Mathematical Background of DC3D (Part 3)

Derivation of Table 6 in Okada (1992)

[ 17 Integration for a finite rectangular source

Point source solutions given in Tables 2 through 5 have the form of u°(x,y,z) =

For a finite fault with a dislocation U, we can replace M, to uU ffz [

Mo

21U
1dZ using the concept of body

1.

force equivalents. This operation yields the finite fault solution in the form of u(x, y, z) = % ffz [ereeeees 1dX.

To get finite fault solutions, we need double integration with (&', n") after replacing the location of point

source from (0,0,—c) to (&', n'cosd, —c +n'siné).

. Zh 1% Obs. point
Namely, after changing £ = eyz)
x > x—¢ -
y > y—n'cosd 7’ 5
c > c—n'siné /
7
in the point source solution, we need an operation w /
L o (W, , z=-¢ -s
Jo &' fy dn
Here, for the sake of convenience, we change the integration A
_ _
variables from (&', ) to {E - ";, q |
n=p-n - /}\ Y
z=c 5
Then, we should change the variables in the point source solution to -
x = & ¥y
y > y=y—(p—n)cosd =ncoséd+ qsind 7 d
d—->d=d—(p—n)sind=nsind—qcosé 3 d
c>¢=d+z=nsin6—h (h=qcosé—z) R
- - y
R2=82 412 +q? =& + 72 + d2 B X)
and perform the integration h -7 yz)
-~ Obs. point
-L -w
J; dg [y dn
w
p=ycosd +dsiné o _ S
where {qzysin(?—dcosd , d=c—z z="c
In the following, for the sake of simplicity, we will treat the displacement (u,, u,, us) instead of (uy, u,, u,)
u1 = ux
For A- and B-parts of the displacement { Uz = Uy C0S& +u,siné u u
U3 = —u, sin§ + u, cos Vo Uy v
Uy
ul = ux
and for the C-part of the displacement { U2 = U, C0S8 —u,sind U 5
Uz = —u, sind —u, cosd
3 y A U3 U,
for parts A and B for part G

The former u, corresponds to the displacement parallel to up-dip
direction of the real fault, while the latter u, corresponds to that
of the imaginary fault.

Uy
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(1) Strike slip

Displacement due to a point strike-slip at (0,0, —c) are given in Table 2 as follows.

1-agq a3x?q 3x2q 1-a
(“x S 2 RS /u" TR a 115m6\
Mo 1-—ax a3xyq Mo 3xyg 1—a
o _ — I _ (2} _-— — _ _ 0.
va Znyl Uy = 2 R 2 RS Uz 21y R o I;siné
l—ax a 3xdq 3xdq l1-a .
U= - Fcos5+2 B Uz =~"p5 ~ I, sind
4, 3¢q 0_ [ 1, 3R+d ]
u, =—(1- a)ﬁcosﬁ taps As =y R(R + d)? x R3(R +d)3
Mo 3xy 3cx 5yq 1 3R+d
0 = —0 = — — —_ _— 10 = [ - ]
u? 2 u, (1 a) cosé +a 75 (51n6 RZ) S =X RER T D)? y RR T d)°
3cx 5dq\ 3xq 2R +d
—(1- oH) 2t 0o_ _
\ (1 a) 51n6 +a— 75 (cosc? + R2 ) E 19 = XyR3(R D
where, d=c-z, g=ysin6—dcoss, R?*=x?+y?+d?

Here, for the sake of simplicity, the term — -

. 3xd
““%in the z-component of ug was restored to — < and the
R R

3 —
term — % was added to the z-component of u2 (see “Derivation of Table 2”).

