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Fig. 1. Environment model.
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Table 1. Sound field parameters of the ocean environment I.
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Table 4. Parameters of the ocean environment II.
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Fig. 5. Horizontal and vertical displacement according to depth changes.
200 200
Zy, dZy, G1, dG,
Rl B i Ak
210 E 210 i
g g
~ ~
= =
% %
220 4 220 i
|
|
I
230 St 230
—100 0 100 —50 50
k,=0.0777
200
Zy-WE
———— Z-AEs
210 dZ-#E
g
@ ———— dZ,- G
[5S G-HE
220
———— Gi-IEA
dGi-fiE
230 e dGl'qFﬁﬁ%
—100

k,=0.1038
6 MEHIEMAEENT Z1(2, &), G1(z, &) KILFHBERE AL
Fig. 6. Functions Z (z, &), G1(z, £) and derivative functions vary with depth in coupled and uncoupled cases.

KI5 R0, #aMIERS O, 390154k FEBAARA. T LLE Y, BT U0 AR K P AL RS A 2
IR | 3 ELALAS #h 26 43 ) 5 3% R = A 1 R AR T FAER. M e, Use, Urs, Uys FIFR
KL H | 3 ELALAS AR, BEVR AR A A 3 (25)—(28) B i, EARW T AR RS I v (2),
WRAE; AR A KA | 28 B A7 7% i 2 Bl IR y2(2), Y1 (2), yh(z) IR S ek E, BB A A #

234303-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 23 (2018) 234303

& y3(z)v y4(z)7 yé(Z)

, ya(2) AR e Bl BT T 4 i

AR AT ke (B €) I, X e 4 B o BB VR FE 1
AR, AE by AR, ys(2), ya(2) A ZEE KT

y1(2), yo(2) AR ys (2

), ya(2) MERT y1(2), va(2)

8. BT LA ) 2 ELALAS DA SRS RS I s (2)),

ya(2) LR b (2), vy (2) B E SRR, EIET4) i 3
FEH. WETHAII, y3(2), ya(2), v5(2), vi(z)
B8 VR 5 AR AL S B A, — RO AN ARAE AT
R A — A WRAE A, WA KA RS
BEALR MR B AR N 22 X AT —

—— k,=0.0247 —k,=0.0408 k.= 0.0811 k= 0.0972
200 200
210 21
£ g 210
~ ~
i 2
55 55
220 220
230 230
—1000 0 1000 -1 0 1
yi(z) L yo(2) SEH(X 10%)
200 200
g 210 g 210 |
~ ~
iid iid
IS IS
220 220 1
230
—2 0 2 230 0 5
y3(2) (X 107) (a) ya(2) SEHR(x10%)
— k;=0.0247 —k,=0.0408 ky=0.0811 k= 0.0972
200 /\/ 200 /\
210 210
g g
~ ~
= il
¥ 990 ¥ 2920
230 230 /
—100 0 100 —500 0 500
dy(z) S dya(z) S8
200 200
210 210
g g
~ ~
# =
¥ 900 % 900
230 230
—5000 0 5000 —5000 0 5000
dys(2) Lk (b) dyy(2) i

K7 AR R R IR AR

Fig. 7. Changes of integrand of displacement according to depth.

234303-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 23 (2018) 234303

4 NRESHEXNHeBENTH

SV AR 2 R i 8 5 B 008 R Tl e R )

AR B S 3 2 AR A, B R 3 AR R
Fr DX HLAN 25 18 2 0 e 4 38 75 T 1 T 180 B0 s
o FBT )3 75 3 7 77 I B o R 5 12 B2 (1) 5
XEMFAREERIAEEG S E 1S 0T 1%
TR ZZE R/, P HR WL 4 Frd), US4
a, o MHUE, HRZSHAL. 8o, o EUE D
L5 A, i B R AR R AR f = 25 Hz, AR
35

a0 @ B Z=s0m
45 ---dERE
50

55
60

&% TL/dB

65
70

75

80

0 2 4 6 8 10
HEES /km

35
a0y © GRS Z, =30 m

— M
45 --- RS
50

& TL/dB
D
o

0 2 4 6 8 10
PEES /km

30

10 @ BOITRIE Z,=30m )

Ay
“ fea |
60

70

4G TL/dB

BiES /km

RIE Zg = 100 m, #WORE Z, = 30 m. KIS H
a, o A FIBUER #6536 A 0T 5 4L 7%

%5 EYEHa, o WRE

Table 5. Value of sound field parameter «, o.

