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Tab.1 Compression wave velocity and related parameters of sediments with high and low sand contents in the South China Sea
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Fig.1 Variations of sand content in seabed sediments in relation to compression wave velocity,

density, porosity and water content
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Fig.2 Correlation of sand content to compression

wave velocity and porosity of seabed sediments
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Fig.3 Correlation of sand content to water content and

density in seabed sediments
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Fig.4 Contrast of sand content in seabed sediments with

volume compression modulus and compression wave velocity

Co= (M,/p)"*, (12)
KM, oo J& &R O 1 TR A9 B & A

WHE LR GE TH 3 B 45 2, Bl & b 1 K WIS
TORR ) A VA B 4 A5 ik 285 BE R K, X T — %
b E ¢ (Vo) W IR TUAR R I, R 4k s Ny

C,= (M, /o))", (13
K M, o, BERPEN ¢ (Y0 (¢ £ 0 2 100 NEL
{ED W S DT B B e AN %5 . %X (12) X (13)
e Al 15 .

C,= Cy 14+ AM/M)D"* A+ Do/p) . (14)
Arp, AM/M, 1 Do/ po 3 M FR N 15 O T .45 1
TRE R X R A A FR S 46 455 ) 72 A L A B AR Al
b, R E AM = M, — M, 5 EARLE Ao =
Ot 7 Poo

Pl A A 708 Ak L A B AR Ak LE B AR Al ke 3, TT LA
B2 14+ AM/M, > 1+ do/p,» Bl AM/M, >
Do/ po B C, K,

AR S SIS X 58 AN A7 W IR DR ) &5
b i S (V0) 555 e s 400 % 380 2 ) A R HG 4 A it A8 Ak
e AM /M, B EZRA LG Do/ oo HEATECAE [81H 23 B 45
| r R AN
AM/M, = 0.061 624 0.006 3S 4+ 9.245 2 X 10°S?,

r = 0.898 504 07. (15)
Ap/po = 0.046 39+ 0.003 275 +5.936 3 X 10°S”,
r= 0.875 047 1. (16)

Hi B AT UL TR OB B4 R R A A AR AR L
AM /M, B & 0 i 5O R, O3 Ah, AR AR
Do/ po WHEF &R A3 R .

&l 5 S iR s ge 145 20 09I IR DURR Y & D i
SV SRR A AM /M, F1% BEAR L L
Do/ po REX I,

0.8

0.7
0.6
0.5
0.4
0.3

02

PRI AR AR AL L AR AL L

0.1

0O 10 20 30 40 S50 60 70 80
BV %
5 IR TTARY) & b i 5 AR s 400 M A8 Ak L R E
AL F X L
Fig.5 Comparison of variation ratio of sand content to

bulk modulus of compression and density in seabed sediments

HiE 5 & AR TS iy 0 iR DU ok
PEo S HE S R TR I PR BT 45 15 i 22 1 Lo 1
R AL LA O, T HL L A D — i Y1 O
DU ) AU e A5 A 1 U A (B T3 S
AL H A BT . AM /M, = Ao/ po » 3K JE T R
PR AT A5 1 00 98 IS 0B T 4 i R 3 K Y
G R BT LA, 5 D 0 R 5 | Rk I IS DL AR W) T 4
R JEE R PN A T DR R 5 A G R | A AR 4 A
AR B R T AR A U A

AR GE T RIS A AT A L T TR
Py e ek 3 ROR DG A 8 B2 3 R A Jo %ok IO 3 DR )
PRARUTS i A5 8 A2 Al LR T 85 B2 AR A B S AT X 7 2 7T
TRy e 5 038 183 48 R 5 i 93 P 0 R D) 5 b il /AT
R A FLBST 38 38 DRI 5 7K A 4 R AR Jo %o I 3 DR )
PRFRU 45 A5 28 A LU/ T4 B2 AR A L o AT X i 45 90
R s 246 50k P kD o BT LA T AR 22 B9F 245 Y
R —EEEE LRI - FL B 9 A ) e 4 3k 58 /), 7S
Joxk 107 2 FL Bt J3E 8 JRORH 5G4 & b i /N S R T DUAR
PR BT S it AR A L/ T B2 AR AR T . 3R A
P BE A AL AR T AT RS ZE A B Y 7 —
FLBR B A 22 56 20 BT /Y PSR Al AT 21 1 LB
JRE TR 7K S5 TR 2R R e AR ) s A4 904k 32 728 A #) g
IS AL 55 A T3 AR