If we convert the displacement (u,, uy, u,) t0 (uy, up, u3) ,

l-agq a3xq 3x%q 1-a ;.
u = > R3 RS \I U == I7siné
Mo a 3xpq Mo 3xpq 11—«
o_ "7 _ o_ "% - _ _ 0 0 ;
uy 2 U, 3RS | Up 27tu| U, e —a (12c056+14sm6)sm6|
__1‘_“1_%3’“1} _ 2 +—1 8 — I9coss 6/
Uz = > R3 > RS Us = (I9sin 4€0s8)sin
3c
u, =—(1 —a)—cos6+a quA
Mo 3xy 15cxpq  3xq
o _ = (1- _ -1
u2 oA Uy ( a) G + RE siné
3cx 5q® 3xq
us = —ags\1 "Rz )t Rs 080
x = &
- J=ncosé +qgsind ~
: , , Z_)f? ) 5~ . s R gt =4 yiad?
For the integration, we substitute d=1sind = qcos
c > ¢é=d+z=nsiné6—h h=qcoss —z
p—n
) q =49
So, integrand becomes
1-aq a3§2 382q 1—a .
U = RT3 RS 1= ?siné
a3 3 1-
ug =\ u, = ) ;Zq ug=| u, =— ;zq —T(I2 cosd + I9sind)sind
1-a & a3&q? 35> 1-«a /
U= ST RE Uz = F+—(Izsm6—l4cos6)sm
1 3¢2 . 3 15¢&2 0 ~ 1 2 3R+d
u1=—(1—a)<ﬁ R5>C055 +aq(nsm6—h)<—5— 77 1=Y RQR + d)? $ RR +d)°
) 35 1557, 3¢q | 1 ., 3R+d
ug =\ u, = (1—a)(ncos§+q51n6) 73 sing §=¢ R(R+d)2_y2R3(R+(1)3
3 15 3 ]
Uz = —a(nsind — h)(_";_ 57Q>+isq cos5/ 90 =- yﬂ
R R R3(R +d)?

At first, let us integrate with & (refer Appendix : Table of Integration)

_4q asq w =
w= ¥ om [
anq nq
fuﬂds‘= = BEE fu§f=|uz=ﬁ
\u_l—al aq/ _ q°
37 "2 R 2R® Us ="z

q 1-—a( .
—F+qX11——flld$sm6

1—«a

|
(12 cosé + I sin §)dé&sind |

1-«a
+ Tf(lf sind — I? cos §)désins



Mathematical Background of DC3D (Part 3)

siné — h
/ul =—-(1- a) ¢ 3 €0S§ + 30{{'an
ncosd + gsinéd nsind —h q . 1
fugd;’:!uz:—(l—a)T +3aan—ﬁsm6| Xll:m
. 1 3¢*\ ¢
\u3= a(nsmc?—h)(ﬁ—?)—ﬁ cos 8
Next, let us integrate with n (refer Appendix : Table of Integration)
] 1-a N
u = +%§qYll /u1=—qu11—@ ——ff[{)dédnsm(S\
a
ff ugdédn =| u, = E% ff ugdédn = =—= +—ff( 19 cos § — I sin §)d&dn siné |
l1-a a ,
U3 =— In(R +1) =34 Y1, uz = q%Yy; — Tff(flg sin§ + I cos §)d&dn siné
) 6= tan_lg—T7
sind qR
/ul = (1 — a)éY;,cosé —aéq (? — hY32) \ 1
| cos o . n . h ) | Vi1 = R(R+17)
ffugdgdn = | u, =(©1 —a)(T+qY1151n5) —aq [(F+Yll)sm5—ﬁ] +qYy;sind | 2R+7
1 g2 Yo = s p 0z
\u3 = KR R3) sind — h (Yy,— 2Y32)] + q Yy, cos 6/ fin(g +m)
Zs = R3 hYs,
Here,
h siné —h ¢ cosé§ ¢
(: + Yu) sind —— =Y;;siné +UT = Yy;sind — e uS =1 —-a) (T +2qYy, sinS) - aR—Z
and
1 q?\ . 2 + n? sin & n(nsinéd — h)
<E—R—>51n6—h(Y11—q2Y32) = sm5+h(Y11 &2Y,, — ) = 52< )+T+hYn
n
=§&274, + + (qcosé —2)Yy, > u§=1-a)q¥ cosé—a (F —z¥, + 52232)
The above three vectors correspond to the contents of the row of Strike-slip in Table 6.
( Evaluation of [[ I7dé&dn etal. will be done in the later section )
(2) Dip slip
Displacement due to a point dip-slip at (0,0, —c) are given in Table 2 as follows.
a 3xpq 3qu
u, = > s Us = — g +—a 1¥sindcosd
_ Mo l1-as  a3ypq o _ Mo _3ypq
4= 2 u, = Bt R ug = 2 Uy =——ps + p I1 sindcosd
l—at a3dpq 3dpq 1—a , .
U == st s Uy = et 12sindcosd
0 , 3R+d
I = y[ - X ]
3xt 15¢xpq R(R + d)? R3(R + d)?
/ux: (1—6()? -a R 0 1 , 3R+ d
Mo | 1 3yt 3c 5ypq I 2 =X [R(R +d)2 Y R3R+ d)3]
=ty -t gt ) 229
ug Zmlkuy ( a)fr(cos ) 2 +a§5 s 5(52 1g—i_1§
_ 3 c pq\ 3pq R3
uz——(l—a)ﬁsm&cosﬁ +aﬁ(t Pz )_F o 1 . 2R +d
0=

RR+d) ~ R*R+d)?

