%
)

r 1393 liano; ¢ gl 0yles Jgl Jlus

S
2 Slei) gloel S 4 Geain) g K ol e 5
cbloclis aJ:ALrL;«»C JC Jjw@u.“’uu;r.b.w‘_ghajl.w

sy o2 SISE b b LS el ths oz (SlelSE ks
by boa¥ oS pie foab o ol i ld v i bl 5 o s
5ok Ton 2ems 4 580 SWISE o s e o
Slggel (S SVoles oMo s oo ojle) ST b 40 Ly e
2 Sloi) gloal b A pign 208 438l 53 4 6,5 LS
S o L3 g 3p50 ) e el 4 EC 5 L pa ek (sloe Sl
(Pl sl [l e 2 lyal aS” o 425 L
J,JMJQNJ; Ioal L2 il ol 2 o Lol
Joelnza ama 4 5 5y 55 51 oy (BIOY) g o7 iy O s L2
OLelS” gl Lz RS IR GG I o S RLEE Yy gL
Jb (slalas o5 frbuza ol S 5 1 457 p L3 slgSTB s

Sl

‘L;Q»C

53 el S5 ok filao Jom pold ol 0y g 5 ST L OT
&‘ngwcf‘w&@uau@mg@éurgﬂfg
ool s il et flnis Lot o i g

ST el 4y ko) 0 1 5 (55138 sl UGS ool ¢ kL
T el 4 oz ol O b gL o Lommn 53 e )3

5 Slaogast 03,5 Cows 4 Gl 9l O3k 345 g0 ol b1,

7 o_;)4.9 "L'}""Lf
Cj.dﬂ(.«r.’

.J!aJJaJJ_;T‘_gJJleiadKJij,a{;‘_gJEJ@l:JQQQ

‘Lﬁ"‘b‘“cl chAJLu..r cél..w le’;.a,lz_m éwuw

2l eS8 e (b 5

RV L sT e s 0 (S p e e B SIS
S e b 53 ol (G5 b a5 L e
S sl 51 (6 505 SIS i e e 3L s Law Y

35254 ) 5T ela 53 00500 &S (e Olsie 4 L) £ se

oIl J

Q@e—cr_aﬂ:}mp%j:):chh»g;fﬁ@lgmiTg
PSS ES o L 58 e (B S & 5 056
LT oo s ol s o8 ol la iy S5 4 7 g0 amino

(S35 gmun s B ) e T bl o P (e Nl 53

51

93/8/20 'y s go,s
9312120 - o oy o,

15 il zlael Skl Y les 2 ins!
ELil paf Catloi o dowi s pebanw

(Jggwme 8w 59) (6 polias (ylo!

‘5)/) oKl :‘_)//m.c (swdigo aﬁ)f)LgJL:;u/
i.ashayeri@razi.ac.ir

S A g
‘5)/) oKl :‘_)//m.c (swlige aﬁ)f)LgJL:;u/
Cluo Loy o

iy oKy wligo (5 PRt o0 :‘_)//m.c (swige .w)/wu)L{d,;msb

docdo -1
Aile iliee laaia 5o los ) lsal JLsl 655 2 anlllas
03 el Coanl il S35 55 5 KIS 55 gndige ¢ ol )
Ll 5 a e o Laojle 3T ogdle L) 2l sel cOLa !
cz_w@&_;; G Slasin 5 Slao s 5L )s SN
35 (6 b
Slos A glsl U5 @ (gun 25 e <SG 5 Jool lo ) 65
P TP P g PO N PP PR S IYS
L 6ol glssl abw sy oz SIS o cdlodd sl

