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Experimental study on the relation between compressional wave velocity and physical properties of sandy sediments
WANG Hu, WU Tao, ZHANG Shijie, SUN Zhenyin, ZHOU Yadi, ZHU Tao
School of Marine Science and Technology, Tianjin University, Tianjin 300072, China

Abstract: Sand is one of the main type of submarine sediments. Figuring out the relation between acoustic and physical properties of sandy
sediments is critical to seafloor and sub-bottom detection. In this paper, by using the ultrasonic detector and the self-developed sample
preparation device, sand samples in different physical states are prepared to simulate different natural sedimentary conditions. Acoustic and
physical properties are tested simultaneously, so as to reveal the effective measuring methods and its influence factors, and to explore the
internal connection between the compressive wave velocity (CWV) and physical parameters of sandy sediments. Results and analysis indicate
that the multipath propagation of sound wave can affect the measurement accuracy for the method with ultrasonic transducers touching the side
wall of sediment container, while this effect can be avoided by measuring with a direct contact between transducers and sediment. No effects are
found with different test frequencies among 30 kHz to 100 kHz. The CWYV of sandy sediments, which shows good correlation with density,
porosity and water content, with correlation coefficients 0.87, 0.86, and 0.84, respectively, increases with increasing density, while decreases
with increasing porosity and water content. While the correlation coefficient between CWV and medium diameter is smaller than 0.6, which
shows that the CWV of sandy sediments has no clear link to grading distribution. The correlation of acoustic impedance with bulk density,
porosity and water content is bigger than that of CWV with them. In addition, special attention should be paid to the saturation of sediments
because the CWYV is very sensitive to saturation, for example, the CWV increases dramatically from 393.3 m's™' to 748.5 m's™' as the saturation
increases from 0.971 to 0.994.

Key words: submarine sediments; compression wave velocity; acoustic impedance; physical parameter

TR DU B Wy PR e 2 o o Y I R A WAERELHFEE H 20 4 50 4F/Li, Hamilton
B FE KA, X TR VR AU RS A R | T TR Anderson %5 45 18 1o BU 3750 A PN 56 0 5% 1

BENTRE : 111 A3 4 0 A 25 R 55 5 7 9 U8 9 TSI 06 3 O3 A 000 H ¢ B 7 A8 T 19 30T 8 IS S FQHMJC»\MJEH?E“(201805);El%‘zé)ij:*%iﬁu
BRIt RITH MR 15 B R AU B 5T 7 (201810056104); [ 58 [ AR B2 B 4 T H 5L T I 030 Jy 18145 1 3100 = ) I BB i I it
WFFE " (41702307)

TEZ R TR (1986—), W, PRI, 3= I T2 M B 5%, E-mail: hu.wang@tju.edu.cn

5 B HA: 2020-05-10; 22 /S H#A:2020-08-11.  J&l 37 G4



4152

T IR, &5 Wb BRI TURY R4 08 5 ) B2 O R R AT Y 223

JEEUURRM A 2 MR o, 51 AR 2 [ A A1 2 35 T JRg 16 i
DURR Y 75 = AUy B T 0 22 36 00 2R 5 B R A
WFFEC S IR AT ST 5 T, DA a1 A I
AR, B R R DU P 7 2 500, A
SRR DU S /I | e S W IR I TOR ) L SE R
&, EHB A E AR A B, IS R AR R AT
TEIRSFERYSZ R o HORE 5 I3, 8 1) FH IBURE 25 5% JBUIEE
NEVLRR AL G i, 7 M b B2 56 % I e 4t %k
RO 768 2 A7, (H TR 9 S0 B RS Mgk 2
T AR, AT B FLBR R A S A A — e R
BRI 2250 5 AR A SRR D7 T, B A [R] Vi d
B DT AR PR A W 2 R OB BRI AN DO D s 4%
S0 Wy BEAR R 22 DA, BT IBORE S U S Y
MR VIR Y A S Y B S M 2 R C R AR
BRI B Ph Biot-Stoll" ™ A& 2 14 Z FL A it
PRI A BRIE B E T DU A S R | FLB
JESF Y PSR SRR | TAAR LR 12 S R 2 ]
MRR, BHZHZ, ZHBUET R, ML E .
T AT 5 e SR ST LR P 5 ) B2 R ]
B PN 7R I Z AL A Rl XoF ST AT ALY 22 9 K
LA BT ARSI ESHIEEREZ . BRI
AE AR HORE J5 PR A, 48 PR DL 1 T 4 i 3o
Logt s I IR N TR /B2 NN ORI TR 287/ R S S S
I I ORI R DURUIR A, JF ELAE T % a0 ] i
TFREYBL, Jro | P BN filn, AR i S5