= ycosé + dsind y2-

where, A4; =1-=>- d=c—z, {p pq = szsin26 — ydcos26

q = ysind — dcosé ’

{s = psinéd + qcosé = ysin28 — dcos2d R2=x? + 32 + d2=x? + p? + q2=x? + 5% + 2

t = pcosd — gsind = ycos2d + dsin26 ’

Here, for the sake of simplicity, the term —% in the z-component of ug was restored to —3R— and the

term — % was added to the z-component of u? (see “Derivation of Table 27).
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If we convert the displacement (u,, uy, u,) t0 (uy, up, uz) ,

a3x 3x
u; = > RZSJQ U =- R}zq +TI3 sinécosd \
Mo 1-aq a3p?q Mo | 3p’q  1-a I
o _ — 1oz o _— _ 0 0ci 3
Uy 2 U, CBE + > RS up 2ﬂ,u| RS + (I{cosd + I5sind)sindcoss |
1-a a3pq? 3pg? 1-—
Uz = — T%—E ;;Z Uz = }P;Z - (I2sind — Igc056)sin6cos6/
3xt 15cxpq
U = (1_Q)F e
Mo B coss 3yt - 3c 5p%q\ 3pq
u2 =ﬁ u, =—-(1 —a)F(cos&S —F—A3sm 5) +0(F 1~ +¥ sind
sind 3yt 3c 5pq?\ 3pq
Uz = (1—Q)F(COSZ5—F+A3COSZ5)—(ZF< )T Re © cosé
Here, since = p?cos?s — ¢?sins ,
3yt 3(p?cos?8 — q?sin%§ — x2sin%§ 3p? 3p?
cosZ(S—R—yz—A3sin26=cosZzS—sinzzS— @ qu ) = cos 26+251n26—%= 1—%
3yt 3(p2cos?8 — q%sin?6 + x%cos?6) 3q2 3q2
cosZ5—F+A3c0525=c0526+c0526— Pz = c0525—2c0526+F=—1 + o7
x - &
- J=mncosé + qgsind ~
. : : % d=nsind — qeoss R gt =4 yia d?
For the integration, we substitute = 7sino = qcos
¢c > ¢é=d+z=nsiné6—h h=qcoss —z
kp -n
_ q-q
So, integrand becomes
a3énq _3¥ng 1-a
/u1 = >RS \ /ul =~ + P I3sindcosd \‘
! l-aq a3n’q| , | 3792 1—a
— _ — 0 0 : |
= | U= 53 += > RS | Uup = | U =~ 73 +T(11c056 + I3siné)sindcosd |
l—an a3ng’ 3nq* 1- : .
\u3 =-S5 R 7 Us 25 —T(Ilosmd — I2cos6)sindcoss
0= 1 , 3R+d
3¢(m cosS — qsind) nsind —h 1=y RR—+—d2 R3(R + d)3
w= (1-a = — 15aénq ——— ( ) (R+d)
R R PR _, 3R+d
1 3n . 3 159 3nq . 2 = 2 Y 3 3
ul = uz=—(1—a)(F—F>cosé+aq(nsm6—h)<ﬁ— R7>+?sn6 ER(R+d) R3(R+d)
0_
1 3¢%\ , 3 15¢%\ 3nq B=rx5-1
u3——(1—a)<ﬁ—F>sm6—an(nsm6—h)<F— G +Fcos6 . 1 i IR +d

*TRR+4d) R3(R + d)?