d3lj wtigs 5 (lisdl;  Modlp olSiing &frfg\\\

w|c|‘9_ﬁ|u_a|4_’.“.b.ﬁc4>u..|): M-\JLA“JJ.AJ



mailto:i.ashayeri@razi.ac.ir

S )31y ooz el SYslae il 5 2.5 [15 51412004
JH8 48 Jlw 53 5 5 bLeST 5 el (sladls 51 oS 5 o ol o
DI Bl S5 (Al (i e ki o8 L 05 b e
b (300 Je b e s il okt S5 Gt 53 8 53 sl
bvg 6,55 Slides alia b 4.l [16] 1988 Jlu s Oles
(2009) ;47 5(2005) Ksta 5 4J (2008 ) 4« (2005) o ) Kan 5 4
L;l_gsu,;u_‘:j@_ﬁdid_u;,t_:.;@_ﬁudunuom
SVslan 8 5l e [20 519 A8 7] s g o jima gLt 2
s el SVslae 528 plil b Sl (5 o 2
&l m bsdiee 0 5 51[21] 2011 Jlw 55 0San 5 o ki o Kas
el Oodn 03 S eslisd gLl ST > o el o 5
3,555 65 Slaslial L oo gl SVolan i 28 Gt
ELLeT Csw mls.Coul ki slalass 53 S8
3348 I 365l il 2011 Jlas 3 0L 5 o s
D1y G ST Camd Ol o o 2] 3 0k €151 SV slas
e &G Sy gt 4 Gl ) s 03 S il s ol iads S
s g e 5 o Je 53 T ek o3l 0L (s30e

o dslowe ¢ L31 Cilien Dl 53 53 0 gl K aile 51

ELSl e Sle B 58 Oluis” g0 OYOlre -2
LS (gl Jonbinan Lo SIS 5 805, K Jlis &
B Sz 5 A n Jos dtn gy Lames S5 Doy 50 4 S plS1 S
Vsl caisl o 58 gl ook ol SISl s o e
2 OLSer 5 s plie bug e Soe o G Sl
IS 4 Vslee o) [13 512] o «51,12014 52009 o\l
Lleds 051> 0L (3) B (1) Lals, o5 oles
py;Ndivu® - neurleurlu® + p12l§|divuI +
pyaNdivud =r @S +r i +r 589 + (1)
hy @S+ +hy 60
pNdivus + py,Ndivu' + p,Ndivu? =
r 8 +1 8 +h 65 +h,,8
pyaNdivu® + p,Ndivi' + paNdiw® =

ol +1 558 +hy38° +hggd®

7\ A5 (potine 5 il Mol olSingsy

J) .
G
2

1393 liano; ¢3! 0yles Jgl Jlus

Nl (b gl Sa g3 58 g0 sl L 2l ol o s
3 P Ll S 5 Sl Y Sl gt L&l S5
Ol il Ol Jaw 5 Sl ) el ol Al o B, s Culind
omémrga@;mﬂéﬁ,;m% b 53 Ll )
550551956 Jlu 53 g bt & 135 alul ks 5 jme el
0 5o 1] glast Joindinne Jooms 53 0LtS sl 5Lt
PL sl s i 51,0 o1 [3 52] 1962 51961 il
3,5 sl al Jodita Lasms 53 ombaw lal (SAST SVl
e 53 [A] 1997 Jlw 53 563 5 5 a5 (6 ity Dl
Jols 7 gLt Jonlinte Lasma 53 (o sl ol 0 5 (SST 5
L) el st mle 0685 sl SISl S
[5] 1990 Ul 53 6l /5 5 0oty s Loun 5 0l 4yl Lo s loes
159 5 on Aoz 51 805 Olinn Lo 5 (63L5 (slaay i plonl
b el (51 (2006) 5T 5 (1998) 5515 5 515 (1981)
[8 57 B] sl s @l plsl Joukiuze Laes

S )l i 53 &S Sl LAl LIS Cmbly &Kyl
S Ll 65 2 e 53 Al o LSS (ST Lo (YL
g 0315 a5 pLobl b LS (sl e 2l gel SYles
b pLE S 55 bl lgel 4 53 lae il
Glaimin 1 S5 Joale &S5 Ol o pldlam s SIlss L
Slale 512005 Jlu 5 0L cul sl 2.8 SasT,
0] s sl s L K i
5 bz s a (o el ol 5 e (Sl goui et
Lk 3l eslinul L2006 Jlw 53 0 LSKer 5 5o Loy S 5
Ole b bkinn (o e (il 3 (Sols 47 5 o 250
UV-W S W R ' S (S P oo 0] IRV-J SR IR T g
Ll 28 e Lal 2 LS 55 e el (s

L by 0 552002 e 55 OLgadls 50 5 65 Olas ol 5
Lo &S (ol - (Mixture Theory with Interfaces) sl (sLa jb
SLa3l oy 5 ke b 53 (Solys ol 48T pLbl o Jodsesa
JLI] cGsls astyl ) ol ol 1,5, &8 > SNle 43 0T (58
Sleslial U[13 512] 2014 52009 lgdlw s OLSKan 5 5 plie
1995 Gl 35 wslS Lo 5 oS Joubinze sla Lo SIS & i3