M5 a o i a o

() 0001 0001 (d)  0.001 0.006
(b) 0.08 0001 (e) 0001  0.008

(c) 0.1 0.001 (f) 0001 001

®) BCHIE Z =30 m
40 A
-

50 |

60

&% TL/dB

70

80 |

90

PHEES /km

35

wofy Y PO Z, =30 m
—ma

as | --- TR

{42 TL/dB

B /km

30

f WY Z, =
10 (®) HCAREE Z, =30 m TN

- -
50 F 1
60

70

A& TL/dB

80 f

90

100
0

P /km

8 «, o WEARFN#E HIEM AT FERERL  (a) @ = 0.001, o = 0.001; (b) a = 0.08, 0 = 0.001; (c) a = 0.1,
o = 0.001; (d) a = 0.001, o = 0.006; () a = 0.001, & = 0.008; (£) a = 0.001, & = 0.01

Fig. 8. Transmission loss of coupling and uncoupling when «, o changes: (a) @ = 0.001, o = 0.001; (b) o = 0.08,
o =0.001; (¢) @« =0.1, 0 = 0.001; (d) @ = 0.001, o = 0.006; (e¢) @ = 0.001, o = 0.008; (f) = 0.001, o = 0.01.

234303-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 23 (2018) 234303

ikih k. BOME 103 M%GH T a, o AREUE
i (R 59T (a)—(c) g5 (d)—(f) & 53k
G TEDUT 5 M ALE B H 4 K. B ORW, Hofd
TREFAAL o EIE KIS, BT o = 0.1 R ERE G R 5
M AGE S EE R TR SIS 0L, MG SR E Bkt
HH ORI BAEA R, 76 o [E R3S R,
RN G ARAE P EUE I OB R D, XA T
K8 (a), KIS (b) FIIE 8 (c) Hil A SAEM & HIEIT
HHCSR AR UR I B A — S R . B8 (a),
Kl 8 (b) A8 (c) LA L& K9 R B, sty AL 2 A &

245 W 75 T o {B R AR A R IR/, B 10 R,
Yo HRFFAE. o BRI d, 2SR A £
— R B SUR T ARER B E, BB E 5
G FEVE T B R I A R 4 % it 2 22 e R,
B8 (d)—(f) Fron. B8 (d), KIS (e) KIS (f) LK
P 10 2 B B D) 33k 75 3 o 1) o 45 0 RS B 5 T 5K
K8 L B9 AT 10 R B, s STRR 2 rh BT D) 3 7
1 o X A A RS T R B KT R 4 U 7R T P i
RIS AR .

0.064 o o 0.078 O O 0.088 o o
0.062
0.060 0.076
: 0.086
0.058
- - 0.074 n O (8] (8]
0.056
WA JEEs TR 5 T (o
1By 2 3 B
0.095 0.1045
(o] (o] 0.1040 o o O @
o o
0.094 o o 0.1035 = = ©
- b C
0.1030
0.093
0.1025
S |5 i ME AEG
4 Br 5 i

B9 #MeaS5IEME I 5 B AER AR Ro5HPHT (a), (b) M (c) =M HLI AAER R

Fig. 9. Results of eigenwave number in three cases of Tab.5 (a), (b) and (c).

0.065 0.0885
0.0785
0.0880
O o 0.0780
0.064 B B @ B 0.0875 —@—L
0.0775
0.0870
0.0770
0.063 0.0865
We  IENS e IENS e AES
1B 2 By 3B
0.1045
0.0950 o @
0.0945Tr 0-1040 B B o e
0.0940 0.1035 > 0
0.0935 0.1030
e dEEA WE  dENA
4 B 5 B

10 Mo SAEMA BN 5 I AIEBAEE R K5 hHRS (d), () A (F) =FHEH U ALE B Kt 1
Fig. 10. Results of eigenwave number in three cases of Tab.5 (d), (e) and (f).