At first, let us integrate with & (refer Appendix : Table of Integration)

anq _nq l1-a )
w = _EF U = o3 +— flgdf sindcosé
1- l-a
fufj dé=|u,= ——qX11 - —77 2qXs, fugdf =| u,= 1n?%qXs, +Tf(11° cos8 + I sin 8)désindcoss
l1-a 2 1-a
uz = > NXi + 57761 X3z Uz = —1q*X3, — Tf(llo sind — I2 cos §)d&sinScoss
P 1
7cosd — g siné nsind —h MU RMR+E)
. u1=—(1—a)T +3aan o = 2R+¢
fuc %= u, = (1= a)(Xqq —1n%X3;) cos § — aq(sin§ — h) (X3, — n?Xs3) — nqXs, sind 2 R3(R +§)?
us; = (1—a)Xyy — q%X3,)sind + an(nsind — h) (X3, — q?Xs3) — nqX35 cos 8R?% + 9RE + 3&2

537 T RS(R + &)

Next, let us integrate with n (refer Appendix : Table of Integration)

1-a
/u1 _ %% \ u = _% +— ff [9dé&dn siné cos & \
0 l 0 @ ! 0 | 1-a 0 0 o : ; |
ugdédn = kuz =5 + Eanll) ugdédn = \uz =-nqX;; — 0 — — (=17 cos § =I5 sin §)dédn siné cos 6)

—a a l1-«a
2 In(R +¢) — quxn U = q*X11 + Tﬂ (=19 sin 8 + 12 cos §)dédn sind cos &

Uz =
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cosé sind —h
/ = (1-a) (T —qY;;sin 6) —aq (nT + Yllsin5) \ 0= tan_lj—z
f ucdédn = \ ,= (1 —a)nX;,cosé — aq(Xy, + 1%X3,) siné + aqhnXs, + qXy,siné / B 1
=—(1 - )Xy + &Yy)sind — a(2nXyq + EYqq —nq%X3,) sind + ah(Xy; — q%X3,) + qX11 cOS S R(R+1)

Here,

nsind —h cos

cosd
u$=1-a) (T —qY;,sin 6) - aq( e + Yllssz) =(1-a)

u$ = (1 —a)(mcosd + qsind)X;; — anq(nsind — h)X5, = (1 — a)jXy; — aEan32

—qYy18iné — R3

u§ = —[nsiné — qcos & + a(nsin§ — h)]X;; — &Yy;sind + aq?( sin§ — h) X3, = —dX,; — EYy;sin 6 — aé(Xy; — q2Xsz)

The above three vectors correspond to the contents of the row of Dip-slip in Table 6.
(Evaluation of [[ I9d&dn etal. will be done in the later section )

(3) Tensile

Displacement due to a point tensile fault at (0,0, —c) are given in Table 2 as follows.

1-ax a3xq? 3x¢> 1-a 2
(ux: TR R (=R~
Mo 1-at a3yq® o _ Mo 3yq* 1—a
_ Mo B t a _ Mo _ _ 1T %02
uy 2| Y= 5 r | 5= 2mp Uy ="xs o Isin*§
1-as a3dq? 3dq2 l-a
u, = — 2 Uz = 3 12sin%§
o 1 3R+d
_(1—a)3XS 15qu 39‘2 i :y[R(R+d)2_x RS(RW)S]
10 [ 1 3R+d ]
1 3 5 3 =x -y
uo=ﬂ b= G-dL (sm26 3ys )+a c yq yz 2 R(R + d)? R3(R +d)3
€7 2mu R3 R® =X _po
. 3¢ qu 3¢? TR
\uz=—(1—a)ﬁ(1—A351n25)—“R ( ) _5+F 10 1 , _2R+d
STRR+d) " R(R+ d)?
where, 4,=1-2%, d=c- {p e oot = 2% in25 — ydcos2s
y Az = R2 ' DR q = ysiné — dcosé ’ pq="=—sm yecos

s = psind + qcosd = ysin2§ — dcos26 I N T I
{t=pcos6—qsin6=yc0526+dsin26 » R4yt +d=xt A pt gt st At

L 3cq? .
Here, for the sake of simplicity, the term ;Z in the z-component of ug was restored t