52



1393 liano; ¢ gl 0yles Jgl Jlus

1S ol [M3P] =[NAP]2

|l [
é N = bDr: +% (19)
b=l,g9
o b9-f9 f9
Ngb = + (20)
b:al,g D" DY

;l_f,c_u‘_sﬂ_; slaails o> Jste o5 54 D9,D', D™

bl zleol -3
oKz 53 FX g 53 o5 he (i e S5 o g
Gla gl .l o o315 0L (1) Ko 55 5,875 Sliazbes
) s FP) Js&wiwgcu%ﬁsugkﬁ

(21 At y) 55 e 1)

u® =NF 2 +curl ¥? (21)

"y
Fa= Ade— qZ[ei(Wt—I,X)] (22)
w2 =B, e Il (23)

S T )

Il glaals s 54 B, 5 A (24 523 22) Ly, s
sde e lalple 5 il 3wl wii®=-1 o)l
Bl on B s oL () e e s

2=0 a3l b 55 25 OLS 550 Ll sl

:V'UL’
s, =leS+2mes-b'p - b¥p? =0 (25)
t,=2me,=0 (26)
I:M”'bl'fl S_fld'|+
w0 ) .
M'g(- (b9 - f9)el - fgdivug):o
g:MIg_ bl_fl S_fld' |+
el o - o) n

M 99(- (b9 - £9)es - fgdivug):o
L 5(28) 5 (25) Loty 55 (24) U (21) Loty 1SS L

53

Il 5 sl SISl (gl gl Hls 0 U cdailsy ol o
sl 5B ool i 5 470757 S” o=l g ST il s
LB52d) Ly, 5368 K5 gl byl il B 5 plo

Tlos G s (17 6 4) sladslae s Slas, LS

pu=l +2mt § § (6 - 1M (P - £°) 4)
a b
P =8 O - )M (5)
plszé(ba' f2)Ma9f 9 (6)
Py =M ! (fl)2 (7)
p23=flMlgfg (8)
Pss =M 9(f 9)? ©)
ry=r+Q (F3f2- 2r3f?) (10)
ry, =r'f! (11)
g =197 (12)
Fp=(' - FOf (13)
rg=(ro-rofe (14)
hllzé. ( aa)z (15)
S K
fl 2
hlzz'hzzz'% (16)
f9)2
hyz =-hg =- (kg) (17)

(bydie S J&s 1 Y uls Mol cadslas opl s

5 @be cdalr (sla3B b Blne o 5168 FF il B
K class Sl o S FF (513 s 1P L8
by e a8 (18) Wslee jloslinal L M 15 5 (6035

- — = "

:bl L g s N (18)

ds! de, +(=-—)d
r ev+(D. f)pc

& (ule pldlar oS (Julss s F o (18) Wslas

5 e JLS 5wl S pe 588 P e S

A5 (otizn g i alloyn olSimg, 72N




Z, =12(aK22 - 16KA2 - 16K,K,2) +4KAE (45)
Zy = 4K 212 (K2 - Kyl2) (46)
z,=KA%12 (47)
K, =aA+2mA- aB- 2nB- C+D+E- F (48)
K,=n(B- A (49)
— lg\2¢ 1 g — 1l ggflf g
A=(M'9%f'f9 B=M"MPf'f 9, (50)
C =hcM '9f ¢
D =bdM%f % E=ecM"f',
= (51)
F =edM'%f'
Ing !l pl  f! In 9 (R . £9Y0
a:g? +b'M"(b' - f')+b'M'9 (b - f ): 52)
HbOM'9(b' - £)+bIM B (b - £9)
b=®O'M"f' +boM'9f") (53)
C:(Mlg(bl Cf)+M (e - fg)) (54)
d:(M”(b' -f')+|v|'9(b9-f9)) (55)
e=(b'M'9f 9 +hIM%f 9) (56)

