2025 %7 A KiE A2 Jul. 2025
FTH EH 636 H Port & Waterway Engineering No.7 Serial No. 636

EEEBRKFREFHEREMZBZENRR

AER, ERE, 2 %, FkH
(ERIGBRF TSR, FK 400074)

WE, ARVEFPFRARA, REMMERLE, ABEWEEBBRFRAFANL, ATHRSWTEEBFRE
B ETREAAR, B aFd | ALl K BR G A kT8 R AT FRBEES A RBDEESN REHEREH TR
ik, MEBESFRARSGZEEMEEXLZ, ATHBRAR, BA-FAASHTER =K LRAAHTEEBEBRX GEMRF
B, EREAW, EEBBKSRPTHEEA LT m, WRY SASREBEA L, PHAERZSH 0.006~0.008 mm, 4k
BAFTMIE 0%, FEHF AEARARG A, EEHEBBRENFREBEEAFEMA 1200~1 240 kg/m’,

KA. MR, FR; ALHE, EREE

FES RS, U612; U652 XERERERD: A XEHE: 1002-4972(2025)07-0075-11

Properties and density of seaworthiness of fluid mud in harbor area of Binhai Port
ZHAO Sanglan, WANG Chengzhi, LIU Zhen, TAN Xinyang
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Abstract: In order to reduce the cost of maintenance dredging and improve the navigational efficiency of
ships, we take the fluid mud in the harbor area of Binhai Port in Yancheng as the research object, and conduct a
study on the seaworthy density of fluid mud in Binhai Port on the basis of characteristics of fluid mud. We carry out
the thickness distribution of fluid mud, sediment particle size analysis, and rheological characteristic test at shallow
points along the wharf front after dredging in the harbor pool and channel area to study the characteristics of fluid
mud, and then combine the relationship between the mucous content of fluid mud and the seaworthy density, the
rheological characteristic test, and the theory of laminar-turbulent flow transition together to determine the seaworthy
density of fluid mud in the harbor area of Binhai Port. The results show that the average thickness of fluid mud in
the harbor area of Binhai Harbor is 1. 71 m, and the sediments are mostly dominated by viscous fine particles, with
median particle sizes ranging from 0. 006 to 0. 008 mm, and the content of viscous particles is more than 90%,
which is in line with the condition of utilizing the seaworthy water depth. It is determined that the standard value of

density of the seaworthy fluid mud in the harbor area of Binhai Port is from 1,200 to 1,240 kg/m’.
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Fig.2 Layout of sections and sampling points for mud density measurement in harbour basin and channel area
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Fig. 4 Vertical distribution of fluid mud density at representative points in harbor basin and channel area



