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Fig. 1. Experimental environment and schematic diagram: (a) Topography of sound propagation experiment area and location of

receiver; (b) schematic diagram of synchronous measurement experiment of sound propagation in seabed and waveguide.

164301-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 74, No. 16 (2025)

164301

410 kHz, H T2 UW0K &8 1 7 {5 % . OBS
BATIAE Oy sUATIEIIG, HERAEAR S 100 sps, OBS
oy R AR A TR IE S

TEF AR LR fE rh, FRIEARTT & B 1(a) BT
NHIL (RO EL) DIEEEE W Oy 575 )ik
TP IR AR, WA T B P AR 8 min (KPR
B FE 2950 1.56 km) 98 —HORKES R, £ 5
VLA FER 19.23—94.28 km 35 Fil N 2L HE 49 Hokg
FEFEUR, PR IR AR VETREE 100 m, H SRR E
REERZE /DT £3%. AErA IR N, S VLA
19.23—31.14 km X3 B9 I HUE 50730, 1K
RIEZ R 340 m. K, 78 MR 8 0 - 3 ) X 38

VRIS 55 /K AR I A SE 3 T IR 1(b) s i, Bl
EI’JFE'J_::'J@E,LQ’\E;@IETJ?F'J?H CTD Il & R G 1E

2021 4 9 | 78 5250 R 35 1 AH 2 X kT T
— IR Z BRI IR LS, RO AT T & 2 Frs i
AR S S S0 DX S I 2R 2 4 B i, LT
DURUZ B 75 3R 1637—1673 m/s, 1% Ay S
(1 15 75 SRVARJG 221, sk Rk R RE R B T S X3
(A1 JEC 2 2 DAY 2 2 By b o 0 RN ek - A b
21 Al 123,

0
/(m-s~1)
200 4500
400 4000
600 3500
800 3000
1000 2500
1200 2000
1400
0 5 10 15

FEES /km

R /m

Pl 2 I3V 22 1 b A ) T S 4
Fig. 2. Seabed profile inversion using multichannel seismic

data in adjacent areas.
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Fig. 3. Particle velocity signal measured by OBS: (a) Nor-
malized spectrum of a sound source and OBS at a distance
of 16.46 km, normalized spectra of the radial (top) and
cross-range (middle) components of the horizontal particle
velocity, as well as vertical particle velocity (bottom); (b)
the power spectral density averages 15 explosion sound
source signals within the 2.7-24.8 km range from the OBS.
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Fig. 4. Explosion sound signal measured by VLA: (a) PSD
within the range of 19.2-50.0 km from the sound source and
VLA, where the PSD of each distance is the average result
of all array metadata of the VLA; (b) PSD with a distance
of 20.8 km between the sound source and the VLA.
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Fig. 6. Submarine geo-acoustic model of elastic sediment-

ary layer.
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Fig. 7. Relationship between seabed reflection loss and frequency. Porter’s Bounce program calculates the reflection loss: (a) The
geo-acoustic parameters of the seabed of low-velocity sediments are shown in Table 1; (b) geo-acoustic parameters of elastic sedi-
mentary seabed are shown in Table 2; (c) all the parameters except the shear wave parameters in Table 2 are used in the high-velo-

city liquid deposition seabed.
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Table 1.  Acoustic parameters of low sound velo-

city sediment seabed.

MRS R4 2R HRE FEAT BRI

FEH [ms™') /m /(gem™?) /(dB-ATT)

KA JRE 1499 100 1.0 0
D2 1465 15 1.6 0.1
FRE 1650 — 1.9 0.2
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Fig. 8. Frequency relationship between low grazing angle re-
flection and shear wave resonance in elastic seabed. The
green, blue, and black curves represent the reflection loss
curves for grazing angles of 2°, 5°, and 10°, respectively; the
red circle is the shear wave resonance frequency (Eq. (8)).
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Table 2. Acoustic parameters of elastic sediment seabed.