(43) adasly sl m Sl e (50l 7y sbe a1 4

SN Dy s i Sl a5 S e S AT e S

bl o aw e 6olid g an b Blis ez 55 Cal Hlalins
25 Jol (43)

el gy Gous (s -4

zlol (e 5 o ((83) slae bl 1 s ) 5o
gl 5" (Massillon Sandstone) & phwe Kwarle ;5 il
OLSer 5 0l p o s (S e ol 53 (5 5 (5oL
(2014) 01,LKen 5 s Lie 5(2002) 01l se 5 55 «(1988)
el 0 1l (Lilad 13 e 3 g

ot b (S Lol Gla bl 5 310 ol s
Ol et [22] il oii 03, 5T (1) Jss s 5 41,1(1982)

Llods 0313 0L (4 1 2) slehSKs 55 (il zlsel S e

7\ A5 (potine 5 il Mol olSingsy

J) .
G
2

1393 liano; ¢3! 0yles Jgl Jlus

T e s 0 (29) ol ¢ g Sl JSE &0 (oo 531

gll I12 |13 I148‘:A§:J g)l‘il
u
gm L, Iy |z4l:1':,"°1'l',:e:,01:1 (29)
B e o LaiAf
§41 Lo s |44E|{ Bsb éog
s
Ly =-15{1 +b'M" (' - ')+
b'M'9(b% - £9)+bM'9(b' - ') + (30)
bOM (b - £O)}+2m(17 - 15)
L, =-12(0'M"f" +p9M %) (31)
i3 =-12(b'M'9f 9 +bOM %f 9) (32)
ly, =-2im, 12 - 12 (33)
|y =201, 1713 (34)
lyy =lpg =lgy =1y =0 (35)
(P :(2|r2 - |52) (36)
oy =(M'9(0 - £')+M %09 - £9) (37)
|3, =(M'9F") (38)
|33=(Mggfg) (39)
Ly =(M" (09 - b')+M'9(b? - £9)) (40)
|42=(M”fl) (41)
l,3= (M9 9) (42)

AL il el Ol 55 4L (29) Aty 6515, 1

Islan )b o Fle Olin 55 dloms L amti 53 &5 555 Jio b

Db Jol (k) el (43 dal)) e )

Z(7Y+2,07)° + 247 +2, =0 (43)
"y

Z, =165 (K, + KK, (44)
54



1393 liano; ¢ gl 0yles Jgl Jlus

—— .
—r— = YO

L e

3 — =

5, ¥

(V]

b

b

o ¥

_%9

Ly

'l;

3 -"—k.\.—

~ ) P T
—h—, .

gLl ar)s

izt Slbl Sl 50 50 (bl 98 a0 S g Sl pudi 1(3) IS

—— W=

(6 s 20) (h) s g sn s e

gl s

lizeo SLAT Sl 38 93 (b1 o T90 a8 g Ol ki (4) S

(ol olid g b blie i 5w p s 5 p 9 sl (L) 2154l
LBl e p g g p

(sl il 51 s 0T s s o7 (6525 50 sl e
il o iS5l S 55 M sl g s

S s 5 Slae (bl ey 5003 sl o e
NI

Ll ar s GIBIL ((Jol g 38) (ks 5o o o e
Sl )3 55 Sy 2l o iy 0 0pl 02 5 b o S
2t 95 51 E 5 gl

S pldliz s ST s i (bl el ST sl

st Sl s s dp s 7 30) (hls oo p kS 5 4,5 o0

55

Lugh 00 431 Ol K dls (Sl ool § Slogas (1) Jsu
[22] 1982 Jlo 38 g0

a9 Sl alos &
Pa 3/5 x10% D" delor B o Jpoke
Pa 2/25 x10° D' T o Jske
Pa 1/45 x10° D9 g oo Jscke
Kg/m® 2650 " el B &
Kg/m® 997 o o7 JEs
Kg/m? 1 o s &
_ 0/23 f Sl
m? 2/5 <107 K 15 6 s
Pas 1x10° n T llan 43555
Pas 1/8 x10°° no 5o Gllae 5K 5