b LB A S 52 o TR IS AR ) T 44
JE B9 AR AL 70 5 AR AL R ARS8 A i



76

el A%

3 i 5 | T ARy 1 A A 4 JRE S A T A B A
P AR BT LA 2 R i 5 L B AR 5 0 1A R DL
FR 7 o ) R B R 2R A A S R RV
SN TR JEE 2 T 0 AR ) 4 7P 5 T R, A7 AE 25 5
PRI T AT e BEAF 50 4% 2 T IR T AR ) B9 75 3 5 A G P
M AL S LSS 2 1 i 45 7 i P B 8 1) 7 S RN
S ST 0 )9 VS 22 2 00 PR R, T S U R 2K P £
T IV S ORI R TR AL A I R R S
5 EORIHT .

5 ZEip

AR S 0 e T TR RS T AR ) 40 R 5 s A i
JE R A RSB GRS 2 b, A B R LA

(2) 5 Wb i A Ry 52 W) ¥ JEG AR ) s 4 g 3 2 728 A
A —A R ARG DR v T8 (A B0RE PR3 08 TTUAR
Yy s 4 T JRE ) B2, 5 0 DR X O 3 L B R
ZIN S 20 5 JEE 3 R

(3) MBI e T A 2 B 2 M R WL & b i
SR T iR T AR ) s 246 10 538 38 398 R ) R A i TR
R e DNGIV SRR/ HURENCAVER ST Y (o N
AR . SR RE ST 2 AY FL R B R
PR 4 90 T 8 0/ S B 45 18— B AR SO I 3 TLAR ) ) 1
PR i A5 B 78 A L /N T3 B2 A LU L 3k 5 5 b i i/
5 | AR LR 38 3 DR A P 8 M 0 — B

Y AR A I TUR R E il 4 ) SEACRRAE
AALEAT GURRPRL RE 2SR R TUAR Bl 28 S, i B R

NS

—ANEENR. A TRE DR TIRY ORI, & &
T UL HAT 0 e T A 3 B R R T G 5 K
AL R AR O B . A RO Y B A B Y
PRBR T A i, ] I AT BOR BB R 3

A SRR P T w1 AL A A e A A o A Al
PR 33X 7 35 B QB A R R DL AR A Y TTLAR B )
PRI H T i SRR A R 7 P 4 P A 5 A P ) i
ZAC IR A 5% 5 - 52 T ¥ 70 AR ) 75 T P ) TR
ABIFFE  XoF T JR 0B P 2 U 0t T = A T K
A AR R EIE A S 2 E T R R

(L) 5 b 2 B2 W) A 0 AR s 4 0 3 2 A AL Y

Sk

(1] e N RIE AN 500 i B A AR, GB/T12763.8—2007, WEFE A ML 25 8 #4% . MVt Busth Ry B Ar [S]. dbat. b EIARME IR
it 2007.
General Administration of Quality Supervision and Quarantine of the People’s Republic of China. GB/T12763.8— 2007, Specifications for oceano-
graphic survey—Part 8: Marine geology and geophysics survey[ S]. Beijing: China Standards Press, 2007.

[2] Yang Kunde, Xu Liya. Yang Qiulong, et al. Two-step inversion of geoacoustic parameters with bottom reverberation and transmission loss in the
deep ocean[ J]. Acoustics Australia, 2018, 46(1); 131—142.

[3] Zou Dapeng, Luo Wei, Zheng Hongbo. First arrival cycle-based calculation methods of in situ sound speed and attenuation in sediments[ J]. Marine
Georesources &. Geotechnology, 2017, 35(1); 98—103.

[4] Ballard M'S, Lee K M. The acoustics of marine sediments[J]. Acoustics Today ,» 2017, 13(3): 11—18.

[5] Lee KM, Ballard M'S, Venegas G R, et al. Preliminary characterization of surficial sediment acoustic properties and infauna in the New England
Mud Patch[J]. The Journal of the Acoustical Society of America, 2016, 139(4); 2111.

[6] Robb GBN, Best A1, Dix ] K, et al. The frequency dependence of compressional wave velocity and attenuation coefficient of intertidal marine sed-
iments[ ] ]. The Journal of the Acoustical Society of America, 2006, 120(5);: 2526 —2537.