% 7 RER, F. BESBRETRERIEMREEFRL =79 -

JELJE /m
4.0
3798.0 \‘ g%
 /&‘.\ )
E — 3
= :
37975 L 18
1.6
14
12
1.0
0.8
0.6
03
525.0 525.5 526.0 526.5 527.0 527.5 528.0 00
x/km
B5 ZRZETE1050~1300 kg/m’ X EAHNEESH
Fig.5 Thickness distribution when fluid mud density ranges from 1,050 to 1,300 kg/m’
HilEl 5 FIRA, VRSP Z IR G 0. 12~ ®1 i, SUEKERIESTRE
, N . . o Tab.1 Characteristic particle size of fluid mud
3.67 m, PR 1,71 mo ALEOEAL TR sampling from harbor basin and channel area
SEINERE R 1. 62 my, JEERE A A X Jak Ay a2 s i 1 Jert FHPRAR /mm PERAR /mm RORAR /mm
. o 1* 0.011 0.006 5 0.110
o P 4 0 5 P BRI Sk W, T 5 14 L i ” 0,010 0 006 2 0110
N2 17m, JFEN2.38 m, FHEMEDTENO 3* 0.011 0. 006 7 0. 109
\ . . U 4* 0.012 0. 006 8 0.111
PN T8 L P YA PR IR A o oon 0 006 5 o 100
3.2 FFIRKES 6* 0.011 0. 006 6 0.110
. S . 7* 0.012 0. 006 8 0.111
45 JURE S O TR HET TR AT, 2R3 1 . o ois 0007 1 o 1os
(VERES S SHRE S AR . ATRLR Wit 3 0.021 0.008 6 0320
L ) X . 10* 0.014 0.007 3 0.110
LI (X 42505 (4 OB DL ok 20 90 ol o oo 0006 5 o 127
K2 dyy %79 0.006~0. 008 mm, B 19*, 20" 12! 0.011 0.006 1 0.128
. . X 13* 0.012 0. 006 3 0. 147
FESN, A BURE AT R E AR /N T 0. 01 mm, 14% 0.013 0. 006 7 0.127
SEHHERIAE R 0. 006 8 mm, 2T UREE g% BT 15% 0.014 0. 006 7 0.129
‘ i . 16* 0.012 0. 006 2 0.128
LULE 6, FTLIE N, B 18" ~20"JekEsh, HAalke 17" 0.014 0.007 1 0.129
FEFU/NT 0. 06 mm (OFRE & T 90%, P4 18* 0.023 0.008 5 0.173
19 0.031 0.012 1 0.170
{64 95% . 20" 0.035 0.031 1 0. 150
BRI % 15 V7 D RAR /DT 0.06 mm 1 OB, 100 [
FORLET OB, VPURE R, o 2 40k £ ul g
e s v i e s N K 70} YRR
BUAT Al 22 S SO 28 0, DB U 38 190 T AR Z ol Bt
». A RIS SN . N _ HE< 50 |
HETTS 0 018 0 AR 2R BE T . PRt DRApa X 1 7 @ wl
. A VN - & 30|
YeFR T it 2 PR R A E AT RE T . B DR AN 2 4 Tl
S N S e i Y N v Y o0t
PIRTHE AR SCEE GV DX 3 . D018 DX I JR B I S ST
0.000 01 0.0001 0.001 0.01 0.1 1 10 100
PR R SGE ML FIR SRR S I CR, W8 Hif/mm

