355 IS b g I o8 wmio 5 Ll g 1
Jo5 amio 5 by Slag s (g ood 4 (s s
Jo8 amio 053 51 6,8 sl Ll b 4 e dles
FAS Y (Sl IS i Ol (36 5 BB 4l g L5

i S Olate 4 S 84 5 o

gl gt Ol (Gledde bl 5
ool Olas ¥ s 5 Mo Olde b el jen 5 ol

RGO PR

35 8 o8 S s B cog Glaje e Bl
5 Sl ST LS g el oks Jles!l el
o sl ot @ 8 s 0T @l S8kl
Ol S EE Ve &KL Jgke /Y0 &gl sy
Sl o8 OBl 55 g des b Lo f Jler b s
Wl odd eslimal  (gdales  gladde g e
Lol o3l o8 S dools Lmll L &S5 sba
Ol 31 gadan Jde (g i (6l 5 553 J;é.fjk
Glwdie 5 oSl ok o3lizul 0 8 Cta L s

S5 oles GO (S b b i S~

5

¢ 7/

.;}L«JS#‘NJ%VSBL;)L@)QYJW RRPRES

Jalas SV¥slae oy IS &) 50
110 &Y ggmms sluas 5 V¥ ales alas)
3 { Uu;, eij' O'ij,)l., M, Fl} =0

1
eij =5 (w; + )
Uij,j + Fi =0
O'ij = lekké‘ij + Zyeij
eijkl t exiij — €ik,ji — €jrik = 0
@ alr s e el 0 4

VOV g sluas 5 SYalee sluss)

S{ui,l,,u,Fi} =0
Uik + A+ WU + F; =0

P gl s g0




\\"Q\'A\'G)MAVQB)de\éﬁZJw};S{}}M YyY.

A A

T —— . ) — e —

- \ “‘ ~ ."'t,. |

: b 7

" * hN

" . ~/,
58 F 1 ”
= s '( ~

» .

u L]

[ [}

' [}

" [}
] : 3

. 1

s s ke S esSae 5 e gla S s5lede $»C 5B A cldt sablal 5 el S S ks Slaseia Y JS.&
C\.&J)l_gu;lj;d}la.AA:yQLﬁéU(:ﬁgﬁ))ﬂ:\xAJﬂfDJM.@‘,&)L“SO"J\"' wﬁ«h@fﬁ;dﬁwleuw;
Gl kS Ve ¥ er Vet 5 S Lae

w0 =fy S(@)[u(2+2)+ S Doz b2 ol sl 8
B 5 B il ol oo 2LE S ol

Sy s bl pshtea s 5y5T ) e )3
Siladia 3l Jol w36 5 B glrale Jls @i
Fooalob s s b blne BB s s 5 e
b alie LS S0 O s G ) s peskS
W7+ G+ ) kk+pf‘_0 ®© (Sar Lame & 55 ploale 55T, o g3
k=1, 3(3;)1 1(?)3 LT e sy () alaly 51 o OlaiS” o Slees
A(144Y (58740

a
Ua‘zk] d2(E) k=123

(Na\/lef) J‘.’JU S5 u\? é‘} BE] Ny J}AJS
iy G5 Ll s L OLAST & B s ol DYslas

1wl ()

Si =y



Displacement Uy (m)

----- Analytical Ux (.rewelse]
Analytical Lk (normal)

e T

Horizantal displacment (m)
[=]

Finite element LUx (reverse)
Finite element Lix (normal) [

M

A5 L . s " "
15; r r r . :
====- Analytical Uz (reverse)

Analytical Uz (normal)
=, © Finite element Uz (reverse)

Vertical displacment (m)

L . s 1 .
=20 -10 0 10 20
Distance from fault center(km)

2

o

W

L §
+
b

b

b

'

- | Analytical Uy (left lateral)
Finite element Uy (left lateral)
L — T T

-10 1] 10 20

Distance from fault center (km)

g_'..
3

30

oo o8 05 08 Sl 51 6 ey Ok (s

" T T

————— Analytical Ux (reversa)
Analytical Ux {(normal)
Finite element Ux (reverse)
Finite element Ux (normal) H

v

45! " . A "
————— Analytical Uz (reverse)

Analytical Uz {normal)
Finite element Uz {reverse)

Horizental displacment {m)
=

Vertical displacment (m)
P o
i =
- = J -
’ \
3
b
7
X

O oosann, i}
05k o, //__
1 = |
1.5
-30 20 10 o 10 20 30
Distance from fault center(km)
1.5