234303-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 23 (2018) 234303

5 R EIERIE

2018 4F 1 H, 1£5 BAMGHAT T P A& J R
PSSR HIEFE. — R L IE S A S 2 A, R ok 1
B FEFE BB & R SR Az Ak 1 B S 15 44T
B AT IR R (R S e 7S A AR S ) E A
JE. R GHAAT B R 3T GPS il k. SRERHE X IR
FE2)25 m, . 2 RNZ X E AT iR R R
RURD b -Fh L. XT3 - R A SRR,
4 it B D) 98 7 AR s AN A 2924 i e
W, BB SEE 1FTR. SEIREL
T SC AR S 06V DX RS 1 o DA R SCHIR [23, 24] FRZA
HZ R RSB AT RV L, AR5 AT S U T

20

133045

HARI A 2 2 418, 1EA326 Hz 1238, X
HAT BRI, AN FERE T 1 5
HE B I H R AR R 4 (ocean-bottom seis-
mometer, OBS) & # ] 75 & £% 1 25 # Y 1) 24t
OBS # i & PR AL.

B 11 (a) R LI RS5#EHRHE H K
IR i &l AR —F B 11 (b) £M: K
R I TS R AR R 41 0k B eI A RAE S
HE PR B Ab A B B R A s e (H R AR PR IE). XF
FEIE 11 (a) TP 11 (b) 945 3R, 75 S bRifg i R 5 i
B, BAATTRRJZ Hhof B )8 P AR 1 R VAR B AR A
I B UL 5 R G RE 08 T 47 A5 & SEBR 1 O

(b) — S
o0&~ Mg (RS

60

RGNS TL/dB

!
70|

80

90

P /km

(a) ETEDL; (b) ARG

Fig. 11. Comparison chart of TL curves for sound pressure: (a) In coupled case; (b) in uncoupled case.

(=) — 3
sompg = () |
m 40
z ‘
= ]
& 50
% 60
s |
o<
B 70 !
1
80 |
90 - - - - -
0 5 10 15 20 25 30
PEES /km
Bl11 A RAARSR I A
6 % %

BERT AU R SR P TR AR A AR, SR T
A5 5 BY VAL bR BRI AU BT A, IR 204 17 il
TR AU BT U A B R B AR A 5 R A O
SRS 3 Kb S R 3 DTRRZE R L% 37) 1%
Wi, EEEERAR.

1) e 4695 55 B D1 2 1) RS 5 5 BUR MR RO
N, WG XKL i S BN, BRI
W SRR, 25 RE R T AR iRy 3 75 7 TR
FE.

2) FPETORUR H BY DS T 5 (KBS I o
T A S BTV & I E TR R, 8T s

HABEIR LA (B o = 0), FR4EE 5 81132 )
Toih e, i HERERY, o (RS IR AR RS o
A3 KIMAR K, H o B R & FEMFE S LU IS 28 95 75
P 5 B EIE B o fEOK.

3) e 4 3 5 39 U1 2 TR R 5 3 BU TR R o
KRAER L Z1 (2, €), Gi(z, &) LI FHIA, H
TUURUZ o s 4 . B9 D0 BL & — 3% S A4 A
PR A KL RS L 3 ELALRS N ASAIE bR B0 3
Fourier-Bessel #1773, Bt AR & 5 AR R & 15 00 T 0T
BUR R R AL ANF. £ HAET, JIRE
J 26 5 5 B U 3L R R BRI K2 % 5 2 B
3 BE IR (02 A i £ 55 B D) I8 Sk 7 A (R 7T
fi ¥ 3 ELALAS LA RN, BT DD AE e e e
EEAEH.