B S A BRAEL M4 7R 7E 1 200~ 1 250 kg/m’ a) I"-5" R



. 80 - K B L2 2025 4
100 - HA(107~10 s7') T, 3YHI N g bifi 55 1) % 1 4
- 90 | —— 6" e o . - e
g ool i I TR fERITUEAR (T 107, 5
= I —— 8K NN \ V52 Y NS
E o o YIRLERT RO TR, RWIE IR MARS T
r —— 10"eH
S sor RASTIRATY, BAERRSEE, Woh, MY
&40 b
g w0t BT, PRSBSOS, AR A BTUIRN WOk
B 20}
< ol 160
= #1050 ke/m® © BT 100 kg/m? .
0~ sl 140 L 4 WHEL 130 ke/m® v BEEL 170 kg/m? 7
0.00001 00001 0001 001 01 1 10 100 o HIEL 190 kg <« HET 230 kg/m’ ;
LAE/mm 120 | > WHE1250 kg/m® o #1290 kg/m? R
« W1 350 kg/m?® g
b) 6"~ 10"J2kE & 100 | 2
=
S 80
100 §
e 90t —— 111 R 60
= 80t —— 124
K 50l —— 13"k 40 |
jm —— 147
B 60 - —— 154 UHE 20
A 0r
@ 40 L [ L Lol AT sl
ﬁ 30 L 10°2 10 10° 10! 10°
o220 DYl Ry/s!
T a) F, ke
0.00001 00001 0.001 001 0.1 1 10 100
o 180 -
KA mm [« @1 050 kym®  BFE1 100 kg/m®
160 | & #1130 kg/m® v %1 170 kg/m? e
c) 117~15"e ¢ b B 190 kg/m® <« BE 1 230 kg/m? S
140 | » %1 250 kg/m® o 1290 kg/m? g*‘“‘““
* 1 350 kg/m® >
100 _ 120 HIE1 350 ke/m _.
o %0 —— 16"kt E ;
F 80 | s 17“?}2# -
200 18R 2
i —— 1972 HE =
60 —— 207
B osot
&40 b
& L
g %
o0t o ) )
DR ¥ 10~ 10- 100 10! 102
0 I AT AR TIT EE T R R R AR AT e e | "
0.00001 00001 0.001 0.01 0.1 1 10 100 By Ryls™
BiA%/mm b) F Ik
2
d) 16*~20"8 200
b= #1050 kg/m® ¢ HHE] 100 kg/m?
Blo Hith, AilXiFiRRE L 180 1 ‘;Ellsokg/mj jigl*?zl 170 kg/m’ -
Fig. 6 Grading curve of fluid mud in harbor 160 b %‘lr%i ;‘;’8 tg/m3 < Tl 230 ke/m’ g
. > B g/m® o #1290 kg/m
. 140 - * #1350 kg/m® A
basin and channel area 04 "
£ 120
9 I 92 A = 100 -
3.3 FRHARRE = I
= A U 42 S A S5 S e B
H 37 6 It A8 1 9 15 21 7 2% B A% U FE T U8 5 )
N 5B UIERIC R UL 7, B RECS BT HOR
KA 8, e e
. NN e e 10 10° 10! 10°
7 T LU th, PR A 0 99 57 7 B I
B )58 Ry 1
YR A0 90 0 T U T, R TR .
3
H—EARDR, ERATEE (DT 1077 M7 SUERENNIELASHEE.R
) NEC] A ESED R 2 3

&, BTUIN Bl B U AR AR g Ok, HE e
WREMOR, SYYIR Ay b Tk AR A AR BT )

Fig.7 Relationship between shear stress and shear rate

of mud samples with different particle sizes



%78 MER, F. BHEBBRFRIEWBEREERT - 81 -

= #1050 kg/m® « %E1 100 kg/m®
o= s HEF130kg/m® v #1170 kg/m?
* o W1 190 kg/m® <« HJE1 230 kg/m?
> WEHE] 250 kg/m® o WEHET 290 kg/m?
L * » W] 350 kg/m®

Fhiit Z4/(Pa-s)

1l n IEEET] I R L1 n 11l
102 10! 10° 10! 10?
Yl Ry/s!

a) F et

= BEF1 050 kg/m®  » BEF1 100 kg/m®
* s 130 kg/m® v HE] 170 kg/m?
[ o W1 190 kg/m® <« HJE1 230 kg/m®
L > HJE1250 kg/m® o W1 290 kg/m®
—— * S 350 kg/m®

Bt 280/ (Pa-s)

10 10! 10° 10' 10°
DYl Ry/s!

b) F, ek

= W1 050 kg/m®  » 1 100 kg/m?
« L 130 kg/m® v FHEL 170 kg/m?
g L o %1190 kg/m® <« 1 230 kg/m?
Rt » B 250 kg/m® o W1 290 kg/m?
Fo» « 1 350 kg/m?

Bt 250 (Pa-s)

102 . 10! . 10° . 10! HHIIOZ
YU Ky/s!
o) F,JekE
B8 HHNEEEMFETRBSHVIERXR

Fig. 8 Relationship between viscosity coefficient and

shear rate of mud samples with different particle sizes

Hi /&8 8 AT LA i, Zbii REBEST DI R 2 G
H95 D . TEAR BT ) ?MHHW’WF
TFIRAEA B R 218 1Tt T Zh i R 50T
B BEEIHE R, FEU R TR, KU

R RS S, X T A AT 1100 ke/m’
e, TS i 2k v A7 e 5 T R ) A D 1Y) 286
Vi ZR AL, T 285 8 AT A T DR N T SRR A,
FAIR B ) B R R R BCBE e R AR B
/N