[7] Zhou Di, Chen Hanzong, Luo Youlang. The classification of mordern sediments and sedimentary environments in northern south China sea by ro-
bust logratiomethods[ C]//Proceedings of the First International Conference on Asia Marine Geology. Beijing: China Ocean Press, 1990: 323—333.

[8] % B, Wffisc, ARMIE. malER)Z VIR 5 Ui RBUE I TAREL) . SRR, 1994,13(1D) : 47—54.
Luo Youlang, Feng Weiwen, Lin Huaizhao. Bottom sediment types and depositional characteristics of sediments of the South China Seal J]. Tropic
Oceanology, 1994, 13(1): 47—54.

(9] JEmf¥, B X, SREAE, 55 M IRIURM T ELCL/ /i i R = T, 4 8 42, dbat. B Mk, 1987 55—60.
Fan Shiging, Luo Youlang, Guo Zhongxin, et al. Bottom sediment zonation of the South China Sea[ C]//Nanhai Studia Marine Sinica, No. 8. Bei-
jing: Science Press, 1987:55—60.

[10] Anderson R S. Statistical correlation of physical properties and sound velocity in sediments| M|//Hampton L. Physics of Sound in Marine Sedi-

ment. Boston, MA: Springer, 1974 481—518.
[11] Hamiltin E L, Bachman R T. Sound velocity and related properties of marine sediments[J]. The Journal of the Acoustical Society of America,
1982, 72(6): 1891 —1904.
(12 BRICHE, s 1. R UTARY I 5 5 e P el g AL R ). et 1985, 7(1): 111—119.

Liang Yuanbo, Lu Bo. Physical mechanism for the seafloor sediment mechanical property affecting sound velocities[ J]. Haiyang Xuebao, 1985, 7

(1) 111—119.



5 1

RS S < R A AR WA VAR IR T BR W T 4 1 T E ) e M E 77

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Chen Minpen, Shidh Y T, Chyan ] M. Acoustic and physical property of surface sediments in Northern Taiwan Strait[ J]. Acta Oceanographica
Taiwanica , 1988, 21: 92—118.

BRIET. 5 1575 i SN IS DT AR A W B 1 Ty R 2 R 9E (D). b AR, 1989,

Qian Zhengming. Physical, geotechnical and acoustic studies of the sea bottom sediments off South-Eastern Taiwan[D]. Taipei : Taiwan Universi-
ty, 1989,

Fu S'S, Wilkens R H. Acoustic lance: New in situ seafloor velocity profiles[ J]. The Journal of the Acoustical Society of America, 1996, 99(1):
231—242.

ARG . SETIHE, g5 L R TR A 2 00y R AT S ATTELT ], MEREEAR . 2007, 29(4) ¢ 43—50.

Zou Dapeng, Wu Baihai, Lu Bo. Analysis and study on the sound velocity empirical equations of seafloor sediments[ ]]. Haiyang Xuebao, 2007, 29
(4): 43—50.

R R TR, XA A o B R R B LR R SRR . SRR . 2013, 56(2): 601—607.

Lu Liangxin, Lei Xiong, Liu Xuewei. Prediction of porosity in the north margin of the South China Sea[ J]. Chinese Journal of Geophysics (in Chi-
nese) s 2013, 56(2): 601 —607.

Long Jianjun, Zhou Huajian, Li Ganxian, et al. Relationship between sound velocity and physical mechanical properties of seafloor sediments in
controlled three axis stress-strain[ C]//2016 IEEE/OES China Ocean Acoustics (COA). Harbin, China: IEEE, doi: 10.1109/COA. 2016.
7535668.

Pierce A D, Siegmann W L, Brown E. Suspension theory for the effect of silt particles on attenuation of compressional waves in marine mud sedi-
ments[ ] . Proceedings of Meetings on Acoustics, 2016, 29(1): 005003.

Jed %, R e R DU R S B TR B OC R [T, ARSI, 2015, 40(3): 462— 468,

Long Jianjun, Li Ganxian. Theoretical relations between sound velocity and physical-mechanical properties for seafloor sediments[ ] ]. Acta Acusti-
ca, 2015, 40(3): 462—468.