234303-11


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 23 (2018) 234303

MK A
TG TE, i
/ T em do(er)ede, mIiREL
0

M1 = -
/ € 2,0, (Er)EdE, mAEHL
0
e / T Gol(er)ede, mIafENL,
M1 = o

e / " Golo(er)eds, mMEHL
0

XHEBNTTRE (4) B HBE AR, IS

of =2 2dc 0 1 dé?
“ (V + 2 dz 0z + c? dz?
+ 20€b7, V341 = 0, (A1)

9>  2dp? o
_b%<@+ﬁd7zl$+’y%>v%bl
1

+ k%) V1

dbi .,
_ s = A2
P EVip1 =0, (A2)
KAy
2/, 2«2 222 dC% 2 dC% 0 2
V (Clv @1):C1v V @1+@V §01+2Eav P1,
dv? o 9?
VABIV?hr) = b6V 27 - VI b o5 VR,
H (A1), (A2) ATHA:
V2 (cIV201 + w1 + 20€bTothn) = 0, (A3)
V2(=bIV291 — wihr — 20€bTgp1) = 0. (A4)

Mt B

0T (13) 3, 4 g(2) = P(2)ez /™42 g(z) fif
W RN

9" +I(2)g =0, (B1)
Hor:
0 = e
Io(2) = i (2) — %.
2 o2 T, |
9" +7i(2)g ~0. (B2)

<

HAFFT AR A: g(2) = Diyi(z) + Dayi(z), HH15(z) =
S/QE, ys = S()VIHUL(V), yi = S(2)VIHEL(V),

Q) = \/ e - Ve = [ Q@

M P(z) BZIEXN
P(z) = g(z) e 2 /11042
= [ - a(z — HO)lID1y3 (2) + Doy (). (B3)

fif % C

_CL11 aiz2 ais 0 0 0 0 0 0 1
a21 a22 a23 0 0 0 0 0 0
0 a3z a3z asz4 ass azeg azr 0 O
0 @42 @43 Qa4 @45 aa6 aa7 0 0
[aij}QXQ = 0 0 0 asq ass asg asy 0O 0 s
0 O O aes ass ase aer ass a9
0 0 O ars ars are arr ars aro
0 0 O ass ags ase asr ass aso
| 0 0 0 aos ags ags agr ags agy |
H i a1y = sinfozs, a2 = —sin Bozs, a1z = — cos Bozs;
a1 = COSBOZS7 ag22 = —COS ﬁozs, asz3 = Sinﬂozs;
asz = Pocos(BoHo), ass = —PBosin(BoHo), asa = —yio,
azs = fyé(), aze = —&Yso, asr = —EYao; Qa2 =

P0w2 Sin(ﬂoH0)7 a43 = POW2 COS(50H0)> 44 = 01(2%052 -
w)yio, ass = p1(26306? — w?)y20, ass = 2p1bioyso —
p120€bioys0, asr = 2p1bio&yso — p120€bioyao; asa =
2016030 (0y10 — Yio), ass = 2p1€b3o(0y20 — Yho), ase =
P1 (w2 - 2b?g§2)y30, as7 = p1(w2 - 25%052).%10; ags = yila
aes = Yh1, a6 = EYs1, aer = Eya1, ass = —ifaFy eP2H1,
agy = —EFpeM an = pi[201(H1)E® — Wiy,
ars = p1[201(H1)E® — w?lyor, are = 2p1b7(H1)Eys —
p120€bioys1, arr = 2p1bT(H1)Eysr — p120€bloyar, ars =

2 +2 2 iBo H 2 e ivo H
—p2(265€% — w?) e ang = —2pb3LinaFy ey
’ /
asa = &yi1, ass = &Y21, ase = Y31, Gs7 = Y1, Ass =
iBo H . ivo H 2
—&1eMagy = —ipp e ags = p120€bToyn —

Plb%(Hl)%yil, ags = p120'£b%0y21—p1b%(H1)25y§1, age =
pilw® =261 (H1)E a1, agr = piw® —2b1 (H1)Eyar, ags =
p2b328iB2 €721 agy = pa (20367 — w?) €721

EH ymn = Yym(Hn)i Ymn = Y (Hn); m = 1,2,3,4;
n=20,1.