B VD 14 i IR R ) A2 48 e 1D A [ S A5 Ry
WASHIIFG, BIVIF 4G 30 3 i By A B YD Ay, AR
SCR R DU AT i A R, TSR IF i e
JE IR 7 o BB — i RIRAH -

T=TyHUY (4)

K, 7 AEDUR RN A7, Pa,

SRHEEDUE R AR R JE AR X R WLE 9, 10
HH L9 WAL, PRURR AR T 1 200 keg/m® B, JE AR
NIRRT R, BEE RS AR I

BAREIRE TSR RS JTI/T 325—2006
QU O T 5 35 A 7K TR g B AR B ) R, A S
TE I 2675 b o S 3 119 A Gy 5 T X L 19 7 U0 %5
Vel s A, & 10 W, TRUR RS BRI R AL
WE%E BRI AN, 7E % BER /N, R R B0
K#g, mEMRE—EmER, B R %E
A RBURR B T S T, AR SCEHRA] o R 8 5
REER L0 SRR P, B PR U B B R B
P, IZER R TR B R R E A B, AR 2,

HIER 2 AL, IR kAR K S 8UE IR ) 5
0 1) 5 oS ELRG n, RE N Y 3 A R (B AR
L, FEOfE SRR, NZRG % IR e RiAR |
Jor RIS 1 e by R I AR 0 o S A
JE 1200~1 240 keg/m’, ¢ 1R i 77 Je b B 43
AR S PR T AL 285 B Y B/ DR R T O A A
TSP UL T 0 T S s, 32 DX S8R O A8 4 At
B RRAE DRI EOR G, BRI,

F2 BHEREMEREE

Tab.2 Seaworthy density of mud samples
with different particle sizes

hite! JeR W R 3/ R =AU TGRS
mm Pa (Pa-s) (kg'm™)
0. 006 1 44. 485 0.878 8 1200
0. 006 8 52. 699 1.280 7 1230
0.007 1 57.287 1.410 4 1 240




.82 . K iE L A2 2025 4
100 - 10
L gl
80 |+ /
< 6 L
& »=1.296 0 x 10-6x°-0.004 0x>+4.116 7x—1 360.615 | =
5 L R*=0.995 7 &
= S |r=5.126 6 x 107x*~0.001 7x*+1.884 1x-696.213 6
E & 4r R=0.997 8
60 |- &
B
& . L
40 1 1 L 1 1 1 1 0+
1050 1100 1150 1200 1250 1300 1350 ) , ) , , , )
B pl (kg m?) 1050 1100 1150 1200 1250 1300 1350
N aﬁ;:]&: /(ke-m>
a) F JeRE: { B pl(kg m™)
a) F JekE
120
8
100 |
< F 6 L
.g y=4.079 0 x 10-x°-0.013 4x2+14.613 1x-5 276/625 1 2
= 80 R=0.998 9 &
2 S [7=5.6590x 107x-0.001 9x*+2.112 9x-786.313'1
B | & 4r R*=0.998 5
&
B
60 |- &
W& 2 L
40 1 1 1 1 1 1 1 0 L
1050 1100 1150 1200 1250 1300 1350 L . . L )
B pl(kg m™) 1050 1100 1150 1200 1250 1300 1350
N R pl (kg m™
b) F, ek Hpllg )
b) F,JekE
140
L 8 ~
120 / L
[y=5.472 6 x 10-%°~0.018 1x2+19.870 1x-7 238.0809 = °r
g 100 - R>=0.999 3 Q'u; |
= S #5779 8x107x-0.001 9x*+2.170 3x-809.675'1
= H & 4t R2=0.998 6
o W
E 80 £ 7
F ;@ 2 L
60 L
L ol
gl Y—/—vY—
1050 1100 1150 1200 1250 1300 1350 1050 1100 1150 1200 1250 1300 1350
HEp/ (kg m™) W pl(kgm™)
¢) F ekt o) F ek