SIS Dlaise i 33 (b1 Z e ST (1) U

Ao
1 Vo«
3
)
3
B Voo
BN
N
9
D 17y
~ —— =\

—r— W = Y0

—— W = PO

—— =\

9 T T T T T T T T T Ll

Al Al Y F - JYi4 NN A \

gLl e s

st Elbl Sl 0 38 LTy Tl Z90 Cus g D g (2) CH

A3l odige g (liddjl; Moloy olSiting} 72




J) .
G
2

1393 liano; ¢3! 0yles Jgl Jlus

2, Sole s s e w95 51 K5 5151 kS
5) GWISS 53358 ood it ge ol P LA Sl )3 o
3 DL bly ps 5093 sl g (il s s o (TL
b Ll ol 050
3,
3 B osb o (AL sl zse sl colid Dol zse b Gillas -
SIS
s e3> 5 sl gz (ol S5 cplsl s L -
gl 2l Sl e e sl Wl ol LSl e sle
f~ &
il Sl Dlr 30 53 (1) pgw T30 2w D A7) U &G 5 i pldl Sl s 55 5 ;855 (hls ez 5 dsl £ e
& 5 4o =5
. ey — W= 0

S a5 b el o bl el Sl gl ) S5 55
LSl Olse (b plaasY s sy 5 oLl 2 LS
23 b gyl slaas i 38 0 S plsl
S8 Il Gt () 31 o 358 o bl L2 ST
Sl Sl slalaoms SO Sl a8 8 Dlis 65 ©molexr
ol Colgis o8 Sl plsl 8 LS s L e

L;|ﬁL;;.\_pJ\.ugid_j&_‘:u;afu,;&bd}_ﬁbm\

bl dsl z e ol

Lol e s
ﬁCL.‘—‘:‘QQ}’)’&‘)Cﬂ@‘ﬂj@ﬂQ‘MQLﬁ &

. L . X Jl-i‘ﬁmél.e.:a'Qb}é)é&_'}d}‘@}n@‘ﬁ@'ﬁﬁ:(&VK:J

L;Lgsu,;gu,dyuﬁ%g,;.mﬁL;u@mw): CT—e— e
A =—t— W =Y0

3l Hl 8 eslazul 5 ) 40 CL";’|J'.‘.'°

X

é?‘;n -6 2

1. Biot, M.A. (1956). The theory of propagation of elastic y
waves in a fluid saturated porous solid: 1. Low i:

frequency range. Journal of the Acoustical Society of
America, 28, p. 168-178.

2. Deresiewicz, H. (1961). The effect of boundaries on
wave propagation in a liquid filled porous solid: 11. B o T T '
Love waves in a porous layer. Bulletin of the
Seismological Society of America, 51, p. 51-59. gl e

3. Deresiewicz, H. (1962). The effect of boundaries on o LA Sl 33 53 b5 P93 0 ot oo O e 1(6) UIC

7\ A5 (potine 5 il Mol olSingsy




Jon
)Qf#,w

16.
17.
18.
19.
20.
21.

22.

4
r 1393 liano; ¢ gl 0yles Jgl Jlus

Berryman, J.G., Thigpen, L., and Chin, R.C.Y. (1988).
Bulk elastic wave propagation in partially saturated
porous solids. Journal of the Acoustical Society of
America, 84, p. 360-373.

Lo, W.C., Mger, E., and Sposito, G. (2005). Wave
propagation through elastic porous media containing
two immiscible fluids. Water Resources Research, 41,
p. 1-20.

Lu, JF. and Hanyga, A. (2005). Linear dynamic model
for porous media saturated by two immiscible fluids.
International Journal of Solids and Sructures, 42, p.
2689-2709.

Lo, W.C. (2008). Propagation and attenuation of
Rayleigh waves in a semi-infinite unsaturated
porod astic medium. Advances in Water Resources, 31,
p. 1399-1410.

Albers, B. (2009). Analysis of the propagation of sound
waves in partially saturated soils by means of a
macroscopic linear poroelastic model. Transport in
Porous Media, 80, p. 173-192.

Chen, W., Xia, T., and Hu, W. (2011). A mixture
theory analysis for the surface-wave propagation in an
unsaturated porous medium. International Journal of
Solids and Structures, 48, p. 2402-2412.

Murphy, W.F. (1982). Effect of partial water saturation
on attenuation in Massilon sandstone and Vycor porous
glass. Journal of the Acoustical Society of America, 71,
p. 1458-1468.

10.

11.

12.

13.

14.

15.

wave propagation in a liquid filled porous solid: 1V.
Surface waves in a haf-space. Bulletin of the
Seismological Society of America, 52, p. 627-638.

. Liu, Z. and de Boer, R. (1997). Dispersion and

attenuation of surface waves in a fluid saturated porous
medium. Transport Porous Media, 29, p. 207-223.