FIFBR RAR /(s ) BTUIEE S/ (mesY) R/ mo @/ (gem—3) TE4EUEEER/ (dB-ATY) BTUIMER/ (dB-ATY)

K2 1499 — 100 1.0 0 —
VIRE 1600 700 15 1.6 0.1 0.1
L 2800 1600 — 2.2 0.2 0.2
1000 /dB
120
800
S N N 100
T 600 T s
~ ~ ~
3 3 3 80
= 400 = K
60
200
40
0 10 20 30 0 10 20 30
PR /km PR /km PEE /km

P9 ALRRHUR BB RAAE, H b IR S 50 m, HWRE D 80 m (a) AT HETTBUZ M IE; (b) BMETIBUZ IR, (o) @75

WA

Fig. 9. Frequency characteristics of propagation loss, where the sound source depth is 50 m, and the receiving depth is 80 m:

(a) Low-velocity sediment seabed; (b) the elastic sedimentary seabed; (c) the high-velocity liquid seabed.
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Fig. 10. Sensitivity analysis of low grazing angle reflection loss characteristics of shear wave resonance frequency: (a) Relationship

between bottom reflection loss and shear wave attenuation, and the maximum reflection loss of low grazing angle (6 <

arccos (cl / cpz) ) is taken in the same environment; (b) sensitivity of the resonance frequency 263.1 Hz to the shear wave attenu-

ation: (c) sensitivity of the resonance frequency 263.1 Hz to the base shear wave attenuation; (d) sensitivity of the resonance fre-

quency 263.1 Hz to the longitudinal wave attenuation.
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Fig. 11. Coupling relationship of shear wave resonance frequency closed-form expression.
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Fig. 12. (a) Time domain waveforms of the horizontal and vertical components of the particle velocity signal received by the OBS.

The sound source is 19.82 km away from the OBS; (b) the elevation angle of 0-20 km sound source is calculated by using the com-

plex sound intensity method.
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Fig. 13. Inversion strategy.
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Fig. 14. Sensitivity analysis of seabed parameters of elastic sediment layer in actual waveguide environment, red dotted line is true

value.
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Fig. 15. Propagation loss in the 50-250 Hz band calculated from the inversion results is compared with the experimental measure-

ment: (a) Distance from a sound source to VLA is 20.8 km; (b) from the sound source to VLA is 24.99 km.
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. . . *
resonance on elastic-solid sediment

XIE JinhuaiV??%  ZHANG Haigang V%3t  CAO Dejin V2?3
1) (National Key Laboratory of Underwater Acoustic Technology, Harbin Engineering University, Harbin 150001, China)
2) (Key Laboratory of Marine Information Acquisition and Security, Ministry of Industry and Information Technology,
Harbin Engineering University, Harbin 150001, China)
3) (College of Underwater Acoustic Engineering, Harbin Engineering University, Harbin 150001, China)

( Received 20 May 2025; revised manuscript received 9 June 2025 )

Abstract

The low-grazing-angle reflection on elastic sediment seabed exhibits abnormally enhanced frequency
characteristics, which significantly influences long-range sound propagation in shallow water. To study the
influence of elastic sedimentary layer seabed environment on long-range sound propagation in shallow waters,
we conduct a joint measurement of seabed and waveguide sound propagation in the Dongsha area of the South
China Sea. The measurements show for the first time that the seabed resonance and the sound siphon effect
occur simultaneously. Notably, this effect is different from the sound siphon effect observed in low-sound-speed
seabed environments, as it exhibits smaller frequency intervals. By analyzing the low-grazing-angle reflection
characteristics of the elastic seabed, we develop a theoretical model for the resonance frequencies of shear waves
in elastic sediment layers under low grazing angles and investigate their influence on long-range sound
propagation. The results indicate that under an elastic seabed model, the low-grazing-angle reflection modulated
by shear waves induces resonance at specific frequencies within the sediment layer. This trap acoustic energy in
the seabed, leading to the sound siphon effect. Furthermore, we analyze the sensitivity and coupling of key
parameters related to the resonance frequency of shear wave. According to these findings, we develop an
inversion strategy that integrates seabed and waveguide observations to estimate geo-acoustic parameters of the
experimental area. The inversion results validate the mechanism by which the elastic seabed model contributes

to the sound siphon effect in the water column.
Keywords: low grazing angle reflection, shear wave resonance, sound siphon effect
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