2
Zis was added to the z-component of ug (see “Derivation of Table 27).

If we convert the displacement (u,, uy, u,) t0 (uy, up, uz) ,

1-ax a3xq? 3x¢° 1-a ,
M= R 2 RS M= gy Ty LSO
Mo 1-a P a3pq Mo 3pg®> 1-—
0 _ o _ _ 0 0 ‘2
Uy | =T BT RS Up 2 U, = F_—(ll cosé + Igsind)sin*d
1-aq a3¢® 3q
U3 =— F-{_EF Uz =~ % +—(Ilsln6—15cos6)sm
3xs 15cxq? 3xz
w=--a)ps ta—pr ~Rs \
Mo 1 3ys 15¢pq? 3pz  3q?
2=l = (- @) (sinzs - 27) 1— Agsin? ] — P2 2L
u2 2 U, 1-a) °E [(sm 6 — cosd + ( 3sin?8)sind | + a G a—s R52 siné
1 3 S c 5 3gz 3
\u3 =-(01- a)ﬁ[(sm&? —L> sind — (1 —A3sm26)cos6] + a—q<2 —R;qz> +a % - :5 cos6/

Here, since = (p? + ¢2)sindcoss + pq ,

) 3ys ) ) ) 3(p? + ¢*)sindcos?8 — 3x?sin3§ _3pq X 3pq
(smzd ~ %z ) cosé + (1 — A;sin?8)sind = 2sindcos?85 — 2z =7 ——cosd = w7 s sind — N cosd
3ys 3(p? +q%) + 3x2 3 3
(sin26 - R—yz) sind — (1 — A;sin?8)cosd = 2sin?6cosd — cos38 — %sinzéco% - %siné = —cosé — qusinﬁ
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(x ¢
-y cosd + gsiné ~
. : - 'Zﬁﬁ , 8- . s R*=E2+n* +q* =§* + 57 + d°
For the integration, we substitute { 1sind =g cos
c—>¢=d+z=nsind—-h h=gqcosd—z
lP -
. q =9
So, integrand becomes
1 3R+d
R=y Nz ’ 3 73
1—-aé a3&q® 3¢ 1-a R(R+d) R3(R+d)
(ul: 2 F_ERS\ /ul_ RS g eind \ 0 5[ 1 . 3R+d
1- 3nq? 3ng® 1- 2= e ) R3 73
ug={u,= &n _ x4 ug =|u, = Uil __a (IPcosé + 19sind)sin?§ R(R + d) RE(R +d)
2 R 2 RS RS . .
_l-ag @3¢ \ =38 1 oins — 19coss / Bl
B =T R TR Us="gs T(lsm 2cos)sin’s 0 1 , 2R+d
*TRR+4d) R3(R + d)?
3§(nsiné + qcosd) (nsiné — h)éq? 3¢z
/u1=—(1—a)T +150¥T—(1? \
2 iné — h)nq? 3 3
ul = | u,=—1-a) <—ism6 +Lcos6> + 15(1% -« 1;]52 ;5 sind |
5§ 3 6 15¢ 3 3q?
ku3 = (1-a (COS +%sm6) + agq(nsind —h) <F_ Rg > + a% — R—qs coséd
At first, let us integrate with & (refer Appendix : Table of Integration)
1—al a q? __qz 2 T
u = - R .|.EF /ul— g Y I3d¢§ sin“§ \
0 1- @ o 2 l-a 0 0 i in2
ugdé=|u,= —Tr)Xn +Er)q2X32 ugdé = | U, = —q*Xs, _Tf(ll cos8 + I? sin §)désin?s |
1 - 1-—
Uz = ——q 3X3, \u3 = ¢*X3, +Taf(1{’ sind — I cos §)désin®S
1
ul:(l_a)nsm6+qc055 —3aq2n5m5_h +ai Xll:R(R—-I-f)
R? R® R? 2R+¢
9dE = Xy =
fuc %@ u,=—1-a) (—smd + X1, sin§ — ngXs, cos 6) anq?(nsin§ — h)Xs; + anzXs, + q?X;, siné 327 R3(R + §)?
\ = ; 2 2 / 8R? + 9RE + 3&2
us; = —(1—a)(X;; cos§ + nqXs,sind)  —aq(nsiné — h)(2X5, — q*Xs3) — aqzX5, + q* X3, c0S S Xsz = W
Next, let us integrate with n (refer Appendix : Table of Integration)
-a a
U In(R +n) _quyn
-a a
[[ wsagan = | wo = -2 e + ) - Eqxi,
0 a
Uz = ) - ECI(UXM +$14)
0= tan‘lf—77
2 1-a 0 727 cin2 q
u, =qY T [5dédn sin“8 1
Yi1=———
1-a . . T RR+
f uddédn =\ u, = ¢%Xq; +Tff(flf cos § — 1Y sin §)dédn sin?8 (ZR +ﬂ37
1—a 32~ p3 2
us = qXy +&Y) — 6 — Tff(flf sin & + I2 cos §)dédn sin®8 R (g +n)
sin
2="p3 hY3,
sind sinéd
uy=—1-a) (T + qY;4 cos 5) + aq? ( FE hY3Z) — az¥y,