. Hassanizadeh, S.M. and Gray, W.G. (1990). Mechanics

and thermodynamics of multiphase flow in porous
media including interphase boundaries. International
Journal of Engineering Science, 13, p. 169-186.

. Mel, C.C. and Foda, M.A. (1981). Wave-induced

responses in a fluid-filled poroelastic solid with a free
surface: a boundary layer theory. Geophysical Journal
of the Royal Astronomical Society, 66, p. 597-631.

. Wang, Y.S. and Zhang, Z.M. (1998). Propagation of the

Love waves in a transversaly isotropic fluid-saturated
porous layered half-space. Journal of the Acoustical
Society of America, 103, p. 695-701.

. Albers, B. (2006). On results of the surface wave

andyses in poroelastic media by means of the simple
mixture model and the Biot model. Soil Dynamics and
Earthquake Engineering, 26, p. 537-547.

. Yang, J. (2005). Rayleigh surface waves in an idealised

partially saturated soil. Geotechnique, 55, p. 409-414.
Chao, G., Smeulders, D., and Van Dongen, M. (2006).
Dispersive surface waves along partially saturated
porous media. Journal of the Acoustical Society of
America, 119, p. 1347-1355.

Wei, C. and Muraleetharan, K.K. (2002). A continuum
theory of porous media saturated by multiple
immiscible  fluids;, 1. Linear  poroeadticity.
International Journal of Engineering Science, 40, p.
1807-1833.

Ashayeri, |., Kamalian, M., and Jafari, M.K. (2009).
Elagic wave propagation in unsaturated soils;
Theoretical extensions, O. Buzzi (Ed.). Unsaturated
Soils;  Theoretical and Numerical Advances in
Unsaturated Soil Mechanics (745-751), Newcastle,
Australia

Ashayeri, |., Biglari, M., and Kamaian, M. (2014).
Theory of seismic wave propagation for unsaturated
soils, L. Rocha and M. Gomes (Eds). Wave
Propagation (504-530), Academy Publish.

Coussy, O. (1995). Mechanics of porous continua. John
Wiley & Sons.

Coussy, O. (2004). Poromechanics. John Wiley &
Sons.

A3 a9 (olid il Jlolloy oSy, 723




Deriving Rayleigh Wave Velocity Equation
at Surface of Semi-Infinite Unsaturated
Media

Iman Ashayeri
Assistant Professor, Department of Civil Engineering, Razi
University, Daneshgah Blvd., Kermanshah, Iran.
(Correspoding Autor)
Email: i.eshayeri @razi.ac.ir

Mahnoosh Biglari
Assistant Professor, Department of Civil Engineering, Razi
University, Daneshgah Blvd., Kermanshah, Iran.

Majid Rezaie Sefat
Graduate Student, Department of Civil Engineering, Razi
University, Daneshgah Blvd., Kermanshah, Iran.

Seismic energy is scattered in the form of seismic waves
from the underground source to the surficial structures.
These waves are known as body waves and will generate
volumetric deformations by compressional waves and
distortional deformations generated by rotational or shear
waves. However, the body waves will generate other
deformations at the interface of layers or the ground surface
due to specific boundary conditions. Boundary conditions
corresponding to the free surface allow additional answersto
the equations of motion be obtained. Since the earthquake
engineering examines effects of seismic waves on the
structures which are in or near ground surface and because
surface waves are attenuated sower than body waves with
distance, the surface waves are more important. Problem of
wave propagation in saturated porous media was discussed
first by Biot in the mid-twentieth century, after the
formulation of the theory of saturated porous medium.
Extension of the theory of elastic wave propagation in
unsaturated soils which are made of a solid porous skeleton
that the empty spaceis filled with water and air, founded the
basis for solving the most complex problems of waves
propagation in unsaturated soils. It was found that three
compression waves (P1, P2 and P3) and a shear wave
propagate in unsaturated porous media. Furthermore,
Rayleigh wave are identified as the superposition of Pand S
waves at the free surface. Thisresultsin propagation of three
Rayleigh waves (R1, R2 and R3) at the free surface. The
purpose of this research is to obtain the Rayleigh wave
characteristics and the governing equations, according to the
compression and shear waves. The theoretical results are
demonstrated through some examples at the end.

Keywor ds: Unsaturated Porous Media, Wave Propagation,
Surface Waves, Rayleigh Wave, Ve ocity, Attenuation
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