SE

[1] Zhang H G 2010 Ph. D. Dissertation (Harbin: Harbin
Engineering University) (in Chinese) [fki#§RKI 2010 1+
SRS (MG RS MG RV LA K 4)]

[2] Godin O A, Chapman D M F 2001 J. Acoust. Soc. Am.
110 1890

[3] Godin O A, Chapman D M F 1999 J. Acoust. Soc. Am.
106 2367

234303-12


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CDFD&dbname=CDFD0911&filename=1011021058.nh&v=MjU1NTNpdmdXNzNJVkYyNkg3TzZIOUhKcDVFYlBJUjhlWDFMdXhZUzdEaDFUM3FUcldNMUZyQ1VSTEtlWnVSbkY=
http://dx.doi.org/10.1121/1.1401776
http://dx.doi.org/10.1121/1.1401776
http://dx.doi.org/10.1121/1.428074
http://dx.doi.org/10.1121/1.428074

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 23 (2018) 234303

Chapman D M F, Godin O A 2001 J. Acoust. Soc. Am.
110 1908

Greene J, Giard J, Potty G R, Miller J H 2011 Inter-
national Symposium on Ocean FElectronics Kochi, India,
November 16-18, 2011 p211

Soloway A G, Dahl P H, Odom R I 2015 J. Acoust. Soc.
Am. 138 EL370

Hall M V 1995 J. Acoust. Soc. Am. 98 1075

Fryer G J 1981 J. Acoust. Soc. Am. 69 647

Liu J Y, Tsai S H, Wang C C, Chu C R 2004 J. Sound
Vib. 275 739

Liu J Y, Tsai S H, Lin I C 2004 Ocean Eng. 31 417
Ewing W M, Jardetzky W S, Press F 1957 Elastic Waves
in Layered Media (New York: Mcgraw-Hill Book Com-
pany) pp328-330

Karal F C, Keller J B 1959 J. Acoust. Soc. Am. 31 694
Hook J F 1961 J. Acoust. Soc. Am. 33 302

Scholte J G J 1961 Geophys. Prospect. 9 86

Gupta R N 1966 B. Seismol. Soc. Am. 56 511

Vidmar P J, Foreman T L 1979 J. Acoust. Soc. Am. 66
1830

Westwood E K, Tindle C T, Chapman N R 1996 J.
Acoust. Soc. Am. 100 3631

(18]

234303-13

Yang S E 2009 Theory of Underwater Sound Propa-
gation (Harbin: Harbin Engineering University Press)
pp24-25

Zhu H H 2014 Ph. D. Dissertation (Harbin: Harbin En-
gineering University) (in Chinese) [#iffif5 2014 4%
BB SC (R ARIEE: WA AR T AR 2%) |

Du S T 1996 Seismic Wave Dynamics (Dongying:
Petroleum University Press) pp239-241 (in Chinese) [fl
HE3E 1996 #5307 CRE: A K5 W RAL) 28
239241 1]

Wang D Z, Shang E C 2013 Underwater Acoustics (Bei-
jing: Science China Press) p68 (in Chinese) [VE#ZHE, [
JRE 2013 K% (ALTT: Bl HiRRAL) 28 68 1)

Jensen F B, Kuperman W A, Porter M B, Schmidt
H 2012 Computational Ocean Acoustics (New York:
Springer New York) pp265-266

Xiao F, Yin Y H 2006 Mar. Geol. Lett. 22 1 (in Chinese)
[H3E, FHIE 2006 FEEHRENE 22 1)

LiYH, GuoCS,Li HY, Tan B H 2010 Mar. Sci. 34
55 (in Chinese) [##%E, FE T, FoHW, BT 2010 iF
HRIE 34 55]