R PR R AR

H1 Sessarego 51 435l K| H % AL B0 AF 58 1 #i
KR T3 RS e S5 00 25 5 b B 70 AR ) R ) R T
AR S A R 1 04 120 5T v IS 0 AR ) A AT 90 42
TF R 2 AL S 56, 1) A BRI Y ke
il 25 Sk &, DORAR L 8% SRS R 4 il v
Ap i, il 55 AN [ 4 0 4 RN AS [R) 4 BECR ZS R TR )
RE, TF R R 45 I o M B2 50, 18 7R B0 R UT
TRy 75 2 55 ) B ot 22 1) i AR fL A, S 230 G R
FENSHIRI R T K N HERES % 5 308

1R AR 5 1%

1.1 RGEE

AR SCH FH A i 2 ] A R R - RE, e
T2 B el AT VRN G B A R L 7 T A £ 0 £
FLBRIK Fe ) A5 IR A5 WE D AILAY | 158 7K SO 325 /K 18] a5 45
LR, WNE 1 RTAR o % Y R RN AR O, Al
S R R R PR e D SRR Y R R, AT SR
BRI RE 2 B 5 R o S 4 Oy ik T AR R 4 SR
A, PETTARIOAS [5) %% B A 7K o L B B ) 3 5 o5
A RE () FL B K A% B FH T 0 R Y [ 2
AR 5 78 B £ G 3 22 8 R 3 K 1 a5, ] 52 Bl
222 20 1) HE K R 25 0% B O R 4R 2 b T R IR
Ao RH RSM-SY6 # 75 #RINA % 1221 a1 Je 0 8 fi

AT e —/

OEE-2P5

Bl RE+

1 R ERE

Fig.1 Schematic diagram of test device



224 YRR M J5 5 56 D0 20 b TR

2021 4F 4 A

i T I i, HTAE S50 L0 iR 500 V; &
ST R TE 5% 5 SRR AT 100 kHz; SRAE s 8L 512;
FEPAAR 30, 40, 50, 100 kHz, 38 2 3 4% 3 25 il 4
e AN FL D0 T V8 ) 50 25 2 B i Ay B R i)
PR AR E 1Y 504 ] [A) PR R B A Tl £

R ) S5 2 AR e 3 32 A P R
Pk R Rk . EERAR S T B e ARl
1o FEHARR A R LR S OB R R A ik, )
SRR P O A Ao R 1 B AR, TR T
B Vi(ms™):

Vi=— (1)

A, LR E (mm) 5 ¢ 0 75 3 A% F5 5[] (ms) 5
to AARBEATELHERTH] (ms) o PEIEFTAE | ARG S
RIS ELA R R DU O . 7 BEE LAY, 1t
LR A S R i, AT RE 2 nGRAE AR IR, HE i
SHOAE R E  SKRES RN LML, &2/ 0
Bef o MR, AR AL T AR A B A AR R P
K T 4R 28 5 T DU LA (R SR Ak T AR FIR 2
P A S | R ACH R i G e IS P R PR 7R X A e
SRR I BE, JF R UL A i 55 41, Xt
A TR A IR A R AT I R IBOE I, 58S B
DU 7y (mes™):

L
=1y

= =Ww=Da/Ve) @)
S Dy R A D, iR B R Ak B
(Dy=Dy) (mm) s ¢ Jg P B it B I 76 0 P9 ] ()

Va

to H P TCAOK IS R AL BRI 18] (ms) 5 V., B IEAOK
7 (m-s') . Richardson Fll Briggs® FH 1% ik I 42 4K
V& F SR ) AR U T, % D SR AR A B
/N o ARSCRN Ay Silis F bR P AP 5 ik I R A S T AR
Wi O i, R AT R