2] 2]
f wdédn=| u,= (1—-a) (fY11 sin§ + Esind — qXq4 cOs 5) +(1-a) (11X11 + &Yy, — E) siné + ag?(nsind — h) X3, — azXy4
2]
=-(1- a)( cos§ + qXq4 sin 6) + aq(2Xy; — q*X35)siné + (1 — @) (17X11 + &Yy, — E) cos 8§ — agh(nXs, + &Ys,)
Here,
u§ = (1 — a)[2€Yy, sind + (ncos S + gsin§) Xy, ] — a[zX,; — ¢>(nsind — h)Xs3,]
= (1 — a)28Yy, siné +dX,, — a(d + 2)X,; — aéq? X3, = (1 — )28y, sin§ + dXy; — aé(Xy; — G2 X3;)
u§ = (1 — a)(gX;, sind + Xy, cos b + &Yy, cos8) — aq[(q? X3, — 2X11) sind + nhXs, + EhYs,]
- -
=1 - a)(FXy1 + &Yy c0s6) + aq [(U2X3z + ﬁ) siné — nhXs, — fhy3z]
sinéd
=1 —-a)[FX, + &Yy c086) +ag [n(r] sind — h)X;, +¢ (F - hY3Z)]

The above three vectors correspond to the contents of the row of Tensile in Table 6.
6



Mathematical Background of DC3D (Part 3)

(4) Evaluation of  [[19d&dn ~ ([ 12d&dn
x - &

For the integration, we substitute [y -~ y=mncosé+gqsiné to I? through 12 of the point solution in Table 2.
d » d=mnsind—qcosé

So, the integrands and their integral with & become as follows (refer Appendix : Table of Integration)

Py [ 1 e 3R+d ] fl°d§= 5y
R(R + d)? R3(R + d)3 ! R(R + d)?
1 3R+d 1 72
2= — — §? = f[od e A
2 5[R(R+d)2 YRR+ d)? 2= e i T RR + )
& 1
B=aig f]é’df:—ﬁ—flgdf
2R +d f y
0=_ ~7~ Iod = =T
= mrTar = R D
i §
10 = 1 e 2R+d~ fgd(’z:id
R(R+d) R3(R + d)? R(R+4d)

Next, let us integrate with n (refer Appendix : Table of Integration)

13 ~
a) Is= || 12d&d :f7~d RZ=n?+X?, X?=82+¢q% d=nsind—qcosd
@ 15 = [| Ragan = [ b (R2=n £+ d=7sind - qeosd)
<Casel>X=+0
By chaneing inteeral variabl . R-X 7 2 _e24 a2y R 1+t2X 2t ¥ a 2(1+t2)th
JEN = — —_— = — = — =
y changing integral variable 7 " =BT X ( & +q°), el 1= z% d (1-12)2
1 tan-1 2ax+Db for b2 < 4
d an or ac
and from the formula J%= V4a62_ b? Vdac — b?
ax*+bx+c | for b2 = 4ac b? — 4ac = —4&%cos? §
2ax +b ﬁ
f & p f ¢ 2(1+t2)Xd 28
oo o A= 2 2 —12)2 = 2
R(R+d) }tiz (}tizx+21tsm6x qcosS)(l t2) (X + qcosé)t2 + (2Xsinb)t + (X — qcosS)
2§ X +qcosd)t+Xsiné 2 _NX +qcosd) + X(R + X)sind
Ifcoséltan |€ cos 6| _cos6tan E(R+X)cosd for §cosd =0 (1)
28 ~ 28(R + X)

k_(X+qcos6)t+Xsin6__n(X+qc056)+X(R+X)sin6 for cosd =0

In the latter case, I; =0 if £ =0

hileif cos§ =0, sin§=+1 and l—f LB U S LU L) 2
whileif coso =0, sino==+ an 5= R(R+n) n= R+n  R+nsiné R+d @

<Case2>X=0 (§=q=0, R=[n)

e ¢ B
Is = fR(R o _flnl(lnl T asingy =0

So, asawhole, /; =0 when & = 0. Otherwise I takes either of (1) or (2) depending on cos& = 0 or not.