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1121/1.1401739
http://dx.doi.org/10.1121/1.1401739
 https://ieeexplore.ieee.org/document/6170521
 https://ieeexplore.ieee.org/document/6170521
 https://ieeexplore.ieee.org/document/6170521
http://dx.doi.org/10.1121/1.4931831
http://dx.doi.org/10.1121/1.4931831
http://dx.doi.org/10.1121/1.413673
http://dx.doi.org/10.1121/1.385582
http://dx.doi.org/10.1016/j.jsv.2003.06.012
http://dx.doi.org/10.1016/j.jsv.2003.06.012
http://dx.doi.org/10.1016/j.oceaneng.2003.06.003
http://dx.doi.org/10.1121/1.1907775
http://dx.doi.org/10.1121/1.1908646
http://dx.doi.org/10.1111/gpr.1961.9.issue-1
http://dx.doi.org/10.1121/1.383614
http://dx.doi.org/10.1121/1.383614
http://dx.doi.org/10.1121/1.417226
http://dx.doi.org/10.1121/1.417226
 http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CDFD&dbname=CDFDLAST2017&filename=1017245804.nh&v=MDY2ODR1eFlTN0RoMVQzcVRyV00xRnJDVVJMS2VadVJuRmlya1ViekJWRjI2R2JHOEc5bk1xNUViUElSOGVYMUw=
 http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CDFD&dbname=CDFDLAST2017&filename=1017245804.nh&v=MDY2ODR1eFlTN0RoMVQzcVRyV00xRnJDVVJMS2VadVJuRmlya1ViekJWRjI2R2JHOEc5bk1xNUViUElSOGVYMUw=
 http://www.cnki.com.cn/Article/CJFDTotal-HYDT200610001.htm
 http://www.cnki.com.cn/Article/CJFDTotal-HYKX201009010.htm
 http://www.cnki.com.cn/Article/CJFDTotal-HYKX201009010.htm

) I8 % 4 Acta Phys. Sin. Vol. 67, No. 23 (2018) 234303

Compressional-shear wave coupling induced by
velocity gradient in elastic medium”

Liu Ya-Qin® Yang Shi-EV?3)  Zhang Hai-Gang??3!  Wang Xiao-Han?

1) (Acoustic Science and Technology Laboratory, Harbin Engineering University, Harbin 150001, China)
2) (Key Laboratory of Marine Information Acquistion and Security Industry and Information Technology, Harbin Engineering
University, Harbin 150001, China)
3) (College of Underwater Acoustic Engineering, Harbin Engineering University, Harbin 150001, China)

( Received 27 August 2018; revised manuscript received 27 September 2018 )

Abstract

In the real ocean environment, the compressional and shear wave velocities in an elastic sediment layer vary with
depth, leading to the coupling between compressional and shear waves. As the coupling will affect the underwater
sound field, in this paper, a typical sound velocity distribution (where the compression wave velocity has an n? linear
distribution and the square of shear wave velocity has a linear distribution) is analyzed. Based on the wave equation
in inhomogeneous elastic medium, coupled equations of wavenumber kernels of scalar and vector potential functions are
established. Based on the perturbation method, approximate analytical solutions of integration kernels are acquired by
successive differentiation. The comparison between theoretical prediction and experimental data, which are from the
pressure sensor of ocean-bottom seismometer (OBS) consisting of three orthogonal hydrophones and one hydrophone,
located at the bottom of the sea near Qingdao City, shows that the coupling between shear wave and compression wave
has little effect on near-field sound propagation, while the prediction of long-range sound propagation needs to consider
the influence of eigenvalue change caused by coupling. Theoretic analysis shows that there will be coupling between
the two waves only if the gradient, o, of the square of the shear wave velocity is nonzero. When «, the gradient of
the reciprocal of the square of the compression wave velocity, becomes larger, and o remains unchanged, the simulation
results show that the change of the eigenvalue is very small when considering the coupling effect. Thus, transmission
loss curves calculated by the coupled and uncoupled algorithm are almost the same. When o becomes larger while «
remains unchanged, the simulation results show that eigenvalues are changed to some extent if considering the coupling
effect, and that the difference between transmission loss calculated by the coupled and uncoupled algorithms increases.
That means the effect of o value on coupling is greater than that of « value. In addition, the coupling between the
compression wave and shear wave can lead the eigenfunctions and derivative eigenfunctions in the sediment to change.
The horizontal displacement and vertical displacement are the Fourier-Bessel integral functions of eigenfunctions and
derivative eigenfunctions. So the displacement field of particle in the sediment layer is different in the coupled case from
that in the uncoupled cases. By comparing the transmission loss of sound pressure simulated by COMSOL software and
that obtained from our proposed method, the correctness of the proposed method is verified. And the calculation time

is much shorter than the calculation time by using COMSOL software.

Keywords: elastic sediment, velocity changing, coupling, approximate analytical
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