1.2 KBHE

RIS LAY A B R A% I A SRS Ry 4 ol A
A IERE o ORI R AR S VD M 0 O AR
i, o3 A EC A R 9L OR Y5 2488 ¢ =5 Hll R &
B C=1~3 WYL R AF) 40 (F) . b (M) | #
> (C), R 1 s o A SO 3 SE 4 il 2% SRR,
B0 A AE IR R o A TS SOK s B R A
DU, 552 25 W ¥R I 6 5 A — 2 UTR
Yoz, ekt = B 58 A e S T
ANTA], il 28 AN [ %% SRS B i A R, 2 AR
FURTE 25 Sokar, FLBRE R RE . S 90s, il
DU b 24 F32 BOIRFS 12 7K AR A B ] SIS F
13 w1, SRR ARLFI AR oE R 1 RS KT 0,95, >4 el
R LB K 3 B Sy 0, BV UAE 35 21 0E 8 [ 45 R385
TERR R M . R, AR R S0 PR AR B0 P 0 i A
fal, 396 O B Ae e iy el E B, 460 e 4% 38 1 v 5 1R
FEIE DUAR Wi 9 i 5 4 4 M, AR A1 P e ) 28 2 B
A B, AR R RO AR AR K L, R A (D) 3t
SRR U T [A) i, e A i A A o IS A S HR
TR R Fi B 380 A G R , 35 DX T AR ) N G S
TR, #e e 3K (2) TR o 4k RN ) 2 vk

®1 EBRNEXRRSHWEMRYMENEFSHE

Table 1 Physical and acoustic parameters of sandy sediment obtained by direct measurement

AL 2H 51 "FERLAZ dso /mm HEp /grem™ TKEw % FLERSEn /% MRS, JESRWEY, fmes™ FEBHHZ /kg'm 25!
FGI-1 0.246 2.033 23.005 38.329 0.992 616.9 1254.0
FGC-1 0.246 2.162 16.450 30.724 0.994 747.5 1616.3
FNI-1 0.230 1.930 29.002 44.175 0.982 4442 857.1
FNC-1 0.230 2.047 22.301 37.547 0.994 506.6 1036.9
MGI-1 0.374 1.997 25.137 40.453 0.992 481.8 962.0
MGC-1 0.374 2.128 17.877 32.639 0.989 598.2 1272.7
MNI-1 0.460 1.943 28.030 43.373 0.981 405.6 788.0
MNC-1 0.460 2.001 24.230 39.898 0.978 426.4 853.3
CGI-1 0.973 2.079 20.366 35.551 0.989 552.8 1149.2
CGC-1 0.973 2.170 16.048 30.227 0.993 748.5 1624.1
CNI-1 0.587 1.918 30.102 44991 0.986 393.3 754.4
CNC-1 0.587 2.017 22.970 38.797 0.971 438.0 883.6
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Fig.2 Compression wave velocity of sandy sediments
at different test frequencies
F-fine sand, M-medium sand, C-coarse sand; G-good gradation ,
N-poor gradation; C-compaction, I-no compaction;

1-direct method, 2-indirect method.
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Table 2 Physical and acoustic parameters of sandy sediment obtained by indirect measurement

A FlERRdsy/mm B REplgem®  EKBeo/% LB /% WRIES,  JRATEGEV, mesT! FBHBLZ kgrm ™5™
FGI-2 0.222 1.959 32.102 44.666 1.000 1488.5 2915.9
FGC-2 0.222 2.076 25.028 38.055 1.000 1531.0 3177.8
FNI-2 0.211 1.937 31.967 45.237 1.000 1511.2 2926.9
FNC-2 0.211 2.011 26.774 40.797 1.000 1521.1 3059.6
MGI-2 0.381 1.965 27.976 42.720 1.000 1454.4 28573
MGC-2 0.381 2.066 24.966 38.307 1.000 1469.8 3036.8
MNI-2 0.450 1.861 35.116 48.604 0.995 1514.1 2817.9
MNC-2 0.450 1.997 31.081 43.155 1.000 15443 3083.9
CGI-2 0.905 2.092 20.857 35.418 1.000 1488.0 3112.7
CGC-2 0.905 2.131 21.288 34.455 1.000 1510.6 32185
CNI-2 0.685 1.936 29.572 44.259 0.998 1525.1 2952.1
CNC-2 0.685 1.973 26.861 41.956 0.996 1542.0 3043.1
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Fig.3 Waveforms of indirect ultrasonic testing under different

working conditions
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Table 3 Travel time of indirect ultrasonic test under different working conditions

T Bt AR EAD /mm FRAEREEV /ms” HIRHFAFERYV, /ms' BB FABENT/us FIRHFFER T, /us  S2BRER s
1 TARFER 80 340 2730 235.3 46.0 54
2 WHEHTR 80 24787 2730 323.8 46.0 54
3 EXEAERYIN 80 1500 2730 53.3 46.0 53
4 BEEEHLME 80 159267 2730 50.3 46.0 54
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Fig.4 Propagation path and travel time of indirect ultrasonic testing under different working conditions
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Table 4 Empirical formula of acoustic and physical parameters of
sandy sediment
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