Fig. 9 Relationship between yield stress and density

B9 HBHZREHERENSEEXR

of mud samples with different particle sizes

B 10 SHEEFNFFRBEEEXR

Fig. 10 Relationship between viscosity coefficient and density

of mud samples with different particle sizes



% 7 MER, F. BHEBBRFRIEWBEREERT - 83 -

3.4 JZR-ETR SIS g, 10000 -
AR L p ¥R A EDUE RN S 7, 55 8 000
WA RZE 0, W3k 3, 6000

4000

—a— H=0.5m

Re

=3 EEBFRRTSH
Tab.3 Rheological parameters of fluid mud 2000
in Binhai Port

0
pl(kg-m™) m/Pa ng/(Pa-s) ) . . ) ) )
1 050 43.051 0. 055 1150 1200 1250 i 1300 1350 1400 1450
plkg'm™)
1 100 43.713 0. 096
a) v=2.0 m/s
1130 44.392 0.216 14000 -
r —=— H=0.5m
1170 44. 969 0. 485 12000 | e HelOm
r —— H=1.5m
1190 45.579 0.728 10000 -
1230 52. 690 1.287 8000 -
1250 62.337 1. 900 < 6000 L
1290 88.918 3.379 I
4000 Re=3 000
1350 110. 939 8. 000 2000
0}

51 ~(3) 5K 3 HHA R A ME K o0 T 10 1w 10 14

1150 1200 1250 1300 1350 1400 1450

B Re, TIRIATANLE IR IR Z T IZK 1 m B A 25 Pllkg )
b) v=2.5 m/!
FE SRR LI 11, Horh s bl R g 2 -1 o yrezam
BIE p FHUATIRIE v, TTLAE Y, 437 U8 % B A [
8 000
I, 200 - 28 i e 25 F 1 A S8R W R Re B R
~ N N 6 000
S U T K )
= 4000
8000 -
—=— v=0.5m/s
—o— v=1.0m/s 2000
—A— y=2.0m/s
6000 |- —v— v=3.0m/s
—o— v=4.0m/s 0
—— v=5.0m/s . . L . . !
4000 L 1200 1250 1300 1350 1400 1450 1500
£ =3 000 Pllkg:m)
Bpvesl e N D N W \ G Re=2 000 ©) v=3.0 m/s
8000 -
0+
6000
1000 1100 1200 1300 1400 1500
pl(kg'm™) o 4000
54
B 11 BRAETREREA 1 m HEREES TEER 2000
Fig. 11 Relationship between seaworthy density and
Reynolds number for ship with 1 m draft 0
in fluid mud layer S S S S S

1250 1300 1350 1400 1450 1500 1550
. N " pllkgm™)
i53(1) ~ (3) 53R 3 TR B A SR
$U Re, 2l AR ARAT 2 — o I35 A 25 8 5 T I A _ .
v . " H12 miE—EREMEESEEMER
KARIA 12, % HEA AR Iy P R SR T K P I Fig. 12 Relationship between seaworthy density and

WEEE H, Reynolds number for given navigation speed

d) v=4.0 m/s



.84 - K oiE L A2

2025 %

HIEL 12 AR, CHARAOMAT 3R — | TR
BRI, A7 8008 AR Re BT U8 )2 J52 132 484 i i 244
Ko FAKIT, WUATHEEE R 2 m/s I, 7RIRJZERE
FEO0.5~1.5m, @EMHER 1250~1 325 kg/m’;
WUAT R 4 m/s I, S8 AT BE AT RCE 1 325 ~
1375 kg/m®,