: ----- Analytical Ux (reverse)
1} ' Analytical Ux (normal) H
i Finite element Ux (reverse)

£
€
E OS5 eeee i |+ Finite element Ux (normal) ||
§  |omrmenmeen !
& o i 1
< i
5 _D.5_'—~-'-~--—~—_~‘_._“______E __________________________ 4
5 i o
5 -1t ' s
I I
b
5! . =
15; . : . .
[ It Analytical Uz (reverse)

T 17 i Analytical Uz (normal)
E I, Finite element Uz (reverse)
g 05 : e +  Finite element Uz (normal) -
§ i - J
= H
© H
7 H
i1 H
£ .
2 H

1.5 -

"3 -20 10 [} 10 20 30
Distance from fault center(km)

chﬂja\)udj@,x»»,b.,m&ng,C‘B‘A J»)q,rénﬂ\)r;u,g,asldxﬂtzgl,\?‘d}c‘b‘aéuu&;x’Js.:

S glize Jsb b s S (6l 15575 Jibe ol ail
s Jue 05Tl sy e bSTY e s b L
Silwdds Sl ol plaasls Olie (56 5 (B sl
oMW&AHQ&&JJM}))WQM‘&)J&
Glaas 8l Olames Sl Glag pw O35 .0l
el e e V5l e Sl glaany 45 GPS vjl.s
slaad g 6 m e b Y-V L35 Glashie vy s
s 26 S5 ailge (6l e oo Vo Sl g 5 B

(1848 (K5 Ja) ol

JSs i Ol (s3de (s 5lwd e Sl Jdse
A 93 43 (A-B-C sladis) laseaws O3 6&&..\.?
Snl 93 Ols a ey it ol 458 8 5550
55 J=8 Jsb Al s 4 p SIS e b s3us
GLadls an 15751 Jobe S Jol S i Ol
JE sladsb sl 5 15 51 Jke Bl 5 (36 S8 s
dglie oa e gk Ve 500 Yo Ve (DY (Y
BEYEPRE RS PEPRINC J&.:,;.ﬁ;f@
500 ladyb i Ju8 ol LS5l e olralr

Q\wal_:.w‘e-birab‘:&wﬂj.&f\"'



Uy(FEM)-Uy{Analytic) {m)

QY oY o Ll ¥4 U})«L.éﬁt}w)’gs.!).}z@

IDifference betwoen 500 and 1000 KM Faull Lenght fm)
!
N A

eSSV eee y00n LSL&J}]&4.1L}.ws/d‘f!‘)ls‘j‘J-hkj"la-&!l;.-)bﬁv:uj;;b‘w}d\—éw' £ J&i

003, . )
> Deltaxdip=70,reverse 0015
E 002} + Deltax dip=70,normal £ o001
g e
£ oot et ¢ 0.00s]
S T ST | RS
;
£ .001}
& § 0005t
¥ 002 £ 001
o p 0015
0.03 - ; 0.015
Deltaz dip=70 reverse
£ 002 Deltaz,dip=70,nomal f{ _ ooil
E E
g o0, % ooos
g ) g
o e Wt
4] 2% W ] e ,
3 . . - AR R
3 .0011°° S B 0005
H 4. £
L £
> 002 > o0
003t - - L . y 0015
D%O -0 -0 0 20 30 -30
Distance from fault center(km)
0.015
E oo
=
£ noos
0,015 ! , < H
|8 ] 4 "
o . bbb bbby E 0005
[ T ]
0.005 i 3 2
i
o i
0.005F, . H
prey, | -
+ptapd b4 N H E
001} Ea i | % 0oos
o + Deltay (left lateral) | H
0015 : : 1 : z -
-30 -20 -10 0 10 20 30 =3
Distance from fault center (km) T 0005
b
= 0mi
o015

10 0 10
Distance from fault center(km)

10 0 10
Distance fram fault center(km)

Deltax dip=90, reverse
Deltax dip=90,normal [

Deltaz, dip=00.reverse
Deltaz dip=00 nermal [

Deltax dip=25 reverse
Deitax dip=25 normal ||

Deltaz dip=25, reverse I
Dieitaz, dip=25,normal ||

;)L:“;DJC‘B‘AJJ,,)L@,:@JH\);}Wgw}&uz;@udhj\yuy.:u,vay@\wtzowawld}c‘b‘aéu‘}g 0 S

ez g QLIS S S e s il e i 53 1) b oS ConB g et L las s e

b oS el Slaseins Y J gl

(o) o s (o) s (Gask$) S o220 | (e2,9) DIp wsl; Joa
e (55 =db ) ) AR a A
Sl s (o sSme =dle 3) Yo Ve B
Sl e (o sKae =dle ) A0 Yo C