) [4Eff[2d€dn:fﬁdn (R?=¢2+ 52+ d?, y=1ncosé +qsind, d=nsind—qcosé)
<Casel> coséd # 0

. 5 1
Since y = P

L 1 fn—d'siné‘ f sintS sind dn =
“ " cos8) RR+d) M= o5t R(R+d) "Rrd R )T ese

<Case2> cosd =0 (siné = £1)

[ln(R + d) —sindIn(R + r])]

) - < tq _ q q
Since y=4q and d = 41, I, = R(R+17) __R+77__R+d
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§y .
c) I = || Rd&d f R?=¢&%2+4 32+ d? J=ncosé+qsind, d=nsind —qcosd
()1ff1s‘n R(R + )2 ( §°+ y=n q n q )
<Casel> cosé =0
. N 1
Since y = 55(71 dsiné)
3 n—dsing siné siné 1 .
1= = = f = = — =) dn=— ( ~+1551n6)
coséJ R(R+ d)? coséJ \R(R+d)? (R+d)? R(R+4d) cos6\R+ d
<Case2> cosé=0 (siné = +1)
. - 5 téq $q $q
=+ =+ = | ——— = — = — =
Since = 4q and d = 47, L fR(Rin)z dn 2R L) 2R+ )
1 $?
dlzﬂloddz—f = — —|d
@ I 2dédn R+d RR+az)""
<Casel> cosé #0
. N 1
Since y= 56(17 dsiné)
L= f 1 1 ny sinéd y y i
2T R+& COS(YR(R+&)2 cos6\RR+d) (R+ad2)| "
_ j cosé ysinéd sind 1 y sind
T cosé) |R+d R(R+d)2 " (R+d)?| cosé ' cos6R+d cosd
<Case2> cosé=0 (siné = +1)
Since y=+q ,d=4n and —In(R—n) =In(R +7) —In(R? —n?)
B 1 q° YA q° 1/ 7n yq
’2‘_f<Rin_R(Rin)2>d"__E(R+n+ln(R+")) 2(RJ_rn)2__E(R+d+ln(R+"))_z(R+d)2

(e) I Efflgdfdn z—f%dn—fflgdfdn =—In(R+n) -1,

As a conclusion, the latter part of ug including I; through I, in Table 6 are given as follows (cos s = 0).

(1) Strike-slip

$

1
B . = 0 — i
we: Iy = f Idédn = cosé‘( g + I sm(S) cos§ —I4siné

=sind — I, cosé )