XTI T, 75 2~4 m/s BIMUATEE T,
WEMLBEE M 1 250~ 1 375 kg/m®, % & S HE 1144 1
TR, Y E MR BRI WA T (1~2 m/s)
N, IEATEEE A 1200~ 1 250 keg/m® BEHFEZ, X
2 YT R e ) A 2 3 AT LA TR TR] AT

R R I A AT 78 43 A R DR AR S 3 K

T O U T S TR R AE R [R] % ﬁT%k
ﬂﬂm%%ﬁ,%ﬁ OB IR AT & 4, I
B 1 i

4 Zig

1) X VR DL ST ek B A A 43 AT A
W DCIF U 32 S0 A e R U I 1 v b P R Y
e BORRS S FT Y, PRV HERLAR £ R 0. 006 ~
Qm&mu¥ﬂ¢ﬁﬁ@ﬁ0%6ﬁm,ﬁ%ﬂ
T PR IS ALK TR 254

2)@%%@%@&%&%,? IVPAESE: )3
ek, BESHEMARR S =R N Y)

B A VEHEIE RN 75 %k i 7R KA 2 B 1 3 R
%k,%ﬁ%%ﬁ¢%1ﬂm@mﬁﬁ,ﬁﬁ%ﬁ
VR IR ) 5 R R BB, 2% i Ak 4k
%MN,EW@ﬁﬁﬁﬁ%ﬁﬁ%@Lﬂﬁ%o

3) GEEFRERL Y R HEMEE LR, WL
FRHEIRES | M-SR R S A HIE LA X B I E N
HIADITE 119 3 00 25 BE AR TE B, AN 22 05 2804 A4
AR AAAAT 22 A 2 08, A LI U U T 1100 3 L V7
WA 1200~ 1 240 kg/m’

SE Lk

(1] XV, MG, wo k. Ve et Som A srik ], =
PRAC I K 2= 244 (B AAB# R ), 2023, 42(10) : 1-11.
LIU J, ZHOU P, MENG C X. Summary on characteristics
and transport laws of fluid mud[J]. Journal of Chongqing
Jiaotong University (natural science), 2023, 42(10): 1-11.

(2] JFONE, et s TR R e ST LR (D] K BT
PR 5k TFEA4R, 2010, 21(3): 92-94.

YIN Z G, CAO X W. Review of fluid mud research in
navigation project[J]. Journal of water resources & water
engineering, 2010, 21(3): 92-94.

[3] MCANALLY W H, KIRBY R, HODGE S H, et al.
Nautical depth for US navigable waterways: a review[J].
Journal of waterway, port, coastal, and ocean engineering,
2016, 142(2): 04015014.

[4] 5 75, kAR, A, 4. IR VR BTHE DS ALK IR AR BT
FEE [T, KRR T4, 2010(3) : 33-39.
PANG Q X, YANG S S, YANG H, et al. Research and
application of the technique of nautical depth in muddy
harbors [J]. Hydro-science and engineering, 2010 (3):
33-39.

[5] KERKAERT P, MALHERBE B, BASTIN A. Navigation in
muddy areas: the Zeebrugge experience [J]. PIANC
quarterly bulletin, 1985, 59: 127-135.

[6] Biibend, sad i, ) A A2, il Sk ok A O 0 58 A K T (1 T

FUME FI[T]. HEPE TR, 2002(4): 26-31.
CHEN X F, HUANG J W, LIU ] J. Investigation and
utilization of the nautical depth of the outer navigation
channel of Shantou Harbour [J]. Ocean engineering,
2002(4): 26-31.

[7] LI W, LI M, ZHANG X, et al. Characteristics of fluid mud
in the Yangtze Estuary: storm, tide, and slope-triggered
sediment dynamics and effects|[J]. Estuarine, coastal and

shelf science, 2023, 281: 108194.