Yoo GL=) ) Yo 9. D




Yre ooy o8 03 Jon ol 31 56 alralr Oles e

Slp il Olie O 4 a5 Ll e e o s badsls 3 o 0Ll 5 Ao Jobe (JG}JEAW 6&4,93)#\_’9'&\:;‘-1‘5)\.4T‘5La):,s1)g_ Y Jod>

el 85 e3lizad e S (EE 5 Je aw ol (LT (sla sl sl 53 C 5B UA ladie 4y by esSes 5 e sl ilS

J--fb.ijabé_’-\ﬂ J..féﬂ.}_;.bu
B sl 3;
ol b L] oe P e 3 3
St | O | S oSNk St | o | S 3
Ty
wr

\ ) - - \ -\ -y 3, A 3

73
Y . -y -1 Y - - R, B Y
¢ v . ] X Ve v 3 cl| *
\ . -\ - v ) . 3, Al ¢

3
v A -0 -A Ve - -A 2 | B 0

N
1 ) Y -\ -\ -1\ -\t 2 C 1
v Ve 1 . . - Y] Uy |D| Vv

S5 Gl € 5B (sladite 53 .Cl plp oa b JuS
die L (62 SLl o8 (o GbLie L gl o
SOk §F i L gdoms Oldl gilwdie . iyls Ao
350 Oldl Il ks (ioman 5 (oo b 4 (o Dl
S s Ol g b oLl o3l s 5 15 by
§35 e e AL 3 53 Gl a6
sladds oyl @Lﬁ BERTSTE, i W RGP W | N
Cl s (65 el b 4y S o b s L
Csl o) e dal o oo Ol Jlasl 4S5 5bay
s dnlin Lo gd o o Jita L 2o Codes|
¥ Jade @ujégaﬁjgmmy J g |6
Solwdds (6l 3 9dmes Ol (g3ue g, oIS

ey g S 4y g laa gladyl

S A §
oS 51 Jeol S i Olkn oy s 2 i ol
0 (0,8 ) halaal 5 (o San 5 Jle ) SR

Jsbeds b sy s gl Ol G30e J> S,

Juv:ujsﬁléud}ﬁwawmp
2P C B A JueY Gl o) 3 9dme 0L Ao
J—8 1D Jis 5 e Sin 5 Jlej sla 1S
La JSCs ol 55 Ot tas s 0l 3 S jadslutaal
3,5ty 538 S o S o sl
ST Ga byl il s o a5 Sl 05l
el 4B 8 s 5,8y e Sae S o sl
Lo S (6l Jaa Vsl o pp e (L
23 (5,8 ) szl 5 (o sSan 5 JLe ) Sl
el ol 03, 9T Y J g
S o Bl i ge ol e SO sl
VU o (U adlse 6l m n o F BN o o sSns
Jde 3 ol gt Joo ¥ sadslitzel 2 (gl 5 e e
iy o 3503 058 oo 0 S S 0T p3 S A
oSl sl 45 (65 o sl a8 ot adike L
@l o 5 Sl o oV @SB 5 (1 adl e )2 om0
D Jie 5, (30 oa b oS 8 5 G 03 guloms

g,&jdﬁdb}bujaw‘;o)auh?u@w‘}g



QY oY oLl Y4 U})&W}&:ﬂjh&}ﬁﬂzu YyYs

Shallow earthquakes in a viscoelastic shear
zone with depth dependent friction and
theology, Geophys. J. R. Astron. Soc., 86,
617-633.

Bonafede, M., Parenti, B. and Rivalta, E., 2002,
On strike-dip faulting in layered media,
Geophys. J. Int., 149, 698-723.

Bielak, J., Loukakis, K., Hisada, K. and
Yoshimura, C., 2003, Domain reduction
method for three-dimensional earthquake
modeling in localized regions, Part 1. Theory,
Bull. Seismoal. Soc. Am., 93, 817-824.

Crandall, S. H., 1956, Engineering analysis. a
survey of numerical procedures, McGraw-
Hill, New York.