Ballard M'S, Lee K M, Muir T G. Laboratory P- and S-wave measurements of a reconstituted muddy sediment with comparison to card-house
theory[ J]. The Journal of the Acoustical Society of America, 2014, 136(6); 2941—2946.

Lee K M, Ballard M' S, Venegas G R, et al. Preliminary characterization of surficial sediment acoustic properties and infauna in the New England
mud patch[J]. The Journal of the Acoustical Society of America, 2016, 139(4); 2111.

Ballard M S, Costley R D, Sagersl J D, et al. A comparison between directly measured and inferred wave speeds from an acoustic propagation ex-
periment in Currituck Sound[J]. The Journal of the Acoustical Society of America, 2018, 143(1); 237—247.

TEFEIR, WK B K 2EML bt BR2E Mt 1981 32—46.

Wang Dezhao, Shang Erchang. Underwater Acoustics| M. Beijing: Chinese Science Press, 1981: 32—46.

FAL SR, A, AF. AN R DTRY S B b i 7 O SRR TSR [T, HETEECR . 2004, 23(1D): 66—70.

Lu Bo, Huang Shaojian, Li Ganxian, et al. Experiment research on sound velocity measurement in different types of sediments[J]. Ocean Tech-
nology » 2004, 23(1): 66—70.

Biot M A. Theory of propagation of elastic waves in a fluid-saturated porous solid. I. Low-frequency range[ ] ]. The Journal of the Acoustical Socie-
ty of America, 1956, 28(2). 168—178.

Biot M A. Theory of propagation of elastic waves in a fluid-saturated porous solid. [I. Higher frequency range[ J]. The Journal of the Acoustical So-
ciety of America, 1956, 28(2): 179—191.

Zhu Zuyang, Wang Dong, Zhou Jianping, et al. Acoustic wave dispersion and attenuation in marine sediment based on partially gas-saturated Biot-
stoll model[J]. Chinese Journal of Geophysics, 2012, 55(1);: 180—188.

XUR S B . SR . 4F. BT BCM. JERt. Bheg A, 2002. 322—323.

Liu Zhaoshu, Zhao Haunting. Fan Shiging. et al. Geology of the South China Sea[ M. Beijing: Science Publishing House, 2002: 322—323.
RTPE, TR, PR, A A AL OURE LM, N T ARBE R, 1989 46—47.

Su Guangqing, Fan Shiging, Chen Shaomou, et al. Sedimentary Atlas of the North-central South China Sea[ M]. Guangzhou: Guangdong Science
and Technology Publishing House, 1989 46—47.

Hamilton E L. Prediction of deep-sea sediment properties: state-of-the-art[ M]]//Inderbitzen A L. Deep-Sea Sediments. Boston, MA: Springer.
1974 1—43.



78 HHFER 41 %

Influence of sand concentration variation on the compressed waves velocity
in the seabed sediments

Li Ganxian', Long Jianjun*, Ma Wenbo’

(1.CAS Key Laboratory of Ocean and Marginal Sea Geology, South China Sea Institute of Oceanology ,» Guangzhou 510301, Chi-
na ;2.School of Electromechanical Engineering s Guangdong University of Technology s Guangzhou 510006, China;3.College of
Civil Engineering and Mechanics , Xiangtan University s Xiangtan 411105, China)

Abstract : Based on the statistical analysis of the acoustic physical parameters and sedimentary grain size characteris-
tics of the South China Sea sediment samples, it is found that there are significant differences in the acoustic and
physical properties for high and low sand content. Empirical formulae are established for sand content and compres-
sion wave velocity, porosity, water content and density of seafloor sediments. Based on the theory of sound veloci-
ty, the reason for the change of compressive wave velocity caused by the change of sand content is that the volu-
metric compressive modulus and density change with sand content. The reason for the increase of the compressive
wave velocity caused by the increase of sand content is that the increase of sand content causes the compressive bulk
modulus to change more than the density change. Combination of data statistics and theoretical analysis demon-
strates that sand content is one of the important factors affecting the compression wave velocity of seafloor sedi-
ments. This study has important theoretical significance and application value for the acoustic inversion of seafloor
sediment particle size parameters and sediment types, the establishment of geoacoustic parameter conversion mod-
els, and the exploration of seabed resources.

Key words: seabed sediment; compression wave velocity; sand concentration; bulk compressive modulus; porosity