& T8 AR, Fo RBBB KRS AE AR - 85 -
[8]  BhAEbk, M ARMS. AR Ye vt A AT S vt Pt T 7K % 1 cohesive sediments in the Huanghe River subaqueous

(91

[10]

[11]

[12]

[13]

AT HERTFE (D]

ZHONG W L, WEN C P. Feasibility study on navigable

JKIZ T HE, 2020(8): 42-47.

depth in harbor basin and inner channel of Shenhua

Huanghua Port [J]. Port & waterway engineering,
2020(8): 42-47.

FERKET B, HEREDIA G M, ROCABADO I, et al.
Assessment of siltation processes and implementation of
nautical depth in the Port of Cochin, India[ C]//Central
Dredging Association. Proceedings of CEDA Dredging
Days. Delft: CEDA, 2017: 1-13.

A, L, VPR, A A AT R DE
BFFE[I]. 7KiE TFE, 2021(9): 1-8.

LI M G, HAN Z Y, XU T, et al. Study on sediment

Pevhn] Bt

problems of harbors and channels inLingdingyang Bay[J].
Port & waterway engineering, 2021 (9): 1-8.

R, VPR B, BT, 55, AN [R) 4% B 21 B0 U8 v it 28
FRPERZMASCIRIIGE )], JRUPTIFSE, 2024, 49(2): 25-32.
MA K, XU C Y, CHEN Y P, et al. Experimental study on
the influence of silt content on sediment rheological
properties [J]. Journal of sediment research, 2024,
49(2):25-32.

BRIDVE, F2Er, Mg, 5 R E S
ARSI R 56 B 5 ()
58-64.

B K BRIV
1. TP HFSE, 2021, 46 (6):

CHEN Q Z, WANG X Y, ZHAO Z H, et al. Experimental
study on the influence of particle size and water content
on sediment rheological properties [J]. Journal of
sediment research, 2021, 46(6): 58-64.

XWIGE, PR, TRAL, 55, BK T = /A s Ve B A
PEPEVD AL R S R i PR 3R [ ] MR AR, 2021,
43(5): 127-134.

LIU X L, CHEN A D, ZHANG H, et al. Rheological

characteristics and its influencing factors of dense

[14]

[15]

[16]

[17]

[18]

[19]

[20]

delta [J]. Acta oceanologica sinica, 2021, 43(5):
127-134.

SHAKEEL A, KIRICHEK A, CHASSAGNE C.
Rheological analysis of mud from Port of Hamburg,
Germany|[ J]. Journal of soils and sediments, 2020, 20:
2553-2562.

SHAKEEL A, CHASSAGNE C, BORNHOLDT ], et al.
From fundamentals to implementation of yield stress for
nautical bottom: case study of the Port of Hamburg[J].
Ocean engineering, 2022, 266: 112772.

SAMSAMI F, HAGHSHENAS S A, SOLTANPOUR M.
Physical and rheological characteristics of sediment for

nautical depth assessment in bushehr port and its access

channel[]J]. Water, 2022, 14(24): 14244116.

S8, BRI, I, S5 IR T O T S A
ET MBI ], 7Kis T2, 2013(2): 91-94, 106.

JINL, YU Z Y, HE Q, et al. Improvement of method for
determining nautical density in muddy harbor[J]. Port &
waterway engineering, 2013(2): 91-94, 106.

MRERAR, BN, PEIE F5 . 3 2 W v I e 2 U
WFFE[J]. KiE TF2, 2015(9): 35-41.

YE J L, LYU X B, PANG Q X. Research on Lianyungang
port nautical specific weight [J]. Port & waterway
engineering, 2015(9): 35-41.

U 8 J5T 9 7 AT K TR R B AR BEAE: JTYI/T 325—
2006[S]. dtat: A R3S H At 2006.

Technical specifications of nautical depth applied to
muddy harbour: JTJ/T 325-2006 [S]. Beijing: China
Communications Press, 2006.

KESSEL T, KRANENBURG C. Gravity current of fluid

mud on sloping bed[J]. Journal of hydraulic engineering,

1996, 122(12): 710-717.
CETT IS