Finlayson, B. A. and Scriven, L. E., 1966, The
method of weighted residuals — a review,
Applied Mechanics Review, 19, 735-748.

Herring, T., 1999, Geodetic application of GPS,
Proceeding of |EEE, 87(1), 0018-9219.

Little, R. W., 1973, Elasticity, prentice Hall,
Englewood Cliffs, NJ, 88-94

MA, X. Q. and Kusznir, N. J., 1995, Coseismic
and postseismic subsurface displacements and
trains for dip slip normal fault in a three-layer,
J. Geophys. Res., 100, 12,813-12,828.

Masterlark, T. and Wang, H. F., 2002, Transient
stress coupling between the 1992 Landers and
1999 Hector Mine, Cdlifornia, earthquakes,
Bull. Seismol. Soc. Am., 92, 1470-1486.

Morelli, A., Bonafede, M. and Dragoni, M., 1987,
Twodimensional crack model of faulting in a
layered elastic half-space, Ann. Geophysicae,
5B, 281-288.

Mura, T., and Koya, T., 1992, Variationa
methods in mechanics, Oxford Univ. Press,
New York.

Neou, C. Y., 1957, Direct method for determining
airy polynomial stress function, Jour. Appl.
Mech., 24, 387-390.

Okada, Y., 1992, Internal deformation due to
shear and tensile faults in a haft-space, Bull.
Seismol. Soc. Am., 82, 1018-1040.

Pickett, G., 1944, Application of the Fourier
method to the solution of certain boundary
problems in the theory of eagticity. J. appl.
Mech, 11(3), A176-A182.

Pollitz, F. F., 1997, Gravitational viscodastic
postseismic relaxation on a layered spherical
Earth, J. Geophys. Res., 102, 17,921-17,941.

Reddy, J. N., 1984, Energy and variational
methods in engineering, John Wiley, New
York.

Savage, J. C., 1998, Displacement field for an
edge dislocation in a layered half-space, J.

bl Olie i€ iy ade sladis b))
ot OLiS e oS 3 ool LS L Sk
e 5550 150l o Jla b g A3 5,557 5 o Kes
g;;moulj,JJ.uaggw@u.afji;
@bl O (opin U o0 e D82
3,1 15 (G5 Ol d jea) o gilede I ol
Sy sba Sl g pdyolanl gy 35dou Ol iy,
LaS cab bty 5ladde (Somy Jo oUl5
ode gladds syls |y Conl a5 s 2y,
ST edeomy sladde (slis (4 gad dslieds ol asls

Jj.vv\.hj;-

&l

N P D R R LT
3 S 3 1 Slmin 055 Lgl.a&f&ufcl:
#4-04 ((VF'F L

b 05 ) I YA €O (S5 me 5 o5 ok
YO LYY o W 81 ol e ool LS
AT (WD b 5 e 555 e o 5,2

G839 p O e Ol g o Gpomld
b ey Y S 5 D, S
CPIFY Ly e S5 56 0ol Js 5
Var-1va

AL ORIy Y S ) £ Ol | o 0L A1
O Seslial L (gimianw glral Oldke ! 3l
YSAR) (e 5o a3 L Hlsly w5l
(b g a5 b ‘o= S-S 3550 sz
AF-AY (VTY

Bustin, A., Hyndman, R. D., Lambert, A., Ristau,
J., He, J.,, Dragert, H. and Van Der Kogji, M.,
2004, Fault parameters of the Nisgually
earthquake determined from moment tensor
solutions and the surface deformation from
GPS and InSAR, Bull. Seismol. Soc. Am., 94,
363-376.

Dragoni, M., Bonafede, M. and Boschi, E., 1986,



Yro et JuE 05 Jon Cdled ) AL ol alr Ole e

earthquakes in a multi-layered elastic crust —
FORTRAN programs EDGRN/EDCMP,
Comput. Geosci., 29, 195-207.

Zienkiewicz, O. C. and Taylor, R. L., 2000, The
finite element method, 5th edition,
Butterworth- Heinemann.

Geophys. Res., 103, 2439-2446.

Sneddon, I. N., 1978, Application of integral
transforms in the theory of eadticity,
Springer-Verlag, New Y ork.

Timoshenko, S. P. and Goodier, J N., 1970,
Theory of dasticity, McGraw-Hill, New Y ork.

Wang, R., Martin, F. L. and Roth, F., 2003,
Computation  of  deformation  induced



