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—IEEDEIE KRST (Refraction and Reflection of Plane Wave)
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(a) Reflection (b) Refraction and Reflection
azu 2 2
—=V"Vu 9.1
Pz =V (9.1)
u=u(vxx+vyy+vzz—Vt) 9.2)
v, +vy2 +v, =1 (9.3)

v= (vx ViV, ): Ji1al4xa%(directional cosine)

plane equation with v = HETTI D e #h#(characteristic curve for progressive wave)

p=v,X+v,y+v,z-Vt=const: (9.4)
I i (Wave Front)
u=u(p) 69
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[E] BEFE This /1 & ZAL03 H ¢ (Continuity of stresses and displacements on the interface)

JiE T (Reflection)
A5
VAL
sin i, = 9.6
1= 50" (9.6)
A5,
VAL
sini, = 9.7
2= 00" (9.7)
AT LV, (Apparent Velocity): 525t 2> Tiab 51
.Vl. =.V—2.=Va (9.8)
sini, sini,
5 (Refraction)
sin(z —i,)=sin(z —i,) (9.9)
BS54 1, (Critical Angle): & &2 M 1, :%
sin i, Vi (9.10)
2
LT RV, (Apparent Velocity): B2 N2 - Tlrio 5%
V Vsl Vsl Vpl VSZ VP2 (911)

*sini, sini, sini, sini, sini,
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— KR L RERK
— SEKH (Body Wave) : JEMEE (P ). TAMIE (S : SHE., SV )
CPERTE (PRBE -2 THGR)
— i (Surface Wave) : HHIEROFE (R DFE)
- HEEDSOREE & L CASmIRE) GBS, #hE) . LHIRE)
- LB T — RS ER D D B
— —ROMEIEY TIXEEY
— REBHEEY CIXBE
— RARBROEBEEYICRT A AR RE
- Love Wave (JEifkHuiE SH %) : &7 M OmEs+
- Rayleigh Wave (CEEER{K P +SV ) @ =Rk 7R DN
< LAY —BIT MR GRRE rY2 CiR)
s W R D 15 FDOTRE THE

— M RMEIE (Elastic Surface Waves)

(a) Love Wave

Wave Number Vector

of Love Wave
Surface Layer

“H A _H ic \ E
/| g
H 0, Vsl Layer [ g |
|
aver H
Non-reflection
7 7
o%u o%u
5t2yl =V’ axzyl ~H<z<0
o%u o%u
Ve 20

(9.12)
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uy, =[Aexp(ikyz)+ B exp(-ikyz)] explik(x —VLt)]} (0.13)

u,, =C exp(—ikyz)explik(x—V,t)]

where k, A, @ and V_ are wave number, wave length, angle frequency and

propagation velocity of Love wave, respectively.

wave number (%% 1 k=—=— (9.14)
AV,
wave lenngth (J¢5) @ 4 =\% = ZVLa) (9.15)
T
And
. V.
=L
Va , (9.16)
12 =1— VL
V322

Determination of A, B, C based on boundary condition.(B.C.)

o;=0 atsurfacelz=—H) freesurface
BC{ o, =0c;" atinterfacez=0) continuity 9.17)
u,=u,, atinterface(z=0) continuity

exp(~ikyH) —exp(~ikyH) 0 YA) (O
1 1 ~1|8B|=|0 (9.18)
G,y -Gy Gy ' \C 0

exp(~ikyH) —exp(-ikyH) 0
1 1 -1|=0 (9.19)
Gy -Gy Gy’

tan kyH =(éi (9.20)
1V

Elimination of A and B
u,, = C coslky(z+H )]exp[ik (x —V,t)]

exp(—kyz) exp[ik (x -V, t)] 9.21)

u.,=
2" cos kyH

Uy, = %[exp{ik(ﬂ +X =V, t+H )} +explik(—z +x -V t—H)}] (9.22)

(downward wave) + (upward wave)
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— Properties of Love Wave
- Existence / No-existence of solution
Existence condition: V <V, <V, (9.23)
Non-existence condition: V >V, (9.24)
- Dispersion (43#%)
\elocity V| is dependent of wave length and frequency
body waves are independent of wave length and frequency.
- No-reflection on the interface

sin@ = ! = Va (9.25)
1+y° Vi
sin @ = Va (9.26)
VsZ
V,, >V, (9.27)
Phase
A=E (9.28)
B=D (9.29)
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(b) Rayleigh Wave
— Half infinite elastic body(z = 0: surface)
U =x 2. is independent of y ( ion) (9.30)
U. isindependent o assumption :
u, =u,(x y,t)f P y P

Total Displacement = Dilatation + Rotation(Shear)

u, =ul +u!
X X X 9.31
u =u’+ u;} O3
ud = Aexp(—az) explik(x —Vyt)] 032
u® = A'exp(—az) explik (x —Vqt)] '
ul =Bexp(- A z)expik(x —V,t)] 039
ul =B'exp(— B z) exp[ik(x—Vqt)
For Dilatation(assumption)
o, =0, =0, =0 - A (9.34)
& = 8;: + a;yy + aauzz = i?A(k2 —a? Jexp(-az)explik(x—V,t)]  (9.35)
2
a’ = k{l—v—@] (9.36)
Vp
For Dilatation(assumption)
&, = oy +auy + u, =0 - B’ (9.37)

2
b= kz[l—x—@j (9.38)

S

For Total Displacement
u? =[Aexp(—az)+Bexp(— )] exp[ik(x —Vyt)]

ud = {% Aexp(-az)+ %exp(— Vi z)} explik (x =Vgt)] (9:39)
From Boundary Condition

u =0 (9.40)

o, =0 '
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k? —a(A+2u)|A- 2k uB =0
(9.41)
20+ (7 +k?)B=0
2 2 2
k*—c(ar2p)] -2ku J[A]_ 002
203 (82 +k?)|| B
Characteristic Equation for V : solutions except for A=B =0
22 o2
der| K = (2240 2n g (9.43)
23 (82 +K?)
2
( Yo 1—1%} (9.44)
S Ve <V <V, (9.45)

— Properties of Love Wave
* Velocity

Ve <V <V,

it A=u(V,=+3V,), V, =0.9194V,

- Considerably reduction of amplitude with an increase with depth z : see Eq.(9.39)
- Difference of 7z/2 in phase among displacements in the vertical direction z
and horizontal propagation direction X : see Eq.(9.39) and Figure with motion of

particle.
- Ampu,|= Amplu, |

- No Dispersion??

- With existence of surface layer, it shows dispersion behavior
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