since s = ———=
( s +d

B y siné )
u,” : ff( 19 cos § — 1 sin §) dédn _<COS6R+d C05614>c056 1451n5=ﬂ
B _ 0 0. ¥y siné§ siné y 1
Us I, = || (—IJcosé + I smK&)]d{dn:(mR_l_d C05514)Sln6+14C055 0s6R+d c05614
sind ¥ ~ . 5 .
= cosor+d  cos?s [ln(R + d) — sinéIn(R +17)] = ln(R + d) + I3siné
(2) Dip-slip and Tensile
B _ o _ o y siné _ 1 y B o -
Uy I3_ﬂl3d§dn— In(R+n) -1, = ln(R+77)+COS§R+d 055" " o565 R C0525[1n(R+77) sinSIn(R + d)]
B o 0. 1 '3 sinéd )
uy” : (=I{ cosé — I sind) dédn = (@R_M-l—cos&] )cosd Is sm5=ﬁ
B _ 0 0 _ _L sind ) sind 5 1
us 14_1( 17sind + Ig cos[(8)]dédn (c056R+d w53 s sind + /5 cos § = Py + 535
_sind ¢ 2 X +qcosd)+X(R+X)siné
T cos6R+d  cos?é E(R+ X)cosé
In case of cosés=0, I3 and I, should be given as follows.
1rm yq 1(_m yq
I3=_ln(R+n)_12:_ln(R+n)+f(m+ln(R+n))+2(R+d)2=§<R+d (R+d)2_]n(R+n)
I4=—Ilsin(5'=fiq~sin6=57y~
2(R+ d)? 2(R+d)?
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. . —— ¥ = ncosé + gsind
. - 2 24092 = 2 24d2 ~
Appendix : Table of Integration R =8 +n2+q? = /&2 + §2+d {d=n51n8—qcos8
f [ ras [ ran
_________________ YR . Wm@R+SH IR+t ]
________________ YR X Ty
B3R X2 T
15/R7 _X53 _Y53
________________ §/R° o TYR TSy
e UBE/RE L SYRE —§Ya
15(,‘/R7 —3/1'\’5 —&Ys5
________________ R X TYR
_______________ 377/R5_’7X32_1/R3
15n/R’ —nXs3 —3/R5
2 5 f 2
3¢°/R _F_Xn —&Ys,
T
15{2/R7 _E_X” —&7Yes
n
3772/R5 _U2X32 e Y,
______________________________________________________________________________________________________ B e
15n2/R7 _n2X53 _E_Y32
1 1 &n
_ ——t -12°
_________________ R D T S T R
1 1 . én
X3z _R(R+f)2 —z(nX11+EY11)——3tan q_R
B3R+ E 1 3 3 &
Xs3 _R3(R+§)3 F(UX32+5Y32)+F(UX11+5Y11)——5tan_1—R
§. _.ém
________________ I 1 i) N R s
1 ¢ § . . ém
________________ s O 7.3 A R ik = - S
¢ 3¢ 38 &
&Xs5 R(R+f)3_X32 F(’?st+SEY32)+q_4(TIX11+fY11)_q_5t3n lq_R
n
________________ e oo TR¥Ee. oo Wm@EeH
nXs, _R(R + &)? —X11
e Y7 3 5 Y
NXss3 _—R3(R o) —Xa,
2
n 1. . én
2x -— —nXy; ——tan~1>—
N D (- 3 A A T S
2
5 n“BR +¢) ¥ 1 1 . én
R L T4 X33 +— (MXyy + EYyy) — —tan~t
n°“Xss R3(R +&)° N432 7 (nX11 +¢Y11) e an 4R
n3
n°X3, TRR 1O 2In(R + &) —n?Xyy
S
n°(3R +¢)
1n°Xs3 TRIR+E) —2X11 —1*X3,
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1 n &n 3 1/ 7
— In(R 7 (tan-130 _ an-1& _(— In(R )
________________ e | el |l teen)
1 n(._ _,&n ¢ 1/ 7
m —ln(R — f) - a(tan q_R + tan 5) E (Rf - ln(R - T]))
1 1 & 1
__ta —_— J—
______________ RR+m | .9 __9grR | Rtm |
1. én 1
—tan i P—
R(R—1) q gR R—n
1 1
_____________ RR+m?Z 2R
1 1
R(R —n)? 2(R—n)?
; 1 1
______________ RR+d? | R+d | o]
2R+d 1
o RRAD RR+d) |
¢ 3R+d B 1
R3(R + d)3 R(R + d)?
1 , 2R+d ¢
_RR+d) C RR+A? | RR+A) ]
1 , 3R+d $
R(R + d)? R3(R + d)3 R(R + d)?
] cosé (R 45
_________ REF) Rtd | B
n +51n6 | P
RR+d) R+d n(R+d
n sin§ 1
_______ RR+d? (R+d? | | "R+d
cosé ny ycosd by
__R_fr__o_i___R@_{r_f_i_)_z____(l?_fc_@_)_z ___________________________________________________________________ R+d |
sinéd nd dsiné d
R+d RR+d?* (R+d)? R+d
X = 1 2R+ _ 8R? + 9RE + 382
MTRR+O 2T R3(R+8)? 37 R5(R+¢&)3
v - 1 _ 2R+n _ 8R*+9Rn + 3n°
UTRR+1) 327 R3(R +1)? 37 R5(R+1)3
(%) Derivation of f R(R s
i 1 B 1 I3 4 1 f=§2_0
T RRTO TR REE-E) O Rl
1 én
__ -1
|7ars = =/ - e T
R(R+&) R(R?% - §2) M+ g+ ¢+ &2 R forg =0
én
(
» |ib —1(b%) fora# 0,b %0
Here, we have used the mathematical formula f = 4 @ x*+a*+b
(x2 + a®)Vx? + a2 + b? l xz+b2 fora—0b0
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